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NOTE  TO  SEVENTEENTH  EDITION 

With  this  edition  the  name  is  changed  from  Pocket-Book  to  Handbook. 
The  work  has  been  revised,  some  chapters  rewritten,  new  chapters  added, 
and  a  new  Index  made.    Many  cuts  have  been  reengraved. 

The  twenty-nine  chapters  of  Part  II  have  been  revised  where  necessary  to 
make  the  data  agree  with  the  latest  research  and  practice,  and  two  new  chapters 
have  been  added,  Chapter  XXX,  on  Specifications  for  the  Steelwork  of  Build- 
ings, by  Robins  Fleming,  and  Chapter  XXXI.  on  Domical  and  Vaulted  Struc- 
tures, by  Edward  F.  Ries.  Chapter  XXIII,  on  Fireproofing  of  Buildings,  and 
Chapter  XXIV,  on  Reinforoed-Concrete  Construction,  have  been  rewritten  by 
Rudolph  P.  Miller.  In  Part  in,  the  sections  on  Heating  and  Ventilation,  and 
Chimney  Construction,  have  been  entirely  rewritten  by  Louis  A.  Harding. 
The  new  chapters  and  sections  include  numerous  practical  examples  of  every- 
day problems,  with  solutions  worked  out  in  complete  detail. 

In  addition  to  the  new  chapters,  numerous  new  articles  have  been  added  to 
the  text  and  illustrations  of  Part  n.  on  the  forowing  subjects:  New  Data  on 
Building  Laws  Relating  to  Loads  on  Masonry;  Graphical  Method  of  Determin- 
ing the  Center  of  Gravity  of  Plane  Figures  or  Sections;  Graphical  Method  of 
Determining  Moments  of  Inertia  of  Plane  Figures;  Triangular  Loading;  End 
Connections  of  Tension-Members;  New  Wire-Data;  New  Matter  on  Gauges; 
New  Matter  on  Chains;  Graphical  Method  of  Determining  the  Deflection  of 
Beams;  Secondary  Stresses;  Angles  Used  as  Beams;  Data  on  Girderless 
Reinforced-Concrete  Fkx>rs;  Data  on  Tanks,  and  on  Stresses  in  Cylindrical 
Tanks,  etc.  Other  revisions  and  additions  have  been  made,  including  new 
sections  relating  to  the  Registration  of  Architects,  Standard  Documents  of  the 
American  Institute  of  Architects,  Architectural  Education,  etc. 

In  its  revised,  compact,  and  convenient  form,  the  Editor  believes  that  the 
work,  more  than  ever  before,  will  maintain  its  preeminence  as  the  authoritative 
Handbook  of  Building-Constniction. 

Philadelphia,  July,  192 1. 
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PREFACE  TO  SIXTEENTH  EDITION 

Tbe  changes  in  the  fifteenth  edidoa,  published  in  1908,  consisted  pnndpaily 
of  the  rewriting  of  the  two  chapters  on  Fizeproofing  of  BuUdings  and  Reinforced 
Concrete. 

In  19x2  the  undersigned  was  asked  to  undertake  the  revision  of  the  entire  book 
with  the  oo(^)eration  of  a  corps  of  Aaaodate  Editors^  each  highly  qualified  to 
tender  the  necessary  assistance  in  matters  pertaining  to  his  own  work.  On 
account  of  the  comprehensive  nature  of  the  contents  of  the  Pocket-Book,  the 
maqgr  leooat  ihsuftia— il  imiil  rii'iiliifiiitiin  4Mgiwmt'  fields  of  architectural 
oonstmctioo,  and  the  oonaeiiiHiit  cfcct  of  waA  dnBBBB  on  the  iiilei  iflated 
subjects  treated,  the  Editor-in-Chief  decided  to  rewrite  and  reset  the  entire 
book.  After  more  than  three  years  of  arduous  labor,  in  which  the  Associate  Edi- 
tors and  many  other  contributors  have  most  ably  and  generously  assisted,  the 
New  Kidder  is  about  to  be  published. 

It  was  decided  to  retain  Mr.  Kidder's  original  arrangement  of  the  subject- 
matter  which  is  divided  into  three  Parts,  Part  I  dealing  with  practical  applica- 
tions of  Arithmetic,  Geometry  and  Trigonometry,  Part  n  with  the  Materials 
of  Construction  and  the  Strength  and  Stability  of  Structures,  and  Part  UI  with 
miscellaneous  useful  information  for  architects  and  builders.  Each  of  the 
twenty-nine  chapters  ot  Part  II,  however,  has  the  name  of  the  Associate  Editor 
who  revised  or  rewrote  it  printed  with  the  chapter-caption.  Part  I  has  been 
careftdly  checked  and  much  of  the  matter  rearranged.  The  twenty-eight 
chapters  of  Part  IT  have  been  rewritten  and  one  new  chapter  has  been  added  on 
Reinforoed-Concrete  Mill  and  Factory-Construction.  Part  UL  has  been  largely 
rewritten  and  all  subjects  retained  have  been  thoroughly  revised.  To  this  part, 
also,  much  new  matter  has  been  added,  such  as  extended  tables  of  Specific  Gravi- 
ties and  Weights  of  Substances,  Architectural  Acoustics,  Waterproofing  for 
Foundations,  the  Quantity  System  of  Estimating,  the  Standard  Documents  of 
the  American  Institute  of  Architects,  Educational  Societies  of  the  World  and 
extended  lists  of  Architectural  Schools,  Books  and  Periodicals. 

The  Editor-in-Chief  has,  with  very  few  exceptions,  personally  checked  on 
every  page  of  manuscript,  galley-proof  and  page-proof  the  equations,  formulas, 
computations  and  problems,  and  has  read  or  examined  carefully  every  word, 
figure  and  illustration,  every  detail  of  syntax,  paragraphing,  punctuation  and 
typography,  and  every  arrangement  of  tables,  captions,  classifications,  notation. 
Table  of  Contents  and  Index. 

He  b  responsible  for  many  changes  in  the  form  of  presentation  of  data  which 
it  is  hoped  will  add  to  the  Pocket-Book  still  more  of  that  efficiency  and  practical 
helpfulness  for  which  it  has  been  so  long  noted.  Some  of  these  changes  may  be 
briefly  mentioned.  The  text  has  been  entirely  reset;  the  tjrpe,  while  slightly 
smaller,  is  dearer  and  has  the  lines  and  paragrai^  separated  by  wide  leads; 
a  special  type  b  used  for  the  tables;  the  paragraphing  b  revised  throughout  and 
every  paragraph  has  a  black-face  type  caption  descriptive  of  the  subject-matter; 
words  in  italics  or  with  quotation-marks  are  sddom  used,  words  in  small  caps 
taking  their  place;  every  chapter  is  divided  into  numbered  chapter-subdivisons 
which  are  briefly  dexriptive  of  the  classified  matter;   the  number  of  cross^ 
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references  is  largely  increased  and  the  page-numbers  of  such  references  are  almost 
always  added;  many  tables  and  diagrams  which  in  the  former  editions  read 
lengthwise  of  the  page  have  been  reset  or  reengraved  to  read  across  the  page  for 
greater  convenience;  the  number  of  illustrations  has  been  largely  increased,  many 
old  cuts  reused  have  been  reengraved,  and  some  diagrams  printed  with  lines  of 
different  colors  to  make  the  demonstrations  clearer;  a  desofptive  caption  has 
been  added  to  every  illustration;  the  abbreviations  Chap.  I,  Chap.  II,  etc.,  have 
been  printed  with  each  page-caption  of  the  left-hand  pages»  thus  avoiding  the 
necessity  of  referring  to  the  Table  of  Contents  to  locate  any  particular  chapter. 

The  Editor-in-Chief  decided  to  change  some  of  the  unit  stresses,  especially 
those  for  the  different  woods,  and  in  some  cases  to  recommend  more  conservative 
values,  and  he  believes  that  results  based  upon  such  stresses  conform  to  the  best 
engineering  pnractice.  This  change  necessitated  the  revidon  of  many  tables  and 
problems  throughout  the  book  which  had  to  be  entirely  recalculated.  Numer- 
ous practical  problems  with  complete  solutions  have  been  added.  The  deriva- 
tion of  many  of  the  formulas  used  has  been  explained,  either  in  the  body  of  the 
text  or  in  extended  foot-notes,  for  those  who  wish  to  understand  as  well  as  to  use 
such  formulas,  and  nimierous  cross-references  accompanying  them  enable  the 
reader  to  use  the  Pocket-Book  as  a  textbook  for  certam  parts  of  the  mechanics 
of  materials  as  well  as  a  handbook  for  office  work.  The  tables  of  the  properties 
of  structural  shapes,  of  safe  loads  for  columns,  beams  and  girders,  etc.,  have  been 
revised  and  numerous  new  tables  added.  The  Editor  has  found  that  it  is  the  con- 
sensus of  opinion  among  architects  that  the  insertion  of  these  tables  is  a  great 
convenience  and  for  their  ordinary  office  work  condenses  into  one  handy  vol- 
ume much  of  the  essential  data  of  several  manufacturers'  handbooks. 

The  difficulty  of  securing  a  unity  of  treatment  and  of  avoiding  repetitions  and 
contradictions  in  a  book  of  reference  the  data  of  which  covers  so  many  subjects 
and  is  written  by  so  many  contributors  has  been  fully  realized;  but  it  is  believed 
that  in  these  respects  the  New  Kidder  is  reasonably  successful  and  will  meet 
with  the  approval  of  all  who  use  it. 

Acknowledgments  and  thanks  are  due  the  Associate  Editors  for  their  hearty 
cooperation  and  generous  contributions  of  the  time  and  labor  taken  from  their 
professional  work.  Acknowledgment  is  made,  also,  of  the  valuable  assistance 
of  all  others  who  have  furnished  new  or  revised  old  data,  and  of  many  helpful 
suggestions  from  Mrs.  F.  E.  Kidder  and  from  the  publishers. 

The  Editor-in-Chief  expresses  the  hope  that  for  the  architects  and  builders 
of  this  country  the  new  Pocket-Book  will  continue  to  be,  as  Mr.  Kidder  expressed 
it  in  his  preface  to  the  first  edition  in  1884,  "a  compendium  of  practical  facts, 
rules  and  tables  presented  in  a  form  as  convenient  for  application  as  possible, 
and  as  reliable  as  our  present  knowledge  will  permit ;  **  and  also,  in  its  present 
extension  and  fuller  development,  a  work  which  will  lead  to  a  still  clearer  under- 
standing of  the  essential  principles  of  sound  architectural  construction. 

THOMAS  NOLAN. 
PmLADBUBu,  September,  1915. 


L 


PREFACE  TO  FOURTEENTH  EDITION 

It  is  now  nearly  twenty  years  since  the  author,  then  quite  a  young  man, 
completed  the  first  edition  of  this  wofIl,  which,  although  containing  but  586 
pagea^  had  required  about  three  years  for  its  preparation.  At  that  time  the 
author  thought  he  had  covered  all  of  those  practical  details  relating  to  the 
planning  and  construction  of  buildings^  with  which  the  architect  was  concerned, 
tolerably  well,  and  it  would  appear  as  though  the  purchasers  of  the  book  thought 
so  too,  but  as  the  years  have  come  and  gone,  so  many  and  such  great  improve- 
ments have  taken  place  in  the  building  world,  so  many  articles  invented,  new 
methods  of  construction  developed,  higher  standards  established,  that  the  present 
editioo,  although  containing  nearly  three  times  as  many  pages,  is  perhaps  not 
more  complete,  for  the  time^  than  was  the  first  edition. 

When  preparing  the  first  edition,  it  was  the  aim  of  the  author  to  give  to 
architects  and  builders  a  handbook  which  should  be,  in  its  field,  as  useful  ana 
reliable  as  Trautwine's  had  been  to  dvil  engineers;  and  with  that  object  con- 
stantly in  view,  the  book  has  been  revised  from  time  to  time  to  meet  the  changed 
conditions  in  building  construction  and  equipment. 

About  three  years  ago  it  was  thought,  by  the  publishers  and  the  author,  that 
a  thorough  and  complete  revision  of  the  book  should  be  undertaken,  and  although 
the  re-writing  of  a  work  of  this  character,  even  with  the  thirteenth  edition  to 
work  from,  involved  many  months  of  close  and  constant  application,  the  utiliza- 
tion of  those  hours  which  one  ordinarily  takes  for  recreation,  and  at  the  best 
more  or  less  interruption  to  his  regular  business,  and  consequent  reduction  in 
income,  the  writer  undertook  to  prepare  a  work  of  a  still  wider  scope,  and  which 
should  be  thoroughly  up-to-date  in  every  particular,  or  at  least  as  far  as  is 
practicable,  in  a  work  requiring  a  period  of  three  years  in  its  preparation,  and 
from  that  time  to  this  he  has  spared  no  labor  or  expense  to  make  the  book  as 
useful  and  complete  as  he  possibly  could,  without  making  it  too  bulky. 
In  this  revision  the  author  has  had  in  view: 

I  St.  A  reference-book  which  should  contain  some  information  on  every  subject 
(except  design)  likely  to  come  before  an  architect,  structural  engineer,  draughts- 
man, or  master-builder,  including  data  for  estimating  the  approximate  cost. 

2d.  To  as  thoroughly  cover  the  subject  of  architectural  engineering  as  is 
practicable  in  a  handbook. 

5d.  To  present  all  information  in  as  simple  and  convenient  a  form  for  immedi- 
ate application  as  is  consistent  with  accuracy.  To  this  end  a  great  many  new 
tables^  arranged  and  computed  by  the  author,  have  been  inserted. 

At  the  time  the  first  edition  was  written,  the  term  "Architectural  Engineering'' 
had  not  been  used  in  its  present  application,  and  the  term  "  Structural  Engineer- 
ing," when  used,  referred  almost  exclusively  to  bridge  work. 

To-day,  structural  and  architectural  engineers  are  concerned  almost  exclusively 
with  building  construction,  and  their  work  is  more  closely  allied  to  that  of  the 
architect  than  to  that  of  the  dvil  engineer;  hence  the  author  has  had  in  mind 
the  needs  of  the  structural  engineer  and  draughtsman  as  well  as  those  of  the 
architect  and  builder,  and  the  book  should  be  of  nearly  equal  value  to  both. 
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Where  it  was  impossible,  for  lack  of^space,  to  go  extensively  into  any  subject, 
references  to  other  books  or  sources  of  information  have  been  given,  so  that  in 
this  way  the  book  may  serve  as  a  general  index  to  the  many  lines  of  work, 
materials,  and  manufactured  products  entering  into  the  planning,  construction, 
and  equipment  of  buildings. 

To  attain  the  objects  in  view,  it  has  been  necessary  to  add  considerably  to  the 
number  of  pages,  but  as  experience  has  shown  that  the  book  is  used  principally 
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PART  I 

PRACTICAL 
ARITHMETIC,  GEOMETRY  AND  TRIGONOMETRY 

RULES,  TABLES  AND  PROBLEMS 


Involution  and  Evolution  3 

1.  PRACTICAL  AUTHMEnC 

Mathematical  Signs  and  Characters* 

The  foUofring  rigns  and  chaiactera  are  generally  used  to  den<^e  and  abbrevi- 
ate tbe  several  mathematical  operations: 
The  sign  —  means  ecjual  to,  or  equality; 

—  means  minus  or  less,  or  subtraction; 
+  means  plus,  or  addition; 
X  means  multiplied  by,  or  multiplication; 
■5-  or  /  means  divided  by,  or  division; 

are  indexes  or  powers^  meaning  that  the  number  to  which  they 
are  added  is  to  be  squared  (')  or  cubed  ('); 
:  is  to  ^ 
:  :  so  is  ?  are  signs  of  proportion; 

:  to      ) 
>/  is  the  RADICAL  SIGN  and  means  that  the  square  root  of  the  num- 
ber before  which  it  is  placed  is  to  be  extracted; 
■^  means  that  the  cube  root  of  the  number  before  which  it  is 
placed  is  to  be  extracted; 

the  BAR  indicates  that  all  tbe  numbers  under  it  are  to  be  taken 

together; 
( )  the  PARENTHESIS  means  that  all  the  numbers  between  are  to  be 
taken  as  one  quantity; 
.  means  decimal  parts;  thus,  2.$  means  2M0,  0.46  means  «^oo. 
^  means  degrees, '  minutes  and  "  seconds; 
•'.  means  hence; 
'  means  feet; 
"  means  inches. 

Involution 

To  Square  a  Number,  multiply  the  number  by  itself,  and  the  product  will 
be  the  square;  thus,  the  square  of  z8  »  x8'  >  18  X  18  -  324. 

The  Cube  of  a  Number  is  the  product  obtained  by  multiplying  the  number 
by  itself,  and  that  product  by  the  number  again;  thus,  the  cube  of  14  -  14*  — 

14  X  14  X  14  -  2  744- 

The  Fourth  Power  of  a  Number  is  the  product  obtained  by  multiplying 

the  number  by  itself  four  times;  thus,  the  fourth  power  of  10  -  10^ «  10  X  10  X 

10  X  xo  —  10  000. 

Evolution 

Square  Root.    Rule  for  extracting  the  square  root  of  a  number: 
(i)  Divide  the  given  number  into  periods  of  two  figures  each,  commencing 
at  the  right  if  it  b  a  whole  number,  and  at  the  dedmal  point  if  there  are  decimals; 

•       •      •         •      ■ 

tbus,  X0236.8126. 

(2)  Find  the  largest  square  in  the  left-hand  period,  and  place  its  root  in  the 
quotient;  subtract  the  said  square  from  the  left-hand  period,  and  to  the  re- 
mainder bring  down  the  next  period  for  a  new  dividend. 

(3)  Double  the  root  already  found,  and  annex  one  cipher  for  a  trial-divisor; 
how  many  times  it  will  go  in  the  dividend,  and  put  the  number  in  the  quotient 

*  See,  also,  pa^es  122  and  125,  Port  IL 
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and  alao  m  place  of  the  dpher  in  the  divisor.  Multiply  this  final  divisor  by  the 
number  in  the  quotient  just  found,  subtract  the  product  from  the  dividend, 
and  to  the  remainder  brmg  down  the  next  period  for  a  new  dividend  and  proceed 
as  before.  If  it  should  be  found  that  the  trial  divisor  cannot  be  contained  in  the 
dividend,  bring  down  the  next  period  for  a  new  di\ddend,  annex  another  cipher 
to  the  trial  divisor,  put  a  dpher  in  the  quotient  and  proceed  as  beCoie. 

•      •      •        •      • 

Bzample.  10236.8126  (loz.x;,  the  square  zoot 

X 

301)0236 
201 


2021)3581 

fl02I 


30227)156026 

I41589 

14437 

Cttbe  Root.  To  extract  the  cube  root  of  a  number,  point  off  the  number 
from  right  to  left  into  periods  of  three  figures  each,  and,  if  there  is  a  dedmal, 
commence  at  the  dedmal  point  and  point  off  into  periods,  going  both  ways. 

Ascertain  the  highest  root  of  the  first  period,  and  place  it  to  the  right  of  the 
number,  as  in  long  division;  cube  the  root  thus  found  and  subtract  from  the 
first  period;  to  the  remainder  annex  the  next  period;  square  the  root  already 
found,  multiply  by  three  and  annex  two  dphers  for  the  trial  divisor.  Find  how 
many  times  this  trial  divisor  is  contained  in  the  dividend  and  write  the  result 
in  the  root. 

Add  together  the  trial  divisor,  three  times  the  product  of  the  first  figure  of 
the  root  by  the  second  with  one  cipher  annexed,  and  the  square  of  the  second 
figure  in  the  root;  multiply  the  sum  by  the  last  figure  in  the  root,  and  subtract 
from  the  dividend;  to  the  remainder  annex  the  next  period  and  proceed  as  before. 

When  the  trial  divisor  is  greater  than  the  dividend,  write  a  cipher  in  the  root, 
annex  the  next  period  to  the  dividend  and  proceed  as  before. 

Example.    Required,  the  cube  root  of  493039  or  -^493039 

493039(79,  the  cube  root 
7X7X7-343 
7X7X3-14700 


7X9X3-    1890 
9X9-       81 


1667 1 


150039 


150039 


Bzample.    Required,  the  cube  root  of  403583419  or  v^403583.4z9 

40358(3-4x9  (73-9t  the  cubero«* 
7X7X7-343 
7X7X3-14700 


7X3X3-     630 
3X3-         9 


15339 


73X73X3-1598700 
73X  9X3-      19710 

9x9- 51 

1618491 


60583 


46017 


X 45664 19 


1  145664x9 


Evdutbn 


Required,  the  cube  root  of  158353.632939  or  '^158353.632929 

•     >     ■    • 

X58353.633939C54-09*  the  cube  root 
5X5X5 -125 

5X5X3-7500 


5X4X3-   600 
4X4-     16 


8iz6 


540X540X3-87480000 
S40X     9X3-     145800 

9X9- 81^ 

87625881 


33353 


32464 


788633939 


788632929 


TABLES 

OF 

SQUARES,   CUBES,   SQUARE   ROOTS,  CUBE 
ROOGTS  AND   RECIPROCALS 

From  I  to  1054 


The  foUowing  table,  taken  from  Searle's  Field  Engineering,  will  be 
found  of  great  convenience  in  finding  the  square,  cube,  square  root,  cube 
root  and  reciprocal  of  any  number  from  i  to  1054.  The  reciprocal  of 
a  number  is  the  quotient  obtained  by  dividing  x  by  the  number.  Thus, 
the  redprocal  of  8  is  x  4-  8  »  0.X25. 
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No. 

Squ«» 

Cub-, 

8<iu«n 
rooW 

Cub*  iDota 

1 

.0000000 

.0000000 

.4142136 

.2699210 

.600000000 

37 

.44224M 

.333333333 

.6874011 

.7099759 

.166666667 

49 

!  64676 13 

8 

M 

.8284271 

2:0000000 

:  126000000 

.0000000 

2.0800837 

.111111111 

1  < 

100 

000 

.100000000 

1 

121 

331 

: 31 00248 

; 2239801 

.4841018 

.2804288 

744 

375 

,8729833 

.4662121 

.066666667 

4096 

.0000000 

.062500000 

2S0 

913 

:6712S16 

324 

6832 

:2426*07 

2-6207414 

:  065666566 

361 

6869 

4.3588989 

.052631579 

400 

2.7144177 

441 

2.7589243 

:04  7619048 

<S4 

2.S030393 

620 

4!7MS31S 

3.8438670 

.04*478161 

Z4 

B76 

13824 

4.«n070S 

3.8844991 

.041666667 

2S 

626 

15625 

3.0240177 

678 

17579 

6!OD90195 

2.0034960 

.038481538 

27 

5.1061524 

28 

784 

21033 

6.2915026 

3:036S88B 

:035714289 

841 

24389 

5.3851648 

.034482760 

30 

900 

31 

9G1 

20701 

6:51 

3:i413S06 

: 032268066 

1024 

327CS 

6.6. 

.031250000 

34 

b'.» 

3:2396118 

35 

6.D 

3.2710663 

:02S67I420 

1296 

e.o< 

,027777778 

1309 

38 

54872 

3:3619764 

:026315789 

3B 

15ZI 

6B310 

6.2. 

a. 301 21 I* 

.025641026 

1600 

G4000 

3.4190610 

.026000000 

6Gg21 

6.403^242 

3.4482172 

,024390244 

42 

17G4 

740S8 

85184 

6:6332496 

3:5303483 

:022727273 

45 

91125 

3.650S933 

.022222222 

46 

2116 

8:&:06540 

3: 8088281 

:021276600 

48 

110502 

6.02S2032 

3.6342411 

.020833333 

49 

2401 

117649 

7.0710678 

.6840314 

,020000000 

61 

2601 

32651 

.7084298 

.019607843 

52 

270* 

63 

2809 

7:2801099 

: 7562858 

:0188fi7925 

2916 

S7464 

7.3484602 

.7707631 

.01851SS10 

55 

3025 

se 

76618 

7:4833148 

:  8258624 

:0I  78571 43 

3249 

S5193 

7.M98344 

£S 

33M 

£9 

MSt 

7:6811467 

:8920965 

016949153 

3600 

216000 

7.74,W6«7 

.9148679 

016666667 

01 

0183S3443 

63 

3844 

238328 

7.8740079 

::e5789l6 

016129032 
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No. 

SquArea 

Cubes 

• 

Square 
roots 

Cube  zooU 

Reeiprooab 

63 

3969 

250047 

7.0372530 

8.0700571 

.015873016 

64 

4006 

262144 

8.0000000 

4.0000000 

.015625000 

65 

4225 

274625 

8.0622577 

4.0207266 

.015384615 

66 

4356 

287496 

8.1240384 

4.0412401 

.015151515 

67 

4489 

300763 

8.1853528 

4.0615480 

.014025373 

68 

4624 

314432 

8.2462113 

4.0816551 

.014705882 

60 

4761 

328509 

8.3066230 

4.1015661 

.014402764 

70 

4900 

343000 

8.3666003 

4.1212853 

.014285714 

71 

5041 

357011 

8.4261408 

4.1408178 

.014084507 

72 
73 

5184 
5329 

373248 
380017 

8.4852814 
8.5440037 

4.1601676 
4.1703300 

Ol^ftRRPPO 

.013606630 

74 

5476 

405224 

8.6023253 

4.1083364 

.013613514 

75 

■  5625 

421875 

8.6602540 

4.2171633 

.013333333 

76 

t  5776 
^6929 

438076 

8.7177079 

4.2358236 

.013157805 

77 

456533 

8.7740644 

4.2543210 

.012087013 

78 

:  6084 

474552 

8.8317600 

4.2726586 

.012820513 

79 

-  6241 

403030 

8.8881044 

4.2008404 

.012658228 

80 

'  6400 

512000 

8.0442710 

4.3088605 

.012600000 

81 

6561 

531441 

0.0000000 

4.3267487 

.012345670 

82 

*  6724 

551368 

0.0553851 

4.3444815 

.012105122 

83 

6889 

571787 

0.1104336 

4.3620707 

.012048103 

84 

>  7056 

502704 

0.1651514 

4.3705101 

.011004762 

85 

*  7225 

614125 

0.2105445 

4.3068206 

.011764706 

86 

7306 

630056 

0.2738185 

4.4140040 

.011627007 

87 

7569 

658503 

0.3273701 

4.4310476 

.011404253 

88 

7744 

681472 

0.3808315 

4.4470602 

.011363636 

89 

7921 

0 

704060 

0.4330811 

4.4647451 

.011235065 

90 

8100 

720000 

0.4868330 

4.4814047 

.011111111 

91 

8281 

763571 

0.5303920 

4.4070414 

.010089011 

92 

8464 

778688 

0.5016630 

4.6143574 

.010669565 

93 

8649 

804357 

0.6436508 

4.6306540 

.010752688 

94 

8836 

830584 

0.6053507 

4.6468350 

.010638298 

95 

9025 

857375 

0.7467943 

4.6620020 

.010526316 

96 

9216 

884736 

0. 7070500 

4.5788570 

.010416667 

97 

9409 

012673 

0.8488578 

4.5047000 

.010309278 

98 

0604 

041102 

0.8004040 

4.6104363 

.010204082 

99 

0801 

070200 

0.0408744 

4.6260650 

.010101010 

100 

10000 

1000000 

10.0000000 

4.6415888 

.010000000 

101 

10201 

1030301 

10.0408756 

4.6570095 

.000900990 

102 

10404 

1061208 

10.0995049 

4.6723287 

.009803922 

103 

10609 

1002727 

10.1488916 

4.6875482 

.009708738 

104 

10816 

1124864 

10.1980390 

4.7026604 

.009615385 

105 

11025 

1157625 

10.2469508 

4. 7176040 

.009523810 

106 

11286 

1101016 

10.2956301 

4.7326235 

.009433962 

107 

11449 

1225(M3 

10.3440804 

4.7474504 

.009345794 

108 

11664 

1250712 

10.3923048 

4.7622032 

.009259259 

109 

11881 

1205020 

10.4403065 

4.7768562 

.009174312 

110 

12100 

1331000 

10.4880885 

4.7014100 

.009090909 

111 

12321 

1367631 

10.5356538 

4.8058055 

.009009009 

112 

12544 

1404028 

10.5830052 

4.8202845 

.008928571 

113 

12769 

1442897 

10.6301458 

4.8345881 

.008849558 

114 

12096 

1481544 

10.6770783 

4.8488076 

.008771930 

115 

13225 

1520876 

10.7238053 

4.8629442 

.008695652 

116 

13456 

1560806 

10.7703296 

4.8769000 

.008620690 

117 

13689 

16Q1613 

10.8166538 

4.8909732 

.008547009 

118 

13024 

1643032 

10.8627805 

4.9048681 

.008474676 

119 

14161 

168515B 

10.9087121 

4.9186847 

.008403361 

120 

14400 

1728000 

10.0544512 

4.9324242 

.008333333 

121 

14641 

1771561 

11.0000000 

4.9460874 

.008264463 

122 

14884 

1815848 

11.0453610 

4.0506757 

.008196721    j 
.008130081    1 

123 

16120 

1860867 

11.0905365 

4.0731808 

124 

15376 

1006624 

11.1355287 

4.0866310 

.0080645)' 
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Practical  Arithmetic 


Part  1 


No. 

Squares 

Cubes 

Square 
roots 

Cube  roots 

Reciprocals 

125 

15G25 

1953125 

11.1803399 

5.0000000 

.008000000 

12G 

15876 

2000376 

11.2249722 

6.0132979 

.007936508 

127 

16129 

2048383 

11.2094277 

6.02G5257 

.007874016 

128 

16384 

2097152 

11.3137086 

5.0396842 

.007812500 

129 

16641 

2146689 

11.3578167 

6.0527743 

.007751938 

130 

16900 

2197000 

11.4017643 

6.0657970 

.007692308 

131 

17161 

2248091 

11.4-165231 

6.0787531 

.007633588 

132 

17424 

2299968 

11.4891253 

6.0016434 

.007575758 

133 

17G89 

2352637 

11.5325G26 

5.1044G87 

.007518797 

134 

17956 

240C104 

11.6758369 

5.1172299 

.007462687 

136 

18225 

2400375 

11.6189500 

6.1299278 

.C07407407 

136 

18190 

2515466 

11.6619038 

6.1425632 

.007352941 

137 

187C9 

2571353 

11.7046999 

6.1551367 

.007299270 

138 

19044 

2G28072 

11.7473101 

6.1G7G493 

.007246377 

139 

19321 

2085619 

11.7898261 

6.1801016 

.007194245 

140 

19600 

2744000 

11.832159G 

5.1924941 

.007142867 

141 

103G1 

2803221 

11.8743421 

5.201S279 

.007092199 

1!2 

20104 

2333288 

11.9163753 

5.2171034 

.007042254 

143 

2^149 

2924207 

11.9582C07 

5.2293215 

.000993007 

144 

20736 

29359S4 

12.0000000 

5.2414828 

.000944444 

115 

21025 

3048625 

12.  an  5946 

6.2535879 

.006896552 

146 

21316 

3112136 

12.08304G0 

5.2650374 

.00G849315 

147 

21609 

3176523 

12.1243557 

6.2776321 

.006802721 

148 

21904 

3241792 

12.165.5251 

6.2895725 

.00G756757 

149 

22201 

3307949 

12.2065550 

6.3014592 

.006711409 

160 

22500 

3376000 

12.2474487 

6.3132928 

.006666667 

151 

22G01 

3442951 

12.2882057 

6.3250740 

.006622517 

152 

23104 

3511808 

12.32SS2G0 

6.33G8033 

.006678947 

153 

23409 

3581577 

12.36931G9 

6.3484812 

.006535948 

154 

23716 

3(552264 

12.4096730 

6.3G01084 

.006493506 

155 

24026 

3723875 

12.4498996 

5.3716854 

.006451613 

156 

24336 

379G-116 

12.4899960 

5.3832126 

.006410256 

157 

24G49 

38G9S93 

12.5290541 

6.30-1G907 

.006369427 

158 

24964 

3914312 

12.6G9S051 

5.4001202 

.006329114 

159 

25281 

4019679 

12.6095202 

6.4175015 

.006289308 

160 

25600 

4096000 

12.6491106 

5.4288352 

.006250000 

161 

25921 

4173281 

12.6385775 

6.4401218 

.006211180 

162 

2G214 

4251528 

12.7279221 

6.4513618 

.006172840 

163 

26569 

4330747 

12.7671453 

5.4G2555G 

.0OC134969 

164 

26896 

4-110944 

12.8062486 

5.4737037 

.006097561 

165 

27225 

4492125 

12.8462326 

6.4848066 

.006060600 

166 

27556 

4574296 

12.8840987 

6.495SG47 

.006024096 

167 

27889 

4057463 

12.9228480 

6.5068784 

.005988024 

168 

28224 

4741632 

12.9614814 

6.5178-184 

.005952381 

169 

28561 

4826809 

13.0000000 

5.5287748 

.005917160 

170 

28900 

4913000 

13.0384048 

5.5396583 

.005882363 

171 

29241 

5000211 

13.0766968 

5.5504991 

.005847953 

172 

29.5S4 

50S8448 

13.1148770 

6.6012978 

.005813953 

173 

29929 

5177717 

13.1529464 

5.5720546 

.005780347 

174 

30276 

5268024 

13.1909060 

5.5827702 

.005747126 

176 

30625 

6359375 

13.2237566 

5.5934447 

.005714286 

176 

30976 

5461776 

13.2664902 

6.6040787 

.005681818 

177 

31329 

6546233 

13.3041347 

6.6146724 

.005649718 

178 

31684 

5639752 

13.341GG41 

6.6252263 

.00.5617978 

179 

32041 

6735339 

13.3790882 

5.6357408 

.005586592 

180 

32400 

5832000 

13.4164079 

5.6462162 

.005555656 

181 

32761 

5929741 

13.4536240 

6.6566528 

.005524862 

182 

33124 

6028568 

13.4907376 

6.6670511 

.005494505 

183 

33489 

6128487 

13.6277493 

6.6774114 

.005464481 

184 

33866 

6229504 

13.5646600 

6.6877340 

.00.5434783 

185 

34225 

6331625 

13.6014705 

5.6980192 

.00.5405405 

1  186 

34596 

6434856 

13.6381817 

6.7082675 

.005376344 

Squaits,  Cubes,  Square  Roots,  Cube  Roots  and  Reciprocals     11 


No. 

Squares 

CQbM 

Sqoare 
roots 

Cube  roots 

B«ciprooab 

187 

34969 

6539203 

13.6747943 

5.7184791 

.005347594 

188 

35344 

6644672 

13.7113092 

5.7286543 

.005319149 

189 

35721 

6751269 

13.7477271 

5.7387936 

.005291005 

190 

86100 

6859000 

18.7840488 

5.7488971 

.005263158 

191 

36481  . 

6967871 

13.8202750 

5.7589652 

.005235602 

192 

36864 

7077888 

13.8564065 

5.7689982 

.005208333 

193 

37249 

7189057 

13.8924440 

5.7789966 

.005181347 

194 

37636 

7301384 

13.9283883 

5.7889604 

.005154639 

195 

38025  • 

7414875 

13.9642400 

5.7988900 

.005128205 

196 

38416 

7529536 

14.0000000 

5.8087857 

.005102041 

197 

38809 

7645373 

14.0356688 

5.8186479 

.005076142 

198 

39204 

7762392 

14.0712473 

5.8284767 

.005050505 

199 

39601 

7880699 

14.1067360 

5.8382725 

.005025126 

200 

40000 

8000000 

14.1421356 

5.8480355 

.005000000 

201 

40401 

8120601 

14.1774469 

5.8577660 

.004975124 

202 

40804 

8242408 

14.2126704 

5.8674643 

.004950495 

203 

41209 

8365427 

14.2478068 

5.8771307 

.004926108 

204 

41616 

8489664 

14.2828569 

5.8867653 

.004901961 

205 

42025 

8615125 

14.3178211 

5.8963685 

.004878049 

206 

42436 

8741816 

14.3527001 

5.9059406 

.004854369 

207 

42849 

8869743 

14.3874946 

5.9154817 

.004830918 

208 

43264 

8998912 

14.4222051 

5.9249921 

.004807692 

209 

43681 

9129329 

14.4568323 

5.9344721 

.004784689 

210 

44100 

9261000 

14.4913767 

5.9439220 

.004761905 

211 

44521 

9393931 

14.5258390 

5.9533418 

.004739336 

212 

44944 

9528128 

14.5602198 

5.9627320 

.004716981 

213 

45369 

9663597 

14.5945195 

5.9720926 

.004694836 

214 

45796 

9800344 

14.6287388 

5.9814240 

.004672897 

215 

46225 

9938375 

14.6628783 

5.9907264 

.004651163 

216 

46656 

10077696 

14.6969385 

6.0000000 

.004629630 

217 

47089 

10218313 

14.7309199 

6.0092450 

.004608295 

218 

47524 

10360232 

14.7648231 

6.0184617 

.004587156 

219 

47961 

10503459 

14.7986486 

6.0276502 

.004566210 

220 

48400 

10648000 

14.8323970 

6.0368107 

.004545455 

221 

48841 

10793861 

14.8660687 

6.0459435 

.004524887 

222 

49284 

10941048 

14.8996644 

6.0550489 

.004504505 

223 

49729 

11089567 

14.9331845 

6.0641270 

.004484305 

224 

50176 

11239424 

14.9666295 

6.0731779 

.004464286 

225 

50625 

11390625 

15.0000000 

6.0822020 

.004444444 

226 

51076 

11543176 

15.0332964 

6.0911994 

.004424779 

227 

51529 

11697083 

15.0665192 

6.1001702 

.004405286 

228 

51984 

11852352 

15.0906689 

6.1091147 

.004365965 

229 

52441 

12008989 

15.1327460 

6.1180332 

.004366812 

230 

52900 

12167000 

15.1657509 

6.1269257 

.004347826 

231 

53361 

12326391 

15.1986842 

6.1357924 

.004329004 

232 

53824 

12487168 

15.2315462 

6.1446337 

.004310345 

233 

54289 

12649337 

15.2643375 

6.1534495 

.004291845 

234 

54756 

12812904 

16.2970585 

6.1622401 

.004273504 

235 

55225 

12977875 

16.3297007 

6.1710058 

.004255319 

236 

55696 

13144256 

15.3622915 

6.1797466 

.004237288 

237 

56169 

13312053 

15.3948043 

I  6.1884628 

.004219409 

238 

56644 

13481272 

15.4272486 

6.1071544 

.004201681 

239 

5?121 

18651919 

15.4596248 

6.2058218 

.004184100 

240 

57600 

13824000 

15.4919334 

6.2144650 

.004166667 

241 

58081 
58564 

13997521 

15.6241747 

6.2230843 

.004149378 

242 

14172488 
14348907 

15.5563492 

6.2316797 

.004132231 

243 

59049 

15.5884573 

6.2402515 

.004115226 

244 

59536 

14526784 

15.6204994 

6.2487998 

.004098361 

245 

60026 

14706125 

15.6524758 

6.2573248 

.004061633 

246 

60516 

14886936 

15.6843871 

6.2658266 

.004065041 

247 

61009 

15069228 

15.7162336 

6.2743054 

.004048583 

248 

61504 

15262992 

15.7480157 

6.2827613 

.004032258 
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Pnctacftl  Arithxnetic 


Pan  1 


No. 

8<iiiai«8 

Gubw 

Square 

roots 

Cube  roots 

Eeoiprooals 

240 

62001 

15438240 

15.7707338 

6.2011946 

.004016064 

250 

62500 

15625000 

15.8113883 

6.2906053 

.004000000 

251 

63001 

15813251 

15.8420705 

6.3070035 

.003084064 

252 

63504 

16003006 

15.8745070 

6.3163506 

.003068254 

253 

64000 

16104277 

15.0050737 

6.324703^ 

.003052569 

254 

64516 

16387064 

15.0373776 

6.3330256 

.003937008 

255 

65025 

16581375 

15.0687104 

6.3413257 

.003921569 

256 

65536 

16777216 

16.0000000 

6.3406042 

.003906250 

257 

66049 

16074503 

16.0312105 

6.3578611 

.003891051 

258 

66564 

17173512 

16.0623784 

6.3660068 

.003875969 

259 

67081 

17373070 

16.0034760 

6.3743111 

.003861004 

260 

67600 

17576000 

16.1245155 

6.3825043 

.003846154 

261 

68121 

17770581 

16.1554044 

6.3006765 

.003831418 

262 

68644 

17084728 

16.1864141 

6.3068270 

.003816794 

263 

60100 

18101447 

16.2172747 

6.4060585 

.003802281 

264 

60696 

18300744 

16.2480768 

6.41506S7 

.003787879 

265 

70225 

18600625 

16.2788206 

6.4231583 

.003773585 

OAA 

70756 

18821096 

16.3095064 

6.4312276 

.003759398 

267 

71280 

10034163 

16.3401346 

6.4302767 

.003745318 

268 

71824 

19248332 

16.3707055 

6.4473057 

.003731343 

260 

72361 

19465109 

16.4012195 

6.4553148 

.003717472 

270 

72000 

19683000 

16.4316767 

6.4633041 

.003703704 

271 

73441 

19902511 

16.4620776 

6.4712736 

.003690037 

272 

78084 

20123648 

16.4924225 

6.4702236 

.003676471 

273 

74520 

20346417 

16.6227116 

6.4871541 

.003663004 

274 

75076 

20570824 

16.5529454 

6.4050653 

.003649635 

275 

75625 

20706875 

16.5831240 

6.5029572 

.003636364 

276 

76176 

21024576 

16.6132477 

6.5108300 

.003623188 

277 

76720 

21253033 

16.6433170 

6.5186839 

.003610108 

278 

77284 

21484052 

16.6733320 

6.5265180 

.003597122 

270 

77841 

21717630 

16.7032931 

6.5343351 

.003584229 

280 

78400 

21052000 

16.7332005 

6.5421326 

.003571429 

281 

78001 

22188041 

16.7630546 

6.5400116 

.003558719 

282 

70524 

224257GS 

16.7928553 

6.5576722 

.003546099 

283 

80080 

223G5187 

16.8226038 

6.5654144 

.003533569 

284 

80656 

2290G304 

16.8522995 

6.6731386 

.003521127 

285 

81225 

23149125 

16.8819430 

6.5808443 

.003508772 

286 

81706 

23393G53 

16.9115345 

6.5885323 

.003490503 

287 

82360 

23639903 

16.9410743 

6.5062023 

.003484321 

288 

82044 

23887872 

16.9705327 

6.6038545 

.003472222 

280 

83521 

24137560 

17.0000000 

6.6114890 

.003460208 

200 

84100 

24380000 

17.0293864 

6.6191060 

.003448276 

201 

84681 

24642171 

17.0587221 

6.6267064 

.003436426 

202 

85264 

24807088 

17.0880075 

6.6342874 

.003424658 

203 

85840 

25153757 

17.1172428 

6.6418522 

.003412969 

204 

86436 

25412184 

17.1464282 

6.6493998 

.003401361 

205 

87025 

25672375 

17.1755640 

6.6569302 

.003389831 

206 

87616 

25034336 

17.2046505 

6.6644437 

.003378378 

207 

88200 

26108073 

17.2336879 

6.6719403 

.003367003 

208 

88804 

26463502 

17.2626765 

6.6794200 

.003355705 

200 

80401 

26730800 

17.2916165 

6.6868831 

.003344482 

300 

00000 

27000000 

17.3205081 

6.6943205 

.00333S333 

301 

00601 

27270001 

17.3493516 

6.7017593 

.003322259 

302 

01204 

27543608 

17.3781472 

6.7001729 

.003311258 

303 

01809 

27818127 

17.4068952 

6.7165700 

.003300330 

304 

02416 

28004464 

17.4355958 

6.7230508 

.003289474 

Si 

03026 

28372625 

17.4642492 

6.7313155 

.003278689 

806 

08636 

28652616 

17.4928557 

6.7386641 

.003267974 

ao7 

9424D 

28034443 

17.6214155 

6.7450967 

.003257329 

8D8 

04S64 

20218112 

17.5499288 

6.7533134 

.003246753 

S3I 

M481 

20503629 

17.6783958 

6.7606143 

.003236246 

96100 

20701000 

17.6068169 

6.7678905 

.003225806 
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No. 

SquftTM 

CabM 

Square 
roots 

Oibe  foots 

Rocfpfoosls 

311 

96721 

30080231 

17.6351921 

6.7751690 

.003215434 

312 

97344 

30371328 

17.6635217 

6.7824229 

.003205128 

313 

97969 

30664297 

17.6918060 

6.7886613 

.003194888 

814 

98596 

90959144 

17.7200461 

6.7968844 

.003184713 

315 

99225 

31255875 

17.7482398 

6.8040921 

.003174603 

316 

99856 

31554496 

17.7763888 

6.8112847 

.003164657 

317 

100489 

31855018 

17.8044938 

6.8184620 

.003154574 

318 

101124 

32157432 

17.8325545 

6.8256242 

.003144654 

319 

101761 

32461759 

17.8605711 

6.8327714 

.003134796 

320 

102400 

32768000 

17.8885438 

6.8399037 

.003125000 

321 

103041 

33076161 

17.9164729 

6.8470213 

.003115265 

322 

103664 

33386248 

17.9443584 

6.8541240 

.003105590 

323 

104329 

33698267 

17.9722008 

6.8612120 

.003095976 

324 

104976 

34012224 

18.0000000 

6.8682855 

.003086420 

325 

105625 

34328125 

18.0277664 

6.8753443 

.003076923 

326 

106276 

34645976 

18.0554701 

6.8823888 

.003067485 

327 

106929 

34965783 

18.0831413 

6.8894188 

.003058104 

328 

107584 

35287552 

18.1107703 

6.8964345 

.003048780 

329 

106241 

35611289 

18.1383571 

6.9034359 

.003039514 

330 

108900 

35937000 

18.1659021 

6.9104232 

.003030308 

331 

100561 

36264691 

18.1934054 

6.9173964 

.003021148 

332 

110224 

36594368 

18.2208672 

6.9243556 

.003012048 

333 

110689 

36926037 

18.2462876 

6.9318008 

.003003003 

834 

111556 

37259704 

18.2756669 

6.9382321 

.002994012 

335 

112225 

37595375 

18.3030062 

6.9451496 

.002985075 

336 

112896 

37933056 

18.3303028 

6.9520533 

.002976190 

337 

113569 

38272753 

18.3575598 

6.9589434 

.002967359 

338 

114244 

38614472 

18.3847763 

6.9658198 

.002958580 

339 

114921 

38958219 

18.4119526 

6.9726826 

.002949853 

340 

.  116600 

39304000 

18.4390889 

6.9705321 

.002941176 

341 

116281 

39651821 

18.4661853 

6.9863681 

.002932551 

342 

116964 

40001688 

18.4932420 

6.9931906 

.002923977 

343 

117649 

40353607 

18.5202592 

7.0000000 

.002915452 

344 

118336 

40707584 

18.5472370 

7.0067962 

.002906977 

345 

119025 

41063625 

18.5741756 

7.0135791 

.002S98551 

346 

119716 

41421736 

18.6010752 

7.0203490 

.002890173 

347 

120409 

41781923 

18.62793G0 

7.0271058 

.002881844 

348 

121104 

42144192 

18.6547581 

7.0338497 

.002873663 

349 

121801 

42508549 

18.6815417 

7.0405806 

.002865330 

350 

122500 

42875000 

18.7082869 

7.0472987 

.002857143 

351 

123201 

43243551 

18.7349940 

7.0540041 

.002849003 

852 

123904 

43614203 

18.7616630 

7.06069C7 

.002840909 

853 

124609 

43986977 

18.7882942 

7.0673767 

.002832861 

354 

125316 

44361864 

18.8148877 

7.0740440 

.002824859 

855 

126025 

44738875 

18.8414437 

7.0806988 

.002816901 

356 

126736 

45118016 

18.8679623 

7.0873411 

.002808989 

357 

127440 

45499293 

18.8944436 

7.0939709 

.002801120 

358 

128164 

45882712 

18.9208879 

7.1005885 

.002793216 

359 

128881 

46268279 

18.9472953 

7.1071937 

.002785595 

360 

129600 

46656000 

18.9736660 

7.1137866 

.002777778 

301 

130321 

47045881 

19.0000000 

7.1203674 

.002770083 

632 

181044 

47437928 

19.0262976 

7.1269360 

.002762431 

863 

131769 

47832147 

19.0525589 

7.1334926 

.002764821 

364 

182496 

48228544 

19.0787840 

7.1400370 

.002747253 

365 

183225 

48627125 

19.1049732 

7.1465695 

.002739726 

866 

183956 

49027896 

19.1311265 

7.1530901 

.002732240 

367 

134689 

49430863 

19.1572441 

7.1595988 

.002724796 

868 

135424 

49836032 

19.1833261 

7.1660957 

.002717391 

369 

136161 

50243409 

19.2093727 

7.1725809 

.002710027 

370 

186900 

50653000 

19.2353841 

7.1790544 

.002702708 

371 

137641 

51064811 

19.2613603 

7.1855162 

.002695418 

872 

138384 

51478848 

19.2873015 

7.1919663 

.002688172 

24 


Practical  Arithmetic 


Part  1 


No. 

Squares 

Cubes 

Square 
roots 

Cube  loots 

Reoiprooalfl 

373 

139129 

51895117 

19.3132079 

7.1984050 

.002680965 

374 

139876 

52313624 

19.3390796 

7.2048322 

.002673707 

375 

140625 

52734375 

19.3649167 

7.2112479 

.002666667 

376 

141376 

53157376 

19.3907194 

7.2176522 

.002650574 

377 

142129 

53582633 

19.4164878 

7.2240450 

002652520 

378 

1428S4 

54010152 

19.4422221 

7.2304268 

.002645603 

370 

143641 

54439939 

19.4679223 

7.2367972 

.002688522 

880 

144400 

54872000 

19.4935887 

7.2431565 

.002831579 

381 

145161 

55306341 

19.5192213 

7.2495045 

.002624672 

382 

145924 

55742908 

19.5448203 

7.2558415 

.002617801 

383 

146689 

56181887 

19.5703858 

7.2621675 

.002610966 

384 

147456 

56623104 

19.5959179 

7.2684824 

.002604167 

385 

148225 

57066625 

19.6214169 

7.2747864 

.002597403 

386 

148996 

57512456 

19.6468827 

7.2810704 

.002590674 

387 

149769 

57960603 

19.6723156 

7.2873617 

.002583979 

388 

150544 

58411072 

19.6977156 

7.2936330 

.002577320 

389 

151321 

58863869 

19.7230829 

7.2998936 

.002570694 

390 

152100 

59319000 

19.7484177 

7.3061436 

.002564103 

391 

152881 

69776471 

19.7737199 

7.3123828 

.002557545 

392 

153664 

60236288 

19.7969899 

7.3186114 

.002551020 

393 

154449 

60698457 

19.8242276 

7.3248295 

.002544529 

394 

155236 

61162984 

19.8494332 

7.3310369 

.002538071 

395 

156025 

61629875 

19.8746069 

7.3372339 

.002531646 

396 

156816 

62099136 

19.8997487 

7.3434205 

.002525253 

397 

167609 

62570773 

19.9248588 

7.3495966 

.002518892 

398 

158404 

63044792 

19.9499373 

7.3557624 

.002512563 

399 

159201 

63521199 

19.9749844 

7.3619178 

.002506266 

400 

160000 

64000000 

20.0000000 

7.3680630 

.002500000 

401 

160801 

64481201 

20.0249844 

7.3741979 

.002493766 

402 

161604 

64964808 

20.0499377 

7.3803227 

.002487562 

403 

162409 

65450827 

20.0748599 

7.3864373 

.002481390 

404 

163216 

65939264 

20.0997512 

7.3925418 

.002475248 

405 

164025 

66430125 

20.1246118 

7.3986363 

.002469136 

406 

164836 

66923416 

20.1494417 

7.4047206 

.002463054 

407 

165649 

67419143 

20.1742410 

7.4107950 

.002457002 

408 

166464 

67917312 

20.1990099 

7.4168595 

.002450980 

409 

167281 

68417929 

20.2237484 

7.4229142 

.002444988 

4U) 

168100 

68921000 

20.2484567 

7.4280589 

.002439024 

411 

168921 

69426531 

20.2731349 

7.43199.38 

.002433090 

412 

169744 

6993452S 

20.2977831 

7.4410189 

.002427184 

413 

170.569 

70444997 

20.3224014 

7.4470342 

.002421308 

414 

171396 

70957944 

20.3469809 

7.4530399 

.002415459 

415 

172225 

71473375 

20.3715488 

7.4590359 

.002409639 

416 

1730.56 

71991296 

20.3960781 

7.4650223 

.002403846 

417 

173889 

72511713 

20.4205779 

7.4709991 

.002398082 

418 

174724 

73034632 

20.4450483 

7.4769664 

.002392344 

419 

175561 

73560050. 

20.4694895 

7.4829242 

.002386635 

420 

176400 

74088000 

20.4930015 

7.4888724 

.002380952 

421 

177241 

74618461 

20.5182815 

7.4948113 

.002375297 

422 

1780S4 

75151448 

20.5426386 

7.6007406 

.002369668 

423 

178929 

75686957 

20.5669638 

7.5066607 

.002364066 

424 

179776 

76225024 

20.5912603 

7.5125715 

.002358491 

425 

180625 

76765625 

20.6155281 

7.5184730 

.002352941 

426 

181476 

77308776 

20.6397674 

7.5243652 

.002347418 

427 

182329 

77854483 

20.6639783 

7.5302482 

.002341920 

428 

183184 

78402752 

20.6881609 

7.5361221 

.002336449 

429 

184041 

78953589 

20.7123152 

7.5419867 

.002331002 

430 

184900 

79507000 

20.7364414 

7.6478423 

.002325581 

431 

185761 

80062991 

20.7605395 

7.5536888 

.002320186 

432 

186624 

80621568 

20.7846097 

7.6595263 

.002314815 

' 

433 

187489 

81182737 

20.8086.520 

7.6653548 

.002309469 

434 

188356 

81746504 

20.8326667 

7.5711743 

.002304147 

Squares,  Cubes,  Square  Roots,  Cube  Roots  and  Reciprocals     15 


No. 

Squares 

Cubes 

Square 
roots 

Cube  roots 

1 
Reeiproeala 

435 

189225 

82312875 

20.8566536 

7.5769849 

.002298851 

436 

100096 

82881856 

20.8806130 

7.5827865 

.002293578 

437 

190969 

83453453 

20.9045450 

7.6885793 

.002288330 

438 

191844 

84027672 

20.9284495 

7.5943633 

.002283105 

439 

192721 

84604519 

20.9523268 

7.6001385 

.002277904 

440 

193600 

85184000 

20.9761770 

7.6059049 

.002272727 

441 

194481 

85766121 

21.0000000 

7.6116626 

.002267574 

442 

195364 

86350888 

21.0237960 

7.6174116 

.002262443 

443 

196249 

86038307 

21.0475652 

7.6231519 

.002257336 

444 

197136 

87528384 

21.0713075 

7.6288837 

.002252252 

445 

198025 

88121125 

21.0950231 

7.6346067 

.002247191 

446 

198916 

88716536 

21.1187121 

7.6403213 

.002242162 

447 

199809 

89314623 

21.1423745 

7.6460272 

.002237186 

448 

200704 

89915392 

21.1660105 

7.6517247 

.002232143 

449 

201601 

90518849 

21.1896201 

7.6574138 

.002227171 

450 

202500 

91125000 

21.2132034 

7.6630943 

.002222222 

451 

203401 

91733851 

21.2367C06 

7.6687666 

.002217295 

452 

204304 

92345408 

21.2602916 

7.6744303 

.002212389 

453 

205209 

92959677 

21.2837967 

7.6800857 

.002207506 

454 

206116 

93576664 

21.3072758 

7.6857328 

.002202643 

455 

207025 

94196375 

21.3307290 

7.6913717 

.002197802 

456 

207936 

94818816 

21.3541565 

7.6970023 

.002192982 

457 

208849 

95443993 

21.3775583 

7.7026246 

.002188184 

458 

209764 

96071912 

21.4009346 

7.7082388 

.002183406 

*459 

210681 

96702579 

21.4242853 

7.7138448 

.002178649 

460 

211600 

97336000 

21.4476106 

7.7194426 

.002173913 

461 

212521 

97972181 

21.4709106 

7.7250325 

.002169197 

462 

213444 

98611128 

21.4941853 

7.7306141 

.002164502 

463 

214369 

99252847 

21.5174348 

7.7361877 

.002159827 

464 

215296 

99897344 

21.5406592 

7.7417532 

.002155172 

465 

216225 

100544625 

21.5638587 

7.7473109 

.002150538 

466 

217156 

101194696 

21.5870331 

7.7628606 

.002145923 

467 

218089 

101847563 

21.6101828 

7.7584023 

.002141328 

468 

219024 

102503232 

21.6333077 

7.7639361 

.002136752 

469 

219961 

103161709 

21.6564078 

7.7694620 

.002132196 

470 

220900 

103823000 

21.6794834 

7.7749801 

.002127660 

471 

221841 

104487111 

21.7025344 

7.7804904 

.002123142 

472 

222784 

105154048 

21.7255610 

7.7859928 

.002118644 

473 

223729 

105823817 

21.7485632 

7.7914875 

.002114165 

474 

224676 

106496424 

21.7715411 

7.7969745 

.002109705 

475 

225625 

107171876 

21.7944947 

7.8024538 

.002105263 

476 

226576 

107850176 

21.8174242 

7.8079254 

.002100840 

477 

227529 

108.531333 

21.8403297 

7.8133892 

.002096436 

478 

228484 

109215352 

21.8632111 

7.8188456 

.002092050 

479 

229441 

109902239 

21.8860686 

7.8242942 

.002087683 

480 

230400 

110592000 

21.9069023 

7.8297353 

.002083333 

481 

'  231361 

111284641 

21 .9317122 

7.8351688 

.002079002 

482 

232324 

111980168 

21.9544984 

7.8405949 

.002074689 

483 

233289 

112678587 

21.9772610 

7.8460134 

.002070393 

l»l 

234256 

113379904 

22.0000000 

5.8514244 

.002066116 

485 

235225 

114084125 

22.0227155 

7.8568281 

.002061856 

486 

236196 

114791256 

22.0464077 

7.8622242 

.002057613 

487 

237169 

115501303 

22.0680765 

7.8676130 

.002053388 

488 

238144 

116214272 

22.0907220 

7.8729944 

.002049180 

489 

239121 

116930169 

22.1133444 

7.8783684 

.002044990 

490 

240109 

117649000 

22.1359436 

7.8837352 

.002040816 

491 

241081 

118370771 

22.1585198 

7.8890946 

.002036660 

492 

242064 

119095488 

22.1810730 

7.8944468 

.002032520 

493 

243049 

119823157 

22.2036033 

7.8997917 

.002028398 

494 

244036 

120553784 
1^287375 

22.2261108 

7.9051294 

.002024291 

495 

245025 

22.2485955 

7.9104599 

.002020202 

496 

246016 

122023936 

22.2710575 

7.9157832 

.002016129 
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No. 

8tvuam  ' 

Cubes 

Sanare 
roots 

Cube  roots 

RMiproosls 

407 

347000 

122763473 

22.2034068 

7.0210004 

.002012072 

408 

248004 

123505002 

22.3150136 

7.0284085 

.002000032 

400 

240001 

124251480 

22.3383070 

7.0817104 

.002004008 

600 

250000 

125000000 

22.3606708 

7.0370053 

.002000000 

601 

251001 

125751501 

22.3830203 

7.0422031 

.001006008 

602 

252004 

126506008 

22.4053565 

7.0475730 

.001002032 

603 

253000 

127263527 

22.4276615 

7.0528477 

.001088072 

604 

254016 

128024064 

22.4400443 

7.0581144 

.001084127 

605 

255025 

128787626 

22.4722051 

7.0633743 

.001080108 

606 

256036 

120554216 

22.40444S8 

7.0686271 

.001078285 

607 

257040 

130323843 

22.5166605 

7.0738731 

.001072387 

608 

258064 

131006512 

22.5388553 

7.0701122 

.001068504 

600 

250081 

131872220 

22.5610283 

7.0843444 

.001064637 

610 

260100 

132651000 

22.5831706 

7.0805697 

.001060784 

511 

261121 

133432831 

22.6053001 

7.9947883 

.001056047 

512 

262U4 

134217728 

22.6274170 

8.0000000 

.001053125 

613 

263160 

135005697 

22.6405033 

8.0052040 

.001040318 

614 

264106 

135706744 

22.6715881 

8.0104032 

.001045525 

615 

265225 

136500875 

22.6936114 

8.0155046 

.001041748 

616 

266256 

137388008 

22.7156334 

8.0207794 

.001037084 

517 

287280 

138188413 

22.7376340 

8.0269574 

.001034236 

618 

268324 

138001832 

22.7596134 

8.0311287 

.001030502 

610 

280361 

130708350 

22.7815716 

8.0362035 

.001026782 

620 

270400 

140608000 

22.8035085 

8.0414515 

.001023077 

621 

271441 

141420761 

22.8254244 

8.0466030 

.001010386 

622 

272484 

142236648 

22.8473193 

8.0517470 

.001015700 

623 

273520 

148055667 

22.8891933 

8.0588862 

.001012046 

624 

274578 

143877824 

22.8910463 

8.0620180 

.001008307 

625 

275625 

144703125 

22.0128785 

8.0871432 

.001004762 

526 

276676 

145531576 

22.9346899 

8.0722820 

.001001141 

627 

277720 

146363183 

22.95(>4806 

8.077.3743 

.001807633 

528 

278784 

147107052 

22.9782500 

8.0824800 

.001803030 

520 

270841 

148035889 

23.0000000 

8.0875794 

.001800350 

530 

280000 

148877000 

23.0217289 

8.0926723 

.001886702 

531 

281061 

149721291 

23.04.34372 

8.0977589 

.001883239 

632 

283024 

150568768 

23.0«'k>1252 

8.1028,390 

.001870099 

533 

284080 

151419437 

23.0SG7928 

8.1079128 

.001876173 

634 

285156 

152273304 

23.1084400 

8.1129803 

.001872659 

535 

286225 

153130375 

23-1300670 

8.1180414 

.001869159 

536 

287206 

15399065ft 

23.1516738 

8.1230062 

.001865672 

637 

288360 

1548.54153 

23.1732605 

8.1281447 

.001882197 

538 

289444 

155720872 

23 . 1948270 

8.1331870 

.0018.58736 

530 

200521 

156590819 

23.2163735 

8.1382230 

.001855288 

540 

291600 

157464000 

23.2370001 

8.1432520 

.001851852 

541 

2925S1 

158340421 

23.2594067 

8.1482785 

.001848429 

642 

203764 

1592200SS 

23.2S08935 

8.1532030 

.0018*5018 

543 

294849 

100103007 

23.3023604 

8.1583051 

.001841621 

544 

293936 

160989184 

23.3238076 

8.1633102 

.001838235 

545 

297025 

161878625 

23.3452351 

8.1683092 

.001834862 

546 

298116 

162771336 

23.3666429 

8.1733020 

.001831502 

647 

299209 

163667323 

23.3880311 

8.1782S«8 

.001828164 

648 

300304 

164566592 

23.4093998 

8.1832695 

.001824818 

640 

301401 

165460140 

23.4307490 

8.1882441 

.001821494 

550 

302500 

166375000 

23.4520788 

8.1932127 

.001818182 

651 

303601 

167284151 

23.4733892 

8.1981753 

.001814SS2 

652 

904704 

168106608 

23.4946802 

8.2031310 

.001811594 

663 

305S00 

189112377 

23.6159520 

8.2080825 

.001808318 

654 

306016 

170031484 

23.5372046 

8.2180271 

.001805054 

655 

308025 

170953875 

23.5584380 

8.21798.57 

.001801802 

566 

300136 

171879618 

23.5796,522 

8.22289S5 

.001798561 

667 

310249 

172808603 

23.8008474 

8.2278254 

.001705332 

M8 

311864 

173741112 

23.6220236 

8.2327483 

.001702115 

Squares,  Cubes,  Square  Roots,  Cube  Roots  and  Reciprocals     17 


No. 

Squares 

Cubes 

Square 

TOOtS 

Cabe  roots 

Reeiprocah 

659 

312481 

174676879 

23.6431808 

8.2376614 

.001788909 

fidO 

313600 

175616000 

23.6643191 

8.2425706 

.001786714 

561 

314721 

176558481 

23.6854386 

8.2474740 

.001782531 

562 

315844 

177504328 

23.7065392 

8.2523715 

.001779359 

563 

316969 

178453547 

23.7276210 

8.2572633 

.001776199 

564 

318096 

179406144 

23.7486842 

8.2621492 

.001773060 

565 

319225 

180362125 

23.7697286 

8.2670294 

.001769912 

566 

320356 

181321496 

23.7907545 

8.2719039 

.001766784 

567 

321489 

182284263 

23.8117618 

8.2767726 

.001763668 

568 

322624 

183250432 

23.8327506 

8.2816355 

.001760563 

509 

323761 

184220000 

23.8537209 

8.2864928 

.001757469 

570 

324900 

185193000 

23.8746728 

8.2913444 

.001754386 

571 

326041 

186160411 

23.8956063 

8.2961903 

.001751313 

672 

327184 

187149248 

23.9165215 

8.3010304 

.001748252 

673 

328329 

188132517 

23.9374184 

8.3058651 

.001745201 

674 

329476 

189119224 

23.9582971 

•  8.3106941 

.001742160 

675 

330625 

190109375 

23.9791576 

8.3155175 

.001739130 

676 

331776 

191102976 

24.0000000 

8.3203353 

.001736111 

577 

332929 

192100083 

24.0208243 

8.3251475 

.001733102 

678 

334084 

193100552 

24.0416306 

8.3299542 

.001730104 

679 

335241 

194104589 

24.0624188 

8.3347553 

.001727116 

680 

336400 

195112000 

24.0631891 

8.3395509 

.001724138 

681 

337561 

196122941 

24.1039416 

8.3443410 

.001721170 

682 

338724 

197137368 

24.1246762 

8.3491256 

.001718213 

683 

339889 

198155287 

24.1453929 

8.3539047 

.001715266 

684 

841056 

199176704 

24.1660919 

8.3586784 

.001712329 

585 

342225 

200201625 

24.1867732 

8.3634466 

.001709402 

686 

343396 

201230056 

24.2074369 

8.3682095 

.001706485 

587 

344569 

202262003 

24.2280829 

8.3729668 

.001703578 

588 

345744 

203297472 

24.2487113 

8.3777188 

.001700680 

689 

346921 

204336469 

24.2693222 

8.3824653 

.001697793 

690 

848100 

205379000 

24.2899156 

8.3872065 

.001694915 

691 

349281 

206425071 

24.3104916 

8.3919423 

.001692047 

592 

350464 

207474688 

24.3310501 

8.3966729 

.001689189 

693 

351649 

208527857 

24.3515913 

8.4013981 

.001686341 

594 

352836 

209584584 

24.3721152 

8.4061180 

.001683502 

695 

354025 

210644875 

24.3926218 

8.4108326 

.001680672 

596 

355216 

211708786 

24.4131112 

8.4155419 

.001677852 

597 

356409 

212776173 

24.4335834 

8.4202460 

.001675012 

598 

357604 

213847192 

24.4540385 

8.4249448 

.001672241 

699 

358801 

214921799 

24.4744765 

8.4296383 

.001669449 

600 

360000 

216000000 

24.4948974 

8.4343267 

.001666667 

601 

361201 

217081801 

24.5153013 

8.4390098 

.001663894 

602 

362404 

218167208 

24.5356883 

8.4436877 

.001661130 

603 

363609 

-219256227 

24.5560583 

8.4483605 

.001658376 

604 

364816 

220348864 

24.5764115 

8.4530281 

.001655629 

605 

366025 

221445125 

24.5967478 

•  8.4576906 

.001652893 

606 

367236 

222545016 

24.6170673 

8.4623479 

.001650165 

607 

368449 

223648543 

24.6373700 

8.4670001 

.001647446 

608 

369664 

224755712 

24.6576560 

8.4716471 

.001644737 

609 

370681 

225866529 

24.6779254 

8.4762892 

.001642036 

610 

372100 

226981000 

24.6981781 

8.4809261 

.001639344 

611 

373321 

228090131 

24.7184142 

8.4855579 

.001636661 

612 

374544 

229220928 

24.7386338 

8.4901848 

.001633987 

613 

875769 

230346397 

24.7588368 

8.4948065 

.001631321 

614 

376996 

231476544 

24.7790234 

8.4994233 

.001628664 

615 

378225 

232606375 

24.7991935 

8.50403r)0 

.001626016 

610 

379456 

233744896 

24.8193473 

8.5086417 

.001623377 

617 

380689 

234885113 

24.8394847 

8.5132435 

.001620746 

618 

881924 

236029032 

24.8596058 

8.5178403 

.001618123 

619 

383161 

237176659 

24.8797106 

8.5224321 

.001615509 

020 

884406 

238328000 

24.8997992 

8.5270189 

.001612903 

... 
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Practical  Arithmetic 


Part  1 


No. 

Squarea 

Cubes 

Square 
roots 

Cube  roots 

Reciprocals 

621 

385541 

239483061 

24.9198716 

8.5316009 

.001610306 

622 

383SS4 

240641848 

24.9399278 

8.5361780 

.001607717 

623 

38S129 

241804367 

24.9599679 

8.5407501 

.001606136 

624 

389376 

242970624 

24.9799920 

8.5453173 

.001602564 

623 

390525 

244140625 

25.0000000 

8.5498797 

.001600000 

623 

391876 

245314376 

25.0199920 

8.6544372 

.001697444 

627 

393129 

246491883 

25.0399681 

8.5589899 

.001694896 

623 

394384 

247673152 

25.0599282 

8.5635377 

.001592367 

62d 

395641 

248858189 

25.0798724 

8.5680807 

.001589826 

630 

396900 

250047000 

25.0998008 

8.6726189 

.001687302 

631 

398161 

251239591 

25.1197134 

8.5771523 

.001684786 

632 

399424 

252435933 

25.1396102 

8.5816809 

.001582278 

633 

400689 

253636137 

25.1594913 

8.5862047 

.001679779 

634 

401956 

254840104 

25.1793566 

8.5907238 

.001577287 

635 

403225 

253047875 

25.1992063 

8.5952380 

.001674803 

636 

404496 

257259456 

25.2190404 

8.5997476 

.001672327 

637 

405769 

25S474S53 

25.2388580 

8.6042525 

.001669859 

638 

407044 

253894072 

25.2586619 

8.6087526 

.001567398 

639 

408321 

250917119 

25.2784493 

8.6132480 

.001564945 

640 

409600 

232144000 

25.2982213 

8.6177388 

.001662600 

641 

410881 

233374721 

25.3179778 

8.6222248 

.001660062 

642 

412164 

234609283 

25.3377189 

8.6267003 

.001657632 

643 

413449 

255847707 

25.3574447 

8.6311830 

.001656210 

644 

414736 

237089984 

25.3771551 

8.6356551 

.001652795 

645 

416025 

238336125 

25.3968502 

8.6401226 

.001650388 

646 

417316 

269586136 

25.4165301 

8.6445855 

.001547988 

647 

418609 

270840023 

25.4361947 

8.6490437 

.001645595 

648 

419904 

272097792 

25.4558441 

8.6534974 

.001643210 

640 

421201 

273359449 

25.4754784 

8.6579466 

.001640832 

650 

422500 

274625000 

25.4950976 

8.6623911 

.001638462 

651 

423801 

275894451 

25.5147016 

8.6G68310 
8.6712665 

.001636098 

652 

425104 

277167803 

25.5342907 

.001633742 

653 

426409 

278445077 

25.5538647 

8. 67.50974 

.001531394 

654 

427716 

27972323 t 

25.5734237 

8. 68012.37 

.001529062 

665 

429025 

281011375 

25.5929678 

8. G8 45456 

.001526718 

656 

430336 

282300416 

25.6124969 

8.6889G30 

.001524390 

657 

431649 

283593393 

25.6320112 

8.6933759 

.001522070 

658 

432964 

284890312 

25.6515107 

8.6977843 

.001519757 

659 

434281 

286191179 

25.6709953 

8.7021882 

.001517461 

660 

435600 

287496000 

25.6904652 

8.7065877 

.001616152 

661 

436921 

2SS804781 

25.7099203 

8.7109827 

.001512869 

662 

438244 

290117.523 

25.7293607 

8.7153734 

.001610574 

663 

439569 

291434247 

25.7487864 

8.7197596 

.001608296 

664 

440896 

29275  4944 

2.5,7681975 

8.7241414 

.001506024 

665 

442225 

294079325 

25.7875939 

8.7285187 

.001503769 

666 

443556 

29540S293 

25.8069758 

8.7328918 

.001501502 

667 

444889 

293740953 

25.8263431 

8.7372604 

.001499250 

668 

446224 

29S077632 

25.8456960 

8.7416246 

.001497006 

669 

447561 

299418309 

25.8650343 

8.7459846 

.001494768 

670 

448900 

300763000 

25.8843582 

8.7503401 

.001492537 

671 

450241 

302111711 

25.9036677 

8.7546913 

.001490313 

672 

451584 

303464448 

25.9229628 

8.7590.383 

.001488095 

673 

452929 

304821217 

25.9422435 

8.763.3809 

.001485884 

674 

454276 

306182024 

25.9615100 

8.7677192 

.00148.3680 

675 

455625 

307546875 

25.9807621 

8.7720.5.32 

.001481481 

676 

456976 

308915776 

26.0000000 

8.776.3830 

.001479290 

677 

458329 

310288733 

26.0192237 

8.7807084 

.001477105 

678 

459684 

311065752 

26.0384331 

8.78.50296 

.001474926 

679 

461041 

313046839 

26.0576284 

8.7893466 

.004472754 

680 

462400 

314432000 

26.0768096 

8.7936593 

.001470588 

681 

463761 

315821241 

26.0959767 

8.7979679 

.001468429 

682 

465124 

317214568 

26.1151297 

8.8022721 

.001466276 

Squares,  Cubes,  Square  Roots,  Cube  Roots  aad  Reciprocals 


No. 

Squum 

Cubes 

Square 
roots 

Cabs  roots 

Rseiprooals 

683 

466489 

318611987 

26.1342687 

8.8069722 

.001464129 

684 

407856 

320013504 

26.1533937 

8.8108681 

.001461988 

685 

469225 

321419125 

20.1725047 

8.8151508 

.001459854 

686 

470596 

322828856 

20.1916017 

8.8194474 

.001457726 

687 

471969 

324242703 

26.2106848 

8.8237307 

.001455604 

688 

473344 

325660672 

26. 22975 U 

8.S2S0009 

.001453488 

689 

474721 

327082769 

26.2488095 

8.8322S50 

.001451379 

690 

476100 

328509000 

26.2678511 

8.8365559 

.001449275 

691 

477481 

329939371 

26.2868789 

8.8408227 

.001447178 

692 

478864 

331373888 

20.3058929 

8.8450854 

.001445087 

693 

480249 

332812557 

26.3248932 

8.8493440 

.001443001 

694 

481636 

334255384 

26.3438797 

8.8535985 

.001440922 

695 

483025 

335702375 

26.3628527 

8.8578489 

.001438849 

696 

484416 

337153536 

26.3818119 

8.8620952 

.001436782 

697 

485800 

338608873 

26.4007576 

8.8663375 

.001434720 

698 

487204 

340068392 

26.4196896 

8.8705757 

.001432665 

699 

488601 

341532099 

26.4386081 

8.8748099 

.001430615 

700 

490000 

343000000 

28.4575131 

8.8790400 

.001428571 

701 

491401 

344472101 

26.4764046 

8.88326C1 

.001426534 

702 

492804 

345948408 

26.4952826 

8.8874882 

.001424501 

703 

494209 

347428927 

26.5141472 

•  8.89170C3 

.001422475 

704 

495616 

348913664 

26.5329983 

8.8959204 

.001420455 

705 

497025 

350402625 

26.6518361 

8.9001304 

.001418440 

706 

498436 

351895816 

26.5706605 

8.9043366 

.001416431 

707 

499849 

353393243 

26.5894716 

8.9085387 

.001414427 

708 

501284 

354804912 

26.6082604 

8.91273C9 

.001412429 

709 

602681 

356400829 

26.6270539 

8.9169311 

.001410437 

710 

604100 

857911000 

26.6458252 

8.9211214 

.001408451 

711 

505521 

359425431 

26.G645833 

8.925.3078 

.001406470 

712 

606944 

360944128 

26.6833281 

8.9294902 

.001404494 

713 

508369 

362467097 

26.7020598 

8.0336687 

.001402525 

714 

509796 

363994344 

26.7207784 

8.9378433 

.001400560 

715 

511225 

365525875 

26.7394839 

8.9420140 

.001398601 

716 

612656 

367061696 

26.7581763 

8.9461809 

.001396648 

717 

514089 

368601813 

26.7768557 

8.9503438 

.001394700 

718 

515524 

370146232 

26.7955220 

8.9545029 

.001392768 

719 

516961 

371694959 

26.8141754 

8.9586581 

.001390821 

720 

518400 

373248000 

26.8328157 

8.9628005 

.001388889 

721 

519841 

374805361 

26.8514432 

8.96G0570 

.001386963 

722 

521284 

370367048 

26.8700577 

8.9711007 

.001385042 

723 

522729 

377933067 

26.8886593 

8.9752406 

.001383126 

724 

524176 

379503424 

26.9072481 

8.97937C6 

.001381215 

725 

525625 

381078125 

26.9258240 

8.9836089 

.001379810 

728 

527076 

382657176 

28.9443872 

8.9876373 

.001377410 

727 

528529 

384240583 

26.9629376 

8.9917C20 

.001375516 

728 

529984 

385828352 

26.9814751 

8.9958829 

.001373626 

729 

531441 

387420489 

27.0000000 

9.0000000 

.001371742 

730 

532900 

389017000 

27.0185122 

9.0041134 

.001369863 

731 

534331 

390617891 

27.0370117 

9.0082229 

.001367989 

732 

535824 

392223168 

27.0554985 

9.01232P8 

.001360120 

733 

537289 

393832837 

27.0739727 

9.0164309 

.0013642i:6 

734 

538756 

395446904 

27.0924344 

9.0205293 

.001362398 

735 

540225 

397065375 

27.1108834 

9.02462C9 

.001360544 
.001358696 

736 

541696 

398688256 

27.1293199 

9.0287149 

737 

543169 

400315553 

27.1477439 

9.0328021 

.001356852 

738 

544644 

401947272 

27.1661554 

9.0.368857 

.001355014 

730 

546121 

403583419 

27.1845544 

0.0409655 

.001353180 

740 

547600 

405224000 

27.2029410 

9.0450419 

.001351351 

741 

549081 

406860021 

27.2213152 

9.0491142 

001349528 

742 

550564 

408518488 

27.2396769 

9.0531831 

001347709 

743 

552049 

410172407 

27.2580263 

9.0572482 

00134.'>895 

744 

553536 

411830784 

27.2763634 

9.0613098 

001344086 
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Pnctical  Arithmetic 


Part  1 


No. 

SqnavM 

Cttbet 

Square 
toots 

Cube  roots 

Rtdprocak 

745 

555025 

413493625 

27.2946881 

9.0653677 

.001342282 

746 

556516 

415160936 

27.3130006 

0.0604220 

.001340483 

747 

558009 

416832723 

27.3313007 

9.0734726 

.001338688 

748 

559504 

418508992 

27.3495887 

9.0775197 

.001336898 

748 

561001 

420188749 

27.3678644 

0.0815631 

.001335113 

750 

562500 

421875000 

27.3861279 

9.0856030 

.001333333 

761 

564001 

423564751 

27.4043792 

9.0806392 

.001331558 

752 

565504 

425259008 

27.4226184 

9.0936719 

.001329787 

753 

567009 

426057777 

27.4408455 

9.0977010 

.001328021 

754 

568516 

428661064 

27.4590604 

9.1017265 

.001326260 

755 

570025 

430368875 

27.4772633 

9.1057485 

.001324503 

766 

571536 

432081216 

27.4954542 

0.1007669 

.001322751 

757 

573049 

433798093 

27.5136330 

9.1137818 

.001321004 

758 

574564 

435519512 

27.5317998 

9.1177931 

.001319261 

759 

576081 

437245479 

27.5499546 

9.1218010 

.001317523 

760 

577600 

438976000 

27.5680975 

9.1258053 

.001315789 

761 

579121 

440711081 

27.5862284 

9.1298061 

.001314060 

762 

580644 

442450728 

27.6043475 

9.1338034 

.001312336 

763 

582169 

444194947 

27.6224546 

9.1377971 

.001310616 

764 

583696 

445943744 

27.6405499 

8.1417874 

.001308901 

765 

585225 

447697^25 

27.6586334 

9.1457742 

.001307190 

766 

586756 

449455096 

27.6767050 

9.1497576 

.001305483 

767 

588289 

451217663 

27.6947648 

9.1537375 

.001303781 

768 

589824 

452984832 

27.7128129 

9.1577139 

.001302083 

769 

591361 

454756609 

27.7308492 

9.1616869 

.001300390 

770 

592900 

456533000 

27.7488739 

9.1656565 

.001298701 

771 

594441 

458314011 

27.7068808 

9.1696225 

.001297017 

772 

595984 

460099648 

27.7848880 

9.1735852 

.001295337 

773 

597529 

461889917 

27.8028775 

9.1775445 

.001293661 

774 

599076 

463684824 

27.8208555 

9.1815003 

.001291990 

775 

600625 

465484375 

27.8388218 

9.1854527 

.001290323 

776 

602176 

467288576 

27.8567766 

9.1894018 

.001288660 

777 

603729 

469007433 

27.8747197 

9.1933474 

.001287001 

778 

605284 

470910952 

27.8926514 

9.1972897 

.001285347 

779 

606841 

472729139 

27.9105715 

9.2012286 

.001283607 

780 

608400 

474552000 

27.9284801 

0.2051641 

.001282051 

781 

609961 

476379541 

27.9463772 

9.2090962 

.001280410 

782 

611524 

478211768 

27.9642629 

9.2130250 

.001278772 

783 

613089 

480048687 

27.9821372 

9.2169505 

.001277139 

784 

614656 

481890304 

28.0000000 

9.2208726 

.001275510 

785 

616225 

483736625 

28.0178515 

9.2247914 

.001273885 

786 

617796 

485587656 

28.0.356915 

9.2287068 

.001272265 

787 

619369 

4S7443403 

28.0535203 

9.2326189 

.001270648 

788 

620944 

489303872 

28.0713377 

9.2365277 

.001269056 

789 

622521 

491169060 

28.0891438 

9.2404333 

.001267427 

790 

624100 

493039000 

28.1069386 

9.2443355 

.001265823 

791 

62.5681 

494913671 

28.1247222 

9.2482344 

.001264223 

792 

627264 

496793088 

28.1424946 

9.2521300 

.001262626 

793 

628849 

498677257 

28.1602557 

9.2560224 

.001261034 

794 

630436 

500566184 

28.1780056 

9.2599U4 

.001259446 

796 

632025 

502459875 

28.1957444 

9.2637973 

.001257862 

796 

633616 

504358336 

28.2134720 

9.2676798 

.001256281 

797 

635209 

506261573 

28.2311884 

9.2715592 

.001254705 

798 

636804 

508169592 

28.2488938 

9.2754352 

.001253133 

799 

638401 

510082390 

28.2665881 

9.2793081 

.001251564 

800 

640000 

512000000 

28.2842712 

9.2831777 

.001250000 

801 

641601 

513922401 

28.3019434 

0.2870440 

.001248439 

802 

643204 

515849608 

28.3196045 

9.2909072 

.001246883 

A03 

644809 

517781627 

28.3372546 

9.2947671 

.001245330 

804 

646416 

519718464 

28.3.VI8938 

9.2986238 

.001243781 

805 

648025 

521660125 

28.3725219 

9.3024776 

.001242236 

806 

649636 

523606616 

28.3901391 

9.3063278 

.001240605 

Squares,  Cubes,  Square  Roots,  Cube  Roots  and  Reciprocals 


No. 

Squares 

Cubes 

Squan 

IIX>t8 

Cube  foots 

Reoiprooali 

807 

651249 

525557943 

28.4077454 

9.3101750 

.001239151 

806 

652864 

527514112 

28.4253408 

9.3140190 

.00123762^ 

809 

654481 

529475129 

28.4429253 

9.3178599 

.00123609^ 

810 

656100 

531441000 

28.4604989 

9.3216975 

.00123456^ 

8U 

657721 

533411731 

28.4780617 

9.3255320 

.00123304< 

812 

659344 

535387328 

28.4966137 

9.3293634 

.001231521 

813 

660969 

537367797 

28.5131549 

9.3331916 

.001230011 

814 

662596 

539353144 

28.5306852 

9.8370167 

.00122850] 

815 

664225 

541343375 

28.5482048 

9.3408386 

.00122699^ 

816 

665856 

543338496 

28.5657137 

9.3446575 

.00122549( 

817 

667489 

545338513 

28.5832119 

9.3484731 

.00122399( 

818 

669124 

547343432 

28.6006993 

9.3522857 

.00122249' 

819 

670761 

549353259 

28.6181760 

9.3560952 

.00122100] 

820 

672400 

551368000 

28.6356421 

9.3599016 

.001219512 

821 

674041 

553387661 

28.6530976 

9.3637049 

.00121802: 

822 

675684 

555412248 

28.6705424 

9.3675051 

.00I21654i 

823 

677329 

557441767 

28.6879766 

9.3713022 

.001215061 

824 

678976 

559476224 

28.7054002 

9.3750963 

.001213591 

825 

680625 

561515625 

28.7228132 

9.3788873 

.00121212] 

826 

682276 

563559976 

28.7402157 

9.3826752 

.00121065^ 

827 

683929 

565609283 

28.7576077 

9.3864600 

.00120919( 

828 

685584 

567663552 

28.7749891 

9.3902419 

.001207721 

829 

687241 

569722789 

28.7928601 

9.3940206 

.00120627J 

830 

688900 

571787000 

28.8097206 

9.3977964 

.001204811 

831 

690561 

573856191 

28.8270706 

9.4015691 

.001203361 

832 

692224 

575930368 

28.8444102 

9.4053387 

.00120192: 

833 

693889 

578009537 

28.8617394 

9.4091054 

.001200481 

834 

695556 

580093704 

28.8790582 

9.4128690 

.00119904; 

835 

697225 

582182875 

28.8963666 

9.4166297 

.00119760J 

836 

698896 

584277056 

28.9136646 

9.4203873 

.00119617J 

837 

700569 

586376263 

28.9309523 

9.4241420 

.00119474: 

838 

702244 

588480472 

28.9482297 

9.4278936 

.001193311 

839 

703921 

590589719 

28.9654967 

9.4316423 

.00119189^ 

840 

705600 

592704000 

28.9827535 

9.4353880 

.001190471 

841 

707281 

594823321 

29.0000000 

9.4S91307 

.0011890G; 

842 

708964 

506947688 

29.0172363 

9.4428704 

.00118764J 

843 

710M9 

599077107 

29.0344623 

9.4466072 

.001186241 

844 

712336 

601211584 

29.0516781 

9.4503410 

.00118483' 

845 

714025 

603351125 

29.0688837 

9.4540719 

.00118343! 

846 

715716 

605495736 

29.0860791 

9.4577999 

.001182031 

847 

717409 

607645423 

29.1032644 

9.4615249 

.001180631 

848 

719104 

609800192 

29.1204396 

9.4652470 

.00117924J 

849 

720801 

611960049 

29.1376046 

9.4689661 

.001177851 

850 

722500 

614125000 

29.1547595 

9.4726824 

.00117647: 

851 

724201 

616295051 

29.1719043 

9.4763957 

.001175081 

852 

725904 

618470208 

29.1890390 

9.4801061 

.001173701 

853 

727609 

620650477 

29.2061637 

9.4838136 

.001172331 

854 

729316 

622835864 

29.2232784 

9.4875182 

.001170961 

855 

731025 

625026375 

29.2403830 

9.4912200 

.00116959: 

856 

732736 

627222016 

29.2674777 

9.4949188 

.00116822' 

857 

734449 

629422793 

29.2745623 

9.4986147 

.00116686: 

858 

736164 

631628712 

29.2916370 

9.5023078 

.00116550: 

859 

737881 

633839779 

29.3087018 

9.5059980 

.00116414^ 

860 

739600 

636056000 

29.3257566 

9.5096854 

.00116279: 

861 

741321 

638277381 

29.3428015 

9.5133699 

.001161441 

862 

743044 

640503928 

29.3598365 

9.5170515 

.00116009; 

863 

744769 

642735647 

29.3768616 

9.5207303 

.001158741 

864 

746496 

644972544 

29.3938769 

9.5244063 

.001157401 

865 

748225 

647214625 

29.4108823 

9.5280794 

.001166061 

866 

749956 

649461896 

29.4278779 

9.5317497 

.00115473' 

867 

761689 

651714363 

29.4448637 

9.6354172 

.00115340; 

868 

753424 

658972032 

29.4618397 

9.5390818 

.00115207^ 
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Pmctical  Arithmetic 


Part  1 


No. 

Squares 

Oabea 

■  Square 
roots 

Cube  roots 

Rsoiprooals 

889 

755161 

656234909 

29.4788059 

9.5427437 

.001150748 

870 

756900 

658503000 

29.4957624 

9.5464027 

.001149425 

871 

758641 

660776311 

29.5127091 

9.5500589 

.001148106 

872 

760384 

663054848 

29.5296461 

9.5537123 

.001146789 

873 

762129 

665338617 

29.5465734 

9.5573630 

.001145475 

874 

763876 

667627624 

29.5634910 

9.5610108 

.001144165 

875 

765625 

669921875 

29.580.3989 

9.5646559 

.001142857 

876 

767376 

672221376 

29.5972972 

9.5682982 

.001141553 

877 

769129 

674526133 

29.6141858 

9.5719377 

.001140251 

878 

770884 

676836152 

29.6310648 

9.5755745 

.001138952 

879 

772641 

679151439 

29.6479342 

9.5792085 

.001137656 

880 

774400 

681472000 

29.6647939 

9.5828397 

.001136364 

881 

776161 

683797841 

29.6816442 

9.5864682 

.001135074 

882 

777924 

686128968 

29.6984848 

9.5900939 

.001133787 

883 

779689 

688465387 

29.7153159 

9.5937169 

.001132503 

884 

781456 

690807104 

29.7321375 

9.5973373 

.001131222 

885 

783225 

693154125 

29.7489496 

9.6009548 

.001129944 

886 

784996 

695506456 

29.7657521 

9.6045696 

.001128668 

887 

786769 

697864103 

29.7825452 

9.6081817 

.001127396 

888 

788544 

700227072 

29.7993289 

9.6117911 

.001126126 

889 

790321 

702595369 

29.8161030 

9.6153977 

.001124859 

890 

792100 

704969000 

29.8328678 

9.6190017 

.001123596 

891 

793881 

707347971 

29.8496231 

9.6226030 

.001122334 

892 

795664 

709732288 

29.8663690 

9.6262016 

.001121076 

893 

797449 

712121957 

29.8831056 

9.6297975 

.001119821 

894 

799236 

714516984 

29.8998328 

9.6333907 

.001118568 

895 

801025 

716917375 

29.9165506 

9.6369812 

.001117318 

896 

802816 

719323136 

29.9332591 

9.6405690 

.001116071 

897 

804609 

721734273 

29.9499583 

9.6441.542 

.001114827 

898 

806404 

724150792 

29.9666481 

9.6477367 

.001113586 

899 

808201 

726572699 

29.9833287 

9.6513166 

.001112347 

900 

810000 

729000000 

30.0000000 

9.6548938 

.001111111 

901 

811801 

731432701 

30.0166620 

9.6584684 

.001109878 

902 

813604 

733870808 

30.0333148 

9.6620403 

.001108647 

903 

815409 

736314327 

30.0499584 

9.6656096 

.001107420 

904 

817213 

738763264 

30.0665928 

9.6691762 

.001106195 

905 

819025 

741217625 

30.08,32179 

9.6727403 

.001104972 

936 

820836 

743677416 

80.0998339 

9.6763017 

.001103753 

907 

822649 

746142643 

30.1164407 

9.6798604 

.001102536 

908 

824464 

748613312 

30.1330383 

9.6834166 

.001101322 

909 

826281 

751089429 

30.1496269 

9.6869701 

.001100110 

910 

828100 

753571000 

30.1662063 

9.6905211 

.001098901 

911 

829921 

756058031 

30.1827765 

9.6940694 

.001097695 

912 

831744 

758550528 

30.1993377 

9.6976151 

.001096491 

913 

833569 

761048497 

30.2158899 

9.7011583 

.001095290 

914 

835396 

763551944 

30.2324329 

9.7046989 

.001094092 

915 

837225 

766060875 

30.2489069 

9.7082369 

.001092896 

916 

839056 

768575296 

30.2654919 

9.7117723 

.001091703 

917 

840S89 

771095213 

80.2820079 

9.7153051 

.001090513 

918 

842724 

773620632 

30.2985148 

9.7188354 

.001089325 

919 

8445C1 

776151559 

30.3150128 

9.7223631 

.001088139 

92J 

846400 

778688000 

80.3315018 

9.7258883 

.001086957 

921 

848241 

781229961 

30.3479818 

9.7294109 

.001085776 

922 

850084 

783777448 

30.3644529 

9.7329309 

.001084599 

923 

851929 

786330467 

30.3809151 

9.7364484 

.001083423 

924 

853776 

788889024 

30.3973683 

9.7399634 

.001082251 

925 

855625 

791453126 

30.4138127 

9.7434758 

.001081081 

926 

857476 

794022776 

30.4302481 

9.7469857 

.001079914 

927 

859329 

796597983 

30.4466747 

9.7504930 

.001078749 

938 

861184 

799178752 

30.4630924 

9.7639979 

.001077586 

}& 

863041 

801765089 

30.4795013 

9.7575002 

.001076426 

864900 

804357000 

30.4959014 

9.7610001 

.001075289 
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• 

No. 

Squares 

Cubes 

8guare 
toots 

Cube  -roots 

Reciprocals 

931 

866761 

806954491 

30.5122926 

9.7644974 

.001074114 

932 

868624 

8095575C8 

30.5286750 

9.7679922 

.001072961 

933 

870489 

812166237 

30.5450487 

9.7714845 

.001071811 

934 

872356 

814780504 

30.5614136 

9.7749743 

.001070664 

935 

874225 

817400376 

30.6777697 

9.7784616 

.001069519 

936 

876096 

820025856 

30.6941171 

9.7819466 

.001068376 

937 

877969 

822656953 

30.6104557 

9.7854288 

.001067236 

93S 

879844 

825293672 

30.6267857 

9.7889087 

.001066098 

939 

881721 

827936019 

30.6431069 

9.7923861 

.001064963 

940 

883600 

830584000 

30.6594194 

9.7958611 

.001063820 

9^!! 

885481 

833237621 

30.6757233 

9.7993336 

.0010626£9 

942 

887364 

835896888 

30.6920185 

9.8028036 

.001061571 

943 

889249 

838561807 

30.7083051 

9.8062711 

.001060445 

944 

891136 

841232384 

30.7245830 

9.8097362 

.001059322 

9^15 

893025 

84390S625 

30.7408523 

9.8131989 

.001058201 

946 

89-1916 

84G590536 

30.7571130 

9.8166591 

.001057082 

947 

896809 

849278123 

30.7733651 

9. 8201 If 9 

.0010559e6 

948 

89S704 

851971392 

30.7896086 

9.S2ZC72Z 

.001054852 

949 

900601 

854670349 

80.8058436 

9.8270252 

.001053741 

950 

902500 

857375000 

30.8220700 

9.8304757 

.001052632 

951 

901401 

860085351 

30.8382879 

9.83C92C8 

.001051525 

952 

906304 

862801408 

30.8544972 

9.837SGC5 

.001050420 

953 

908209 

865523177 

30.8706981 

9.8408127 

.001049318 

954 

910116 

868250664 

30.8868904 

9.84425S6 

.001048218 

953 

912025 

870983875 

30.9030743 

9.8476920 

.001047120 

956 

913936 

873722816 

30.9192497 

9.8511280 

.001046025 

957 

915849 

876467493 

30.9354ie6 

9.8545617 

.0010449S2 

958 

917764 

879217912 

20.9v':i5761 

9.8579929 

.001043841 

959 

919681 

881974079 

30.9677261 

9.8614218 

.001042763 

9G0 

921600 

884736000 

30.9838668 

9.8648483 

.001041667 

961 

923521 

887503681 

31.0CCC000 

9.8C82724 

.001040583 

062 

925444 

890277128 

31.0161248 

9.8716941 

.0010S9501 

963 

927389 

893056347 

31.0322413 

9.8751135 

.001038422 

964 

939296 

895841344 

31.0483494 

9.8785305 

.001037344 

965 

931225 

898632125 

31.0644491 

9.8819451 

.0010362C9 

966 

933156 

901428696 

31.0S05405 

9.8853574 

.001035197 

967 

935089 

904231063 

31.0966236 

9.8887673 

.001034126 

« 

968 

937024 

907039232 

31.1126984 

9.8921749 

.001033058 

969 

938961 

909853209 

31.1287648 

9.8955801 

.001031992 

970 

940900 

912673000 

31.1448230 

9.8989830 

.031030928 

971 

942841 

915498611 

31.1608729 

9.9023835 

.001029866 

972 

9f4784 

918330048 

31.1769145 

9.9057817 

.001028807 

973 

946729 

921167317 

31.1929479 

9.9091776 

.001027749 

974 

948676 

924010424 

31.2089731 

9.9125712 

.001026694 

975 

950625 

926859375 

31.2249900 

9.9159624 

.001025641 

976 

952576 

929714176 

31.2409987 

9.9192513 

.001024590 

977 

954529 

932574833 

31.2569992 

9.9227379 

.001023541 

978 

956484 

935441352 

31.2729915 

9.9261222 

.001022495 

979 

958441 

938313739 

31.2889767 

9.9295042 

.001021460 

980 

960400 

941192000 

31.3049517 

9.9328839 

.001020408 

981 

962361 

944076141 

31.3209195 

9.9aC2613 

.001019368 

982 

964324 

946966168 

31.3368792 

9.9C96363 

.001018330 

983 

966289 

949862087 

31.3528308 

9.9430092 

.001017294 

984 

968256 

952763904 

31.8687743 

9.9463797 

.001016260 

985 

970225 

955671625 

81.3847097 

9.9497479 

.001015228 

986 

972196 

958585266 

31.4006369 

9.9531138 

.001014199 

987 

974169 

961504803 

31.4165561 

9.9564775 

.001013171 

988 

976144 

964430272 

31.4324673 

9.9698389 

.001012146 

989 

978121 

967361669 

81.4483704 

9.9631981 

.001011122 

990 

980100 

970299000 

31.4642654 

9.9665549 

.001010101 

99t 

982081 

973242271 

31.4801525 

9.9699095 

.001009082 

992 

984064 

976191488 

1 

31.4960315 

9.9732619 

.001008065 

24 


Practical  Arithmetic 


No. 

093 
0»4 
995 
996 
997 
998 
999 
1000 

1001 
1002 
1003 
1004 
1005 
1006 
1007 
1008 
1009 
1010 

1011 
1012 
1013 
1014 
1015 
1016 
1017 
1018 
1019 
1020 

1021 
1022 
1023 
1024 
1025 
1026 
1027 
1028 
1029 
1030 

1031 
1032 
1033 
1034 
1035 
1036 
1037 
1038 
1039 
1040 

1041 
1042 
1043 
1044 
1045 
1046 
1047 
1048 
1049 
1050 

1051 
1052 
1053 
1054 


Squares 


986049 
988036 
990025 
992016 
994009 
996004 
998001 
1000000 

002001 
004004 
006009 
008016 
010025 
012036 
014049 
016064 
018081 
020100 

022121 
024144 
026169 
028196 
030225 
032256 
034289 
036324 
038361 
040400 

042441 

044484 
046529 
048576 
050625 
052676 
054729 
056784 
058841 
000900 

062961 
0C5024 
067089 
0G9156 
071225 
073296 
075369 
077444 
079521 
081600 

083681 
085764 
087849 
089936 
092025 
094116 
096209 
098304 
100401 
102500 

104601 
10(i704 
10K809 
110916 


Cubw 


979146657 
982107784 
985074875 
988047936 
991026973 
9^4011992 
997002999 
1000000000 

003003001 
006012008 
009027027 
012048064 
015075125 
018108216 
021147343 
024192512 
027243729 
030301000 

033364331 
036433728 
039509197 
042590744 
045678375 
048772096 
051871913 
054977832 
058089859 
061208000 

064332261 
067462648 
070599167 
073741824 
076890625 
080045576 
083206683 
086373952 
089547389 
092727000 

095912791 
099104768 
102302937 
105507304 
108717875 
111934656 
115157663 
118386872 
121622319 
124864000 

128111921 
131366088 
I34626rj07 
137893184 
141166125 
144445336 
147730823 
151022592 
154320649 
157625000 

160935651 
164252608 
167575877 
170905464 


Square 
loots 


31.6119025 
31.6277655 
31.5436206 
31.5594677 
31.5753068 
31.5911380 
31.6069613 
31.6227766 

31.6385840 
31.6543836 
31.6701752 
31.6859.590 
31.7017.'M9 
31.7175030 
31.7332633 
31.7490157 
31.7647603 
31.7804972 

31.7962262 
31.8119474 
31.8276609 
31.8433666 
31.8590646 
31.8747549 
31.8904374 
31.9061123 
31.9217794 
31.9374388 

31.9530906 
31.9687347 
31.9843712 
32.0000000 
32.0156212 
32.0312348 
32.0468407 
32.0624.391 
32.0780298 
32.0936131 

32.1091887 
32.1247.508 
32.1403173 
32.1558704 
32.1714159 
32.1809.539 
32.2024844 
32.2180074 
32.23.35229 
32.2490310 

,^2.2645316 
32.2800248 
32.2955105 
32.3109888 
32.3264.598 
.32.3419233 
32.3573794 
32.3728281 
32.3882695 
32,4037035 

32.4191301 
32.4345495 
32.4499615 
32.4653662 


Cube  foots 


9.9766120 
9.9790599 
9.9833055 
9.9866488 
9.9899900 
9.9933289 
9.9966656 
10.0000000 

10.0033322 
10.0066622 
10.0099899 
10.0133155 
10.0166389 
10.0199601 
10.0232791 
10.0265958 
10.0299104 
10.0332228 

10.0365330 
10.0398410 
10.0431469 
10.0464506 
10.0497521 
10.0530514 
10.0563485 
10.0.596435 
10.0629364 
10.0662271 

10.0695156 
10.0728020 
10.0760863 
10.0793684 
10.0826484 
10.08.59262 
10.0892019 
10.0924755 
10.0957469 
10.0990163 

10.1022835 
10.1055487 
10.1088117 
10.1120726 
10.1153814 
10.1185882 
10.1218428 
10.1250953 
10.128,3457 
10.1315941 

10.1348403 
10.1380845 
10.1413206 
10.144.5667 
10.1478047 
10.1510406 
10.1542744 
10.157.5062 
10.15073.59 
10.1639636 

10.1671893 
10.1704129 
10.1736344 
10.1768539 


.001007049 

.001006030 

.001005020 

.001004016 

.001003009 

.001002004 

.OOIOOIOOI 

.001000000 

.0009990010 

.000908CXMO 

.0000970091) 

.0009060159 

.0009950249 

.00009403.^ 

.0009930487 

.0009920635 

.  00009 108():i 

.0000000991/ 

.0000891197 

.0009881423 
.000987 166S. 
.000986193,3^ 
.00098522171 
.0009842520! 
.0009832841'; 
.00098231831 
.00098135431 
.0009803922^ 

.  00097043 19|' 

.000978473CS 
.00097751711 
.000976562o' 
.000975609S! 
.00097465^0: 
.000973709N 
.000972762t>( 
.000971817.3! 
.00097087381 

.0009699.321 

.0009689922' 

.00096805421 

.0009671180! 

.00096618361 

.00096525101 

.00096432021 

.0009633911 

.0009624639 

.0009615385 

.00096061481 

.0009.59692 

.0(X)95877 

.00095785 

.000956937 

.0009.56022 

.0009551098 

.0009.541985  . 

.0009532888  . 

.00095238m  .; 

.0009514748 
.0009505703 
.0009496676  ^ 
.000948766^  ^ 
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lIiMDrai  of  Langtli 
:  inches       —  I  foot 

I  iftt  —  I  y»ni       —         jS  incba 

:li  yatds    -  i  rod        —      198  inches  -      16H  let 
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Dedaial  Bqahalents  for  Frncdou  «f  ta  Inch 


Via 

Ha 

Decimals 

Frao-     ' 
tions 

1 
1 

M. 

Decimals 

Frac- 
tions 

1 

0.015625 

33 

0.515625 

1 

2 

0.08125 

17 

34 

0.53125 

•«...... 

3 

0.046875 

1 

85 

0.546876 

......... 

2 

4 

0.0625 

M» 

18 

36 

0.6626 

Ms 

6 

0.07&125 

87 

0.578125 

1 

3 

6 

0.09375 

19 

38 

0.59375 

7 

0.109376 



39 

0.609375 

4 

8 

0.126 

H 

20 

40 

0.625 

H 

9 

0.140625 

41 

0.640625 

6 

10 

0.15625 

;      21 

42 

0.65625 

11 

0.171875 

1 

43 

0.671875 

( 

12 

0.1875 

iis 

22 

44 

0.6876 

»Ho 

1 

13 

0.203125 

1 

45 

0.703125 

7 

14 

0.21875 

1      » 

46 

0.71876 

16 

0.234375 

1  

47 

0.734375 

«• 

8 

16 

0.25 

H 

1      " 

48 

0.75 

H 

17 

0.265625 

1 

•    49 

0.765625 

9 

18 

0.28125 

1      25 

50 

0.78125 

19 

0.296875 

1 

1  

51 

0.796875 

10 

20 

0.3125 

Me 

26 

52 

0.8125 

»Me 

21 

0.328125 

1  

53 

0  828125 

ii 

i2 

0.34375 

1      2^ 

54 

0.84375 

23 

0.359375 

1 

55 

0  859375 

12 

24 

0.375 

H 

28 

56 

0.875 

H 

25 

0.390625 

........ 

67 

0.890625 

13 

26 

0.40625 

29 

58 

0.90625 

27 

0.421875 

59 

0.921875 

14 

28 

0.4375 

Ms 

30 

60 

0.9375 

ifis     . 

29 

0.453125 

61 

0.953125 

15 

30 

0.46875 

31 

62 

0.96875 

31 

0.484375 

63 

0.984375 

16 

82 

0.5 

H 

32 

64 

1. 

1 

Nautical  Measures 

A  nautical  or  sea-mile  is  the  length  of  a  minute  of  longitude  of  the  earth  at 
the  equator  at  the  level  of  the  sea.  It  is  assumed  that  6086.07  ft—  1. 15 2664 
statute  or  land-miles  by  the  United  States  Coast  Survey. 

3  nautical  miles  »  z  league 


Miscellaneous  Measures 


I  palm 
I  hand 


3  inches 

4  inches 


z  span 
z  meter 


"■  9  inches 
-  32809  feet 
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•  Measures  of  Surface 

144  square  inches  «  x  square  foot 

9  square  feet       *  x  square  yard  »  x  296  square  inches 
xoo  square  feet      «  i  square  (architects*  measure) 

Lakd  Measure 

3oH  square  3rards  »  x  square  rod 

40  square  rods  >■  x  square  rood  ■■  i  sxo  square  yards 

4  square  roods    )  *•  i  acre  «  4  840  square  yards 

10  square  chains   (  >  160  square  rods 

{640  acres  -  i  square  mile  «  3  097  600  square  yards  ■-  } 

XQ2  400  square  rods  «  2  560  square  roods  \ 

208.71  feet  square  -  x  acre  ->  43560  square  feet 

A  secnoN  of  land  is  a  square  mile,  and  a  QUAaTEft-SEcnoN  is  160  acres 

Measures  of  Volume 

X  gallon,  liquid  measure*  231  cubic  inches,  and  contains  8.339  avoirdupois 
pounds  of  distilled  water  at  39-8**  F.,  or  58  iz^  grains 

X  cubic  foot  contains  7.48  liquid  gallons,  or  6.428  dry  gallons 

I  gallon,  dry  measure  »  268.8  cubic  inches 

X  bushel  (Winchester)  contains  2x50.43  cubic  inches,  or  77.627  pounds  dis- 
tilled water  at  39.8'  F. 

A  heaped  bushel  contains  2747.7x5  cubic  inches 

Dry  Measuse 

a  pints    *  I  quart  «  67.2  cubic  inches 

4  quarts  -  i  gallon  -■    8  pints  «  268.8  cubic  inches 

2  gallons  «  I  peck    »  16  pints  «    8  quarts  -  537.6  cubic  inches 
4  pecks    «  I  bushel  -■  64.pints  >■  32  quarts  ■-  8  gallons 

»  2x50.42  cubic  inches 
z  cord  of  wood  -  128  cubic  feet 

Liquid  Mbasueb 

4  gills  *    "-  I  pint       ■•  x6  fluid  ounces 

a  pints     *  I  quart     -   8  gills  -i  32  fluid  ounces 

4  quarts  ■■  i  ffUlon    —  33  gills  ■>  8  pints  »  128  fluid  ounces 

In  the  United  States  and  Great  Britain  i  barrel  of  wine  or  brandy  ■*  3x}i 
gallons,  and  contains  4.2x1  cubic  feet. 

A  hogshead  is  63  gallons,  but  this  term  is  often  applied  to  casks  of  various 
capacities. 

Cubic  Measure 

1728  cubic  inches  «  x  cubic  foot 
37  cubic  feet     *  i  cubic  yard 

In  MSASUBING  WOOD,  a  pile  of  wood  cut  4  feet  long,  piled  4  feet  high,  and  8  feet 
on  the  ground,  makixig  128  cubic  feet,  is  called  a  coed. 

x6  cubic  feet  make  one  cord-foot. 

A  PERCH  OF  STONE  is  nominally  16H  feet  long,  i  foot  high  and  xH  feet  thick, 
sad  cootains  24^^  cubic  feet. 
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A  perch  of  stone  is,  however,  often  computed  differently  in  different  localities; 
thus,  in  most  if  not  all  of  the  States  and  Territories  west  of  the  Mississippi, 
stone-masons  figure  rubble  by  the  perch  of  x6Vi  cubic  feet.  In  Philadelphia, 
22  cubic  feet  are  called  a  perch.  In  Chic^o,  stone  is  measured  by  the  cord  of 
zoo  cubic  feet. 

A  TON  of  shipping  is  42  cubic  feet  in  Great  Britain  and  40  cubic  feet  in  the 
United  SUtes. 

Flttid  MeMiir* 

60  miiJms  «  I  fluid  drachm 

8  fluid  drachms  -  z  ounce 
,^  16  ounces  -  z  pint  — 

'  8  pints  "-  z  gallon 

Miscellaneoiis  Measuraa 

Butt  of  Sherry   ■•  zoS  gallons  Puncheon  of  Brandy  *  zzo  to  120  gallons 

Pipe  of  Port       -  xx5  gallons  Puncheon  of  Rum       >  zoo  to  zzo  gallons 

Butt  of  Malaga  *■  Z05  gallons  Hogshead  of  Brandy  —    55  to   60  gallons 

Puncheon  of  Scotch  Whiskey,  Hogshead  of  Claret    >   46  gallons 
-  zzo  to  Z30  gallons 

Meaanres  of  Waigltt 

The  standard  avoirdupois  pound  b  the  weight  of  27.70x5  cubic  inches  of 
distilled  water  weighed  in  air  at  39.83*^  F.,  with  the  barometer  at  30  inches. 
It  contains  7  000  grains.    One  pound  avoirdupois  ••  z.2iS3  pounds  troy. 

ATolrdttpois,  or  Ordinary  Coznmercial  Weight 

I  drachm  m  27.343  grains 

16  drachms  m  z  ounce  (oz) 

16  ounces  1-  z  pound  (lb) 

zoo  pounds  «-  z  hundredweight   (cwt) 

20  hundredweight  »-  z  ton 

In  collecting  duties  upon  forrign  goo^ls  at  the  United  States  custom-houses, 
and  also  in  freighting  coal  and  selling  it  by  wholesale, 

28  pounds  -  z  quarter 

4  quarters,  or  zz2  pounds  »  z  hundredweight 
20  hundredweight  •  z  long  ton  «  2  240  pounds 

A  stone  •-14  pounds 

A  quintal  >■  too  pounds 


The  following  measures  are  sanctioned  by  custom  or  law:   z  bushel  •  1.244 

cubic  feet  or 

xH  cubic  feet,  nearly. 

32  pounds  of  oats 

»  I  bushel 

45  pounds  of  Timothy-seed 

-  X  bushel 

48  pounds  of  barley 

->  X  bushel 

56  pounds  of  rye 

-  I  bushel 

56  pounds  of  Indian  com 

-  r  bushel 

50  pounds  of  Indian  meal 

■■  z  bushel 

60  pounds  of  wheat 

>■  I  bushel 

60  pounds  of  dover-seed 

■•  z  bushel 

60  pounds  of  potatoes 

-  t  bushel 

Troy  Wdgfat,  etc.    Weights  of  Coins  29 

56  pounds  of  batter  ■■  x  firkin 

zoo  pounds  o£  meal  or  flour  ■■  i  sack 

100  pounds  of  grain  or  flour  »  i  cental 

100  pounds  of  dry  fish  «  i  quintal 

100  pounds  of  nails  *  i  cask 

196  pounds  of  flour  «  i  barrel 

200  pounds  of  beef  or  pork  -■  i  barrel 

80  pounds  of  lime  —  i  bushel 

Troy  Weight 

TTsEO  IN  Weighing  Gold  oil  Silver 

24  grains  i-  i  pennsrweight  (pwt) 

ao  pennyweights  »  i  ounce  (ox) 

12  ounces  «  z  pound  (lb) 

A  CARAT  of  the  jewelers,  for  predous  stones»  is,  in  tlie  United  States,  3.2 
grains,  but  it  varies  according  to  different  authorities.  In  London,  3.17  grains, 
in  Paris,  3.18  grains  are  divided  into  4  jewelers'  grains.  Ihe  international 
carat  is  3.168  grains  or  200  milligrams.  In  troy*,  apothecaries'  and  avoirdupois 
weights,  the  grain  is  the  same,  i  pound  troy  being  equal  to  0.82286  pound 
avoirdupois. 

Apothecaries'  Weight 

Used  in  Coupounding  Medicines  and  in  Putting  Up  Medical 

Prescriptions 

20  grains  (gr)  •-  x  scruple  (3)  8  drachms  «  z  ounce  (oz) 

3  scruples      ■>  z  drachm  (3)  12  ounces    *  i  pound  (lb) 

Measures  of  Value 

United  States  Standard 

10  mills  ">  I  cent  10  dimes    «  i  dollar 

10  cents  -■  z  dime  zo  dollars  >-  z  eagle 

The  standard  of  gold  and  silver  is  900  parts  of  pure  metal  and  100  of  alloy 
in  z  000  parts  of  coin. 

The  fineness  expresses  the  quantity  of  pure  metal  in  x  000  parts. 

The  REMEDY  OF  Tss  MINT  is  the  allowance  for  deviation  from  the  exact  stand- 
ard fineness  and  weight  of  coins. 

Weights  of  Coins 

Bouble  eagie  -  516  troy  grains 

Eagle  ">•  258  troy  grains 

DoUar  (gold)  •-    25^  troy  grains 

Dollar  (silver)  —4x2.5  troy  grains 

Half-dollar  i»  192  troy  grains 

5-cent  piece  (nickel)  —    77.16  troy  grains 

3-cent  piece  (nickel)  —    30  troy  grains 

Cent  (bronze)  «-    48  troy  grains 
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Measures  of  Time 

60  seconds  ■■  i  minute  365  days  *  x  common  year 

60  minutes  -  i  hour  366  da3rs  •»  i  leap-year 

24  hours      >  I  day 

A  SOLAR  DAY  Is  measured  by  the  rotation  of  the  earth  upon  its  axis,  with  respect 
to  the  sun. 

In  ASTRONOMICAL  COMPUTATIONS  and  in  NAUTICAL  TIME  the  day  commences  at 
noon,  and  in  the  former  it  is  counted  throughout  the  24  hours. 

In  CIVIL  COMPUTATIONS  the  day  commences  at  midnight,  and  is  divided  into 
two  parts  of  12  hours  each. 

A  SOLAR  YEAR  is  the  time  in  which  the  earth  makes  one  revolution  around  the 
sun.  Its  average  time,  called  the  mean  solar  year,  is  365  days,  5  hours, 
48  minutes  and  49.7  seconds,  or  nearly  365 H  days. 

A  MEAN  lunar  month,  or  LUNATION  of  the  moon,  is  29  dasra,  12  hours,  44  min- 
utes, 2  seconds  and  5.24  thirds.    It  is  equal,  on  the  average,  to  29.53  days. 

The  Calendar,  Old  and  New  Style 

The  Julian  Calendar  was  established  by  Julius  Caesar,  44  B.C.,  and  by  it  one 
day  was  inserted  in  every  fourth  year.  This  was  the  same  thing  as  assuming 
that  the  length  of  the  solar  year  was  365  days  and  6  hours,  instead  of  the  value 
given  above,  thus  introducing  an  acciunulative  error  of  11  minutes  and  12  sec- 
onds every  year.  This  calendar  was  adopted  by  the  church  in  325  ajd.,  at  the 
Council  of  Nice.  In  the  year  1582  the  annual  error  of  11  minutes  and  1 2  seconds 
had  amounted  to  10  days,  which,  by  order  of  Pope  Gregory  XIII,  was  suppressed 
in  the  calendar,  and  the  5th  of  October  reckoned  as  the  15th.  To  prevent  the 
repetition  of  this  error,  it  was  decided  to  leave  out  three  of  the  inserted  days 
every  400  years,  and  to  make  this  omission  in  the  years  which  are  not  exactly 
divisible  by  400.  Thus,  of  the  years  1700,  1800,  1900  and  2000,  all  of  which 
are  leap-years  according  to  the  Julian  Calendar,  only  the  last  is  a  leap-year 
according  to  the  Reformed  or  Gregorian  Calendar.  This  Reformed  Calendar 
was  not  adopted  by  England  until  1758,  when  11  days  were  omitted  from  the 
calendar.  The  two  calendars  are  now  often  called  the  Old  Style  and  the  Nevt 
Style.  The  latter  style  is  now  adopted  in  every  Christian  count-ry  except 
Russia. 

Circular  and  Angular  Measures 

Used  it>R  Measuring  Angles  and  Arcs,  and  for  Determining  Lati- 
tude AND  Longitude 

60  seconds  (")  -  i  minute  O 

60  minutes        =  i  degree  (*) 

360  degrees         -  1  circumference  (C) 

The  SECOND  is  usually  subdivided  into  tenths  and  hundredths. 
A  minute  of  the  circumference  of  the  earth  is  a  geographical  mile. 
The  degrees  of  the  earth's  circumference  on  a  meridian  average  69.16  com- 
mon miles. 

The  Metric  System 

The  METRIC  SYSTEM  is  a  system  of  weights  and  measures  based  upon  a  unit 
called  a  meter. 

The  meter  was  intended  to  be  one  ten-millionth  part  of  the  distance  from  the 
equator  to  either  pole,  measured  on  the  earth's  surface  at  the  level  of  the  sea. 
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The  NAMES  of  derived  metric  denominations  are  formed  by  prefixing  to  the 
name  of  the  primary  unit  of  measure: 

Milli,  a  thousandth  Hecto,  one  hundred 

Centi,  a  hundredth  Kilo,  a  thousand 

Ded,  a  tenth  Myria,  ten  thousand 
Deca,  ten 

This  system,  first  adopted  by  France,  has  been  extensively  adopted  by  other 
countries,  and  is  much  used  in  the  sciences  and  the  arts.  It  was  legalized  in 
z866  by  Congress  to  be  used  in  the  United  States,  and  is  already  employed  by 
the  Coast  Survey,  and,  to  some  extent,  by  the  Mint  and  the  General  Post- 
OfiBoe. 

Linear  Meaauros 

The  ICETEK  is  the  primary  unit  of  lengths. 

lo  millimeters  (mm)  ^  i  centimeter  (cm)  -■  0.3937  inch 

JO  centimeters  »  z  decimeter  (dm)  >■  3.937  inches 

xo  decimeters  »  z  meter  (m)  ""39-37  inches 

10  meters  *  7  decameter  ■■  393-37  inches 

10  decameters  «  x  hectometer  ""328  feet  i  inch 

xo  hectometers  —  i  kilometer  (km)  —  0.62137  mile 

10  kilometers  ■-  i  myriameter  -•  6.2x37  miles 

The  METER  is  used  in  ordinary  measurements;  the  centimeter,  or  milli- 
meter, in  reckoning  very  small  distances;  and  the  kilometer,  for  roads  01 
great  distances. 

A  centimeter  is  about  H  of  an  inch;  a  meter  is  about  3  feet  3H  inches;  a 
KILOMETER  IS  about  200  lods,  or  H  of  a  mile.    (See  page  33.) 

Measures  of  Surface 

The  SQUARE  METER  is  the  primary  unit  of  ordinary  surfaces. 
The  ARE,  a  square,  each  of  whose  sides  is  ten  meters,  is  the  unit  of  Ian6 
measures. 

xoo  square  millimeters  (mm')  >"i  square  centimeter  (cm*)  -Q.155  square  inc^ 

100  square  centimeters  m  x  square  decimeter  -•  15.5  square  inches 

xoo  square  dedmeters  ■■  i  square  meter  (m*)  *>  i  550  square  inches,  or  1.196 

square  yards 
100  centiaxes,  or  square  meters  —  i  are  (a)  «  119.6  square  yards 

too  ares  »  x  hectare  (ha)        -•  2.471  acres 

A  square  meter,  or  one  centiare,  is  about  lo^i  square  feet,  or  iH  sqtiare 
jfards,  and  a  hectare  is  about  2H  acres. 

Cable  Maasore 

The  CUBIC  METER,  or  STERE,  is  the- primary  unit  of  a  volume. 

1 000  cubic  millimeters  (mm*)  >■  x  cubic  centimeter  (cm*)  -  0.061  cubic  inch 
X  000  culnc  centimeters  «  i  cubic  decimeter  (dm*)  ~  6tw022  cubic  inches 
1 000  cubic  decimeters  •-  z  cubic  meter  (m*)  >  35.314  cubic  feet 

The  STERE  is  the  name  given  to  the  cubic  meter  in  measuring  wood  and  timber. 
A  tenth  of  a  stere  is  a  decistere,  and  ten  steres  are  a  decastere. 

A  cubic  mbier,  or  stere,  b  about  xH  cubic  yards,  or  about  2H  cord  feet. 
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liquid  and  Dzy  Heaauras 

The  LITER  is  the  primary  unit  of  measures  of  capacity,  and  is  a  cube,  each  ol 
whose  edges  is  a  tenth  ol  a  meter  in  length. 

The  H£crouTEa  is  the  unit  in  measuring  large  quantities  of  grain,  fruits^ 
roots  and  liquids. 

lo  milliliters  (ml)  »  i  centiliter  (d)  *  0.338  fluid  ounce 

10  centiliters  -  i  deciUter  >•  0.845  liquid  gill 

10  deciliters  ■•  z  liter  (I)  >  1.0567  liquid  quarts 

10  liters  »  I  decaliter  •■  2.6417  gallons 

10  decaliters  «  x  hectoliter  (hi)  *«  2  bushels,  3.35  pecks 

10  hectoliters  »  i  kiloliter  >  28  bushels,  iH  pecks 

A  CENTIUTER  IS  about  H  of  a  fluid  ounce;  a  uter  is  about  iHs  liquid  quarts, 
or  9io  of  a  dry  quart;  a  hectoliter  is  about  2H  bushels;  and  a  kilouter  is 
one  cubic  meter,  or  stere. 

Weii^ts 

The  GRAM  is  the  primary  unit  of  weights,  and  is  the  weight  In  a  vacuum  of  a 
cubic  centimeter  of  distilled  water  at  the  temperature  of  39.2**  F. 

10  milligrams  (mg)  »  i  centigram  (eg)   -       0.1543  troy  grain 
10  centigrams  ->  i  decigram  (dg)     «•        1-543    troy  grains 

10  decigrams  »  i  gram  (g)  ■>      15.432    troy  grains 

10  grams  «  x  decagram  *       0.3527  avoirdupois  ounce 

10  decagrams  >-  x  hectogram  «■       3-5374  avoirdupois  ounces 

10  hectograms         >■  i  kilogram  (kg)   »       3.2046  avoirdupois  poupds 
10  kilograms  =  x  myriagram         >■      22.046    avoirdupois  pounds 

10  myriagrams         >-  i  quintal  (q)         •    220.46     avoirdupois  pounds 
xo  quintals  >  i  tonneau  (t)       •>  2204.6       avoirdupois  pounds 

I  kilogram  per  kilometer     »  0.67195  pound  per  x  000  feet 
x  pound  per  thousand  feet  ■•  Xui882  kilograms  per  kilometer 
X  kilogram  per  square  millimeter  •■  x  423  pounds  per  square  inch 
I  pound  per  square  inch  •■  0.000743  kilogram  per  square  millimeter 

The  GRAM  is  used  in  weighing  gold,  jewels,  letters  and  small  quantities  of 
things.  The  kilogram,  or,  for  brevity,  kilo,  is  used  by  grocers;  and  the 
tonkeau,  or  metric  ton,  is  used  in  finding  the  weight  of  very  heavy  articles. 

A  GR.\M  is  about  15H  grains  troy;  the  kilo  about  2H  pounds  avoirdupois; 
and  the  metric  ton,  about  2  205  pounds. 

A  kilo  is  the  weit^ht  of  a  liter  of  water  at  its  greatest  density;  and  the  metric 
TON,  of  a  cubic  meter  of  water. 

Metric  numbers  are  written  with  the  decimal  point  (.)  at  the  right  of  the 
figures  denoting  the  unit;  thus  the  expression,  15  meters  3  centimeters,  is 
written,  15. 03  ra. 

When  metric  numbers  are  expressed  by  figures,  the  part  of  the  expression  at 
the  left  of  the  decimal  point  is  read  as  the  number  of  the  unit,  and  the  part  at 
the  right,  if  any,  as  a  number  of  the  lowest  denomination  indicated,  or  as  a 
decimal  part  of  the  unit;  thus,  46.525  m  is  read  46  meters  and  525  millimeters, 
or  46  and  525  thousandths  meters. 

In  writing  and  reading  metric  numbers,  according  as  the  scale  is  xo.  100  or 
I  000^  each  denomination  should  be  allowed  one,  two  or  three  orders  of  figures. 

Metric  Conversion  Table 

The  following  metric  conversion  table  has  been  compiled  by  C.  W.  Hun^ 
and  is  most  convenient  in  dealing  with  metric  weights  and  measures: 


M«tflc  ConveniMi  lU>]e 
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liHiimetera  X  0.03937 
MilUmctera  -i-  25.4 
CcntimeCen  X  0.3937 
Centimetera-i-  2.54 

MctenX  39-37 
MetenX3-a8i 

Meters  X  1.094 

Kilometers  X  o.6ax 

Kjlometeis -I- 1.6093 

Kilometers  x  3280.7 

Square  milHmeters  X  0.0x55 

Square  minimetera-i-  645.1 

Square  centimeters' X  0.155 

Square  centimeters  •»•  6^$^ 

Square  meters  X  xo.764 

Square  kilometers  X  247.x 

Hectares  X  2.471 

Cubic  centimeters -4- 16.383 

Cubic  centimeters  -*■  3.69 

Cubic  centimeters -I-  29^7 

Cubic  meters  X  35.315 

Cubic  meters X  x.308 

Cubic  meters  X  264.2 

Liters  X  6xj>22 

Liters  X  33.^ 

Liters  X  0.2642 

Liters  +  3.78 

Liters  +  28.316 

Hectoliters  X  3«53X 

Hectoliters  X  2.84 

Hectoliters  X  0.X3X 

Hectoliters  X  26.42 

Grams  X  X5^32 

Grams  X  981 

Grams  (water)  -i-  29.57 

Grams -••  28.35 

Grams  per  cubic  centimeter  •►  27.7 

Joule  X  0.7373 

Kilopamsx  2.2046 

Kilograms  X  35-3 

Kilograms -!>  1x02.3 

Kilograms  per  sq  cm  X  X4.223 

Kilogrammeters  X  7.233 

Kilograms  per  meter  X  0.672 

Kilograms  per  cubic  meter  X  0.062 

Kilograms  per  cheval-vapeur  X  2.235 

Kilowatts  X  X.34 

Watts -I- 746 

Watts  X  0.7373 
Calorie  X  3.96s 
Cheval-vapeur  X  0.9863 
(Centigrade  Xx.8)  + 32 
Francs  X0.X93 
Gravity,  Paili 


indies  ' 

inches 

inches 

inches 

inches  (Act  of  Congress) 

feet 

yards 

miles 

mUes 

feet 

square  inches 

square  inches 

square  inches 

square  inches 

square  feet 

acres 

acres 

cubic  inches 

fluid  drachms  (U.S.  Pharmacopoaa) 

Md  ouncsu    (U.S. Pharmacopoeia) 

cubic  feet 

cubic  yards 

gallons  (23 X  cubic  inches) 

cubic  inches.    (Act  of  Congress) 

fluid  ounces.  (U.S. Pharmacopoeia) 

gallons  (231  cubic  inches) 

gallons  (231  cubic  inches) 

cubic  feet 

cubic  feet 

bushels  (2  X50.42  cubic  inches) 

cubic  yards 

gsllons  (23  X  cubic  inches) 

grains.    (Act  of  Congress) 

dynes 

fluid  ounces 

ounces  avoirdupois 

pounds  per  cubic  inch 

foot-pounds 

pounds 

ounces  avoirdupois 

tons  (2  000  pounds) 

pounds  per  square  Inch 

foot-pounds 

pounds  per  square  foot 

pounds  per  cubic  foot 

pounds  per  horse-powsr 

horse-power 

horse-power 

foot-pounds  per  second 

British  thermal  units  (B.T.U.) 

horsepower 

degrees  Fahrenheit 

dollaxs 

Q8o.(M,  rmt*Tnjtftir  nmg  nTfind 
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Metric  CoiiT«rdoB  TabUt.  This  and  the  following  table  from  Moi»- 
worth's  Metrical  Tables  will  be  found  of  great  convenience  in  figuring  plans 
to  be  eiecuted  in  Mexico  and  other  countries  using  the  metric  system. 

Feet  Coorefted  into  Meters 


Feet 

0 

1 

2 

3 

4 

0 
10 
20 
80 
40 

80 
60 
70 
80 
90 

0.304794 
3.35274 
6.40068 
9.44863 
12.4966 

15.5445 
18.5925 
21.6404 
24.6884 
27.7363 

0609589 
3.65753 
6.70548 
975342 
02^14 

15.8493 
18.8973 
21.9452 
24.9931 
28.0411 

0.914383 
8.96233 
7.01027 
10.0682 
13J062 

16.1541 
19.2020 
22  2500 
25.2979 
28.3459 

1.21018 

8.047945 
6.095890 
9.143835 
12.19178 

15.23972 
18.28767 
21.33561 
24.38356 
27.43150 

4.26712 

7.31507 
10.8630 
•13.4110 

16.4580 
19.5068        1 
22.5548 
25.6027        1 
28.6507 

Scripture  ead  Ancient  Meesiiree  and  Weights 
Scripture  Long  Measures 


Inches 

Feet 

Inches 

Digit 

Palm 
Span 

«   o.gi2 
-   3648 
-10.944 

Cubit 
Fathom 

«•  X 

-7 

9.888 
3-552 

Long  Measures 
Nahud  cubit  -  x  foot  571  inches         Royal  cubit «  i  foot  8.66  inches 


Digit 

Pous  (foot) 
Cubit 


Cubit 


Gredan  Long  Measures 
Feet        Inches 

■•           0-7554  Stadium 

-  I        0.0875  Mile 

-  X         1.S984H 

Jewiah  Long  Measures 

«  1.834  feet  Mile 


Feet 
•-     604 
-483s 


Inches 
4-5 


Sabbath-day's  journey  «  3  648  feet        Day's  journey 


-  7  296  feet 
*  35.X64  miles 


Digit 

Unda  (inch) 
Pes  (foot) 


Feet 
I 

4 


Arabian  foot 
Babylonian  foot 
Egyptian  Enger 


RMsaa  Long  Measures 

Inches 

o«7aS7S  Cubit 

0.967  Passus  ■ 

1X.604  MiUe  (miUarium)     -484a 

Roman  Weight 
Ancient  libbra  «  0.7094  pound 


Feet 

1.140 
0.06x45 


Inches 

S.406 
XO.02 


Hebrew  foot 
Hebrew  cubit 
Hebrew  sacred  cubit 


Feet 

•■  1. 212 

-  i.8t7 

-  2.002 
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FcwC  GoBfwW  idlo  ll«t*s  (CoMteisa)- 


FMt 

5 

6 

7 

8 

9 

0 

1.5S397 

1.82877 

2.13356 

2.48836 

2.74S16 

XO 

4.57192 

4.87671 

5.18151 

5.48630 

5.79110 

30 

7.61966 

7.92466 

8.22945 

8.53425 

8.83904 

30 

10.6678 

10.9726 

11.2774 

11.5822 

11.8870 

40 

13.7158 

14.0906 

14.3253 

14.6301 

14.9349 

50 

16.7637 

17.0685 

17.3733 

17.6781 

17.9629 

60 

19.8116 

20.1164 

20.4212 

20.7260 

21.0308 

70 

22.8596 

23.1644 

23.4692 

23.n40 

24.0788 

80 

25.9076 

26.2123 

26.5171 

26.8219 

f7.1267 

90 

28.9655 

39.2608 

29.5651 

29.8699 

30.1747 

F**Hr*^  44 ft  "*  sj*4ix  meten  •■  134.XI  dedxoctetB  »  x  541.1  oentioieten ■■  13  411 
millimeten. 

The  above-mentkmed  work  conUins  eighty  pages- •!  convefMon  Ubka  vbaSkt  to  the 
above. 


Inehet  uA  Sixteenthi  CoiiTcrtod  into  WOkaitttn 


iDchea 

0 

1 

2 

3 

4 

5 

25.400 
26.967 
28.574 
30.162 

31.749 
83.3S7 
34.924 
36.512 

38.099 
39.687 
41.274 
42.862 

44.449 

46.037 
47.624 
49.212 

50.799 
52.387 
53  974 
55.661 

57.149 
58.736 
60.384 
61.911 

63.499 
65.066 
66  674 
68.261 

69.849 
71.436 
73.024 
74  611 

76.199 
77.786 
79.374 
80.961 

82.549 
84.136 
85.723 
87.3U 

88.898 
90.486 
92.073 
03.661 

96.348 
96.886 
98.423 
100.01 

101.60 
103.19 
104.77 
106.36 

107.95 
109.54 
111.12 
112.71 

114.30 
115.89 
117.47 
119.06 

120.65 

122.24 
123.82 
125.41 

127.00 
128.50 
130  17 
131.76 

133.35 
134.94 
186.53 
138.11 

189.70 
141.28 
142.87 
144.46 

146.06 
149^.68 
149.93 
150.81 

"Mi*" 
H 
Me 

H 
Me 
H 
Me 

H 
Me 
H 
>He 

H 
>Me 

»Me 

1.5875 
3.1749 
4.76M 

6.3499 

7.W74 
9.5348 
11.112 

U.700 
14.287 
15.875 
17.462 

19.050 
20.637 
22.225 
23.812 

Incbee 

6 

7 

8 

9 

10        I         11 

152.40 
153.98 
155.57 
157.16 

158.75 
160.33 
161.92 
163.51 

165.10 
166.68 
168.27 
169.86 

171.45 
173  08 
174.63 
176.21 

177.80 
179.38 
180.97 
182.56 

184.15 
185.73 
187.32 
188.91 

190.50 
192.06 
193.67 
195.26 

196.85 
196.43 
200.03 
201.61 

203.20 
204.78 
206.37 
207.96 

209.55 

211.13 
212.72 
214.31 

215.90 
217.48 
219.07 
220.66 

222.25 
223.83 
225.42 
227.01 

228.60 
230.18 
231.n 
233.36 

234  95 
236.53 
238  12 

239.71 

241.30 
242.88 
244.47 
246.06 

247.65 
249.23 
250.82 
252.41 

254.00 
256.58 
257.17 
258.76 

260.35 
261.93 
263.52 
265.11 

266.70 
268.28 
269.87 
271.46 

273.05 
274.63 
276.22 
277.81 

279.39 
280.96 
282.57 
284.16 

285.74 
887.33 
288.92 
290.51 

292.09 
293.68 
295.27 
296.86 

298.44 
300.03 
801.62 
303.21 

He 

H 

Me 

M 

Me 

H 

Me 

H 
Me 
H 
»Me 

M 

»Me 
H 
»Me 

For  meters,  move  the  dedmal  pomt  thuie  figures  forward. 
SttiBpl^.    8Me  inches  ■■  207.96  millimeters  ■•  20.796  centimeters  ■■  2.0796  ded' 
metcn  *  0.20796  meter. 


Geometiy  aod  MensuntiMi 
t.  GBQBIETIIT  AND  HBN91I1U110N 


Part  1 


Definitioiu 

A  VOINT  is  that  which  has  only  position. 

A  PiANE  is  a  surface  in  which,  any  two  points  being  taken,  the  straight  liae 
joining  them  will  be  wholly  in  the  surface. 
A  CUKVEO  LINE  is  a  line  of  which  no  part  is  straight  (Fig.  1)* 


Fig.  1.    Cuived  Lint 


Fig.  2.    PtaDdLiiiBi 


Fig.S.    Angles 


Parallel  lines  are  such  as  are  wholly  in  the  same  plane,  and  have  the  same 
direction  (Fig.  2). 

A  BROKEN  LINE  is  a  line  composed  of  a  series  of  dashes;  thus, . 

An  ANGLE  is  the  opening  between  two  lines  meeting  at  a  point,  and  is  termed 
a  RIGBT  ANGLE  when  the  two  lines  are  perpendicular  to  each  other,  an  acute 
ANGLE  when  it  is  less  or  sharper  than  a  right  angle,  and  an  obtuse  angle  when 
it  is  greater  than  a  right  angle.    Thus,  in  Fig.  3, 

A  A  A  A  Vt  ACUTE  ANGLES, 

0ooout  OBTUSE  ANGLES  and  RRRR  are  rigbt  angles. 

Polygons 

A  fOLYGON  is  a  portion  of  a  plane  bounded  by  straight  lines. 
A  TRIANGLE  is  a  polygon  of  three  sides. 

A  SCALENE  TRIANGLE  hss  noue  of  Its  sides  equal;  an  isosceles  triangle  has 
two  of  iu  sides  equal;  an  equilateral  triangle  has  all  three  of  its  sides  equal. 


FlK-i.    Right-angled  Triaogle 


Fig.  6.    Scalene  Triangle 


Fig.  6.    laotoeles  Triangle 


Fig.  7.    Equilateral  Triangle 


A  rxobt-angled  triangle  is  one  which  has  a  right  angle.  The  ude  oppooite 
the  right  angle  is  called  the  BYVOrrazsvsz;  the  side  on  which  the  triangle  is 
supposed  to  stand  is  called  its  base  and  the  other  side,  its  altitude. 


BotyBQiis 


A  quadsilatbia:^  b  a  polysionof  loor  lidiL 

Quadtilstenb  sre  divided  into  cbssei*  as  follows:  the  TRAPEnxTK  (Fig.  8). 
which  has  no  two  of  iU  «dea  pacallel:  the  zbafezoio  (Fig.  9).  which  has  two  of 
its  sides  panlld;  and  the  fabaluuwram  (Pig.  10),  which  is  bounded  by  two 
pairs  oC  parallel  sidea. 


Fif.8.    Twpffiam 


Fif.9k    Tnpeaoid 


/ 
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Fig.lQL  PirslMngrsiB 


A  parallelogram  whose  sides  are  not  equal  and  whose  angles  are  not  right 
anises  is  called  a  rhomboid  (Fig.  11);  when  the  sides  are  all  equal,  but  the 
angles  are  not  right  angles,  it  is  called  a  ftBoiCBUS  (Fig.  12),  aad  when  the  angles 
are  right  angles,  it  is  called  a  kectangle  (Fig.  13).  A  cectangle*  all  of  whose 
sides  are  equal,  is  called  a  square  (Fig.  14).  Polygoos,  all  of  whose  sides  are 
equal,  are  called  regular  polygons. 


/ 


Fig.  11. 
Rhomboid 


Fig.  12. 
Rhombus 


Fig.  13 
Rectangle 


Fig.  14. 
Squan 


the  square  and  equilateral  triangles,  there  are:  the  fbittagon  (Fig.  15)» 
which  has  five  sides;  the  hexagon  (Fig.  16).  which  has  six  aides;  the  hbpz.\oon 
(Fig.  17),  which  has  seven  sides;  and  the  ocxaoon  (Fig.  18),  which  has 
sides. 


Fig.  16. 


Fig.  19. 
Hir>itgon 


Fig.  17. 
Hes>tsgo& 


Fig.  18. 
Octagoa 


The  iNNEAOON  or  nonagon  has  nine  sides;  the  dbcaoon  has  ten  sides;  and 
the  DODECAGON  has  twelve  sides. 

For  all  polygons,  the  side  upon  which  it  is  supposed  to  stand  n  called  itg 
bass;  the  perpendicular  distancse  from  the  higheit  side  or  angle  to  the  base 
(prolonged,  if  necessaiy)  is  called  the  alxitode;  and  a  line  Joining  any  two 
angiea  not  adjacent  is  called  a  diagonal. 

A  PERDfETBR  is  the  bounding  line  of  a  plane  figure. 

A  cncu  is  a  portiwi  of  a  plane  bounded  by  a  curve,  all  the  poiotaof  wMch 
are  equidistant  from  a  point  within,  called  the  center  (Fig.  19). 

The  CXRCUMVBRBNCB  is  the  curve  which  bounds  the  circle. 

A  RADIUS  la  any  straight  line  drawn  from  the  center  to  the  drcumfiecenoe. 

Any  straight  line  drawn  through  the  center  to  the  drcumfeience  on  each  s|d0 

b  Ca^  a  OIAKETER. 


n  Geometiy  mad  Mwwuridon 

An  Alc  at  a  drcU  ii  uiy  put  of  iU  dKomf  mace. 


pdnti  of  Uw  drcumlctencc,  u  M,  Fis-  Iff. 

A  ttmam  h  &  pertiaD  of  tbi  dide 
mdudcd  between  the  uc  Kad  iti  durd,  M 
..<,  Fic- 19- 

A  SECTOB  it  Ibe  ipece  Included  lietween 
an  arc  and  two  radii  drawn  to  ib  ex- 
uemitin,  as  B,  Fi«.  19.  In  the  Ggnre,  at 
ti  a  radius,  cd  a  diameter  and  db  a  djord 


.,  accordins  u  iti  end*  vc  txi- 


Fl|.  ■>.    Ciide  ud  Puu 


A  muH  {i  a  volnme  wboM  emb  are  equal  and  paralld  polygons  and  iriioae 
iidci  are  paraUdogranu. 

A  prim  is  TtlAXaVlXM,  aXCDMOUlAM,  « 
AMCLSt.  aiCTAMGIfS,  CtC. 

A  cuBi  ti  a  rectansuiai  prism  all  of  wboae  lidea  are  iqijans. 
.   A  cYUHDEa  ii  ■  volume  of  uoiform  diameter,  iuimded  by  a  curVcd  lurfacc 
•nd  Hro  equal  and  opposite  paralld  drdes. 

A  mMim  h  a  volume  whose  bue  ii  a  polygon  and  whole  sides  are  triaoKlo 
weetiin  in  a  pinnt  called  the  vciiex.  A  pyramid  is  triangular,  quadrangular, 
etc,  accmiing  ss  its  base  is  ■  Iiiangle,  quadrilateral,  etc. 

A  CDME  ii  a  volume  whoee  baae 
ia  a  aide,  from  wbidi  the  remain- 
ing nuface  tapen  uniformly  to  a 
point  or  veitei  (Fig.  30) . 

A  CONIC  aicTioH  is  the  pluie 
Gguie  made  by  i  plane  cutting  a 


An  ELLiFst  ii  the  section 
coDc  cut  by  a  plane  pa 
obliquely  through  both  lide^ 
at,  Fig.  21. 


<d  a 


cone  cut  by  a  plane  piiallel  to  its 


Pig.  10. 


HI  of  a  cone  cut  by  a  plane  nuking  a  greater  angle 
wilh  tbe  bise  than  that  made  by  the  side  o[  the  cone,  ss  at  tk. 
■  In  tbe  ellipse,  the  TnANiviasE  axi»,  or  iomo  diameter,  is  the  longest  line 
that  can  be  drawn  in  it  The  conjugate  axib,  or  shomt  diahete*,  is  a  line 
dnwn  through  the  center  at  right-angies  to  the  long  diameter, 
r  A  muaTHH  or  a  PvaAiim  or  com  is  that  which  remains  after  cutting  off  th« 
upper  part  of  <(  by  a  plane  paralld  to  the  base. 

A  IFBIRI  ii  a  volume  bounded  by  a  curved  surface,  all  pdnti  of  which  are 
cquidiManI  from  a  point  within,  called  tbe  center. 

H •nmnHon  treats  of  the  measurement  of  Unes,  mrfacet  and  volumes. 
Bala* 


MeoauiattoorRulei 
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Fig.  23.    S<]ttare 


Fig.  2S.    Rectangle 


Fig.  24.    Parallelognuii 


To  eompote  tiM  armi  of  •  triangle. 

RnUk    Multiply  the  base  by  the  altitude  and  divide  by  a.    Thua»  in  Fig.  25, 
ahxcd 


the  area  of  o^c  -• 


triangf •  when  both 


To  flad  tho  loagth  ei  the  hjpolhMniie  of  a 
■idea  are  known. 

Rate.  Squaie  the  length  of  each  of  the  tides  making  the  right  angle,  add 
their  squares  together  and  taice  the  square  root  of  their  sum.  Thus  (Fig.  26), 
the  length  of  oc  -  3,  and  of  6c  «  4;  then 

06  -  Vz*  +  4*  -  "^9  +  16  -V^ 

VaJ  -  s,    or    06  -•  5 

To  find  the  leogth  of  the  base  or  aldtnde  of  a  riislit-aagled  triangle  whea 
tiM  length  of  the  hgrpofhenuae  and  one  side  is  known. 

Roto.  From  the  square  of  the  length  of  the  hsrpothenuse  subtract  the  squaie 
of  the  length  of  the  other  side  and  take  the  square  root  of  the  remainder. 

To  find  the  area  o<  a  trapeziam  (Fig.  ST). 

C 


a 


Fig.  25. 
Scalene  Trian^ 


Fig.  2«. 
Right-angled  Triangle 


Rule.    Multiply  the  diagonal  by  the  sum  of  the  two  perpendiculars  falling 
upon  it  from  the  opposite  angles  and  divide  the  product  by  2.    Thus, 


abXice-^di) 


■■area 


To  flad  the  area  of  a  trapeioid  (Fig.  a8). 

Rale.    Multiply  the  sum  of  the  two  parallel  sides  by  the  perpendicidar  di»- 
.  tance  between  them  and  divide  the  product  by  3. 

To  ecflipvie  tlie  area  of  aa  irregular  polygon. 

Role.    Divide  the  polygon  into  triangles  by  means  of  diagonal  lines  and  then 
add  togrthrr  the  areas  of  aU  the  triangles,  as  il,  B  and  C  (Fig.  29). 
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To  And  the  are*  of  a  rognlar  polygon. 

Rnle.  Multiply  the  length  of  a  side  by  the  perpendicular  distance  to  the 
center  (as  ao.  Fig.  30).  multiply  that  product  by  the  number  of  sides  and  divide 
the  result  by  a* 


Fig.  28.    Trapezoid       Fig.  29.    Irregular  Polygon    Fig.  30.    Regular  Polygon 

To  comimte  the  area  of  a  regular  polygon  when  the  length,  only,  of  a  side 
la  given. 

Rule.  Multiply  the  square  of  the  side  by  the  multiplier  opposite  the  name  of 
the  polygon  in  column  A  of  the  following  table: 

Table  of  Facton  for  Determiaiag  the  Elenientt  of  Polygons 


r* 

Name  of  polygon 

Xnmber 
of  sides 

A 

• 

Factor  for 
area 

B 

Factor  for 
radiuaof 

m 

circum- 

soribiag 

circle 

C 

Factor  for 

length  of 
the  sides 

^          1 
Factor  for 

radiua  of 

inscribed 

ciiele 

Tnangl* 

3 
4 
5 
6 
7 
8 
9 
10 
11 

0.433013 

1 

1.720477 

2.598076 

3.633912 

4.82^27 

6.181824 

7.694209 

fi  3iUA4 

0.5773 

0.70fl 

0.8506 

1 

1.1524 

1.3066 

1.4619 

1.618 

1.7747 

1.9319 

1.732 

1.4142 

1.1756 

1 

0.8677 

0.7653 

0.684 

0.618 

0.5634 

0.5176 

0.2887 

Tetragon 

0.5 

Pentagon 

0.6882 

Hexagon 

0.866 

Hfmtaann 

1  0383 

Octagon 

2.2071 

Nonagon 

1.3737 

TVinaffon 

1.5383 

Undecagon 

1.7028 

Dodecagon 

12            11  1M1S2 

1.866 

1 

To  compute  the  radius  of  a  drde  drcnmscribed  about  a  regular  polygon  when 
the  length,  only,  of  a  side  is  given. 

Rule.    Multiply  the  length  of  a  side  of  the  polygon  by  the  number  in  column 
B  of  table. 

Bzample.    What  is  the  radius  of  a  drcle  that  will  contain  a  hexagon,  the 
length  of  one  side  being  5  in? 

Solution.    5  X  I  *  5  in. 

To  compute  the  length  of  a  side  of  a  regular  polygon  inscribed  in  a  given 
circle,  when  the  radius  of  the  circle  is  given. 

Role.    Multiply  the  radius  of  the  circle  by  the  number  opposite  the  name  of 
the  polygon  in  column  C  of  table. 

Biaaple.    What  is  the  length  of  the  side  of  a  pentagon  contained  in  a  circle 
I  It  in  diameter? 

Solution.    8  ft  diameter  -i-  a  *  4  ft  radius;  4  X  x.1756  -  4.7024  ft 


McDsuration  of  Qides  '  41 

To  compute  (he  lenstfa  ol  «  side  of  a  regular  polygont  when  the  nuiias  of  the 
inecribed  drde  is  giTen. 

Rule.  Divide  the  radius  of  the  inscribed  circle  by  the  number  opposite  the 
name  of  the  polygon  in  column  D  of  table. 

To  eompBte  tk»  radios  of  a  drde  that  can  be  inscribed  in  a  glren  regolar 
polyfoo*  when  the  length  ef  a  side  is  given. 

Role.  Multiply  the  length  of  a  side  of  the  polygon  by  the  number  opposite 
the  name  of  the  polygon  in  column  D. 

Bxample.  What  b  the  radius  of  the  drde  thslt  can  be  inscribed  in  an  octagon^ 
the  length  of  one  side  being  6  in  ? 

Solution.    6  X  1.2071  -  7.2426  in. 

Cirdes 

To  connote  the  drcnmfercace  of  a  drde. 

Role.  Multiply  the  diameter  by  3.1416.  For  many  purposes,  the  multiplier 
3V^  gives  suffidently  acourate  results. 

Example.    What  b  the  drcumference  of  a  drde  7  in  in  diameter? 
Sdution.    7  X  3.14x6  «  21.99x2  in,  or  7  X  3H  *  22  in,  the  error  in  this  last 
result  being  0.0088  in. 

To  find  the  diameter  of  a  drde  when  the  drcomf  erence  is  given. 

Rule.    Divide  the  circumference  by  3.14x6,  or  for  a  very  close  approximate 
result,  multiply  by  7  and  divide  by  22. 
To  find  the  radius  of  an  src  when  the  chord  and  rise  or  versed  sine  are  given. 

Rule.  Square  one-half  the  chord  and  the  rise; 
divide  the  sum  of  these  squares  by  twice  the  rise;  the 
result  will  be  the  radius. 

Example.  The  length  of  the  chord  ac.  Fig.  31,  is  48 
in,  and  the  rise,  60,  b  6  in.    What  b  the  radius  of  the 

*fc?  Fig.    31.    Circular   Arc. 

Setatioo.    Radius- 2^.  ^.i^±^*.Siin  CbordaudRlse 

200  12 

To  find  the  rise  er  vened  sine  of  a  drcular  arc,  when  the  chord  and  radiita 
are  given* 

"*  Rnle.  Square  the  radius;  also  square  one-half  the  chord;  subtract  the 
latter  from  the  former  and  take  the  square  root  of  the  remainder.  Subtract 
the  result  from  the  ndius  and  the  remainder  will  be  the  rise. 

Example.  A  givvn  arc  has  a  radius  of  51  in  and  a  chord  of  48  in.  What  is 
the  rise?  

BeliitloiL    Rise-  radros  -  ^/radius*  -  Hdiom«-  51  -  Vi  601  -  576  -51-45 

—  6  in-  rise  ^ 

To  compute  the  area  of  a  drde. 

Rale.  •  Multiply  the  square  of  the  diameter  by  0.7854,  or  multiply  the  square 
of  the  fadius  of  3.1416. 

Example.    What  n  the  area  of  a  drde  xo  fn  in  diametto? 

Setadoo.    zo  X  ID  X  0.7854  -  78.54  aq  in,  or  5  X  5,X  3-i4x6  -  78.54  SQ  ui- 

TaUoa  ol  Atms  and  ClfeBMftrtnc^a  of  Cfrdoa 

Hm  following  tables  will  be  found  very  coaveni^t  for  finding  the  drcami 
ierences  and  areas  of  circles. 
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Arcti  and  Clrcomf erascM  of  CisxiM 
For  dUmcten  from  Ho  to  xoo,  advancing  by  tentha 


0.0 

Aim 

(^rouin. 

Dia. 
5.0 

Am 

Ciieum. 

Dia. 

Area 

Cireum. 

19.6350 

15.7080 

10.0 

78.5398 

31.4159 

.1 

0.007854 

0.31416 

.1 

20.4282 

16.0221 

.1 

80.1186 

31.7301 

Ji 

0.031418 

0.62832 

.2. 

21.2372 

16.3363 

J2 

81.7138 

32.0442 

.3 

0.070680 

0.94248 

.3 

22.0618 

16.6504 

.3 

83.3229 

32.3584 

.4 

0.12660 

1.2566 

.4 

22.9022 

16.9646 

.4 

84.9487 

32.6726 

A 

0.10636 

1.5708 

.6 

23.7583 

17.2788 

.5 

86.5901 

32.9867 

:? 

0.28274 

1.8850 

.6 

24.6301 

17.5929 

.6 

88.2473 

33.3009 

038486 

2.1991 

.7 

25.517& 

17.9071. 
18.2212 

.7 

89.9202 

33.6150 

.8 

0.60266 

2.5133 

.8 

26.4208 

.8 

91.6088 

33.9292 

.9 

0.63617 

2.8274 

.9 

27.3397 

18.6354 

.9 

93.3132 

34..?434 

1.0 

0.7854 

3.1416 

6.0 

28.2743 

18.8496 

11.0 

95.0332 

34.5575 

.1 

0.0603 

3.4558 

.1 

29.2247 

19.1637 

.1 

96.7689 

34.8717 

.2 

1.1310 

3.7699 

.2 

30.1907 

19.4779 

.2 

98.5203 

35.1858 

.3 

1.3273 

4.0841 

.3 

31.1725 

19.79r;0 

.3 

100.2876 

35.5000 

.4 

1.6304 

4.3982 

.4 

32.1609 

20.1062 

.4 

108.0703 

35.8142 

.5 

1.7671 

4.7124 

.6 

33.1831 

20.4204 

.5 

103.8689 

36.1283 

.0 

2.0106 

5.02C5 

.6 

34.2119 

20.7345 

.6 

105.6832 

36.4425 

.7 

2.2698 

5.3407 

.7 

35.2565 

21.0487 

.7 

107.5132 

36.7666 

.8 

2.6447 

5.6549 

.8 

36.3168 

21.3G2S 

.8 

109.3588 

37.0708 

.0 

2.8363 

5.9690 

.9 

37.3928 

21.6770 

.9 

111.2202 

37.3850 

2.0 

3.1416 

6.2832 

7.0 

38.4845 

21.9911 

12.0 

113.0973 

37.6991 

.1 

34636 

6.5973 

.1 

39.5919 

22.3053 

.1 

114.9901 

38.0133 

a 

3.8013 

6.9115 

.2 

40.7150 

22.6195 

J2 

116.8987 

38.3274 

.3 

4.1548 

7.2257 

.3 

41.8539 

22.9330 

.3 

118.8229 

38.6416 

.4 

4.5239 

7.5398 

.4 

43.0084 

23.247S 

.4 

120.7628 

38.9557 

.5 

4.9087 

7.8540 

.5 

44.1786 

23.5619 

.5 

122.7185 

39.2099 

.6 

6.3093 

8.1681 

.6 

45.3646 

23.8701 

.6 

124.6898 

39.5841 

.7 

5.7256 

8.4823 

.7 

46.5603 

24.1903 

.7 

126.6769 

39.^982 

.8 

6.1575 

8.79C5 

.8 

47.7836 

24.5044 

.8 

128.6706 

40.2124 

.0 

6.6062 

9.1100 

.9 

49.0167 

24.8186 

.9 

130.6981 

40.5206 

8.0 

7.0686 

9.4248 

8.0 

60  2655 

25.1327 

13.0 

183.7323 

40.8407 

.1 

7.5477 

9.7389 

.1 

51.5300 

25.4469 

.1 

134.7822 

41.1549 

a 

8.0425 

10.0531 

.2 

52.8102 

25.7611 

.2 

136.8478 

41.4690 

JA 

8.5630 

10.3C73 

.3 

54.1061 

20.0752 

.3 

138.9201 

41.7832 

.4 

9.0792 

10.6814 

.4 

65.4177 

26.3894 

.4 

141.0261 

42.0973 

^ 

9.6211 

10.9956 

.5 

58.7450 

26.7035 

.5 

143.1888 

42.4115 

.6 

10.1788 

11.3007 

.6 

58.0880 

27.0177 

.6 

145.2672 

42.7257 

.7 

10.7521 

11.6239 

.7 

59.4468 

27.3319 

.7 

147.4114 

43.0308 

.8 

11.3411 

11.9381 

.8 

60.8212 

27.6400 

.8 

149.5712 

43.3540 

.0 

11.9450 

12.2522 

.9 

02.2114 

27.9003 

.9 

161.7468 

43.6681 

4.0 

12.5664 

12.5664 

9.0 

63.6173 

28.2743 

14.0 

163.9380 

43.9823 

.1 

13.2085 

12.8805 

.1 

65.0388 

28.5885 

.1 

156.1450 

44J2966 

a 

13.8544 

13.1947 

.2 

66.4761 

28.9027 

.2 

158.3677 

44.6106 

Ji 

14.5290 

13.6088 

.3 

67.9291 

29.2168 

.3 

160.6061 

44.9248 

A 

15.2053 

13.8230 

.4 

60.3078 

39.5310 

.4 

163.8602 

45.2389 

^ 

15.90a 

14.1372 

.5 

70.8822 

30.8451 

A 

1G6.1300 

48.8681 

•  ,8 

16«6190 

14.4513 

.6 

72.3823 

30.1593 

.6 

167.4156 

45.8073 

.7 

17.3494 

14.7655 

.7 

73.8981 

30.4734 

.7 

169.7167 

46.1814 

A 

18.0960 

15.0796 

.8 

75.4296 

30.7876 

.8 

172.0336 
l74.Mi& 

46.4966 

J» 

18.85M 

UM8% 

.9 

76.0700 

31.1018 

3 

46.8097 

Table  of  Aims  and  Qiciuof  emioes  of  Ciides 
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itai 

M  oad  C 

iMBfli 

iMtaoM  d  CIkIm  (CoodttMd) 

AdtaMlv  by  ttBtbg 

1».0 

.1 

.2 
.4 

An* 

drsiiBi. 

DIa. 

Aim 

Cinmin. 

25.0 
.1 
.2 
.3 
.4 

Aim 

dreuin. 

175.714<» 
179.0786 
1S1.46S4 
183.8610 
186.2660 

47.1280 
47.4880 
47.7522 
48.0664 
4S.3805 

20.0 
.1 

.3 
.4 

314.1503 
317.3087 
330.4739 
323.6547 
326.8513 

62.8319 
63.1460 
63.1603 
63.7743 
64.0885 

490.8730 
404.80S7 
498.7502 
502.7255 
506.7075 

78J308 
78.8540 
79.1681 
79.4823 
79.7965 

.6 

.7 
J» 
.0 

188.6010 
191.1345 
193.5028 
196.0668 
108.5565 

48.0947 
49.0068 
49.32::0 
49.6372 
40.0513 

.5 
.6 
.7 
.8 
.9 

330.0636 
333.2916 
336.5353 
339.7947 
343.0098 

64.4026 
64.7108 
65.0310 
65.3451 
65.6503 

.5 
.0 
.7 
.8 
.0 

510.7062 
514.7185 
518.7470 
522.7924 
526.8529 

80.1106 
80.4248 
80.7389 
81.0531 
81.3672 

16.0 
.1 
.2 
.3 
.4 

301.0610 
20.1.5831 
306.1109 
208.6724 
211.2407 

60.2655 
50.5700 
50.8938 
51.2090 
51.5221 

21.0 
.1 
J 
.3 
.4 

346.3606 
349.6671 
352.9891 
356.3273 
350.6809 

65.9734 
66.2876 
60.6018 
66.0159 
67J301 

26.0 
.1 
J2 
.3 
.4 

530.9292 
535.0211 
539.1287 
543.2521 
547.3911 

81.0814 
81.9956 
82.3097 
82.6239 
82.9380 

.5 
.6 

.7 

.0 

213.9246 

216.4243 
219.0397 
221.6708 
224.3176 

51.8363 
52.1504 
52.4646 
52.7788 
53.0920 

.5 
.6 
.7 
.8 
.9 

303.0508 
366.4354 
30C.S361 
373.2526 
376.6848 

67.6442 
67.8584 
68.1726 
68.4867 
68.8000 

.5 
.6 
.7 
.8 
.9 

551JS459 
555.7163 
559.9025 
564.1044 
568.3220 

83.2822 
83.5664 
83.8805 
84.1947 
84.5088 

17.0 
.1 

.3 
.4 

226.0801 
229.6583 

232.8532 
235.0618 
237.7871 

53.4071 
53.7212 
54.0354 
54.3496 
54.6637 

22.0 
.1 
.2 
.3 
.4 

380.1327 
383.5063 
387.0756 
390.5707 
894.0814 

69.1150 
60.4292 
69.7434 
70.0575 
70JJ717 

27.0 
.1 
J2 
.3 
.4 

572.5553 
576.8043 
581.0090 
585.3494 
589.6455 

84.8230 
85.1372 
85.4513 
85.7655 
86.0796 

.5 

.« 
.7 

.0 

240.5282 
243.»49 
246.^74 
248.8456 
251.6404 

64.9n9 
55.2020 
55.6002 
55.9203 
56.2345 

.5 

.6 
.7 
.8 
.9 

897.<Ky78 
401.1500 
404.7078 
408.2814 
411.8707 

70.6858 
71.0000 
71.3142 
71.6283 
71.9425 

.5 
.6 
.7 

.8 
.9 

593.9574 
508.2849 
602.6282 
606.9871 
611.3618 

86.3938 
86.7080 
87.0221 
87.3363 
87.6504 

19.0 
.1 
J2 
Ji 
.4 

254.4600 
257.3043 
260.1553 
263.0230 
265.0044 

56.5486 
56.8028 
57.1770 
57.4911 
57.8063 

23.0 
.1 
.2 

.4 

415.4756 
410.0963 
422.7327 
426.384<t 
430.0526 

72.2666 
72.57as 
72.8849 
73.1991 
73.5133 

28.0 
.1 
.2 
.3 
.4 

615.7622 
620.1582 
624.5800 
629.0175 
633.4707 

87.9646 
88.2788 
88.5029 
88.9071 
89.2212 

.0 
.7 

.0 

268.8025 
271.7164 
874.6450 
2n.ff911 
280.5621 

58.1105 
58.4336 
58.7478 
50.0619 
50.3761 

if 
.6 
.7 
J» 
.9 

433.7361 
487.4354 
441.1503 
444.8809 
448.6273 

73.8274 
74.1416 
74.4557 
74.7609 
75.0641 

.6 
.7 
.8 
.9 

637.9397 
642.4243 
646.9246 
651.4407 
655.9724 

89JHI54 
89.8495 
90.1687 
90.4n9 
90.7920 

10.0 

.1 

.4 

38SJ287 
286.5311 
280.5292 
292.5930 

50.6903 
60.0044 
60.3186 
60.6327 
60.0460 

24.0 
.1 

.3 

.4 

452.3803 
456.1671 
459.9606 
463.769S 
467.5047 

75.3982 
75.7124 
76.0265 
76.3407 
76.6549 

29.0 
.1 
.2 
.3 
.4 

660.5109 
665.0830 
669.6019 
674.2565 
678.8668 

01.1062 
91.4203 
91.7315 
02.0487 
92.8628 

.6 
.7 
.S 

298.6477 
301.7186 
304.8063 
307J075 
3Uil255 

6tJ611 
61.5752 
61J804 
6B.20i5 

.5 
.6 
.7 
S 
S 

471.4332 
^75.2910 
479.1636 
483.0613 
486.9547 

76.9690 
77.2882 
77.5973 
77.9115 
78.2257 

.5 
.6 
.7 
S 
.9 

688.4928 
688.1345 
692.7919 
097.4060 
702.1538 

92.6n0 
92.9911 
93.3063 
08.0195 
93J9836 

Geometxy  and  Mcnsondbn 


Part  1 


$n99  Md  CiicvnfefeaAM  of  Cifclat  C 

Adraodnc  by  tcBthi 


Dia. 

80.0 

Ai«& 

Ciroum. 

Dia. 

Area 

CiToum. 

Dia. 

Ana 

Ciicim. 

706.8583 

94.2478 

35.0 

962.1138 

109.9557 

40.0 

1356.6871 

125.6687 

.1 

711.5780 

94.5619 

.1 

967.6184 

110.2699 

.1 

1262J»281 

125.9779 

a 

71GJ»45 

94.8761 

.2 

973.1397 

110.5841 

J2 

1269.2848 

126.2920 

.3 

721.0663 

95.1903 

.3 

078.6768 

110.8982 

^ 

1275.5573 

126.6062 

.4 

725.8336 

95JK>44 

.4 

984.2296 

11U124 

A 

1281.8955 

126i)203 

^ 

730.6167 

95.8186 

.5 

989.7980 

111.5205 

.5 

1288.3493 

127.2345 

.6 

736.4154 

96.1327 

.6 

095.3«;22 

111.8407 

.6 

1294.6189 

127.5487 

.7 

710.2299 

96.4469 

.7 

1000.9821 

112.1549 

.7 

1301.0042 

127.862S 

.8 

745.0601 
749.9060 

96.7611 

.8 

1006.5977 

112.4690 

.8 

1307.4052 

128.17701 

.9 

97.0752 

.9 

1012.2290 

112.7832 

.0 

1813.8219 

128^911 

81.0 

754.7676 

97.3894 

36.0 

1017.8760 

113.0073 

41.0 

1330.2543 

128i)003 

.1 

759.6450 

97.7035 

.1 

1023.5387 

113.4115 

.1 

1326.7024 

129.1195 

Ji 

7645380 

98.0177 

.2 

1029.2172 

113.7257 

.2 

1333.1663 

129.4336 

Ji 

769.4467 

98.331U 

.3 

1034.9113 

114.0398 

.3 

1339.645S 

129.7478 

A 

774.3712 

08.6460 

.4 

1040.6212 

114.3540 

.4 

1346.1110 

130.0619 

Ji 

779.3113 

98.9602 

J5 

1046.3467 

114.6681 

.5 

1352.6520 

130.8761 

.6 

781.2672 

99.274.1 

.0 

1052.0880 

114.9S23 

.6 

1859.1786 

130.6903 

.7 

780.2388 

99.5885 

** 

.4 

1057.8440 

115.29G5 

.7 

1865.7210 

131.0044 

.8 

794.2760 

09.9026 

.8 

1063.6176 

115.6106 

.8 

1872.2791 

131.31.<i6 

.9 

799.2290 

100.2168 

.9 

1069.4060 

115.9248 

.9 

1378.8529 

131.6327 

32.0 

804.2477 

100.5310 

37.0 

1075.2101 

116JI389 

42.0 

1385.4424 

131.04G9 

.1 

809.2S21 

100.8451 

.1 

1031.0299 

116.5531 

.1 

1392.0476 

132.2611 

.2 

814.8332 

101.1593 

J2 

1080.8654 

116.8672 

.2 

1398.6085 

132.5752 

.3 

819.3980 

101.4734 

.3 

1002.7160 

117.1814 

.3 

1405.3051 

132.S894 

.4 

821.4796 

101.7876 

.4 

1098.5835 

117.4956 

.4 

1411.9574 

133.2015 

^ 

829.5768 

102.1018 

.5 

1104.4662 

117.8097 

.5 

1418.6254 

133.5177 

.6 

834.6898 

102.4159 

.6 

1110.3645 

118.1239 

.6 

1425..3092 

133.831  <5 

.7 

839.8185 

102.7301 

.7 

1116.2786 

118.4380 

.7 

1432.00SG 

134.14G0 

.8 

844.9623 

103.0442 

.8 

1122.2083 

118.7522 

.8 

1438  7238 

134.4G02 

.9 

850.1229 

103.3584 

J 

1128.1538 

119.0664 

.9 

1445.4546 

134.7743 

33.0 

855.2986 

103.6726 

38.0 

1134.1149 

119.3805 

43.0 

1452.2012 

185.0885 

.1 

860.4902 

103.9867 

.1 

1140.09IS 

119.0947 

.1 

1458.9685 

135.4020 

.2 

865.6973 

104.3009 

.2 

1146.0844 

120.00S8 

.2 

1465  7415 

135.7168 

.3 

870.9202 

l(V4.015O 

.3 

1152.0927 

120.3230 

.3 

1472.5352 

136.0310 

.4 

876.1588 

104.9292 

.4 

1158.1167 

120.6372 

.4 

1479.3446 

136.3151 

.5 

881.4131 

105.2434 

^ 

1164.1564 

120.9513 

.5 

14861697 

186.6593 

.6 

886.6831 

ia5.5575 

.6 

1170.2118 

121.2655 

.6 

1493.0105 

180.9734 

.7 

891.9688 

105.8717 

.7 

1176.2830 

121.6706 

.7 

1499.8670 

137.2870 

.8 

897.2703 

106.18.58 

.8 

1182.3698 

121.8938 

.8 

150G.7398 

137.e018 

.9 

902.5874 

106.5000 

.9 

1188.4724 

122.2aS0 

.9 

1513.6272 

137.9159 

34.0 

907.9203 

106.8142 

39.0 

1194.5006 

122.5221 

44.0 

1520.5308 

188.2801 

.1 

913.2688 

107.1W3 

.1 

1200.7246 

122.8363 

.1 

1527.4502 

138.5442 

.2 

918.6381 

107.4425 

.2 

1206.8742 

123.1504 

.2 

1534.3858 

138.85S4 

.3 

924.0131 

107.7566 

.3 

1213.0396 

123.4646 

.3 

1541.3360 

139.172G 

.4 

929.4068 

106.0708 

.4 

1219.2207 

123.7788 

.4 

1548.8025 

189.4SG7 

.6 

984.8302 
940.24n 

108.3849 

.5 

1225.4175 

124.0929 

.5 

155  5.247 

189.8009 

.« 

108.6991 

.6 

1231.6300 

124.4071 

.6 

1562.2836 

140.1153 

.7 

945.6001 

109.0133 

.7 

1237.8582 

124.7212 

.7 

1569.2962 

140.4292 

.8 

951.1486 

109.3274 

.8 

1244.1021 

125.0354 

.8 

1576.3255 

140.7434 

.9 

956.623S 

109.6410 

.9 

1250.3617 

125.3405 

.9 

1583.3706 

141.0575 

Table  of  Anu  and  CncamlcRBeai  of  Ciides 


U 


AdvmadoK  Iqr  tCBtbt 


Dia. 
45  jO 

Ana 

Circum. 

Di«. 
60.0 

Area 

Ciroum. 

Dia. 
553 

Area 

Ciroum, 

1690.4313 

141.8717 

1963.4954 

1574^796 

23763294 

172.7876 

1 

1597.6077 

141.6858 

.1 

1971.3572 

1573938 

.1 

2384.4767 

173J017 

•* 

9 

1604.6909 

142.0000 

.2 

1979J348 

157.7680 

3 

2398.1396 

173.4159 

1G11.7077 

142.3142 

.3 

1987.1280 

1583221 
1583363 

3 

34013188 

173.7301 

.4 

101&8313 

142.6283 

.4 

1995.0870 

.4 

24ia5126 

1743442 

« 

1626.9706 

142.9425 

.5 

2003.9617 

158.6504 

3 

24193227 

174.8584 

.6 

1633.1256 

143.2566 

.6 

2010.9020 

158.9646 

.6 

2427.9486 

174.6726 

.7 

1640.2962 

143.5708 

.7 

2018.8581 

1693787 

.7 

2436.6899 

174.9867 

1647.4836 

143.8849 

S 

90263299 

1593929 

.8 

2445.4471 

175.3009 

•** 

.9 

1664.6847 

144.1991 

.9 

20843174 

1503071 

3 

24543200 

175.6150 

46i) 

1661.9026 

141.5133 

51.0 

80423906 

1603312 

56.0 

2468.0086 

175.9292 

.1 

1060.1360 

144.8274 

.1 

20S03396 

160.5354 

.1 

24713130 

1763483 

.2 

1676.3853 

145.1416 

.2 

20583742 

160.8495 

3 

2480.6330 

176.5575 

.3 

1688.6502 

145.4557 

.3 

2066.9245 

161.1637 

3 

2489.4687 

176.8717 

.4 

1690.0800 

145.7699 

.4 

20743905 

161.47/9 

.4 

2498.3201 

177.1858 

.5 

1608.2272 

146.0641 

.5 

2063.0723 

161.7920 

3 

2507.1878 

177.5000 

.0 

1705.5892 

146.3982 

.6 

2091.1697 

162.1062 

.6 

2516.0701 

1773141 

.7 

1712.8670 

146.7124 

-7 

2099.2829 

162.4203 

.7 

2524.9687 

178.1283 

.8 

1720.2105 

147.0265 

.8 

2107.4118 

162.7345 

.8 

2533.8830 

178.4425 

.9 

1727.5607 

147.3407 

'    .9 

21153568 

168.0487 

.9 

25423129 

178.7566 

47.0 

1734.9445 

147.6550 

52.0 

2123.7166 

163.3628 

57.0 

2551.7586 

179.0708 

.1 

1742.3351 

147.9690 

.1 

2131.8926 

168.6770 

.1 

25G0.7200 

170.3849 

.2 

1749.7414 

148.2832 

.2 

2140.0843 

163.9911 

.2 

2569.6971 

179.6991 

.3 

1757.1636 

14S.6973 

.3 

2148.2917 

164.3053 

.3 

2578.6899 

180L0133 

.4 

1764.6012 

148.9115 

.4 

2156.5149 

1643195 

.4 

2587.6985 

180.3274 

.5 

1772.0546 

149.2257 

JS 

2164.7537 

164.9336 

.5 

2596.7227 

180.6416 

.6 

1779.5237 

149.5398 

.6 

2173.0082 

165.2479 

.6 

2605.7626 

180.955'i 

.7 

1787.0086 

149.8540 

.7 

2181.2785 

1663010 

.7 

2614.8183 

181.2699 

^ 

1794.5001 

160.1681 

.8 

2189.5644 

105.8761 

3 

2623.8896 

181.5841 

.9 

1802J0254 

150.4823 

j9 

2197.8661 

166.1903 

3 

26323767 

181.8982 

48.0 

1808.5674 

150.7964 

53.0 

2206.1834 

166.5044 

583 

2642.0794 

1823124 

.1 

1817.1060 

151.1106 

.1 

2214.5165 

1663186 

.1 

2651.1079 

182.5265 

.2 

1624.6684 

151.4248 

.2 

22223653 

167.1327 

.2 

2G60.3321 

182.8407 

.8 

1832.2475 

151.7389 

.3 

2231.2298 

167.4409 

.3 

2669.4820 

183.1549 

.4 

1839.8423 

152.0531 

.4 

2239.6100 

167.7610 

.4 

2678.6476 

183.4690 

.5 

1847.4528 

182.3672 

.5 

2248.0059 

168.0752 

.5 

2687.8289 

183T7832 

.6 

1855.0790 

152.6814 

.6 

2256.4175 

168.3894 

.6 

2697.0259 

184.0973 

.7 

1862.7210 

152.0956 

.7 

2264.8448 

168.7035 

.7 

2706.2386 

,184.4115 

.8 

1870.3786 

153.3097 

.8 

2278.2879 

169.0177 

3 

2715.4670 

>184.7256 

.9 

1878j0519 

153.6239 

.9 

2281.7466 

169.3318 

3 

2724.7112 

;185.0398 

49.0 

1885.7408 

153.9380 

54.0 

2290.2210 

169.6460 

593 

2733.9710 

185.3540 

.1 

1893.4457 

154.2522 

.1 

2298.7112 

169.9602 

.1 

2743.2466 

185.6681 

J2 

1901.1662 

154.5664 

.2 

2307.2171 

170.2743 

.2 

2752.5378 

185.9823 

.3 

1908.9024 

154.8805 

.8 

2315.7386 

1703885 

3 

2761.8448 

186.2964 

.4 

1916.6543 

155.1947 

A 

28243759 

170.9026 

.4 

2771.1675 

186.6106 

Ji 

1924.4218 

155.5068 

.5 

23323289 

1713168 

3 

2780.5058 

186.924f) 

.6 

1933.2061 

155.8230 

.6 

2341.3976 

171.5310 

.6 

2789.8599 

187.2389 

.7 

1940.0042 

156.1372 

.7 

2349.9820 

1713451 

.7 

2799.2297 

187.5531 

^ 

1947.8189 

156.4513 

.8 

23583821 

172.1598 

3 

28083152 

187.8672 

J 

_ 

1956JM93 

156.7655 

.9 

2367.1979 

172.4735 

3 

28183165 

188.1814 

M 


Geomttiy  mod  Mensumtioii 


Part  1 


of  GMm  (GMtfMMd) 

AdTUKsoc  by  tenthi 


Di«. 


60.0 
.1 

.4 

.6 
.7 

.9 

GI.0 

•  .1 

.2 

.3 

.4 

.6 
.0 
.7 
.8 
.9 

G2.0 
.1 
.3 
.8 
.4 

.5 
.6 
.7 
.8 
.9 

63.0 
.1 
.2 
.3 
.4 

.5 

.6 
.7 
.8 
.9 

64.0 
.1 
.2 
.1 
.4 

.6 
.6 
.7 
.8 
.9 


Area 


Cuoum. 


2837.4SM 

2890.86601 
2846.8144 
2855.7784 
2865J582 

2874.7536 
2884.2648 
2808.7017 
2903.8343 
2912.8026 

2922.4666 
2932.0563 
2941.6617 
2951.2828 
2960.9197 

2970.5722 
2980.2405 
2989.9244 
2999.6241 
3009.3895 

8019.0705 
3028.8173 
8038.5798 
3048.3580 
3058.1520 

8067.9616 
3077.7869 
3067.6279 
3097.4847 
3107.3571 

8117.2453 
3127.1492 
3137.0688 
3147.0040 
3156.9550 

3166.9217 
3176.9043 
3186.9023 
3196.9161 
3206.9456 

8216.9900 
3227.0518 
8237.128S 
8247.2222 
8257.8289 

8267.4527 
8277.5922 
8287.7474 
8297.9188 
8806.1049 


188.4066 
188.8007 
189.1239 
189.4380 
189.7522 

190.0664 
190.8805 
190.6947 
191.0088 
191.8280 

191.6872 
191.9513 
192.2655 
192.5796 
192.8988 

198.2079 
193.5221 
193.8363 
194.1504 
194.4646 

194.7787 
195.0929 
195.4071 
195.7212 
196.0354 

196.3495 
196.6637 
196.9779 
197.2920 
197.6062 

197.9203 
198.2345 
198.548'' 
198.8628 
199.1770 

199.4911 
199.8053 
200.1 1))5 
200.4336 
200.7478 

201.0620 
201.3761 
201.6002 
202.0044 
202.8186 

202.6327 

202.9469 

208.26101 

203.5752 

203.8894 


Dia. 


65.0 
.1 

.8 
.4 

Ji 

.6 
.7 
.8 
.9 

66.0 
.1 
.2 
.3 
.4 

.5 

.6 
.7 
.8 
.9 

67.0 
.1 
J2 
.3 
.4 

.5 
.6 
.7 
.8 
.9 

68.0 
.1 
J2 
.3 
.4 

.5 
.6 
.7 
.8 
.9 

69.0 
.1 
.2 
.8 
.4 

.6 
.6 
.7 
J 
.9 


Anm 


Ciroum. 


8318.8072 
8328.5853 
3SS8.7590 
8349.0085 
8350  J736 

8369.5545 
3379.8510 
8890.1633 
3400.4913 
8410.8850 

8421.1944 
8431.5695 
8441.9603 
8452.3669 
3462.7891 

3473.2270 
3488.6807 
3494.1600 
3504.6351 
3515.1359 

3525.6524 
3536.1845 
3546.7824 
8557.2960 
3567.8754 

3578.4704 
3589.0811 
3599.7075 
3610.8497 
3621.00751 

3681.6811 
8642.3704 
3658.0754 
3668.7960 
8674.5824 

8685.2845 
8696.0523 
3706.8859 
8717.6851 

8728.45001 

3730.2807 
8750.127(^ 
3760.9891 
3771.8668 
8782.7608 

8798.6695 
8804  .Ov44 
8815.5850 
8826.4913 
8887.4683 


204.2085 
204.517(> 
204.8318 
205.1460 
205.4602 

205.7743 
206.0885 
206.4026 
206.7168 
207.0310 

207.8451 
207.6593 
207.9734 
208.2876 
208.6017 

208.9159 
209.2301 
209.5442 
209Ji584 
210.1725 

210.4867 
210.8009 
211.1150 
211.4292 
211.7433 

212.0575 
212.3717 
212.6858 
213.0000 
213.8141 

218.6283 
213.9425 
214.2566 
214.5708 
214.8849 

215.1991 
215.5133 
215.8274 
216.1416 
216.4556 

216.7W9 
217.0841 
217.3982 
217.7124 
218.0265 

218.3407 
218.6548 
218.9690 
219.2832 
219.5978 


Dim. 


70.0 
.1 
.2 
.8 
.4 

.5 
.6 
.7 
.8 
.9 

71.0 
.1 
.2 
.3 
.4 

.5 

.6 
.7 
.8 
.9 

72.0 
.1 
.2 
.3 
.4 

.5 

.6 

.7 
.8 
.9 

73.0 
.1 
.2 
.3 
.4 

.5 
.6 
.7 
.8 
.9 

74.0 
.1 
J2 
.8 
.4 

.5 
.6 
.7 
.8 
.9 


Area 


3848.4510 
3859.4544 
3870.4736 
3881.5084 
3892.5590 

3908.6252 
3914.7072 
3925.8049 
3936.9182 
3948.0478 

S959.mi 
3970.9628 
3981.5289 
3992.7208 
4008.9284 

4015.1518 
4026.3908 
4037.6456 
4048.9160 
4060J022 

4071.8041 
4082.8217 
4004.1560 
4105  J040 
4116.8687 

4128.2491 
4139.6452 
4151.0571 
4102.4846 
4178.9279 

4185.3868 
4196.8615 
4208.8519 
4219J579 
4231.3797 

4242.9172 
4254.4704 
4266.0394 
4277.6240 
4289.2248 

4300.8408 
4812.4731 
4324.U05 
4335.7827 
4847.4616 

4350.1563 
4370  J664 
4382JI024 
4304.3341 
4406.00161 


Giream. 


219.9115 
220.2256 
220.5308 
220.8540 
221.1681 

221.48281 

221.7964 

222.1106 

222.4248 

222.7889 

223.0581 
'223.W72 
223.6814 
223.9956 
224.3097 

224.6239 
224.9380 
225.2522 
225.5664 
225.8805 

226.1947 
226.5088 
226.8230 
227.1371 
227.4513 

227.7655 
228.0796 
228.8938 
228.7079 
229.0221 

229.3363 
229.6504 
229.9646 
230.2787 
280.6929 

230.9071 
231.2212 
231.5354 
231.8495 
232.1637 

832.4779 
232.7920 
233.1062 
233.4203 
233.7345 

234.0487 
234.3628 
234.6770 
234.9911 
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\>9 


CMm  (Cuiinmii) 


Dia. 
75.0 

Ana 

CiromD. 

80.0 

Araa 

Di». 

Arsii 

Ciroiim. 

4417.8647 

235.6194 

5026.5482 

251.3274 

85.0 

5674.5017 

267.0354 

.1 

4429.6535 

235.9836 

.1 

5030.1225 

251.6416 

.1 

5687.8614 

267.3495 

J2 

4441.4580 

236.2478 

J 

8051.7124 

261.9557 

.2 

5701.2367 

267.6637 

2 

4458.2788 

236.5619 

Ji 

5064.31S0 

252.2690 

.3 

5714.6277 

267.9n9 

.4 

4466.1142 

836.8761 

A 

5076.9394 

282.5810 

.4 

5728.0845 

26S.2920 

A 

4476.9650 

287.1902 

J5 

5069.5704 

252.8982 

.5 

5741.4569 

26<).6e62 

.6 

448S.SS32 

237.5044 

.6 

5102.2292 

253.2124 

.6 

5754.8951 

268.9303 

\     -7 

4500.7168 

237.8186 

.7 

5114.8977 

253.5265 

.7 

5768.3490!  269.2345' 

^ 

4512.6151 

238.1327 

.8 

5127.5819 

253.8407 

.8 

5781.S185 

269.54S6 

^ 

4534.5296 

238.4460 

.9 

5140.2818 

254.1548 

.9 

5795.8088 

269.8628 

7e.o 

4536.4598 

238.7610 

81.0 

5152.9973 

254.4690 

86.0 

5808.8048 

270.1770 

.1 

4548.4057 

239.0752 

.1 

51G5.7287 

254.7832 

.1 

5823.3215 

270.4911 

.3 

4560.3678 

239.3894 

.2 

5178.4757 

255.0973 

.2 

5835.8539 

270^1053 

J) 

4573.8446 

239.703.'> 

.3 

5191.2384 

255.4115 

.3 

5849.4020 

271.1194 

.4 

45S4.S877 

240.0177 

.4 

5304.0168 

255.7256 

.4 

5862.9659 

271.4336 

.5 

4506.3464 

240.3818 

.5 

5816.8110 

266.0998 

J5 

5876.5454 

271.7478 

.6 

4608.3706 

240.6460 

.6 

5229.6208 

256.3640 

.6 

5890.1407 

272.0619 

.7 

4620.4110 

240.9602 

.7 

5242.4463 

250.6681 

.7 

5903.7516 

272.3761 

.8 

4632.4069 

241.t743 

.8 

5255.2870 

256.9823 

.8 

5917.8783 

272.6902 

.9 

4644.5884 

341.5885 

.9 

5208.1446 

257.2906 

.9 

5931.0206 

273.0044 

77,0 

4656.0257 

241.9036 

82.0 

5281.0173 

257.6106 

87.0 

5944.6787 

273.3186 

.1 

4668.7287 

242.2168 

.1 

5293.9056 

257.9247 

.1 

5958.3525 

273.6327 

Ji 

4680.8474 

242.5310 

.2 

5306.8097 

258.2889 

.2 

5972.0420 

273.9469 

Ji 

4692.9818 

242.8451 

.3 

5319.7295 

258.5531 

.3 

5985.7472 

271.2610 

A 

4706.1319 

243.1592 

.4 

5332.0650 

2583672 

.4 

5999.4681 

274.5752 

A 

4717.2977 

243.4734 

J 

5845.6162 

2£9.1814 

J 

6013«047 

274.9894 

.6 

4729.4792 

243.7876 

.6 

5358.5832 

2S9.4966 

.6 

602C.9570 

276.2035 

.7 

4741.6705 

244.1017 

.7 

5371.6659 

269.8097 

.7 

6040.7250 

275-5177 

Jf 

4753.8894 

344.4150 

A 

5384.5641 

260.1239 

.8 

6054.50<» 

275^18 

.9 

4766.1181 

244.7301 

.9 

5397.578^ 

260.4380 

.9 

6068.3082 

276.1460 

78.0 

4778.3624 

245.0442 

83.0 

5410.607^ 

200.7522 

88.0 

6062.1234 

276.4602 

.1 

4790.6225 

245.3584 

.1 

5423.6534 

261.0663 
201.3805 

.1 

6095.9542 

276.7743 

^ 

4802.8983 

215.6725 

.2 

5436.7146 

J2 

6109.8008 

377.0685 

J 

4815.1897 

245.9867 

Ji 

5449.7915 
5462.8840 

261.0947 

.3  6123.6631 

277.4026 

.4 

4827.4969 

346.3000 

A 

202.0068 

.4 

6137.5411 

277.7168 

^ 

4839.8196 

246.6150 

^ 

5475.9923 

262.3230 

Ji 

6151.4348 

278.0309 

.6 

4852.1584 

246.9292 

.6 

5489.ntf3 

262.6371 

.6 

6165.3442 

278.3451 

.7 

4864.5128 

247.2433 

.7 

5502.2561 

262.9513 

.7 

6179.2693 

278.6593 

S 

4876.8828 

247.5575 

.8 

5615.4115 

263.2055 

.8 

6193.2101 

278.9740 

.9 

4889.2685 

247.8717 

.9 

5528.5826 

263.5796 

.9 

6207.1666 

279.2876 

79.0 

4901.6699 

248.1858 

84.0 

5541.7694 

263.8938 

89.0 

6221.1399 

279.6017 

.1 

4914.0871 

248.5000 

.1 

5554.9720 

264.2079 

.1 

6235.1266 

279.9159 

.2 

49963199 

248.8141 

J2 

5568.1902 

264.5221 

.2 

6219.1304 

280.2301 

.8 

4938.9685 

249.1283 

.3 

5581.4242 

264.8363 

.3 

6263.1498 

280.5442 

.4 

4951.4328 

349.4425 

.4 

5504.6739 

205.1514 

.4 

6277.1849 

280.8584 

Ji 

4063.9127 

349.7566 

.5 

5607.9392 

265.4646 

.5 

6291.2356 

281.1725 

.6 

4976.4084 

250.0708 

.6 

5621.2203 

265.7787 

.f. 

6S05.3021 

281.4867 

.7 

4988.9198 

250.3850 

.7 

5634.5171 

266.0929 

.7 

6319.3843 

281.8000 

J 

5001.4469 

250.6991 

.8 

5647.8296 

266.4071 

.8 

6333.4822 

282.1150 

^ 

5013.9897 

251.018^ 

.9 

5661.1578 

266.7212 

.9 

6347.5958 

283.4292 

4S 
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Advttadiig  Iqr  tantlift 


M.0 

Ana 

Cirsum. 

DU. 

Araa 

CirouBk. 

Iduu 

Aiea 

Ciroum. 

d301.72ftl 

282.7413 
283.(»7A 

.93.5 

6866.1471 

293.78891  97.0 

7389.8113 

304.7345 

.1 

6875.8701 

.6 

688O.$410 
6895.5524 

294.0631 

•1 

7406.0660 

305.0486 

J2 

0890.0809 

283.?717 

.7 

204.8672 

a 

7^.8102 
7460:8$30 

305.3628 

.3 

6404.2073 

288.6858 

^ 

6910.2786 

294.6H14I   .8 

305.6770 

.4 

6418.8995 

284.000G 

.9 

6026.0205 

204.9950 

A 

305.9911 

• 

^ 

6482.6078 

284.8141 

94.0 

6039.7782 

295.3097 

.5 

7466.1913 

306.3053 

.6 

6446.8809 

284.6883 

.1 

6964.5515 

295.6239 

.6 

7481.5144 

806.6194 

.7 

6461.0701 

284.9425 

.2 

6969.8106 

295.9880 

.7 

7406.8532 

306.9336 

.8 

G475.3251 

285.256G 

.3 

6984.1453 
6998.9658 

296.2522 

.8 

7512.2078 

307.3478 

.0 

6488.5968 

285.5708 

.4 

296.5663 

.9 

7527^^780 

307.5619 

81.0 

6o03.8822 

285.8849 

.5 

7013.8019 

296.8806 

98.0 

7542.9640 

307.8761 

.1 

6518.1843 

286.1991 

.6 

7028.6538 

297.1947 

.1 

7558  J656 

308.1902 

^ 

6532.6021 

286.5133 

.7 

7043.5214 

297.50Si< 

.2 

7573.7830 

308.5014 

.3 

6546.835<t 

286.8274 

.8 

7058.4047 

297.8230 

.3 

75S9.2161 

308.81 86 

.4 

6561.1848 

287.1416 

.9 

7073.3033 

298.1371 

.4 

7604.664H 

309.1327 

Ji 

6575.5498 

287.4557 

05.0 

7038.2)84 

298.4513 

.5 

7620.1293 

309.4469 

.« 

6589.9304 
6604.3268 

287.7609 

.1 

7103.1488 

298.76.So 

.6  7635.0085 

309.7610 

.7 

288.0840 

.2 

7118.1950 

299.0796 

.7 

7651.1054 

310.0752 

.8 

6618.7888 

2S8.3082 

J 

7133.0568 

299.3938 

.8 

7660X170 

310.8894 

.9 

6638.1666 

288.7124 

.4 

7148.0343 

299.7070 

J9 

7682a444 

310.7035 

02.0 

6647.6101 

280.0265 

Ji 

7103.0276 

300.0221 

99.0 

7697.6893 

311.0177 

.1 

6662.0692 

280.3407 

.6 

7178.0366 

300.3363 

.1 

77)3.2461 

311.3318 

JZ 

6676.5441 

280.6548 

.7 

7103.0612 

300.6504 

.2 

77^.8206 

311.6400 

JB 

6601.0347 

280.0690 

.8 

7208.1016 

300.964( 

.3 

7744.4107 

311.9602 

A 

6705.5410 

200.2S32 

.9 

7223.1577 

301.2787 

.4 

7760.0166 

312.2743 

U» 

6720.0630 

290.5073 

06.0 

7238.2295 

301.6029 

.6 

7775.6882 

312.5S85 

.« 

6734.6008 

200.0115 

.1 

7253.3170 

301.9071 

.G 

7791.2754 

313.9020 

.7 

6749.1542 

291.2256 

.2 

7266.4202 

302.2212 

.7 

7S06.9284 

318.3108 

J 

6703.7233 

291 .5398 

.3 

7283  5391 

302.5854 

.8 

7822.59n 

313.S309 

.0 

6778.3082 

291.8540 

.4 

7298.6737 

302.8405 

.9 

7838.2815 

113.8451 

03.0 

6792.9087 

292.1681 

.5 

7313.8240 

303.1637 

100^ 

7858.9816 

314.1593 

.1 

6807.5250 

292.4823 

.6 

7328.9901 

303.4779 

.2 

6822.1569 

2'i2.79e4 

.7 

7344.1718 

303.7920 

.8 

6876.8046 

293.1106 

.8 

7339.3693 

304.1062 

.4 

6851.4680  293.4248| 

.9 

7374J>824 

304.4203 
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AfMM  Of  CkdH 


AtSM 


XH. 

0.0 

o.i 

o.i 

0.1 

O.J 

0.1 

o.» 

o.i 

0.601 3 

0 

0^ 

00122 

0.0490 

0.1101 

0.1963 

0.3068 

0.4417 

1 

0.7854 

09940 

1.227 

1.484 

1.767 

2.073 

2.405 

2.761 

2" 

3.1416 

3.546 

3.976 

4.430 

4.90$ 

5.411 

5.939 

6.491 

3 

7.0G8 

7.G69 

8.295 

8.946 

9.621 

10.32 

11.04 

11.79 

4 

12.50 

13.3e 

14.18 

nm 

15.90 

16i« 

17.72 

18.66 

5 

19.63 

20.62 

21.64 

22.69 

28.75 

24.85 

25.96 

27.10 

6 

28J7 

29.16 

30.67 

31.91 

S3.18 

34.47 

35.73 

37.12 

7 

38.48 

89.87 

41.28 

42.71 

44.17 

45.66 

47.17 

48.70 

8 

50.28 

£1.84 

53.45 

55.08 

56.74 

56.42 

60.18 

61.b6 

9 

63.61 

65.39 

67.20 

69.02 

70.88 

72.75 

74.66 

76.58 

10 

78.54 

80.51 

82.51 

84.54 

86.59 

88.66 

90.70 

92.88 

11 

96.63 

97.20 

99.40 

101.6 

103.8 

106.1 

108.4 

110.7 

13 

113i> 

115l4 

117.8 

120.2 

12?.7 

126.1 

127.6 

130.1 

13 

132.7 

135^ 

iaf7.8 

140.5 

143.1 

145.8 

148.4 

151.2 

14 

153.9 

156.6  . 

150.4 

162J 

165.1 

167.9 

170.8 

173.7 

15 

176.7 

179.6 

182.6 

185.6 

188.6 

191.7 

104.8 

197.9 

16 

201.0 

204.2 

207.3 

210J 

213.8 

217.0 

220.8 

223.6 

17 

226.9 

230.3 

233.7 

237.1 

240.5 

243.9 

247.4 

250.9 

15 

2S4.4 

258.0 

201 .5 

265.1 

2G8.8 

272.4 

276.1 

279.8 

19 

283.5 

287.2 

291.0 

294.8 

298.6 

302.4 

306.3 

310.2 

20 

314J 

318.1 

322.0 

326.0 

830.0 

334.1 

338.1 

342.3 

21 

316.8 

850.4 

354.6 

358  J) 

863.0 

367.2 

37U 

375.8 

22 

380.1 

384.4 

388.8 

393  J! 

897.6 

402.0 

406.4 

410.9 

23 

415.4 

420.0 

424J( 

429.1 

433.7 

438.3 

443.0 

447.6 

24 

452.3 

457.1 

461.S 

466.6 

471.4 

476.2 

481.1 

4!».9 

25 

490.8 

495.7 

500.7 

505.7 

510.7 

515.7 

520.7 

525.8 

» 

530.9 

536.0 

'541.1 

546.3 

561.5 

556.7 

562.0 

507.2 

27 

572.5 

577.8 

583.2 

588.5 

593.9 

599  J 

604.8 

610.2 

2^ 

615.7 

62U 

626.7 

632.8 

637.9 

648.5 

649.1 

654.8 

29 

600^ 

606.3 

671.9 

677.7 

G83.4 

689.2 

695.1 

700.9 

30 

706.S 

712.7 

718.6 

724.6 

730.0 

736.6 

742.6 

748.6 

31 

754^ 

760.9 

767.0 

773.1 

779.3 

785.5 

791.7 

798.0 

32 

804.3 

8106 

816.9 

823.2 

829.6 

836.0 

842.4 

848.8 

33 

855.3 

861.8 

868.3 

874.9 

881.4 

888.0 

804.6 

001.8 

34 

907.9 

914.7 

921.3 

928.1 

984.8 

941.6 

M8.4 

05'«J 

35 

962.1 

969.0 

975.9 

962.8 

089.8 

996.8 

lOOBJt 

101O8 

33 

)017J 

1025.0 

1032.1 

1009.2 

1048.3 

10633 

1000.7 

10C8.0 

37 
38 

107&2 
1131.1 

1082.5 
1141.G 

1069.8 
1149.1 

1097.1 
1156.6 

11M.5 
1164.2 

1111.8 
1171.7 

1119J2 
1179-3 

U26.7 
1186.9 

39 

1101.6 

1203.3 

1210.0 

1217.7 

1233.2 

1341.0 

1248J) 

40 

1256.6 

1264.5 

1272.4 

1280.3 

1388J 

1206.2 

1304.2 

1312J 

41 

1390J 

1328J 

1336.4 

1344.5 

1353.7 

1300JB 

136941 

13n.2 

43 

1385.4 

1393.7 

140341 

1410.3 

1418.6 

1427.0 

1435.4 

1413.8 

43 

I453J 

1460.7 

1469.1 

1477.6 

1486.2 

1494.7 

1503.3 

1511.9 

44 

1530l5 

ims 

15993 

mi' 

1546.6 

1555.3 

1564.0 

1572.8 

1581.6 

111 

1590.4 

1617.0 

1626.0 

1634.9 

1643.9 

1652.9 

50 


Geometxy  and  MaasunUkm 


Part  1 


fiirfHMraniM"w  Ca  Giiclw 
Advttadiig  by  dghtht 


Dia. 


0 
1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

17 
IS 
19 
20 

21 
22 
23 
21 
25 

29 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
3S 
39 
40 

41 
%7 
43 
44 
41 


0.0 


0.0 
3.141 
6.283 
9.424 
12.56 
15.70 

18.84 
21.99 
25.13 
28.27 
31.41 

31.55 

87.G9 
40.84 
43.06 
47.12 

50.26 
SS.iO 
56.51 
59.6Q 
62.83 

65.97 
69.11 
72.25 
75.39 
78.54 

81.ri8 
84.82 
67.96 
01.10 
94.24 

97.39 
100.53 
103.67 
106.81 
109.96 

113.10 
116.24 
119.88 
122.52 
125.06 

128.81 
131.95 
185.09 
138.23 
141.37 


o.j 


0.3927 
3.534 
6.675 
9.SI7 

12.95 

16.10 

10.24 
22.3S 
25.52 

2S.6G 
31.80 

3^1.95 
38.00 
41.^3 
44.37 
47.51 

50.65 
53.79 
56.94 
60.0S 
63.22 

66.36 
G9.60 
72.64 
75.79 
78.93 

82.07 
85.21 
68.35 
91.49 
9\M 

97.78 
100.92 
104.07 
107.21 
110..'S5 

113.49 
116.63 
119.77 
122.92 
126.06 

120.20 
132.34 
135.48 
138.G2 
141.76 


o.i 


0. 


0.7354 

3.927 

7.0GS 

10.21 

13.35 

16.19 

19.03 
22.77 
25.91 
23.05 
32.20 

35.34 
33.48 
41.62 
44.76 
47.90 

51.05 
51.19 
57.33 
C0.47 
63.01 

69.75 
60.00 
73.01 
76.1S 
79.32 

82.46 
85.60 
88.75 
91.89 
95.03 

flS.17 
101.32 
101.46 
107.60 
110.74 

113.8S 
117.02 
120.17 
123.31 
126.45 

139.50 
182.73 
135.87 
139.0S 
142.16 


1.178 
4.319 
7.401 
lO.GO 
13.74 
10.88 

20.02 
23.10 
26.31 
29.45 
32.59 


O.i 


1.570 
4.712 
7.854 
10.99 
14.13 
17.27 

20.42 
23.50 
26.70 
29.84 
32.98 


o.f 


35.73 

36.12 

3S.87 

89.27 

42.01 

42.41 

45.16 

45.55 

48.30 

48.69 

51.44 

51.S3 

51.5S 

54.97 

57.72 

53.11 

60.80 

61.20 

61.01 

64.40 

67.15 

67.54 

70.29 

70.0S 

73.43 

73.82 

76.57 

76.90 

79.71 

80.10 

82.85 

83.25 

86.00 

66.39 

89.14 

8933 

92.2.S 

92.67 

95.42 

95.61 

08^7 

08.96 

101.71 

102.10 

101.85 

105.24 

107.99 

10S.30 

111.13 

111.53 

114.28 

114.67 

117.42 

117.81 

120.56 

120.95 

123.70 

124.09 

126.84 

127.24 

129.98 

1»).38 

133.13 

133.52 

136.27 

130.66 

139.41 

139.80 

142.55 

142  94 

1.963 
5.105 
8.246 
11.38 
11.52 
17.07 

20.81 
23.95 
27.09 
30.23 
33.87 

36.52 
39.66 
42.60 
45.94 
49.08 

52.22 
55.37 

58.51 
01  .OR 
04.79 

67.93 
71.07 
74.22 
77.36 
80.50 

83.04 
86.78 
69.92 
93.00 
96.21 

99.35 
102.49 
105.64 
108.78 
111.92 

115.06 
118.20 
121.34 
124.49 
127.63 

130.77 
133.91 
117.05 
140.10 
143.34 


O.f 


2.366 
5.497 
8.039 
11.78 
14.02 
18.06 

21.20 
24.34 
27.48 
30.03 
83.77 

36.91 
40.05 
43.19 
46.33 
49.48 

52.02 
55.70 
58.00 
02.04 
65.18 

08..32 
71.47 
74.61 
77.75 
80.89 

84.03 
87.17 
00.32 
93.46 
96.60 

09.75 
102.89 
106.08 
100.17 
112.81 

115.45 
118.60 
131.74 
124.88 
128.02 

131.16 
134.80 
137.45 
140.50 
143.73 


0.1 


2.748 
5.600 
9.032 
12.17 
15.31 
18.45 

21.59 
24.74 
27.88 
31.02 
34.16 

37.80 
40.44 
43.58 
46.73 
49.67 

58.01 
50.15 
50.29 
G2.48 
05.58 

68.72 
71. RC 
75.00 
78.14 
81.28 

84.43 
87.57 
00.71 
93.85 
96.99 

100.14 
103.29 
10G.42 
109..'i6 
112.71 

115.85 
118.99 
122.13 
125.27 
128.41 

131.55 
1.34.70 
137.84 
140.96 
144.12 


^•^ 


TkUe  of  Anas  and  CucnmfiBKeiioea  of  Ciides 


fil 


ATMS  aad  Circtuaf ecMcas  ol  Cirdat 

FkOM  1  TO  50  Ffen 

Advancing  by  one  inch 


1 

Diun.. 

Ana. 

Cireum., 

Diam., 

AlBO, 

Ciroum., 

Diam., 

Araa, 

Cinnun.t 

ft  in 

Ml  ft 

ft    in 

ft  in 

sqft 

ft   in 

ft  in 

■qft 

ft    in 

1    0 

0.7854 

3    IH 

5    0 

19.835 

15    8H 

9    0 

63.6174 

28    *M 

0.9217 

3   4H 

1 

20.2047 

15  IIH 

1 

81.8006 

28    6H 

i.oe» 

3    8 

2 

20.9866 

16    294 

2 

65.9051 

28    9>4 

1.2271 

3  11 

3 

21.6475 

16   594 

3 

67.2007 

29      94 

^K 

1.3882 

4    2M 

4 

22.34 

16    9 

4 

68.4166 

29    394 

1.5781 

4    594 

5 

23.0437 

17     H 

5 

69.644 

29    7 

1.7871 

4    8^i 

8 

23.7583 

17    3W 

6 

70.8823 

29  lOH 

1.9883 

4  IIH 

7 

24.4835 

17    694 

7 

72.1309 

30    1V4 

2.1818 

5    294 

8 

25.2190 

17    9-)6 

8 

73.391 

SO    494 

2.4052 

5    5H 

9 

25.9672 

18     9t 

9 

74.663 

30    7H 

2.8398 

5    9 

10 

26.7251 

18    ;t^i 

13 

75.9433 

30  1194 

2.8852 

8     H 

11 

27.4943 

18    7>s 

11 

77.2362 

31    194 

2    0 

3.1418 

8   3H 

8    0 

28.2744 

18  10H 

10    0 

78.54 

31    5 

3.4087 

6    8^4 

1 

29.0649 

19    IM 

1 

79.854 

31    8V4 

3.8868 

6    9^4 

3 

20.8068 

19    494 

2 

81.1705 

31  im 

3.978 

7     M 

3 

80.6796 

19    l\h 

3 

82.516 

32    294 

4.278 

7   3H 

4 

31.5020 

19  10^4 

4 

83.8627 

32    5^4 

4.8889 

7     7 

5 

32.3376 

20    IH 

5 

85.2211 

32    894 

4.9087 

7  10H 

8 

33.1831 

20    4?4 

6 

86.5003 

32  1194 

5.24U 

8    IH 

7 

34.0391 

20    8V4 

7 

87.9807 

33    2U 

5.585 

8    4^4 

8 

34.9065 

20  llVi 

8 

83.3638 

33    6H 

5.9895 

8    7H 

9 

35.7847 

21    2H 

0 

90.7627 

33    9V4 

8.3049 

8  lO^i 

10 

36.6735 

21    h\h 

13 

02.1749 

34     94 

8.8813 

9    VA 

11 

37.5736 

21    894 

11 

03.5986 

34    3Vi 

3    0 

7.0888 

9    5 

7    0 

38.4846 

21  11T4 

11    0 

05.0334 

34    694 

7.4888 

9    8U 

1 

30.436 

23    3 

1 

06.4783 

34    994 

7.8757 

9  IIH 

2 

40.3388 

22    6H 

2 

07.9347 

35      H 

8.3957 

10    2^ 

3 

41.3825 

22    OH 

3 

09.4021 

35    4V4 

8.7285 

10    8H 

4 

42.2367 

23     94 

4 

100.8797 

35    7>4 

9.1883 

10    894 

5 

43.2022 

23    Wt 

5 

132.3689 

35  1094 

9.83U 

10  IIH 

6 

44.1787 

23    6.«i 

6 

103.8601 

36    \\*i 

10.0848 

11    3 

7 

45.1656 

23    OU 

7 

105.3794 

36    4V4 

10.5501 

11    8H 

8 

46.1638 

24    Us 

8 

106.9013 

36    794 

11.0448 

11    994 

9 

47.175 

24    4U 

9 

108.4342 

36  10T4 

11.5400 

12      Vk 

10 

48.1082 

24    7M 

10 

109.0772 

37    294 

12.0481 

12    3H 

11 

49.2236 

24  1094 

11 

111.5319 

37    5V4 

4    0 

12.5684 

12    894 

8    0 

50.2656 

25    U4 

12    0 

113.0976 

37    8H 

13.0853 

12    9H 

1 

51.3178 

25    494 

1 

114.6732 

37  IIH 

13.8353 

13    1 

2 

52.3816 

25    7^4 

2 

116.2607 

38    2H 

14.1882 

13    4H 

3 

53.4562 

25  11 

3 

117.850 

38    594 

14.7479 

13    7U 

4 

54.8412 

26    IM 

4 

110.4674 

38    VA 

15  3908 

13  10V4 

5 

55.83n 

26    %\% 

5 

121.0876 

39    0 

15.0043 

14    IH 

6 

56.7451 

26    8H 

0 

122.7187 

39    VA 

16.4086 

14    4H 

7 

57.8638 

26nV4 

7 

124.3598 

39    6H 

17.1061 

14    TTi 

8 

58.992 

27    294 

8 

126.0127 

39    9H 

17.7105 

14  11 

9 

60.1331 

27    594 

9 

127.6765 

40     H 

* 

18.3478 

15    VA 

10 

81.2826 

27    9 

10 

129.3504 

40    394 

\  t 

18.9858 

15    5H 

11 

62.4445 

28      H 

11 

131.036 

40    6H 

Gcometsy  aiid.Mtosucatiail 


PM  1 


Areas  Mod  Circamf erences  of  Clrdet  (CoatiniM4) 

Diain.. 

Area, 

Cireum., 

Diam., 

Area, 

Cirauin., 

Diam., 

Area, 

Circum., 

ft  in 

sqft 

ft    in 

ft  in 

sqft 

ft    in 

ft  in 

sqft 

ft    in 

13    0 

132.7320 

40  10 

18    0 

2M.4O90 

50    OVi 

23    0 

4M.4700 

72    8 

1 

134.4301 

41  m 

1 

250.8303 

56  m 

1 

418.4915 

72    6H 

2 

130.1574 

41    4H 

2 

259.2033 

57      % 

2 

421.5m 

72    95i 

3 

137.8807 

41    7H 

3 

261.5872 

57    4 

3 

424.5377 

73      H 

4 

139.620 

41  mi 

4 

203.9807 

57    7V4 

4 

427.0055 

73    34i 

5 

141.3771 

42    IH 

5 

200.3804 

57  1014 

5 

430.0058 

73    m 

6 

143.1391 

42    4H 

0 

208.8031 

68    IH 

0 

433.7371 

73  m 

7 

144.9111 

42    8 

7 

271.2293 

68    4Vi 

7 

430^175 

74    1 

8 

140.0949 

42  llVi 

8 

273.0078 

58    7H 

8 

439.9106 

74    4H 

9 

148.4896 

43    2H 

9 

270.1171 

58  10^4 

9 

443.0140 

74    7M 

10 

150.2943 

43    5\^ 

10 

278.5701 

59    2 

10 

440.1278 

74  105i 

11 

152.1109 

43  m 

11 

281.0472 

59    &H 

11 

449.2530 

75    IH 

14    0 

153.9384 

43  11^4 

19    0 

283.5294 

59  m 

24    0 

452.3904 

75    4*4 

1 

155.7758 

44    2?i 

1 

280.021 

59  UH 

1 

455.5302 

75    7Ti  , 

2 

157.625 

44    0 

2 

288.5249 

00    2V^ 

2 

458.0948 

75  11       1 

3 

159.4852 

44    9H 

3 

291.0397 

00    5H 

3 

401.8043 

76    2Vi   ! 

4 

161.3553 

45      M  1 

4 

293.5041 

00    3^4 

4 

405.0428 

76    5U   , 

5 

163.2373 

45    3H 

5 

296.1107 

00  nii 

5 

468.2341 

76    8Vi 

6 

165.1303 

45    6H  ' 

0 

298.0483 

01    3>ft 

0 

471.4303 

76  IIH 

7 

167.0331 

45    9H 

7 

301.2054 

01    6>4 

7 

474.0476 

77    23* 
77    sU 

8 

168.9479 

40      li 

8 

303,7747 

01    9H 

8 

477.8710 

0 

170.8735 

40    4 

9 

306.355 

02      H 

9 

481.1005 

77    9 

10 

172.8091 

40    7^ 

10 

308.9448 

03    ZH 

10 

484.3506 

78      H 

11 

174.7505 

40  IU4 

11 

311.5409 

02    0^4 

11 

487.0073 

78    ZH 

15    0 

176.715 

47    1V6 

20    0 

314.10 

02    9H 

25    0 

490.875 

78    6>/2 

1 

178.6832 

47    4H  : 

1 

310.7824 

63    lU 

1 

494.1510 

78    91  i 

2 

180.6031 

47    7H  , 

2 

319.4173 

03    41.4 

2 

497.4411 

79      3« 

3 

182.6545 

47  10?i  1 

3 

322.003 

03    IH 

3 

500.7415 

79    3Ti 

4 

184.6555 

48    2^6 

4 

324.7182 

03  IIH 

4 

504.051 

IJ  ,^''*  ' 

5 

186.6684 

48    5Mi 

5 

327.3858 

04    IH 

5 

507.3732 

79  IIH  . 

0 

188.6923 

48    8M 

0 

330.0043 

04    434 

8 

510.7003 

80    H4 

7 

190.720 

48  IIH 

7 

332.7522 

04    756 

7 

514.0484 

80    4H 

8 

192.7716 

49    2H 

8 

335.4525 

04  11 

8 

517.4034 

80    7H 

9 

194.8282 

49    5i^4 

9 

338.1037 

05    2V4 

9 

530.7092 

80  1(B4 

10 

196.8946 

49    SU 

10 

340.8844 

05    5H 

10 

524.1441 

81  m 

11 

198.973 

50    0 

11 

343.0174 

05    8M 

11 

527.5818 

81    5 

16    0 

201.0624 

50    ZH  i 

21    0 

340.3014 

05  IIH 

26    0 

530.9304 

81    SXi 

1 

203.1015 

50    614 

1 

349.1147 

60    2?4 

1 

534.3379 

81  IIU 

2 

205.2726 

50    9H 

2 

351.8804 

00    5H 

2 

637.7583 

82    2H 

3 

207.3946 

51      H 

3 

354.0571 

00    9 

3 

541.1896 

82    5M 

4 

209.5264 

51    ZH 

4 

357.4432 

07     H 

4 

544.0290 

82    8H 

6 

211.6703 

51    6^^ 

5 

360.2417 

07    ZH 

5 

548.083 

82  1174 

6 

213.8251 

51  10 

0 

363.0511 

07    61^ 

6 

551.5471 

83    3      i 

7 

215.9890 

52  m 

7 

305.8698 

07    9H 

7 

555.0201 

83    6^  , 

8 

218.1662 

52    4V4 

8 

368.7011 

08      ^i 

1          8 

558.5050 

83    9^4 

9 

220.8537 

52    "tH 

9 

371.5432 

08    Zli 

9 

562.0027 

84      H 

10 

222.551 

52  lOH 

10 

374.3947 

68    7 

10 

565.5084 

84    3^^ 

11 

224.7608 

53    IH 

11 

377.2587 

08  10>4 

11 

569.027 

84  m 

17    0 

226.9800 

53    Ali 

22    0 

380.1330 

09    IH  1 

27    0 

572.5506 

84    9Ti 

1 

229.2105 

53    8 

1 

383.0177 

09    4t3  , 

1 

576.0949 

85    1 

2 

231.4525 

53  IIH 

2 

385.9144 

09    7H 

2 

579.6463 

85    4M 

3 

233.7055 

54    2Vi  1 

3 

388.822 

09  10»4  ! 

3 

583.2085 

85  m 

4 

235.9082 

54    6H 

4 

301.7389 

70    Hi  ; 

4 

686.7796 

85  IIH 

5 

238.243 

54    SH 

5 

394.8683 

70    5      i 

5 

590.3637 

86   m 

6 

240.5287 

54  IIH  ' 

8 

397.0087 

70    8H  ' 

0 

598.9587 

86    AH 

7 

242.8241 

55    2li 

7 

400.5583 

70  lUi 

7 

597.5625 

86    774 

8 

245.1310 

55    0 

8 

403.5204 

71    2M 

8 

601.1793 

86    11 

9 

247.45 

55  m 

9 

400.4935 

71    5H 

9 

604.807 

87    2M 

10 

349.7781 

50      H 

10 

409.4759 

71    854 

10 

608.4436 

87    5V4 

U 

252.1184 

50    3H 

11 

412.4707 

71  mi 

11 

613.0931 

87    894 

Table  of  Areas  and  Cixctunferenfiesof  Circles 


5S 


Ai 

PMSOd 

GUMBBi 

etttcwd  OIniM  (rnaihuwd) 

DiADtlM 

Area, 

CErcum-i 

Duun., 

Arm. 

Ciroum., 

DiMn.» 

Areft, 

Cweiun.i 

ft  in 

•qft 

ft    in 

ft  in 

sqft 

ft    in 

ft  in 

sqft 

ft    in 

28   0 

6U.7S38 

87  im 

88  2H  J 

33    0 

855.301 

103    8 

38    0 

1134.118 

119    4}^ 

1 

619.4228 

I 

850.624 

103  im 

1 

1130.095 

119    7H 

2 

023,105 

88    BH 

2 

863.961 

104    2H 

2 

1144.087 

119  10f4 

3 

636.7962 

88    9 

3 

868.309 

104    5H 

3 

1149.009 

120    2 

4 

630.5002 

89     H 

4 

872.665 

104    8H 

4 

1154.110 

120    5Vi 

$ 

634.2152 

89    ZH 

5 

877.035 

104  im 

5 

1159.124 

120   8H 

6 

637.9411 

89    6H 

6 

881.415 

106   2^ 

6 

1164.150 

120  UH 

7 

641.6758 

89    9M 

7 

885.804 

105    6 

7 

1169.203 

121    2H 

8 

645.4235 

90     H 

8 

890.206 

106   9H 

8 

1174.259 

121    5H 

9 

649.1821 

90    354 

9 

894.619 

106     H 

9 

1179.327 

121   m 

10 

652.9495 

90    6^4 

10 

899.041 

106    3H 

10 

1184.403 

121  im 

11 

656.73 

90  im 

11 

903.476 

106    6H 

11 

1189.493 

122   3H 

29    0 

660.5214 

91    IH 

34   0 

907.922 

106  m 

39    0 

1194.503 

122    6H 

1 

664.3214 

91    4H 

1 

912.377 

107     H 

1 

1109.719 

122    9H 

2 

668.1346*  91    7^  i 

2 

916.844 

107    4 

2 

1204.824 

123      H 

2 

671.9587 

91  mi 

3 

931.323 

107    7H 

3 

1209.958 

123    ZH 

4 

675.7915 

92    H4 

4 

925.810 

107  lOH 

4 

1215.099 

123    6^4 

5 

679.6375 

92    47/i 

5 

930.311 

108   m 

5 

1220.254 

123    9H 

« 

683.4943 

92    $H 

6 

934.822 

108    4H 

6 

1225.420 

124    IH 

7 

687.3598 

92  11H 

7 

939.342 

108    7H 

7 

1230.594 

124    4U 

8 

691.2385 

93    2H 

8 

943.875 

108  lOH 

8 

1235.782 

124    7H 

9 

695.1028 

98    5M 

9 

948.419 

109    2 

9 

1240.981 

124  lOVi 

10 

009.0263 

93  m 

10 

952.972 

109   5H 

10 

1246.188 

125    m 

11 

702.9377 

93  IVA 

11 

057.538 

109    8)4 

U 

1251.408 

125    454 

30    0 

706.86 

94    2H 

35   0 

962.115 

109  11^ 

40    0 

1260.64 

125    754 

1 

710.791 

94    6 

1 

966.770 

110    2H 

1 

1261.879 

125  11 

2 

714.735 

94    9>< 

2 

971.299 

110  m 

2 

1267.133 

126    2M 

3 

718.69 

95      H 

3 

975.908 

110   8H 

3 

1272.397 

126    SH 

4 

722.654 

to    3H 

4 

980.526 

111    0 

4 

1277.669 

126    8^ 

5 

726.631 

95    6^i 

5 

965.158 

111    3H 

5 

1282.955 

126  IIH 

6 

730.618 

95    9^4 

6 

980.803 

111    6H 

6 

1288.252 

127    254 

7 

734.615 

96   n 

7 

994.451 

111    9H 

7 

1293.557 

127    6H 

8 

738.624 

96    4 

8 

990.115 

112     H> 

8 

1298.876 

127    9 

9 

742.645 

96    m 

9 

1003.79 

112    3^4 

9 

1304.206 

128      H 

10 

746.674 

96  lO^i 

10 

1008.473 

112    0^ 

10 

1309.543 

128    35i 

11 

750.716 

97  m 

11 

1013.170 

112  10 

U 

13U.895 

128    6H 

31    0 

751.709 

97    4H 

36    0 

1017.878 

113    IH 

41    0 

1320.257 

128    95i 

1 

758.831 

97    734 

1 

1022.594 

113    4H 

1 

1325.628 

129      54 

2 

702.906 

97  lOH 

2 

1027.324 

113    7H 

2 

1331.012 

129    3H 

3 

766.992 

98    2 

3 

1082.064 

113  10^^ 

3 

1336.407 

129    7 

4 

771.066 

98    5!^ 

4 

1036.813 

114  m 

4 

1341.810 

139  lOV^ 

5 

775.191 

98    8H 

5 

1041.676 

114    4H 

5 

1347.227 

130    m 

« 

779.313 

98  lUi 

6 

1046.349 

114    8- 

6 

1352.655 

130    iH 

7 

783.440 

99    V^i 

7 

1051.130 

114  im 

7 

1358.091 

130    75i 

8 

787.581 

99    554 

8   1055.026 

115    2V4 

8 

1363.541 

130  1054 

9 

791.732 

99    m 

9 

1060,731 

115    5H 

9 

1369.001 

131    1^4 

10 

795.892 

100    0 

10 

1065.546 

115    9M 

10 

1374.47 

131    5 

11 

800.065 

100    3H 

11 

1070.374 

115  UH 

U 

1379.952 

131    8H 

32    0 

804.25 

100    6H 

37    0 

1075.2126 

116    2H 

42    0 

1385.446 

181  UH 

1 

808.442 

100    9^ 

1 

1080.059 

116    6 

1 

1390.247 

132    2H 

2 

812.548 

101     H 

2 

1084.920 

116    9H 

2 

1396.462 

132    5H 

3 

816.865 

101    3^4 

3 

1069.791 

117     H 

3 

1401.988 

132    854 

4 

821.090 

101    6H 

4 

1094.671 

117    3H 

4 

1407.522 

132  UH 

6 

825.329 

101  10 

5 

1099.564 

117    6Vi 

5 

1413.07 

133    3 

e 

829.579 

103  m 

6 

1104.469 

117    9^i 

6 

1418.629 

133    6H 

7 

833.837 

102    4% 

7 

1109.381 

118     f4 

7 

1424.195 

133    9V4 

8 

838.108 

102    7^ 

8 

1114.307 

118    4 

8 

1429.776 

134      M 

9 

842.391 

102  lOH 

9 

1119.244 

118    7H 

9 

1435.367 

134    354 

10 

846.681 

103   m 

10 

1124.189 

118  mi 

10 

1440.967 

134    654 

11 

850.985 

103    4>i 

11 

1129.148 

119    IH. 

11 

1446.580 

134    Ovi 

54 
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ArtM  Md  ChftMifefne—  of  CifclM  (ConHaoad) 


DiMn., 
ft  in 


43  0 
I 
2 
3 
4 
5 

e 

7 

8 

9 

10 

11 


44 


0 
1 
2 
3 
4 
5 
6 
7 
8 
0 
10 
11 


45  0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 


Area, 
sqft 


1452.206 

1457.836 

1463.483 

1469.14 

1474.804 

1480.483 

1486.173 

1491.870 

1497.582 

1503.305 

1509.035 

1614.779 

1520.534 
1526  297 
1532.074 
1537.862 
1543  658 
1549.478 
1555  288 
1561.116 
1566.959 
1572.812 
1578.673 
1584.549 

1590.435 
1596  329 
1602.237 
1608.155 
1614.082 
1620.023 
1625.974 
1631.933 
1637.907 
1643.891 
1649.883 
1655.889 


Cireum., 
ft    in 


135    1 
135    4H 
135    7M 

135  lOh 

136  IH 
136  m 
136    7H 

136  11 

137  2H 
137  5M 
137    SH 

137  IIH 

138  2H 
138    5H 

138  9 

139  H 
139  ZH 
139    6H 

139  9H 

140  H 
140  ZH 
140    7Vi 

140  lOHt 

141  m 

141  AH 
141    7^i 

141  lOH 

142  m 

142  5 
142    8H 

142  11 H 

143  2H 
143  5K* 
143   s-y^ 

143  11^ 

144  3 


Diam.. 
ft  in 


46  0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

47  0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 


48 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 


Araa, 
sqft 


Ctrcum., 
ft    in 


661.906 

667.031 

673.97 

680.02 

686.077 

692.148 

698.231 

704.321 

710.425 

716.541 

722.663 

728.801 

734.947 

741.104 

747.274 

753.455 

759.643 

765. 845^ 

772.059' 

778.28 

784.515 

790.761 

797.015 

803.283 

809.562 
815.848 
822.149 
828.460 
834.779 
841.173 
847.457 
853.809 
860.175 
866.552 
872.937 
879.335 


144  6^ 

144  9H 

145  H 
145  3H 

145  6H 

145  m 

146  m 

146  4H 
146  IVa 

146  lOH 

147  m 
147  4H 


147 

7^4 

147  11 

148 

2H 

148 

SVi 

148 

%H 

148  lUi 

149 

2H 

149 

5T^ 

149 

8vi 

150 

H 

150 

3Vi 

150 

m 

150 

9H 

161 

^ii 

151 

SH 

151 

6H 

151  lOH 

152 

m 

152 

4'H 

152 

7^2 

152 

105* 

153 

IH 

153 

il^ 

153 

B^ii 

Diam., 
ft  in 


49  0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

50  0 


Aroat 
aqft 


1885 
1892 
1898 
1905 
1911 
1917 
1924 
1930 
1937 
1943 
1950 
1956 

1963 


745 
172 
504 
037 
497 
961 
426 
919 
316 
914 
439 
969 


CiTCuin., 
ft    in 


153  llVi 
164  2H 

154  5Vi 
154  8H 

154  IIH 

155  2H 
155  6 

155  9H 

156  ^ 
156  3H 

156  6H 
166  9^4 

157  T6 


Circttlar  Arcs 

To  find,  by  the  followinz  table,  the  length  of  a  cireolar  arc  whea  its  chord  and 
heiglit,  or  verged  sine  is  given. 

Role.  Divide  the  height  by  the  chord;  find  in  the  column  of  heights  the 
number  equal  to  this  quotient;  take  out  the  corresponding  number  from  the 
column  of  lengths;  and  multiply  this  number  by  the  given  chord. 

Example.  The  chord  of  an  arc  ts  8o  and  its  versed  sine  is  30.  What  is  the 
length  of  the  arc? 

Solation.  30+80-  0.375.  The  length  of  an  arc  for  a  height  of  0.375  is, 
from  table,  x.34063.    80 X  1.34063  -■  107.2504  «  length  of  arc 


Table  of  Qiaibr  Aiot- 


H 


TMm  of  Cifootar  Afct 


« 

Hto 

LsDgtha 

Hts 

Lengths 

Ht« 

Lengths 

HM 

Xjvngthf 

Hta 

LongtlMi 

.001 

1.00001 

.002 

1.01021 

.123 

1.039$7 

.184 

1.08797 

.245 

1.15308 

.002 

1X0001 

.063 

1.01054 

.124 

1.04051 

.185 

1.0SS90 

.246 

1.15428 

.008 

1.00002 

.O&l 

1.U10S8 

.125 

1.0411P 

.186 

1.08984 

.247 

1.15549 

.004 

1.00004 

.065 

1X1123 

.126 

1.041S1 

.187 

1.09079 

.248 

1.15670 

.005 

1.00007 

.066 

1XU58 

.127 

1.04247 

.188 

1.09174 

.249 

1.15791 

.006 

1.00010 

.067 

1X1193 

.128 

1.04313 

.189 

1.09269 

.250 

1.15912 

.007 

1.00013 

.0^ 

1X1228 

.129 

1.04.S80 

.190 

1.09365 

.251 

1.16034 

.008 

1.00017 

.069 

1.01264 

.130 

1.04447 

.191 

1.09461 

.252 

1.16156 

.000 

LOOftrj 

.070 

1.01301 

.131 

1.04515 

.192 

1.09557 

.253 

1.16279 

.010 

1.00027 

.071 

1.01338 

.132 

1.04584 

.193 

1.09654 

.*04 

1.16402 

.011 

i.(KKm 

.072 

1X1376 

.133 

1.04652 

.104 

1.09752 

.255 

1.16526 

.012 

1.00038 

.073 

1.01414 

.134 

1.04722 

.195 

1.09850 

.256 

1.16650 

.013 

1.00015 

.074 

1X1453 

.135 

1.04792 

.lOfr 

1.09949 

.257 

1.16774 

.014 

1.00053 

.075 

1XH93 

.136 

1.04862 

.197 

1.10048 

.258 

1.16899 

.015 

1.00061 

.076 

1X1533 

.137 

1.04932 

.198 

1.10147 

.250 

1.17024 

.016 

1.00069 

.077 

1.01573 

.138 

1.05003 

.199 

1.10247 

.260 

1.17150 

.017 

1.00078 

.078 

1.01614 

.139 

Loams 

.200 

1.10347 

.261 

1.1727* 

.018 

1.000S7 

.079 

1X1656 

.140 

1.05147 

SQl 

1.10447 

.262 

1.17403 

.019 

1.00007 

.080 

1.01G9S 

.141 

1.05220 

.202 

1.10548 

.263 

1.17530 

.020 

1.00107 

.051 

1X1741 

.142 

1.05293 

.503 

1.10650 

.204 

1.17657 

.021 

1.00117 

.0S2 

1X1784 

.143 

1.05367 

.204 

1.10762 

.205 

1.17784 

.022 

1.00128 

.083 

1.01828 

.144 

1.05441 

.205 

1.I0S55 

.206 

1.17912 

.023 

1.00140 

.084 

1.01S72 

.145 

1.05516 

.206 

1.10958 

.267 

1.18O40 

.024 

1.00153 

.086 

1.01916 

.146 

1.05591 

.207 

1.11CC2 

.268 

1.18169 

.025 

1.00167 

.086 

1X1961 

.147 

1.05667 

J2m 

1.111C6 

.260 

1.18299 

.026 

1.00182 

.067 

1.02006 

.148 

1.05748 

.209 

1.112e9 

.270 

1.18429 

.027 

1.00196 

.088 

1.02052 

.149 

1.05S10 

.210 

1.11374 

.271 

1.18559 

.028 

1.00210 

.089 

1.02098 

.150 

i.osroc 

.211 

1.11479 

.272 

1.18689 

.029 

1.00225 

.090 

1.02146 

.151 

1.05973 

.212 

1.11584 

.273 

1.18820 

.030 

1.00240 

.OHl 

1.02192 

.152 

1.00051 

.213 

1.11090 

.274 

1.18951 

.031 

1.00256 

.092 

1.02240 

.153 

I.OGICO 

.214 

1.11790 

.275 

1.19092 

.032 

1.00272 

.093 

1.02289 

.154 

1.0G209 

.215 

1.11904 

.?70 

1.19214 

.033 

1.00289 

.094 

1.02339 

.155 

1.0G2S8 

.210 

1.12011 

.277 

1.19346 

.034 

1.00)07 

.095 

1.02389 

.156 

1.06368 

.217 

1.12118 

.278 

1.19479 

.035 

1.00327 

.OlO 

1.02440 

.157 

1.06449 

.218 

1.12226 

.279 

1.19612 

.036 

1.00345 

.097 

1.02491 

.158 

1.00530 

.219 

1.12334 

.280 

1.19746 

.037 

1.003O4 

.098 

1.02542 

.159 

l.OOGll 

.220 

1.12444 

.281 

1.19880 

.038 

1.00884 

.099 

1.02593 

.160 

1.06693 

.221 

1.12554 

.282 

1.20014 

.039 

1JXM05 

.100 

1.02046 

.161 

1,06775 

.222 

1.12664 

.283 

1.20149 

.040 

1.00420 

.101 

1.02698 

.162 

1X^^53 

.223 

1.12774 

.284 

1.20284 

.041 

liX)447 

.102 

1.02752 

.163 

1.00941 

.224 

1.12885 

.285 

1.20419 

.042 

1.00469 

.103 

1.0280G 

.164 

1.07025 

.225 

1.12997 

.286 

1.20555 

.043 

1.00492 

.104 

1.02860 

.165 

1.07109 

.226 

1.13108 

.287 

1.20691 

.044 

1.00515 

.105 

1.02914 

.166 

1.07194 

.227 

1.13219 

.288 

1.20827 

.045 

1.00639 

.106 

1.02970 

.167 

1.07270 

.228 

1.13831 

.289 

1.20964 

.046 

1.005f3 

.107 

1.03026 

.168 

1.07865 

.229 

1.13444 

.290 

1.21102 

.047 

1.00567 

.108 

1.030S2 

.160 

1.07451 

.330 

1.13557 

.291 

1.21239 

.048 

1.00612 

.109 

1.03139 

.170 

1.07537 

.231 

1.13671 

.292 

1.21377 

.049 

1X0638 

.110 

1.03196 

.171 

1.07624 

.232 

1.137«5 

.293 

1.21515 

.050 

1.00665 

.111 

1.03254 

.172 

1X7711 

.233 

1.13900 

.294 

1.21654 

.051 

1.00002 

.112 

1.03312 

.173 

1.07799 

.234 

1.14015 

.295 

1.21794 

.053 

1.00720 

.113 

1.03371 

.174 

1.07888 

.235 

1.14131 

.296 

1.21933 

.053 

1.00748 

.114 

1.03430 

.175 

1.07977 

.236 

1.14247 

.297 

1.22078 

.051 

1.00776 

.115 

1.03490 

.176 

1.06066 

.237 

1.14363 

.298 

1.22213 

.055 

1.00805 

.116 

1.03551 

.177 

1.08156 

.238 

1.14480 

.299 

1.22354 

.066 

1.00834 

.117 

1.08611 

.178 

1.08246 

.239 

1.14597 

.300 

1.22495 

.067 

1.00864 

.118 

1.03672 

.179 

1X8337 

.240 

1.14714 

.301 

1.22636 

.058 

1X0895 

.119 

1.08734 

.180 

1X6428 

.241 

1.14832 

.302 

1.22778 

JK» 

1X0926 

.120 

1.08797 

.181 

1.08519 

.242 

1.14951 

.803 

1.22920 

.060 

1X0957 

.131 

1.03860 

.182 

1.08611 

.243 

1.15070 

JWi 

1.23063 

Ml 

1.00080 

.123 

1.03923 

.188 

1.08704 

.244 

T.15189 

.305 

1.23206 

Geometiy  and  Menaufatioo 


Pfertl 


Table  of  Cirratar  Ares  (CoofiniMd) 


Ht8 


.30A 

jam 

J3t» 
.80Q 
.310 
.311 
.312 
.313 
.314 
.315 
.316 
J17 
.318 
.319 
.320 
.321 
.322 
.323 
.324 
.325 
.320 
.327 
.328 
.329 
.330 
.331 
.332 
.333 
.334 
.335 
.336 
.837 
.338 
.339 
.340 
.341 
.342 
.343 
.344 


Lengihfl 


1.23349 
1.23492 
1.23036 
1.23781 
1.23926 
1.24070 
1.24210 
1.24361 
1.24507 
1.24654 
1.24801 
1.24948 
1.25005 
1.25243 
1.25391 
1.25540 
1.25689 
1.25ei38 

1.26138 
1.26288 
1.26437 
1.26588 
1.26740 
1.26892 
1.27044 
1.27196 
1.27349 
1.27502 
1.27650 
1.27810 
1.27964 
1.281  IS 
1.28273 
1.28428 
1.28583 
1.28739 
1.28895 
1.29052 


Hta 


.345 
.340 
.347 
.348 
.349 
.350 
.351 
.35? 
.353 
.354 
.355 
.356 
.357 
.358 
.359 
.360 
.3G1 
.362 
.363 
.364 
.365 
.360 
.307 
.368 
.369 
.370 
.371 
.372 
.373 
.374 
.375 
.376 
.377 
.378 
.379 
.380 
.381 
.382 
.383 


Langtb 


1.29209 
1.29366 
1.29523 
1.29681 
1.29S39 
1.29997 
1.30156 
1.30315 
1.30474 
1.30634 
1.30794 
1.30954 
1.31115 
1.31276 
1.31437 
1.31599 
1.31761 
1.31923 
1.?2086 
1.32219 
1.32413 
1.325n 
1.32741 
1.33905 
1.33069 
1.33234 
1.33399 
1.33S64 
1.33730 
1.33S96 
1.34063 
1.34229 
1.34396 
1.34563 
1.34731 
1.34899 
1.3506S 
1.35237 
1.3540G 


Htfl 


.3S4 
.385 

.887 
.388 
.389 
.390 
.391 
.392 
.393 
.394 
.395 
.396 
.397 
.3$tS 
.399 
.400 
.401 
.402 
.403 
.404 
.405 
.406 
.407 
.408 
.409 
.410 
.411 
.412 
.413 
.414 
.415 
.416 
.417 
.418 
.419 
.420 
.421 
.422 


Iiengthfl 

Utff 

Leii«ihe 

Ht8 

.462 

Lenffthv 

1.35575 

.423 

1.4240^ 

1.49651 

1.35744 

.424 

1.42593 

.403 

1.49842 

1.35914 

.425 

1.42704 

.404 

1.60033 

1.30084 

.426 

1.42945 

.465 

1.50224 

1.36254 

.427 

1.43127 

.466 

1.50416 

1.36425 

.428 

1.43309 

.107 

1.50606 

1.36596 

.429 

1.43491 

.468 

1.50800 

1.36767 

.430 

1.43673 

.469 

1.50992 

1.36939 

.431 

1.43856 

.470 

1.51185 

1.37111 

.432 

1.44039 

.471 

1.51378 

1.37283 

.433 

1.44222 

.472 

1.51571 

1.37455 

.434 

1.44405 

.473 

1.51764 

1.37623 

.435 

1.445.'iP 

.474 

1.5ia78 

1.37801 

.436 

1.44773 

.475 

1.52152 

1.37974 

.437 

1.44957 

.476 

1.52346 

1.38148 

.438 

1.45142 

.477 

1.62541 

1.3S322 

.439 

1.45327 

.478 

1.52736 

1.38496 

.440 

1.15512 

.479 

1.52031 

1.38671 

.441 

1.45097 

.480 

1.53126 

1.38846 

.442 

1.45883 

.481 

1.53322 

1.39021 

.143 

1.43069 

.482 

1.53518 

1.39196 

.444 

1.16255 

.483 

1.53714 

1.39372 

.445 

1.46441 

.484 

1.53910 

1.39548 

.446 

1.4662S 

.485 

1.54106 

1.39724 

.447 

1.46815 

.486 

1.54302 

1.39900 

.448 

1.47002 

.487 

1.54499 

1.40077 

.449 

1.471S9 

.488 

1.54096 

1.40254 

.450 

1.4737-1 

.489 

1.54M93 

1.40432 

.451 

1.47565 

.490 

1.55091 

1.40310 

.452 

1.17753 

.491 

1.55289 

1.40788 

.453 

1.47942 

.493 

1.65437 

1.40966 

.454 

1.48131 

.493 

1.65685 

1.41145 

.455 

1.4S320 

.494 

1.55884 

1.41324 

.456 

1. 41509 

.495 

1.56063 

1.41503 

.457 

l.fS699 

.496 

1.56382 

1.41682 

.458 

1.48889 

.497 

1.56481 

1.41861 

.459 

1.40079 

.49'* 

1.56681 

1.42041 

.460 

1.49260 

.499 

1.56881 

1.42221 

.401 

1.49460 

.500 

1.57080 

Table  of  Lanctfai  of  Clrailar  Arcs  whose  Radios  is  t 

Rule.  Knowing  the  measure  of  the  circle  and  the  measure  of  the  axe  in  degrees, 
minutes  and  seconds;  take  from  the  table  the  lengths  opposite  the  number  of 
degrees,  minutes  and  seconds  in  the  arc,  and  multiply  their  sum  by  the  radius  of 
the  drde. 

Bnmple.  What  is  the  length  of  an  arc  subtending  an  ai\gle  of  13*  27'  S** 
with  a  radius  of  8  ft. 

Solatioa.    Length  for  13^  «  0.2268938 

27'  -  0.0078540 
8'^*  0.0000388 

13*  27'  8"- 0.2347856 
8 

Leqgthofaic   -  x.S782848ft 


Table  of  Oiailar  Akb 


Wl 


Lengdii  of  Cbeidar  Arcs.    Sadlu  «  x 


See 

Lenctb 

Min 

Length. 

Dec 

liength 

I>ec 

Length 

1 

o.onooo48 

\ 

0.0002909 

1 

0.0174533 

61 

1.0646506 

2 

0.00^)097 

0.0005S18 

2 

0.0349066 

62 

1.0821041 

a 

0.0000145 

3 

0.0008727 

3 

0.0523509 

68 

1.0995S74 

4 

0.0030194 

4 

0.0011636 

4 

0.0698132 

64 

1.1170107 

5 

O.O00O242 

5 

0.0014544 

5 

0.0872665 

65 

1.1344640 

6 

0.0000291 

6 

0.0017458 

6 

0.1047198 

66 

1.1519178 

7 

0.0000339 

7 

0.0020362 

7 

0.1221780 

67 

1.1693706 

8 

0.000038S 

8 

0.0023271 

8 

0.1396263 

68 

1.1868239 

9 

0.0000436 

9 

0.0026180 

9 

0.1570796 

09 

1.2042772 

10 

0.0000485 

10 

0.00290t» 

10 

0.1745829 

70 

1.2217305 

11 

0  O000S33 

11 

0  0031998 

11 

0  1919S62 

71 

1  2891888 

12 

0.0009582 

12 

W«  \^^V8  V^O 

0.0034907 

12 

0.2094395 

P  m 

72 

1.2566371 

13 

0.0000630 

13 

0.0037815 

13 

0.2268928 

73 

1.2740904 
1.2915436 

14 

0. 0000079 

14 

0.0010724 

14 

0.2448461 

74 

16 

0.0000727 
O.OU0U776 

15 
16 

0.0043C33 
0.0046542 

15 
16 

0.2617994 
0.3792527 

75 
76 

1.3OB0969 
1.S64502 

17 

0.QO0OS24 

17 

0.0049451 

17 

0.2967000 

77 

1.3439035 

IS 

0.9000673 

18 

0.0052360 

18 

0.3141593 

78 

1.3613568 

19 

O.O0O0921 

19 

0.0055269 

19 

0.3316126 

79 

1.3788101 

20 

0.0000970 

20 

0.005S178 

20 

0.3490G59 

80 

1.3962634 

21 

0.0001018 

21 

0.0061067 

21 

0.3663191 

"  81 

1.4137167 

22 

0.0001067 

22 

0.0063905 

22 

0. 31^39724 

82 

1.4311700 

23 

0.0001115 

28 

0.0006904 

28 

0.4014257 

88 

1.448G233 

24, 

0.0001164 

24 

0.0069S13 

24 

0.4188790 

84 

1.4660768 

25 

0.0001212 

25 

0.0072722 

25 

0.4363323 

85 

1.4835399 

Vi 

0.0001261 

20 

0.0075631 

26 

0.4537856 

86 

1.5009832 

27 

0.0001309 

27 

0.0078540 

27 

0.47123S9 

87 

1.5184364 

28 

0.0001357 

28 

0.0081449 

28 

0.4886922 

88 

1.. 5358807 

29 

0.0001406 

29 

0.00S4358 

29 

0.50614.S5 

89 

1.5533430 

30 

0.0001454 

30 

0.0087266 

30 

0.5285088 

90 

1.5707963 

31 

0.0001503 

31 

0.0090175 

31 

0  5410521 

91 

1.5882496 

32 

0.0001551 

32 

0.0003084 

32 

0.6585054 

92 

1.6057029 

33 

0.0001600 

33 

0.0095093 

33 

0.5759587 

98 

1.6231562 

34 

0.000164S 

84 

0.0098002 

34 

0.5934119 

94 

1.6406095 

86 

0.0001097 

35 

0.0101811 

35 

0.6108652 

95 

1.6580628 
1.67?.5161 

'  36 

0.0001745 

36 

0.0104720 

36 

0.6283185 

96 

37 

0.0001794 

37 

0.0107629 

37 

0.6167718 

97 

1.6939«#« 

SR 

0.0001842 

38 

0.0110538 

38 

0.6632251 
0.6806784 

98 

1.7104227 

89 

0.0001R91 

89 

0.0113446 

39 

99 

1.7278760 

40 

0.0001939 

40 

0.0116355 

40 

0.6981817 

100 

1.7453293 

41 

0.0001988 

41 

0.0119264 

41 

0.7155850 

101 

.1.7627825 

42 

0.0002036 

42 

0.0122173 

42 

0.7330383 

102 

1.7802358 

43 

0. 0003065 

48 

0.0125062 

43 

0.7504916 

103 

1.7076801 

44 

0.0002133 

44  . 

0.0127991 

44 

0.7679449 

104 

1.8151424 

45 

0.0002182 

45 

0.0130000 

45 

0.7853982 

105 

1  8325957 

46 

0.0002230 

46 

0.0133809 

40 

0.8028515 

106 

1.8500490 

17 

0.0002279 

47 

0.0136717 

47 

0.S203047 

107 

1.8675023 
1.8849556 

48 

0. 0002327 

48 

0.0139626 

48 

0.8377580 

lOS 

49 

0.0002376 

49 

0.0142536 

49 

0.8552113 

109 

1.9024089 

50 

0.0002124 

50 

0.0145444 

50 

0.8726646 

110 

1.9198622 

61 

0.0002473 

51 

0.0148363 

51 

0.8901179 

111 

1.9378155 

62 

0.0002521 

52 

0.0151262 

52 

0.9075712 

112 

1.9547688 

63 

0.0002570 

53 

0.CI54171 

5S. 

0.9250245 

113 

1.9722221 

64 

0.0002618 

54 

0.0157080 

54 

0.9424778 

114 

1.9896753 

85. 

0.0002666 

55 

0.01599S9 

55 

0.9699311 
0.9773844 

115 

2.0071286 

66 

0.0602718 

^ 

0.0162897 

56 

116 

2.0345819 

57 

0.0002763 

St 

0.0165806 

57 

0.9948377 

117 

2.0420352 

68 

0.0002812 

58 

0.0163715 

58 

1.0122910 

118 

2.0594885 

60 

0.0002860 

59 

0.0171624 

59 

1.0297443 

119 

2.0700418 

60 

0.0002909 

60 

0.0174533 

60 

1.0471976 

120 

2.0948951 
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To  compote  tho  chord  of  aa  arc  whoa  fht  cbocd  of  half  diii  an  and  the  TWBad 
riao  aro  i^Toa. 

(The  vened  sine  is  the  perpendicular  bo.  Fig.  32.) 

Rnlo.    From  the  square  of  the  chord  of  half  the  arc 
subtract  the  square  of  the  versed  sine,  and  take  twice 
v^    the  square  root  of  the  remainder. 

Fia    M      Circular  Ar«        B»mpl«.    The  chord  of  half  the  arc  Is  60^  and  the 
Chord  and  Rite       '   ^^^'"^  ^^  3^*    What  is  the  length  of  the  chord  of  the 

arc?  

Soliidoa.    60* -  36*-  a  304;    VT304 -  48;  and  48X  a  -  96,  the  chord. 

>  T#>40Hipnlo  ui^cImio  ifrtttfiLK  whoB  hw wamotor  ano'veivod'aaM  are  |^vm« 

Multiply  the  versed  sine  by  2  and  subtract  the  product  from  the  diameter; 
then  subtract  the  square  of  the  remainder  from  the  square  of  the  diameter  and 
take  the  square  root  pf  that  remainder. 

Baample.  The  diameter  of  a  circle  is  xoo  and  the  versed  sine  of  an  arc  36. 
What  is  the  chord  of  the  arc?  

Sdotioii.  36X2-72;  xoo— 72-a8;  ioo» -  28^ -  9  ai6;  V9  ai6 •-  96. 
the  chord  of  the  arc. 

To  compute  the  chord  of  half  an  axe  when  the  chord  of  the  arc  and  the  versed 
tfiae  are  given. 

Role.  Take  the  square  root  of  the  sum  of  the  squares  of  the  versed  sine  and 
of  half  the  chord  of  the  arc. 

Example.  The  chord  of  an  arc  is  96  and  the  versed  sine  36.  What  is  the  chord 
of  half  the  arc? 

Soludon.     V36»+48*  -  60. 

To  compute  the  chord  of  half  an  arc  when  the  diameter  and  versed  sine  are 
given. 

Rule.  Multiply  the  diameter  by  the  versed  sine  and  take  the  square  root 
of  their  product. 

To  compute  a  diameter. 

Role  I.    Divide  the  square  of  the  chord  of  half  the  arc  by  the  versed  sine. 

Role  a.  Add  the  square  of  half  the  chord  of  the  arc  to  the  square  of  the 
versed  sine  and  divide  this  sum  by  the  versed  sine. 

Example.  What  is  the  radius  of  an  arc  whose  chord  is  96  and  whose  versed 
sine  is  36? 

Solution.    48*  +  36«  -  3  600;    3  600  +  36  -  100,  the  diameter;  and  the  radius 
-  so. 
■    To  compute  the  versed  aine.  '^-    - 

Rule.    Divide  the  square  of  the  chord  of  half  the  arc  by  the  diameter. 

To  compute  the  versed  sine  when  the  chord  of  the  arc  tnd  the  diameter  are 
given. 

Role.  From  the  square  of  the  diameter  subtract  the  square  of  the  chord 
and  extract  the  square  root  of  the  remainder;  subtract  this  root  from  the  diam- 
eter and  halve  the  remainder. 

To  compute  the  length  of  an  arc  of  a  circle  when  the  number  of  degrees  sad 
the  radios  are  giren. 

Role  1.  Multiply  the  number  of  degrees  in  the  arc  by  3.1416  multiplied  by 
the  radius  and  divide  by  180.  The  result  will  be  the  length  of  the  arc  la  the 
same  unit  as  the  radius. 
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a.    Multiply  the  radius  ol  the  circle  by  0.0174s  and  the  product  by  the 
degrees  in  tlie  arc* 

Bwnnjie.    The  number  of  degrees  in  an  arc  is  60  and  tiie  radius  is  xo  in. 
What  is  the  length  of  the  arc  in  inches? 

Sehrtiea,    zo  X  3.14x6  X  60  -  X884.96;    and  1884-96  +  xSo  «  1047  in.     Or, 
10  X  OUOX745  X  6o«  10^7  in. 

To  coavate  the  length  of  the  arc  of  a  dide  when  the  length  is  giren  in  do- 


Rvlo.  (i)  Multiply  the  number  of  degrees  by  o^i74S3a9  and  the  product 
by  the  radius.  (3)  Multiply  the  number  of  minutes  by  0.00039  and  that  prod- 
uct by  the  radius.  (3)  Multiply  the  nimiber  of  seconds  by  0.0000048  times 
tiie  cadxua.  (4)  Add  together  these  three  results  for  the  length  of  the  ara 
(Sec  also,  table,  page  57) 

iplo.    What  n  the  length  of  an  arc  of  60"  xo'  5",  the  radius  being  4  ft? 

(i)  60*  X  0.01745339  X  4  -  4-188789  ft 
(a)  xo'  X  0.00039  X  4  "•  0.0x16  ft 
is)    S"X  0.0000048    X  4 -  0.000096  ft 

(4)  The  length  of  the  arc  «  4.^00485  ft 

To  lemjute  the  area  of  a  ooctor  of  a  drde  when  the  dogreos  of  the  are  and 
the  radfaw  are  giren  (Fig.  IS). 

(The  degrees  of  the  arc  are  the  same  as  the  angle  006.) 

Role.    Multiply  the  number  of  degrees  in  the  arc  by 
the  area  of  the  whole  circle  and  divide  by  360. 

^^— — r*^     What  is  the  area  of  a  sector  of  a  circle  whose 
radius  is  5  and  length  of  arc  60^? 

Solvtioa.    Area   of  circle  >■  xo  X  10  X  0.7854  «  78.54 

Hence,  area  of  sector  •■ r ■■  X3.09 

300 

Note.    If  the  length  of  the  arc  !s  given  in  degrees  and 
minutes,  reduce  it  to  minutes^  multiply  by  the  area  of  the  whole  circle  and  divide 
by  3x  600. 

To  coiyute  the  area  of  a  sector  of  a  drde  when  the  length  of  the  arc  and 
radius  are  given. 

Role.  Multiply  the  length  of  the  arc  by  half  the  length  of  the  radius.  The 
product  is  the  area. 

To  eomfwto  the  area  of  a  segment  of  a  drde  when  the  chord  and  versed  dae 
of  the  arc  and  the  ladioa  or  diameter  of  the  drde  are  given. 

,(The  versed  sine  is  the  distance  cd.  Fig.  33.) 

Rale  I.  When  the  segment  is  less  than  a  seaddrde.  (x)  Find  the  area  of 
the  sector  having  thl^'saine  arc  a4  the  segment.  (3)  Find  the  area  of  a  triangle 
formed  by  the  chord  of  the  segment  and  the  radii  of  the  sector.  (3)  Take  the 
difference  of  these  areas. 

Rale  a.  When  the  segBMnt  is  peater  than  a  semidrde.  Find,  by  the  pre- 
ceding rule,  the  area  of  the  lesser  portion  of  the  circle  and  subtract  it  from  the 
area  of  the  whole  drde.    The  remainder  will  be  the  area. 

To  cemswte  the  area  of  the  saifaee  of  a  sphere. 

Rale.  Muldply  the  diamctrr  by  the  drcumference.  The  product  wOl  bo 
the  area  of  the  surface. 
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SsuBpift.    Wb&t  is  theanaoftheaurfiaceof  asphere  loiBin'dianfeWr?' 

Soltttiaii.    Circumference  of  sphere-  xoX  3>i4i6- 31.4x6  in;    10X31.416 
•*  3x4.16  sq  in,  the  area  of  surface  of  sphere. 

To  comiNSte  the  totsl  area  of  the  surface  of  a  segment  of  a  sphere. 

Rule.    Multiply  the  height  {be,  Fig.  34)  by  the  circumference  of  the  sphere 

and  add  the  product  to  the 
area  of  the  base. 
To  find  the  area  of  the 
^4   base,  having  the  diameter 
of    the    sphere    and   the 
length  of  the  versed  sine 
of  the  arc  abd,  find  the 
length  of  the  chord  ad  by 
the  rule  on  page  58.    Hav- 
ing, then,  the  length  of  the 
p.     ji  chord  ad  for  the  diameter  p.     ^ 

Segment  of  Sphere         o{  the  base,  find  the  area  gone  of  Sphere 

of  the  base. 

Bzample.  The  height,  be,  of  a  segment  abd,  is  36  in,  and  the  diameter  of  the 
sphere  is  too  in  (Fig.  34).  What  is  the  area  of  the  convert  auzjEace  and  the  area 
of  the  whole  surface? 

Solution.    100  X  3-i4i6  «•  314.16  in,  the  circumference  of  ^here 

36  X  3x4-16  ~  11309-76  sq  in,  the  area  of  the  convex  surface 
100-  (36  X  a)  -  28 

Vxoo«  -  28*  -  96,  the  chord  ad 

96*  X  0.7854  -  7238.2464  sq  in,  the  area  of  the  base 

1x309.76  +  7338.2464  «  18548.0064  sq  in,  the  total  area 

To  compute  the  total  area  of  the  surface  of  a  t^ericel  soae. 

Role.  Multiply  the  height,  cd  (Fig.  35),  by  the  circumference  of  the  sphere 
(or  the  convex  surface  and  add  to  it  (he  area  of  the  two  ends  for  the  total  area. 

Spheroids,  or  EUipaoida  of  Revolotioii 

Deflaition.  Spheroids,  or  ellipsoids,  are  figures  generated  by  the  revolution 
of  a  semiellipse  about  one  of  its  diameters. 

When  the  revolution  is  about  the  long  diameter,  they  are  prolate;  and 
when  it  is  about  the  short  diameter,  they  are  oblate. 

A  PROLATE  SPHEROID  is  approximately  dgar-shaped  and  an  oblate  spheroid 
Is,  in  form,  somewhat  like  a  watch. 

To  compote  the  area  of  the  surface  of  a  spheroid. 
Let  a  -  >i  the  long  axis;  let  6  «  H  the  ^ort  axis; 


a*~b* 
let  — - —  -  e*    or 


-v^ 


Then,  the  area  of  the  surpace  op  the  oblate  spheroid 


—  2X0^  + 


e        \i-c/ 


and  the  area  of  the  surpace  op  the  prolate  spheroid 

sin~"^  tf 
-  3 T&"+  2 Tab • 
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In  the  fint  fonniik,  natural  L06ARiTH]i»iiiuit  b^^ised.'  The  nttUMt  loga- 
ntlia  may  be  obtaioed  by  imilUiilying  the  common  logarithm  by  a^oa.  The 
value  of  the  expression  sin"^  e  may  be  detennined  by  finding  the  angle  whose 
natural  sine  is  equal  to  0  and  dividing  this  angle  by 
57-3- 

Note.  Although  the  above  formulas  are  compli« 
cated,  no  simpler  rules  that  give  correct  results  can  be 
pvea.  __ 

To  eompote  tiie  area  of  the  ■oifece  of  a  cjUnder. 

Rale.  Multiply  the  length  of  the  cylinder  by  the 
circumference  of  one  of  the  ends  and  add  to  the 
product  the  areas  of  the  two  ends. 

To  coovttte  the  ana  of  a  dreular  ring  (Fig.  M).  ^^'^'    CircultrRing 

Rule.  Find  the  area  of  both  circles  and  subtract  the  area  of  the  smaller  from 
the  area  of  the  larger;  the  remainder  will  be  the  area  of  the  ring. 

To  compote  the  aree  of  the  enzface  of  a  oone. 

Role.  Multiply  the  drcumference  of  the  base  by  one-half  the  slant-height 
or  side  of  the  cone,  for  the  convex  area.  Add  to  this  the  area  of  the  base,  for 
the  whole  area. 

Bxample.  The  diameter  of  the  base  of  a  cone  is  3  in  and  the  slant-height  15  in. 
What  is  the  area  of  the  surface  of  the  cone? 

Sohrtlon.    3  X  3*1416  *    9*4348  *  circumference  of  base 

94348  X  7H  «"  70.686  sq  in  »  area  of  convex  surface 

3  X  3  X  0.7854        "-    7.068  sq  in  »  area  of  base 

Area  of  entire  surface  of  cone  ■■  77.754  sq  in 

To  eompote  the  area  of  the  nixface  of  the  frastnm  of  a  cone  (F!g.  ST). 

Role.  Multiply  the  sum  of  the  circumferences  of 
the  two  ends  by  the  slant-height  of  the  frustum  and 
divide  by  3,  for  the  area  of  the  convex  surface.  Add 
the  areas  of  the  two  ends. 

To  compote  the  area  of  the  tufface  of  a  pjxamid. 

Role.  Multiply  the  perimeter  of  the  base  by  one- 
half  the  slant-height  and  add  to  the  product  the  area 
of  the  base. 

To  compote  the  area  of  the  soiface  of  the  firaatem  of  a 
pyramid* 

Rtde.    Multiply  the  sum  of  the  perhneten  of  the 

two  ends  by  the  slant-height  of  the  frustum,  halve  the 

•^   »   «  « ^        pfodnct,  and  add  to  the  result  the  areas  of  the  two 

Fig.S7.  FnistumofCone   ^^ 

Menaiiration  of  SoUda  ' 

To  compote  the  fohune  of  a  priem.    (See  page  38  for  definition  of  a  prism.) 

Role.  Multiply  the  area  of  the  base  or  end  by  the  altitude  or  perpendicular 
height. 

This  rule  applies  to  prisms  with  bases  or  ends  of  any  shape,  as  long  as  these 
bases  or  ends  are  paraUeL 
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DrntatOaa.  A  priunmd  U  ■  lolid  with  pvalld  but  nncqiBl  e 
mod  with  diudriLUcnl  dde*. 

Std*.  To  tbc  sum  □(  the  tnts  of  the  two  endi  or  buca  *dd  f( 
area  of  the  middle  Kction  puillel  to  them,  and  multiply  thii  ram 
ol  the  altitude  oi  perpeodiculu  hdcbt. 


Fif .  U.    QiudiufuUi 


r«,  ».    PiiuiTnuiatcdObUqiiily 


Am  of  top 
Area  of  bottom 
Area  of  middle  se 


_8  +  6 
6-f  6 


SO  +  TO+t4X6o)J  X»-4flocuiQ 

Kota.  The  leogth  of  the  end  of  the 
middle  HctioD  (as  at  mm,  \a  Fig.  36)  - 

To  lad  the  mama  rf  a  ftlvB  ttnacatad 
ahliqaelji. 

Sak.  Multiply  the  area  oF  the  b*K  b/ 
the  average  height  al  the  cdgea. 

Bnaft*.  What  is  the  vohmie  of  a 
ttuQcated  prism  (Fi«.  39)  in  which  f/-S 
ia.Jli-iom.ta-  ioin.e>-  ii  in.  ^-lo 
in  «nd/»  -  8  in? 


.    Wtdfi  «  Rifbt  Triangalir 
Priun 

Average  height  of  edge 


Sdntiea.     Area   of    baw-6Xio-6o 
I0+H  +  8+10 


To 


the 


Rqgular  Po^faedfoos 
of  A  w«di»  or  right  triiagnlar 
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prinn  whon  tite 


Multiply  the  ana  of  one  end  by  the  length  of  the  wedge. 

To  cooKvate  the  volame  of  •  wedge  whea  tiie  oado  eie  not  penll^. 

Rule.  Add  together  the  lengths  of  the  three  edges,  ab,  cd  and  ef  (Fig.  40); 
multiply  their  sum  by  the  altitude  or  perpendicular  height  of  the  wedge,  and 
then  by  the  breadth  of  the  back,  and  divide  the  product  by  6. 

Regular  Polyhedroiu 

Doiaition.  A  regular  polyhedron  is  a  solid  contained  within  a  certain  num- 
ber of  -similar  ami  eqaal  piane  faees,  all  of  wliich-  are  equal  regular-  polygons. 
The  following  is  a  list  of  all  the  regular  polyhedrons: 

(x)  The  TETXAHEDftON.  OT  pjrnunid. 

(3)  The  HEXAHEDRON,  or  cube,  which  has  six  square  faces. 

(3)  The  OCTAHEDRON,  which  has  eight  triangular  faces. 

(4)  The  DODECAHEDRON,  which  has  twelve  pentagonal  faces. 

(5)  The  ICOSAHEDRON,  which  has  twenty  triangular  faces. 

To  compute  the  volume  <tf  a  regular  polyhedron. 

Rule  I.  When  the  radius  of  the  drcmnscribing  sphere  Is  given.  Multiply 
the  cube  of  the  radius  of  the  sphere  by  the  multiplier  opposite  to  the  polyhedron 
in  column  2  of  the  following  table. 

Sate  a.  Whoa  the  radius  of  the  ioacribed  sphere  Is  ^ven.  Multiply  the  cube 
of  the  radius  of  the  inscribed  sphere  by  the  multiplier  opposite  to  the  polyhedron 
in  column  3  of  the  table. 

Role  a*  Wban  the  area  of  the  surface  of  the  polyhedron  is  given.  Cube  the 
surface  given,  extnK:t  the  square  root,  and  multiply  the  root  by  the  multipliei 
opposite  to  the  polyhedron  in  column  4  of  the  table. 

Table  of  Factors  for  Determiniag  the  Volumes  of  Ptg»«*ff*  Pol^iodroas 


• 

Figure 

1 

Number 
of  aides 

% 

Factor  for 

volume  by 

radius  of 

elroamscnbing 

sphere 

S 

Factor  for 

volume  by 

radituof 

inscribed 

circle 

4 

Factor  for 

volume  by 

surface 

Tetrahedron 

Hemhedrr>n. , 

4 

6 
8 

12 
20 

0.5132 

1.5306 

1.33333 

2.78517 

2.53615 

13.85641 
8.0000 
6.0282 
5.55020 
5.66406 

0.0617 

0.06804 

0.07311 

0.06160 

0.0856 

Octahedron 

Dodecahedron 

loosahedron 

To  compute  the  velume  of  a  cjUader. 

Role.    Multiply  the  area  of  the  base  by  the  altitude  or  length. 

To  coiiBte  the  votame  of  c  eoae« 

Rate.    Multip^  the  area  of  the  base  by  oo^^iurd  the  altitude. 

To  cooipate  tke  vetame  ef  Ike  frushna  ef  a  cone  (Fig.  41). 

Rote.  Add  together  the  squares  of  the  diameten  of  the  two  ends  or  bases 
and  the  product  of  the  two  diameters;  multiply  this  sum  by  0.7854,  and  this 
product  by  the  altitude,  and  then  cUvide  this  last  product  by  3. 
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•*«o^  S*+3*-M.  3XS->S-  15  +  34-49. 
tht  MUD  of  tiw  tquaiM  of  tbe  two  diaraaten  added  to 
the  product  of  the  diunetera  of  tbr  cud*.  49  X  0.7854 
-  384S46. 

38.4846x9      _  ._ 


Sol*.    Multiply  the  ■reao/tbcbuc  by  the  altitude 
or  penvndlcular  belgbl,  and   take  ooe-lUrd  of  the 
I    product. 

To  compatt  the  toIucm  of  the  tnutain  of  a  pjtaald. 
Role.    Find  the  height  that  the  pxramid  would  be  it 
FI(.ll.  Fnutum of  Cone   the  top  were  put  OQ,  and  then  compute  the  volume  of 
the  completed  pyramid  and  the  volume  of  the  part 
added;  aubtract  the  latter  from  the  former,  and  the  remainder  will  be  the  volume 
of  the  fnutum. 
To  coafut*  the  nlnma  of  a  iiihtte. 
Hula.    Multiply  the  cube  of  the  diameter  by  0.3136. 
To  Eom^Bta  tht  vuliun*  of  ■  ieinnat  of  a  apher*. 

Bota  I.    To  three  times  the  square  of  the  radiui  of  its  baM  add  the  square  ol 
iU  height;  multiply  thii  sum  by  tbe  height  and  the 
product  by  0.5136. 

Rnla  1.  From  three  timca  the  diameter  of  the 
sphere  lublract  twice  the  bright  of  tbe  segment; 
multiply  this  tcmainder  by  the  square  of  the  height 
and  the  product  by  a.5336. 

Bxam^a.  The  segment  of  a  sphere  tits  a  radius, 
ae  (Fig.  42),  of  7  in  for  its  base,  and  a  hdght,  cb.  of 
4  in:  what  is  its  volume? 

SslotlaB.     (By  Rule  1.)     3X7'-  '47,  and  147  +  4' 
-  i63.orthreetimesthesquareof  theradiusotthe   Fig.4I.    Segmial  of  Sphere 
buc   plus   the   square   ol    the   height.    ie3X4X 

0.5336—341-3871    cu    in— the    volume   o(    tbe 

Secoad  Soltnioa.  By  the  rule  for  finding  the 
diameter  of  a  circle  when  a  chord  and  its  veraed 
sine  are  given,  we  find  that  the  diameter  of  the 
sphere  in  this  case  ii  16.15  ''^i  then,  by  Rule  3, 
<3X  16.1s)- (IX  4)- 4075;  and  40-7S  X  4'  X 
o  5136  -  341.5871    cu    in,    the    volume    of    the 

To  eomputa  Ika  nlaaH  <f  a  aiAMled  mm. 
DaflBttlaii.    The  part  of  a  sphere  includad  be- 
tween two  paialld  planes  (Fig.  43). 
Rda.    To  the  sum  of  the  squares  of  the  radii  of  the  two  eoda  add  one-third 
cf  Che  square  of  the  height  of  tbe  taat;  multiply  llus  sum  by  tbe  height  and  that 
product  by  1.5708. 


Figures  of  Bevvlutioa  and  Imgukr  Figures  06 

■  tnUtB  tifiaraU.     {Set  page  60.) 
Rule.    Multiply  Ihe  square  of  the  short  axis  by  Ihe  long  aiis  and  this  product 

by  o^ij6. 

Tv  compota  lbs  irolBme  of  u  sblate  ifhanid. 

RbIb.    Muitii:4y  the  square  of  the  toagaiii  by  the  short  axil  Bodthl*  product 

by  0.5 1  j6. 

To  CMBpdtg  tha  Tolaina  of  a  tBiabidoid  of  rSTolntini  (7ic.  U). 

RdI*.  Multiply  the  area  of  the  base 
byhalftheallitude. 

To  compiUe  the  Toliune  of  ■  bipeibo- 
loid  edgTUDtion  (Fig.  U). 

Sula.  To  the  square  of  the  radius 
of  the  base  add  The  square  of  Ihe 
middle  diameter;  multiply  th[i  sum 
by  the  height  and  the  product  by 
"S'i^.  P]g    ^^      pj„|^    Fig.  «.     Hyperboloiil 

Ts  rampiiM  Om  TOhuda  of  aii7  flgnre     bid  of  Revolulkm  ai  Revoliiiign 

Hal*.     Multiply  the  area  of  the  generatioj;  surface  by  the  circumference 

described  by  fts  center  of  gravity. 

To  cuBpoM  tiw  tMbdw  oI  *b  ananitfon.  where  the  cronnd  ii  irragulai  asd 

the  bottom  of  the  excavation  la  level  (Fig.  M). 

Rule.     Dtvide  the  surface  of  the  gtouni!  to  be  excavated  unto  equal  squares 

ol  about  iQ  ft  on  a  Mde,  and  ascertain  by  means  of  a  level  the  height  of  each 

comer,  <i.  <],  a,  A,  A.  i.  etc.,  above  the  level  to  which  the  ground  is  to  be  excavated. 

Thai  add  together  the  heights  of  all  the  comers  that  come  in  one  square  only. 
Next  take  twice  the  sum  of  the 
heights  of  all  the  cotoera  that 
come  in  two  squares,  as  i,  b.  b; 
next  three  times  the  lum  of  the 
heights  of  all  the  comers  that 
come  in  three  squares,  as  c.  c,  t; 
and  then  four  times  the  sum  of 
the  heights  of  all  the  comers 
that  bdong  to  four  squares,  as 
d.  i,  i,  etc.  Add  together  all 
these  quantities,  and  multiply 
thdr  sum  by  one-fourth  the  area 
of  one  of  the  squares.  The 
result  will  be  the  volume  of  the 


t;. i V \ \ ilo 


Fig.  4S. 


BiaiapU.     Let  the  plan  of  an  escavatlon  for  a  cellar  be  as  shown  in  Fig.  46, 
and  the  heights  of  each  corner  above  the  proposed  bottom  of  the  cellar  be  as 
given  by  the  numbers  In  tbe  figure.    Then  the  volume  of  the  cellsi  will  be  aa 
fuUowT,  Ihe  area  of  each  square  bdng  10  X  10  •  loo  »]  ft: 
Vidume-  Mof  ioo(o'a  +  ai'j  +  jf's  +  4'''s) 

The  a's  La  this  case  -4  +  6  +  3  +  »+>  +  7  +  4       -S7 

3X  the  sumol  the  *'s- ax  b  +  6+ 1  +  4  +  3  +  4)    -  4J 

jXthesumof  thee's- jX(i  +  3  +  4)  -'4 

4XtliesumQf  theirs-4XU  +  3  +  6  +  3)  ^Ji 

US 

Vcdume  -  9J  X  i45  -  3  Si5  cu  ft.  the  quantity  of  earth  to  be  excavated. 
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4.  GEOMETRICAL  PROBLEMS 

Problem  i.    To  bisect,  or  divide  into  eqnal  parts,  a  given  line,  ab  (Ffg.  4T). 

From  a  and  b,  with  any  radius  greater  than  half  of  ab,  describe  arcs  inter- 
aecting  in  c  and  d.  The  line  cd,  connecting  these  intersections,  will  bisect  ab 
and  be  perpendicular  to  it. 


^ 


Fig.  47.    Line  Bisected 


.>' 


''  / 


Fig.  48.    Peniendicular  from    Fig.   49.      Perpendicular 
Point  to  Given  Line  from  Point  to  Given  Line 


Problem  a.  To  draw  a  perpendicular  to  a  given  straight  line  from  a  point  with- 
out it. 

First  Method  (Fig.  48).  From  the  point  a  describe  an  arc  cutting  the  line 
be  in  two  places,  as  t  and  /.  From  c  and  /  describe  two  arcs,  with  the  same 
radius,  intersecting  in  g\  then  a  line  drawn  from  a  to  ^  is  perpendicular  to  the 
line  be. 

Second  Method  (Fig.  49).  From  any  two  points,  d  and  c,  at  some  distance 
apart  in  the  given  line,  and  with  radii  da  and  ca  respectively,  describe  arc 
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Fig.  fiO.    Perpendicular  from  Point 
in  Given  Line 


"Fig.  61.  Perpendicular 
from  Extremity  of 
Given  Line 


cutting  at  a  and  t.  Draw  at,  which  is  the  perpendicular  reequired.  This 
method  is  useful  where  the  given  point  is  opposite  the  end  of  the  line,  or  nearly 
so. 

Problem  3.  To  draw  a  perpendicular  to  a  straight  line  from  a  given  point,  a, 
in  that  line. 

Ftrat  Method  (Fig.  80).  With  any  radius,  from  the  given  point  a  in  the  line, 
describe  arcs  cutting  the  line  in  the  points  b  and  c.  Then  with  b  and  c  as  centers, 
and  with  any  radius  greater  than  ah  or  ac,  describe  arcs  cutting  each  other  at 
d.    The  line  (ia  a  the  perpendicular  reouired. 
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tff 


a  I, 

Fig.    52.      Peipendiculw 
fmin  Extfcmity  of  Given 

Laoe 


Second  Mttliod  (Fif.  si)*  wim  tfw  Kirta  pdat  ic  «t  tiM  Mid  of  tte  line. 

From  any  point,  b,  outside  of  the  line,  and  with  a  radius  ba,  describe  a  semi- 

drde  passing  through  «  and  cutting  the  given  line 

at  d.    Through  6  and  d  draw  a  straight  tine  inter- 
secting the  semidrde  at  e.    The  line  ea  will  then  be 

perpendicular  to  the  line  ac  at  the  point  a. 
Third  Method  (Pig.  tS),  or  the  s,  4  and  s  Motfaod. 

From  the  point  a  on  the  given  line  measure  off  4  in, 

or  4  ft,  or  4  of  any  other  unit  and  with  the  same  unit 

of  measure  describe  an  arc,  with  a  as  a  center  and 

3  units  as  a  radius.    Then  from  b  describe  an  arc 

with  a  radius  of  5  units,  cutting  the  first  arc  in  c. 

Then  ca  is  the  perpendicular  required.    This  method 

is  particularly  useful  in  laying  out  a  right  angle  on 

the  ground,  or  framing  a  house  where  the  foot  is  used  as  the  unit  and  the  lines 

are  laid  off  by  the  straight-edge. 
In  laying  out  a  right  angle  on  the  ground,  the  prpportions  of  the  triangle  may 

be  30,  40  and  50,  or  any  other  multiple  of  3,  4  and  5;  axxl  it  can  best  be  laid 

out  with  the  tape.    Thus,  first  measure  off,  say  40  feet  from  a  (Fig.  52)  on  the 

given  line;  then  let  one  person  hold  the  end  of  the  tape  at  b,  another  hold  the 

tape  at  the  8o>f t  mark  at  a,  and 
a  third  person  taice  hold  oi  the 
tape  at  the  50-f  t  mark,  with  his 
thumb  and  finger,  and  pull  thn 
tape  taut.  The  50-ft  mark  will 
then  be  at  the  point  c  in  the  line 
of  the  perpendicular. 

Problem  4.  To  draw  a  straight 
line  parallel  to  a  given  line  at  a 
given  distance  away  (Fig.  U). 


e 

T 


a  b 

Fig.  53.    Straight  line  Paralkl  to  Given  Line 


From  any  two  points  near  the  ends  of  the  given  line  describe  two  arcs  about 
opposite  the  given  line.  Draw  the  line  cd  tangent  to  these  arcs  and  it  will  be 
parallel  to  ab. 

ProUcm  s*    T^o  eonatract  an  angle  equal  to  a  given  angle  (Fig.  i4). 

Ulth  the  point  A,  at  the  apex  of  the  given  angle,  as  a  center,  and  any  radius, 
describe  the  arc  BC.    With  the  point  a,  at  the  vertex  of  the  new  angle,  as  a 


B        a 
Fig.  54.    Angle  Equal  to  Given  Angle 


Fig.  65.    Angle  of  60* 


center,  and  with  the  same  radius  as  before,  describe  an  arc,  as  BC.  With  BC 
as  a  radius  and  6  as  a  center,  describe  an  arc  cutting  the  other  arc  at  c.  Then 
will  cab  be  equal  to  the  given  angle  CAB. 

FroUem  6,  From  a  point  on  a  given  line  to  draw  a  Une  making  an  angle  of 
60**  with  the  given  ttne  (Fig.  N). 

Take  any  distance,  as  ofr,  as  a  radius,  and  with  a  as  a  center,  describe  the  arc 
V.    With  5  as  a  center  and  with  the  same  radius,  describe  an  arc  cutting  the 
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Fig.  56.    Angle  of  45* 


(kit  OM  at«.    DxMr  from  a  a  line  tluousii  o  uui  it  will  make  with  nb  an  an^le 
o£6q*. 

ProblMii  7*    From  a  giToa  pointi  A«  ob  a  givwi  liao,  AB,  to  draw  a  Uqo  mafcing 
an  angle  45**  wiih  the  gifon  Una  (Fig*  §•)• 

Measure  off  from  A,  on  AE,  any  distance,  Ah,  and 
at  6  draw  a  line  perpendicnlar  to  AE.  Measure  off 
ontkb  perpendicalar  be  equal  to  Ab  and  draw  a  line 
from  A  tfarou^  c.  This  line  Ae  wHl  make  an  angle  of 
45*  with  AE. 

PreUem  8.  Firom  any  point.  A,  on  a  g^Ten  line,  to 
draw  a  Hne  which  will  make  any  desired  angle  with  the 
giren  line  (Fig.  IT). 

To  solve  this  problem  the  tables  of  chords'on  pages  8z 
to  89  are  used.  Find  in  the  table  the  length  of  chord 
to  a  ra<fias  x,  for  the  given  angle.  Then  take  any 
radius,  as  large  as  convenient  and  describe  an  arc  of  a  circle  be,  with  X  as  a 
center.  Multiply  the  chord  of  the  angle,  found  in  the  table,  by  the  length  of 
the  radius  Ab,  and  with  the  product  as  a  new  radius  and  with  6  as  a  center, 
describe  a  short  arc  cutting  be  in  d.  Draw  a  line 
from  A  through  d  and  it  will  make  the  required 
angle  with  DE. 

Bzample.    Draw  a  line  from  A  on  DE,  making 
an  angle  of  44*  40'  with  DE  (Fig.  67). 

Solution.  The  largest  convenient  radius  for  the 
arc  is  8  in.  With  ii  as  a  center  and  8  in  as  a 
radius,  describe  the  arc  be.  In  the  table  t>f  chords, 
the  chord  for  an  angle  or  arc  of  44^  40'  to  a 
radius  i  is  0.76.  Multiplying  this  by  6  in,  the 
length  of  the  new  radius  is  6.08  in;  and  with  this  as  radius  and  with  6  as  a 
center,  describe  an  arc  cutting  be  ind.    Ad  will  be  the  line  required. 

Problem  8a.    To  lay  off  a  given  angle  approximately,  by  means  of  an  ordinary 
two-foot  rule. 


A 

Fig.  57.    Line  Making  Any 
Aiigle  with  Given  Line 


Tables  of  Ang!tes  Ceweeponding  to  Openisgs  of 

a  Two*Foot  Bule* 

In. 

1 

Dog.  Min. 

In. 

«  •  • 

Deg.  Min. 

In. 

4H 

Deg.  Min. 

In. 

•  •  • 

Deg.  Min. 

In. 

8?i 

Dec.  Min. 

1    12 

11    22 

21    37 

32     3 

42   46 

■  • 

1    48 

\  i 

IH 

11    58 

•  •  ■ 

22    13 

m 

32    40 

43    24 

^ 

2    24 

•  • 

12    34 

94 

22    50 

•  •  ■ 

33    17 

9 

44     3 

•  ■ 

3    00 

H 

13    10 

•  ■  • 

23    27 

7 

83    54 

44    42 

W 

3    30 

•  • 

13    46 

5 

24      3 

•  •  • 

34    33 

i'i 

45    21 

*  • 

4    11 

'i 

14    22 

•  •  ■ 

24    39 

H 

35    10 

45    59 

1 

4    47 

•  • 

14    58 

M 

25    16 

•  •  • 

35    47 

H 

46    38 

•  • 

6    23- 

t 

H 

15    34 

•  •  • 

25    58 

H 

86    25 

♦  .. . 

47    17 

H 

5    58    i! 

w    • 

16    10    1 

H 

26    30 

*  •  • 

37     3 

!  9i 

47    56 

•  ■ 

6    34    1 

H 

16    46 

•  •  • 

27      7 

H 

37    41 

1  ... 

48   35 

H 

7    10 

17    22 

h 

27    44 

■  «  • 

38    19 

10 

49    15 

•  • 

7    49 

r* 

17    59 

•  •  • 

28    21 

8 

38    57 

49    54 

H 

8    22 

•  • 

18    36 

6 

28    58 

•  »  ■ 

39    35 

M 

50   34 

■  •  • 

8    58 

i 

19    12 

•  •  • 

»    35 

H 

40    13 

51    13 

2 

9    34 

>  • « 

10    48 

H 

80    11 

•  *  • 

40    51    |t     H 

51    58 

«  ■  • 

10    10 

H 

20    24 

•  •  • 

30    49 

h 

41  29    ,,  ... 

42  7 

1  ••• 

52   33 

H 

10    46 

1  •  • 

21    00 

H 

31    26 

•  •  • 

*  Tnnitwlns. 
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Lay  one  les  of  the  rule  on  the  paper  or  board  with  its  inner  edge  coinciding 
with  the  given  line.  Open  the  rule  until  the  distance  between  the  inner  edges  at 
the  ends  correspond  with  that  given  for  the  angle  in  the  following  table;  then 
draw  a  Une  by  marking  along  the  inser  edge  of  the  other  Ieg»  an^  it  will  give  the 
desired  angle  within  a  veiy  dose  approzi- 
matifin  •        ^^^B 

Problem  9.  To  Uaact  a  given  angle,  aa 
BAG  (Fig.  ft). 

With  i4  as  a  center  and  any  radius, 
describe  an  arc,  as  cb.  With  c  and  b  as 
centers,  and  any  radius  greater  than  one- 
half  of  cb,  describe  two  arcs,  intersecting 

in  d.    Draw  from  A  a  line  through  d  and  -..    .«     *    1   «•  _^  j 

it  wifl bisect  the  angle  B^C.  ^«-"-    AngleB»ecud 

Problem  10.    To  bisect  the  an^e  induded  between  two  lines,  as  AB  and  CD, 
when  the  vertaz  of  the  angle  is  not  on  the  drawing  (Fig.  N). 

Draw/e  parallel  to  AB  and 
cd  parallel  to  CD,  so  that  the 
two  lines  intersect,  as  at  i. 
Bisect  the  angle  eid,  as  in  the 
preceding  problem,  and  draw 
a  line  through  i  and  0  which 
will  bisect  the  angle  between 
the  two  given  lines. 

Problem  xr.    Ttarengh   two 
given    potaUa,   B    and    C,    to 
deacribe  an  aic  of  a  eirde  with 
.Q   a  given  nidiiia  (Fig.  60). 

Fig.  19.    Angle  Bisected.    Angle  not  oa  Drawing         With  B  and  C  as  centers 

and  with  a  radius  equal  to  the 
given  radius,  describe  two  arcs  intersecting  at  A.  With  i4  as  a  center  and  the 
same  radius,  describe  the  arc  be,  which  Wt&  pass  through  the  given  points,  B  and  C. 

Problem  xs.  To  find 
the  center  of  a  given 
dcde  (Fig.  tl). 

Draw  any  chord  in  the 
drde,  as  ab,  and  bisect 
this  chord  by  the  per- 
pendicular cd.  Thb  line 
will  pass  through  the 
center  of  the  drde  and 
tf  will  be  a  diameter  of 

the  drde.    Bisect  rf,  and  the  center  0  will  be  the 

center  of  the  drde. 


Fig.  00.  Circular  Arc  Through 
Two  Given  Points 


Fig.  61. 


Center  of  Givea 
Circle 


Pwbtam  xj*    To  ikaw  a  dccolar  arc  llvoygh  three 
given  poiata,  as  A,  B  and  C  (Fig.  M). 

Draw  Ibies  from  A  toB  and  from  B  to  C.    Bisect 
AB  and  BC  by  the  lines  «a  and  ce  and  prolong  these  lines  until  they  intersect 
at  «,  wUcfa  will  be  the  center  for  the  arc  sought.    With  0  as  a  center  and  Ao 
as  a  radius,  deeciibe  the  arc  ABC. 
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Fig.  62.    Circalar  Arc  Through 
Three  Given  PoinU 


Fig.  63.    Frame  for  Drawing  CiicuUz  Arc 


Probtem  14.  To  dwcribe  n  circular  are  paasing  tfarotigh  thre«  clven  points 
when  the  center  is  not  aysilable,  by  means  of  a  tcian^e  (Fig.  6S). 

Let  A  y  B  and  C  be  the  given  points.  Insert  two  sti£f  pins  or  nails  at  A  and  C. 
Place  two  strips  of  wood,  SS,  as  shown  in  the  figure,  one  against  i4,  the  other 
against  C,  and  inclined  so  that  their  intersection  shall  come  at  the  third  point, 
B.  Fasten  the  strips  together  at  their  intersection  and  nail  a  third  strip,  T, 
to  their  other  ends,  so  as  to  make  a  firm  triangle.  Place  the  pencil-point  at  B, 
and,  keeping  the  edges  of  the  triangle  against  A  and  C,  move  the  triangle  to  the 
left  and  right.    The  pencil-point  will  describe  the  required  arc 

When  the  points  A  and  C  are  at  the  same  distance  from  B,  if  a  strip  of  wood 
is  nailed  to  the  triangle,  so  that  its  edge  de  is  at  right-angles  to  a  line  joining 
A  and  C,  as  the  triangle  is  moved  one  way  or  the  other,  the  edge  de  wHl  always 
point  to  the  center  of  the  d^^.    This  principle  is  used  in  linear  perspective. 

Probtem  15.  To  daecribe  a  circular  arc  which  will  be  tangent  at  a  given  point. 
A,  to  a  straight  line,  and  pass  through  a  given  point,  C,  oatside  the  line  (Fig.  M). 

Draw  from  A  a  line  perpendicular  to  the  given  line.  Connect  A  and  C  by  a 
straight  line  and  bisect  this  line  by  the  perpendicular  ac.  The  point  where  these 
two  perpendiculars  intersect  is  the  center  of  the  circle. 

A 


Fig.  64.     Circular  Arc  Tangent 
to  Line  at  Given  Point 


Fig.  6&.    Reversed  Curve  Between  Parallel  Lines 


Problem  16.  To  connect  two  parallel  lines  by  a  reversed  carve  composed  of 
two  circular  arcs  of  equal  radius,  and  tangent  to  the  lines  tt  ilven  points,  as  A 
and  B  (Fig.  M). 

Join  A  and  B  and  divide  the  line  into  two  equal  parts  at  C.  Bisect  CA  and 
CB  by  perpendiculars.  At  A  and  B  erect  perpendiculars  to  the  given  lines,  and 
the  intersections  a  and  b  will  be  the  centers  of  the  arcs  composing  the  required 
curve. 
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/ 


/ 


\\l 

Fig.  60.    Curve  oC  Three  Circular  Arcs 


Z7>  On  a  fivtn  line,  a  AB  (Flc.  M)»  to  eonsCmct  a  compound  cure 
of  three  axes  of  circles,  the  radii  of  the  two  aide  arci  being  equal  and  of  ^  gjyen 
IfiBSy^  <uid  their  centen 
being  in  the  giren  line.  The 
central  arc  is  to  pass  through 
a  givmi  point,'  C»  on  the  per- 
pendicular bisecting  the  g^ven 
line,  and  is  to  be  tangent  to 
the  other  two  arcs. 

Draw    the    perpendicular 

CD.    Lay  off  Aa,  Bb  and  Cc, 

each  equal  to  the  given  radius 

of  the  side  arcs;  4raw  ac\ 

bisect  tf£  by  a  perpendicular. 

The  intersection  of  this  line 

with   the  perpendicular  CD 

is  the  required  center  of  the 

central  arc.     Through  a  and  h  draw  the  lines  Dc  and  De'\  from  a  and  6,  with 

tile  given  radius,  equal  to  Aa,  Bb,  describe  the  arcs  Ae*  and  Be\  from  D  as  a 

center,  and  with  CD  as  a  radius,  describe  the  arc  eC«' 
which  completes  the  curve  required. 

Problem  i8.  To  con- 
struct a  triangle  upon  a 
given  straight  line  or  base, 
the  length  of  the  two  sides 
bemg  given  (Figs.  tT  and 
•8). 

First.    An  equilateral  tri- 
angle (Fig.  67).    With  the 
extremities  A  and  B  of  the  given  line  as  centers  and  with  ^4^  as  a  radius, 
describe  arcs  cutting  each  other  at  C.    Join  AC  and  BC. 

Second.    A  scalene  triangle  (Fig.  C8).    Let  AD  he  the  given  base  and  the  other 
•two  sides  be  equal  to  C  and  B.    With  i?  as  a  center,  and  with  a  radius  equal  to 

C,  describe  at  £  an  arc  of  indefinite  length.  With 
^  as  a  center  and  with  .0  as  a  radius,  describe  an  arc 
cutting  the  first  at  £.  Join  E  with  A  and  D. 
ADE  is  the  required 
triangle. 

Problem    X9.      To 
describe  a  circle  about 

^6    a  triangle  (Fig  69). 

Bisect  two  of  the 
sides,  as  i4C  and  CB, 


Fig.  67.    Equilateral  Tri- 
an^  on  Given  Base 


Fig.  8S. 


Scalene  Triangle  on 
Given  Base 


Fig 


09.    Trianide  and  Cir- 
cumscribed Cirde 


of  the  triangle,  and    Fig.  70.    Triangle  and  Inscribed 
at  their  centers,  erect  Circle 

perpendicular    lines, 
as  ae  and  he,  intersecting  at  e.    With  e  as  a  center,  and  K7  as  a  radius,  describe 
a  circle.    It  will  pass  through  A  and  B. 
Problem  ao.    To  inscribe  a  circle  in  a  triangle  (Fig.  70). 
Bisect  two  of  the  angles,  A  and  B,  of  the  triangle  by  lines  cutting  each  other 
at  o,    Witii  0  as  a  center,  and  with.  00  as  a  radius,  describe  a  drde.    It  will  be 
taiiflnent  to  thgt  other  two  sides. 


i 
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Problem  ai.    To  lasaibe  a  ■quare  in  m  drdo  tad  to  deaerfbo  a  drde  about  a 
■qoare  (Fig.  71). 

To  inacribe  the  aqaare.    Draw  two  diameters,  AB  and  CD,  at  right-angles 
to  each  other.    Join  the  points  A,  D,  B  and  C.    ADBC  is  the  inscribed  square. 

To  describe  the  circle.    Draw  the  diagonab  as  before,  intersecting  at  E,  and 
with  £  as  a  center  and  AE  as  a  radius,  describe  the  circle. 

A  6 


Fig.  71.    Inscribed  Square  and 
Circumscribed  Circle 


Fig.  72.    lascribed  Circle  and 
Circumscribed  Square 


Problem  aa.  To  inscribe  a  ctrde  hi  a  aouare  tiid  to  describe  a  square  about  a 
circle  (Fig.  7S). 

To  inscribe  the  circle.  Draw  the  diagonals  AB  and  CD,  intersecting  at  E. 
Draw  the  perpendicular  EG  to  one  of  the  sides.  Then  with  £  as  a  center,  and 
EG  as  a  radius,  describe  a  drcle.  It  will  be  tangent  to  all  four  sides  of  the 
square. 

To  describe  the  square.  Draw  two  diameters,  AB  and  CD,  at  right-angles 
to  each  other,  and  prolonged  beyond  the  circumference.  Draw  the  diameter 
GF,  bisecting  the  angle  CEA  or  BED.  Draw  lines  through  G  and  P  perpen- 
dicular to  GF,  and  terminating  in  the  diagonals.  Draw  AD  and  CB  to  com- 
plete the  square. 

Problem  aa.    To  hucribe  a  pentagon  in  a  drde  (Fig.  TS). 


Fig.  73.    Cirde  and  Inscribed 
Pentagon 


Fig.    74.     Cirde    and    Inscribed 
Hexagon 


Draw  two  diameters,  AB  and  CD,  at  right-angles  to  each  other.  Bisect  AO 
at  E.  With  £  as  a  center  and  EC  as  a  radius,  cut  OB  at  P.  With  C  as  a  center 
and  CF  as  a  radius,  cut  the  circle  at  G  and  //.  With  these  points  as  centers  and 
the  same  radius,  cut  the  cirde  at  /  and  /.  Join  /,  /,  G,  C  and  H.  IJGCHI  is 
the  inscribed  regular  pentagon. 
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Problem  34.    To  ioicribo  &  rogokr  liozBtoiilii  a  cirda  (fig,  74). 

Lay  off  on  the  circumference  the  radius  of  the  circle  six  times,  and  connect 
the  points. 

Koblem  as.  To  construct  a  regular  hezagon  njKMi  a  giTen  straight  Une,  AB 
(Fig.  75). 

From  A  and  B,  with  a  radius  equal  to  i4B,  describe  arcs  intersecting  at  O. 
With  O  as  a  center  and  a  radius  equal  to  A  B,  describe  a  drde,  and  from  A  or 
B  lay  off  the  lengths  BC,  CD,  DE,  EP  and  FA  on  the  drcumference  of  the  circle. 
ABCDEFA  is  the  required  regular  hexagon. 


Fig.  7i.   Regular  Hexagon  00  Given 
Line 


Fig.  76.    Regular  Octagon  on  Given 
Line 


Problem  a6.  To  construct  a  regular  octagon  upon  a  given  straight  line,  AB 
(Fig.  76). 

Produce  the  line  AB  both  ways  and  draw  the  perpendiculars  Aa  and  Bb,  of 
indefinite  length.  Bisect  the  external  angles  at  A  and  B  and  make  the  length 
of  the  bisecting  lines  equal  to  AB.  From  H  and  C  draw  lines  parallel  to  i4a  or 
Bb  and  equal  in  length  to  AB.  From  G  and  D  as  centers  describe  arcs,  with 
a  radius  AB,  cutting  the  perpendiculars  Aa  and  Bb  ia  F  and  £.  Draw  GP, 
FE  and  ED.    ABCDEFGHA  is  the  required  octagon. 


Fig.  77.    Square  and  Inscribed 
RcguUr  GcUgoa 


Fig.  78.    Circle  and  Inscribed 
Regular  Octagon 


Problem  37*    To  conifrttct  a  regular  octagon  in  a  aipiare  (Fig.  77). 

Draw  the  diagonals  AD  and  BC  and  from ^4,  B,  C  and  D,  mth  a  radius  equfl^ 
to  AO,  describe  arcs  cutting  the  sides  of  the  square  in  a,  h,  c,  d,  e,  f,  k  and  i 
Draw  at,  hf-  eff  and  eb.    oilrfedcba  is  the  required  octagon. 
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Problem  38.    To  inKribo  a  regolM  octagon  In  n  cirdo  <Fic*  T8). 

Draw  two  diameters,  AB  and  CD,  at  right-angles  to  each  other.  Bisect  the 
angles  AOD  and  AOC  by  the  diameters  EP  and  GH,  AEDilBFCGA  is  the 
required  octagon. 

Problem  29.    To  inscribe  a  circle  within  a  regular  polygon. 

First.    When  the  polygon  has  an  even  number  of  sides,  a»  in  Kg.  79.    Bisect 

two  opposite  sides  at  A  and  B,  draw  AB  and  bisect  it  at  C  by  a  diagonal,  DE^ 
connecting  two  opposite  angles,  as  D  and  E.  The  circle  drawn  with  a  radius 
^**  and  with  C  as  a  center  is  the  inscribed  circle  required. 


Fig.  79.  Regular  Polygon,  Even 
Number  of  Sides,  with  Inscribed 
and  Circumscribed  Circles 


Fig.  90.  Regular  Polygon.  Odd 
Number  of  Sides,  wilh  In- 
scribed and  Circumscribed 
Circles 


Second.  When  the  nvmber  of  skies  is  odd,  as  in  Fig.  80.  Bisect  two  of  the 
adjacent  sides  as  at  /I  and  B,  and  draw  linos,  ^£  and  BD^  to  the  opposite  angles, 
and  intersecting  at  C.  The  circle  drawn  with  C  as  a  center  and  CA  as  a  radius 
is  the  inscribed  circle  required. 

Problem  30.    To  draw  a  circumscribing  circle  around  a  regular  polygon. 

First.  When  the  number  of  sides  is  even,  as  in  Fig.  79.  Draw  two  diagonals 
from  opposite  angles,  as  ED  and  Gil,  intersecting  at  C.  The  circle  drawn  with 
C  as  a  center  and  with  CD  as  a  radius  is  the  circumscribing  circle  required. 

Second.  When  the  number  of  sides  is  odd,  as  in  Fig.  80.  Determine  the 
center,  C,  as  in  the  last  problem.  The  circle  drawn  with  C  as  a  center  and  CD 
as  a  radius,  is  the  circumscribing  circle  required. 


Problems  on  the  Ellipse,  the  Parabola,  the  Hyperbola  and  the 

Cycloid 

The  EUipae 

Problem  31*  To  describe  an  ellipse,  the  length  and  breadth,  or  the  two  azes^ 
being  given. 

First  Method  (Fig.  81),  the  two  axes,  AB  and  CD,  befaig  given.  On  AB  and 
CD  as  diameters  and  from  the  same  center,  O,  describe  the  circles  AGBIJ  and 
CLDK.  Take  any  convenient  number  of  points  on  the  circumference  of  the 
outer  circle,  as  b,  b\  h'\  etc.,  and  from  them  draw  lines  to  the  center,  O,  cutting 
the  inner  circle  at  the  points  a,  a',  a",  etc.,  respectively.  From  the  points 
i>  h\  etc.,  draw  lines  parallel  to  the  shorter  axis  CD\  and  from  the  points  a» 
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a*,  etc.,  draw  lines  pttnllel  to  the  longer  axis  AB,  and  Intenecting  the  first  set 
of  lines  at  e,  c',  if\  etc.  These  last  points  will  be  points  in  the  ellipse,  and  by 
determimng  a  sufficient  number  of  them,  the  ellipse  can  be  drawn. 


Fig.  81.    Ellipse  Described  on  Given  Axes. 


Seeood  Method  (Fig.  tt) .  Take  the  straight-edge,  made  of  a  stiff  piece  of  paper, 
cardboard  or  wood,  and  from  some  point  as  a,  mark  off  ab  equal  to  half  the 
shorter  diameter  CD,  and  ac  equal  to  half  the  longer  diameter  AB.  Place 
the  straight-edge  so  that  the 

point  6  is  on  the  longer  and  0 

the  point  c  on  the  shorter 
diameter.  Then  will  the  pomt 
a  be  over  a  point  in  the  ellipse. 
Make  on  thie  paper  a  dot  at  a 
and  move  the  straight-edge 
around,  always  keeping  the 
points  h  and  c  over  the  major 
and  minor  axes  respectively. 
In  this  way  any  number  of 
points  in  the  eUipse  may  be 
determined  and  the  eDIpse 
drawn. 

TUrd    Method     (Hg.    tt). 
Given,  the  two  axea,  AB  and 
CD.    From  the  point  D  as  a 
center,  and  a  radius  AO^  equal  to  one-half  of  ABt  describe  an  arc  cutting  AB 
at  ¥  and  F'.    These  two  points  are  called  the  fod  of  the  ellipse. 

Hola.    One  property  of  the  eUipse  is,  that  the  sums  of  the  distances  of  any 
two  points  on  the  drcumfcrenoe from  the  fod  are  the  same.    Thus  F'D-^DF  •" 


Fig.  82.    EUipae  Described  with  Straight-Edge 
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Fix  two  pins  in  the  azb  AB  at  P  and  F*  and  loop  upon  thaa  a  thread,  of 
cord  equal  in  length,  when  fastened  to  the  piofl»  to  AB,  so  as,  when  stretched 

as  per  dotted  line  FDF'^  it 
will  just  reach  to  the  extremity 
D  of  the  short  axis.  Place  a 
pendl-point  inside  thie  chord, 
as  at  E,  and  move  the 
pencil  along,  keeping  the  cord 
stretched  tight.  The  pendl- 
point  will  trace  the  ellipse 
required. 

• 

Problem  3a.  To  draw  a  tut- 
geat  to  an  eUipse  at  a  given 
point  on  the  curve  (Fig.  84). 

Let  it  be  required  to  draw 
a  tangent  at  the  point  E  on 
the  ellipse  shown.  First  de- 
termine the  fod  F  and  f"  as  in 
the  third  method  for  describing 
an  ellipse,  and  from  E  draw 
lines  EF  and  EF*,  Prolong  EF'  to  a,  so  that  Ea  equals  EF.  Bisect  the  angle 
aEF  by  describing  arcs  from  a  and  F  as  centers,  as  shown  at  6,  and  through  b 
draw  a  line  through  E.  This  line  is  the  tangent  required.  If  it  is  required  to 
draw  a  line  normal  to  the  curve  at  £,  as,  for  instance,  the  joint  of  an  elliptical 


Fig.  83.    Ellipse  Described  with  String  and  Pencil 


Fig.  84.    Tangent  Drawn  to  Point  on  Ellipse 


arch,  bisect  the  angle  FEF*,  and  draw  the  bisecting  line  through  £,  and  it  will 
be  the  normal  to  the  curve  and  the  proper  line  at  that  point  foe  the  joint  of  an 
elliptical  arch. 

Problem  33.  To  draw  a  tangent  to  an  ellipse  from  a  givea  point  ontaide  of  the 
curre  (Fig*  M). 

From  the  given  point  T  as  a  center,  and  with  a  radius  equal  to  the  distance 
to  the  nearer  focus  F,  describe  an  arc  of  a  drde.  From  F'  as  a  center,  and 
with  a  radius  equal  to  the  length  of  the  longer  axis  of  the  ellipse,  describe  arcs 
cutting  the  ctrde  just  described  at  a  and  b.  Draw  lines  from  F'  to  a  and  b, 
cutting  the  ellipse  at  E  and  G.  Draw  Imea  from  T  through  E  and  G  and  they 
will  be  the  tangents  require. 
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FiK.6&    Tangent  Drawn  to  EUipse  from  Poiot  Outaide 

Problem  34.    To  daacribe  na  ellipse  tpproiiniately,  by  means  of  dicular  arcs. 

Fine.  With  sscs  of  two  radii  (Fig.  8C).  Take  half  the  difference  oC  the  two 
axes  AB  and  CD,  and  set  it  off  from  the  center  0  to  a  and  c  on  OA  and  OC; 
draw  ac  and  on  AB  set  off  half  ac  from  a  tod;  draw  di  parallel  to  ac;  set  off  Oe  equal 
to  Od;  join  W  and  draw  em  and  Jm  parallel  respectively  to  id  and  ie.    With 


Fig.  80.    Ellipse  Described  with  Circular  Arcs  of  Two  Radii 

HI  as  a  center  and  with  a  radius  mC,  describe  an  arc  through  C,  terminating  in 
the  points  i  and  2  on  md  and  me  produced.  With  t  as  a  center^  and  with  iD 
as  a  radius,  describe  an  arc  through  D,  terminating  in  points  3  and  4  on  ^  and 
id  produced.  With  d  and  e  as  centers,  describe  arcs  through  A  and  B,  connecting 
the  points  i  and  4  and  2  and  3.  The  four  arcs  thus  described  form  approximately 
an  ellipse.  This  method  is  not  satisfactory  when  the  conjugate  or  minor 
is  lea  than  two-thirds  the  transverse  or  major  axis. 


rs 
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Anothor  metbod  of  approximating  an  dllpse  by  means  of  arcs  of  two  radii, 
b  shown  in  Fig.  87,  the  ans  major  AB  and  the  aemiminor  axis  OC  bein^ 

given.     Draw  the   rec- 

^ 5    tangle  AabBA,  and  the 

*^      "^  "^     diagonal  CB.    Lay  off 

Cc  equal  to  the  differ- 
ence between  OB  and 
OC.  Bisect  cB  at  if  and 
erect  the  perpendicxilar 
YD,  intersecting  CO  pro- 
duced at  Y  and  OB, 
at  X.  Make  CV-  Ox. 
Then  wiU  *.  x\  and  V 
be  the  three  centers  re- 
quired, the  curves  be- 
coming tangent  at  D 
and  at  the  corresponding 
point  on  the  lett-hand 
side  of  the  ellipse.  This 
Fig.  87.    EUlpie  Described  with  Circular  Arcs  of  Two  Radii    method     results    in    a 

curve  which  is  slightly 
fuller  at  the  haunches  than  the  curve  drawn  by  the  preceding  method. 

Second.    With  arcs  of  three  radii  (Fig.  88).    On  the  transverse  or  major  axis 


Fig.  88.    EIlipM  Described  with  Circular  Arcs  of  Three  Rai£i 


AB  draw  the  rectangle  AGEBA,  equal  in   height  to  OC,  half  the  conjugate  or 
minor  axis.   Draw  AC  and  draw  CD  pcrpendicuku  to  AC.   Set  off  OK  equal  to 


The  Parabola  and  Hyperbola 
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OCt  axMl  on  iliC  as  a  diameter  describe  the  semicircle  ANK.  Extend  OC  to 
L  and  to  A  Set  off  OM  equal  to  CL,  and  with  Z>  as  a  center  and  with  a  radius 
DM^  describe  an  arc.  With  A  and  B  as  centers  and  with  a  radius  OL^  cut  i4  B 
at  P  and  P.  From.H  as  a  center,  and  with  a  radius  HP,  cut  the  arc  o^  at  a. 
H'  and  b  are  determined  in  like  manner.  The  points  B,  a,  D,  b  and  H',  are 
the  cent^  of  the  arcs  required. 

Produce  the  lines  all.  Da,  Db,  and  bH\  and  thus  determine  the  lengths  of 
the  arcs.  This  method  is  practicable  for  all  ellipses.  It  is  often  employed 
for  vaults,  stone  arches  and  bridges. 


The  Parabola 

Probleni  jS-  To  describe  a  parabola  when  the  Tertex  A,  the  axis  AB  and  a 
point,  M,  of  the  curre  are  given  (Fig.  80). 

CoDstnict  the  rectangle  A  BMC  A.  Divide  MC  into  any  number  of  equal 
parts,  four  for  instance.  Divide  ilC  in  Uke  manner.  Connect  Ai,  Ai  and  As, 
Through  i\  2',  $',  draw  parallels  to  the  axis  AB,  The  intersections  I,  II  and 
III,  of  these  lines,  are  points  in  the  required  curve. 


a  A  b        ^        d         <^ 

Fig.  89.    Parabola  and  Tangent  to  Point  on  Parabola 


Problem  36.    To  draw  a  tangent  to  a  given  point,  II,  of  tiie  parabola  (Fig.  89). 

From  the  given  point  II  let  fall  a  perpendicular  on  the  axis  A  B  at  b.  Produce 
the  axis  to  the  led  of  A.  Make  Aa  equal  to  Ab.  A  line  drawn  through  a  and 
II  is  the  tangent  required.    The  lines  perpendicular  to  the  tangent  are  called 

KORIIALS. 

To  draw  a  normal  to  any  point,  as  I,  the  tangent  to  any  other  point,  n  beine 
given. 

Draw  the  normal  lie.  From  I,  let  fall  a  perpendicular  Id,  on  the  axis  AB. 
Lay  off  de  equal  to  be.  The  line  U  Is  the  normal  requirxl.  The  tangent  may  be 
drawn  at  I  by  laying  off  a  perpendicular  to  the  normal  le  at  I. 


The  Hypeirboia 

If  from  any  point,  P,  of  an  hyperbola,  two  straight  lines  are  drawn  to  two 
fixed  points,  as  F  and  F\  the  foci  of  the  hyperbola,  their  difference  is  always 
the  same. 

Problem  37.  To  describe  an  hsrperbola  when  a  vertex,  a,  the  given  difference 
ab  and  one  of  the  foci,  F  are  given  (Fig.  90). 

I>r^w  the  axis  AB  oi  the  hyperbola,  with  the  given  distance  ab  and  the  focua 


80 


Geometiical  Problems 


Part  X 


F  marked  om  it.    From  h  lay  off  bPi  equal  to  oF  to  detennine  the  other  focus  Ft. 

Take  any  point,  as  i  on  AB, 
•?A  and  with  ai  as  a  radius  and  P 

as  a  center,  describe  two  short 
arcs  above  and  bdow  the  axis. 
With  &i  as  a  radius,  and  F*  sla 
a  center,  describe  arcs  cutting 
those  just  described,  at  P  and 
P'.  Take  several  points,  as  a, 
3  and  4,  and  determine  the  cor- 
-^  responding  points  P%,  Pa  and 
^  P4  in  the  same  way.  The 
curve  passing  through  these 
points  is  an  hyperbola. 

To  draw  a  tangent  to  any 
point  of  an  hyperbola,  draw 
lines  from  the  given  point  to 
each  of  the  fod  and  bisect 
the  angle  thus  formed.  The 
bisecting  line  is  the  tangent 
required. 


4     8    8 


t 


Fig.  90.    Hyperbola  Described 


The  Cycloid 

The  CYCLOID  is  the  curve  described  by  a  point  on  the  circumference  of  a  circle 
rolling  in  a  straight  line. 

Problem  38.    To  describe  a  cycloid  (Fig.  91). 

Draw  the  straight  line  AB.    Describe  the  generating  circle  tangent  to  this 
line  at  its  middle  point  D,  and  through  the  center  C,  of  the  circle,  draw  the  line 


i'       8'       2'       1'       D 

Fig.  91.    Cycloid  Described 


B 


EE  parallel  to  A  B.  Let  fall  a  perpendicular  from  C  upon  A  B.  Divide  the  semi- 
circumference  into  any  number  of  equal  parts,  for  example,  six.  Lay  of!  on  /IB 
and  CE  distances  Ci',  I'l',  etc.,  equal  to  the  divisions  of  the  circumference. 
Draw  the  chords  Di,  D2,  etc.  From  the  points  i','2',  3',  etc.,  on  the  line  C£, 
with  radii  equal  to  the  generating  circle,  describe  arcs  as  shown.  From  the 
points  i',  2',  3',  4',  s',  etc.,  on  the  line  B4,  and  with  radii  equal  respectively  to 
the  chords  Di,  Da,  D$,  Di,  Ds,  describe  arcs  cutting  the  preceding  arcs. 
The  intersections  are  points  of  the  required  cycloid. 
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0.4612 

0.47B2 
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0.4275 
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0.4685 

0.4805 
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0.5145 
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0.4810 
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8097  0.9152 
80000.0156 
8846(0.0002  0.9167 


0.0065 

0.0007 

O.OOIO 

O.0O12 

0.0015 

0.0018 

0.0020(0 

0.0033 

O0085 

0.0038 


0081 
0033 
0036 
0088 
0041 
00(4 
0046 
0049 
0061 
0064 


O.0O66 
0.0060 
O.0062 
O.0064 
0.0067 
0.0060 
0.0072 
0.0075 
0.0077 


8024  0.0060 


M* 


.9160 
0168 
9166 
9168 
9170 

,9m 

9176 
9178 
9181 
9188 

9186 
9188 
9191 
9194 
9196 
9190 
0201 
0204 
0207 
0200 

0212 
0214 
0217 
0210 
0222 
0226 
0227 
0230 
.0233 
.0236 


M. 


0* 
1 
2 
3 
4 
5 
6 
7 
8 
0 
10 

11 

13 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
20 
30 

31 
32 
33 
34 
35 
36 
37 
38 
30 
40 

41 
42 
43 
44 
45 
46 
47 
48 
40 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
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Geometrical  Pioblems 


TwWm  of  Ghorii.  (CMtfaatd). 


Part  1 


M. 

Si* 

tr 

tr 

58" 

«" 

m* 

n* 

«r 

•t* 

M* 

M. 

0' 

0.0235 

0.9389 

0.1»643 

0.0696 

0.9848 

1.0000 

1.0151 

1.0801 

1.0450 

1.0608 

0* 

1 

0.9288 

0.9392 

0.9546 

0.9699 

0.0851 

1.0003 

1.0153 

1.0803 

1.0452 

1.0001 

1 

2 

0.9240 

0.9396 

0.9548 

0.9701 

0.9864 

1.0005 

1.0156 

1.0006 

1.0455 

1.0603 

2 

3 

0.9243 

0.9397 

0.9551 

0.9704 

0.9856 

1.0006 

1.0158 

1.0808 

1.0467 

1.0606 

3 

4 

0.9245 

0.9400 

0.9658 

0.9706 

0.9859 

1.0010 

1.0161 

1.0811 

1.0460 

1.0608 

4 

6 

0.0248 

0.9402 

0.9556 

0.9709 

0.9861 

1.0013 

1.0163 

1.0813 

1.0462 

1.0611 

5 

6 

8.9250 

0.9405 

0.9559 

0.9711 

0.9664 

1.0015 

1.0166 

1.0816 

1.0465 

1.0613 

6 

7 

0.9253 

0.9407 

0.9561 

0.9714 

0.9866 

1.0018 

1.0168 

1.0818 

1.0467 

1.0616 

7 

8 

0.9256 

0.0410 

0.9564 

0.9717 

0.0869 

1.0020 

1.0171 

1.0331 

1.0470 

1.0618 

8 

9 

0.9258 

0.9413 

0.9566 

0.9719 

0.9871 

1.0023 

1.0173 

1.0823 

1.0472 

1.0621 

9 

10 

0.9261 

0.9415 

0.9569 

0.9722 

0.9674 

1.0025 

1.0176 

1.0826 

1.0475 

1.0623 

10 

11 

0.9263 

0.9418 

0.0571 

0.0724 

0.9676 

1.0088 

1.0178 

1.0828 

1.0477 

1.0628 

11 

12 

0.9266 

0.9420 

0.0674 

0.9727 

0.9679 

1.0030 

1.0181 

1.0881 

1.0480 

1.0028 

12 

13 

0.9268 

0.9423 

0.0676 

0.9729 

0.9881 

1.0033 

1.0183 

1.0633 

1.0482 

1.0630 

13 

U 

0.9271 

0.9425 

0:9579 

0.9732 

0.0884 

1.0035 

1.0186 

1.0886 

1.0485 

1.0633 

14 

IS 

0.0274 

0.9428 

0.0581 

0.9734 

0.9886 

1.0038 

1.0188 

1.0888 

1.0487 

1.0685 

15 

16 

0.9276 

0.9430 

0.0584 

0.9737 

0.9889 

1.0040 

1.0191 

1.0841 

1.0490 

1.0638 

16 

17 

0.9279 

0.9433 

0.9587 

jo.vm 

0.9891 

1.0043 

1.0198 

1.0843 

1.0492 

1.0640 

17 

18 

0.9281 

0.9436 

0.0589 

0.9742 

0.0894 

1.0045 

1.0196 

1.0346 

1.0495 

1.0643 

18 

19 

0.9284 

0.9438 

0.0592 

0.9744 

0.0897 

1.0048 

1.0198 

1.0348 

1.0497 

1.0645 

19 

20 

0.9287 

0.9441 

0.9594 

0.9747 

0.9899 

1.0060 

1.0201 

1.0851 

1.0600 

1.0648 

20 

21 

0.9289 

0.9443 

0.0597 

0.0760 

0.9908 

1.0063 

l.OSOB 

1.0888 

1.0602 

1.0650 

21 

22 

0.9292 

0.9446 

0.9599 

0.0752 

0.0904 

1.0055 

1.0206 

1.0866 

1.0604 

1.0653 

22 

23 

0.9294 

0.9448 

0.9602 

0.0755 

0.9907 

1.0058 

1.0208 

1.0858 

1.0607 

1.0065 

23 

24 

0.9297 

0.9451 

0.9604 

0.0757 

0.0909 

1.0060 

1.0211 

1.0361 

1.0609 

1.0668 

24 

25 

0.9299 

0.9454 

0.9607 

0.0760 

0.9912 

1.0068 

1.0213 

1.0363 

1.0612 

1.0680 

25 

26 

0.9302 

0.9456 

0.9610 

0.0762 

0.0914 

1.0065 

1.0216 

1.0366 

1.0614 

1.0662 

26 

27 

0.9305 

0.9450 

0.0612 

0.0765 

0.9917 

1.0068 

1.0218 

1.0868 

1.0617 

1.0065 

27 

28 

0.9307 

0.9461 

0.9615 

0.9767 

0.9919 

1.0070 

1.0221 

1.0870 

1.0619 

1.0667 

28 

29 

0.9310 

0.9464 

0.9617 

0.0770 

0.9022 

1.0073  1.0223 

1.0373 

1.0622 

1.0070 

29 

30 

0.9312 

0.9466 

0.9620 

0.0772 

0.9924 

1.0075 

1.0226 

1.0875 

1.0624 

1.0672 

30 

31 

0.0315 

0.9469 

0.9622 

0.0775 

0.9927 

1.0078 

1.0228 

1.0878 

1.0627 

1.0675 

31 

32 

0.0817 

0.9472 

0.0625 

0.0778 

0.9929 

1.0080 

1.0231 

1.0380 

1.0629 

1.0677 

32 

33 

0.9320 

0.9474 

0.9627 

0.0780 

0.9932 

1.0083 

1.0238 

1.0383 

1.0632 

1.0680 

33 

34 

0.9323 

0.9477 

0.9630 

9.9783 

0.9934 

1.0086 

1.0236 

1.0385 

1.0584 

1.0682 

34 

35 

0.9325 

0.9470 

0.9633 

0.0785 

0.9937 

1.0088 

1.0238 

1.0388 

1.0637 

1.0685 

35 

36 

0.9328 

0.9482 

0.9635 

0.0788 

0.9939 

1.0091 

1.0241 

1.0390 

1.0639 

1.0687 

36 

37 

0.9330 

0.0484 

0.9638 

0.0790 

0.9942 

1.0003 

1.0243 

1.0303 

1.0542 

1.069U 

37 

38 

0.9333 

0.9487 

0.9640 

0.0793 

0.0945 

1.0096 

1.0246 

1.0395 

1.0544 

1.0602 

38 

39 

0.9335 

0.0489 

0.0643 

0.9795 

0.9947 

1.0098 

1.0248 

1.0398 

1.0547 

1.0694 

39 

40 

0.0338 

0.9492 

0.0645 

0.0798 

0.9950 

1.0101 

1.0251 

1.0400 

1.0549 

1.0697 

40 

41 

0.9341 

0.9495 

0.0648 

0.9800 

0.9962 

1.0103 

1.0253 

1.0403 

1.0661 

1.0099 

41 

42 

0.9343 

0.9497 

0.9650 

0.0803 

0.9955 

1.0106 

1.0256 

1.0405 

1.0554 

1.0702 

42 

43 

0.9346 

0.9500 

0.9653 

0.0805 

0.9957 

1.0108  1.0258 

1.0408 

1.0556 

1.0704 

43 

44 

0.9348 

0.9502 

0.9655 

0.9808 

0.9960 

1.0111,1.0261 

1.0410 

1.0559 

1.0707 

44 

45 

0.0351 

0.9505 

0.9658 

0.9810 

0.9962 

1.0113 

1.0263 

1.0413 

1.0561 

1.0709 

45 

46 

0.9353 

0.9507 

0.0661 

0.9813 

0.9965 

1.0116 

1.0266 

1.0415 

1.0664 

1.0712 

46 

47 

0.9356 

0.9510 

0.9663 

0.9816 

0.9967 

1.0118 

1.0268 

1.0418 

1.0566 

1.0714 

47 

48 

0.9359 

0.9512 

0.9666 

0.9818 

0.9970 

1.0121 

1.0271 

1.0420 

1.0569 

1.0717 

48 

49 

0.9361 

0.9515 

0.0668 

0.0821 

0.9972 

1.0123 

1.0273 

1.0423 

1.0571 

1.0719 

49 

50 

0.9364 

0.9518 

0.0671 

0.9823 

0.9975 

1.0126 

1.0276 

1.0425 

1.0574 

1.0721 

50 

51 

0.9366 

0.9520 

0.9673 

0.9826 

0.9977 

1.0128 

1.0278 

1.0428 

1.0676 

1.0724 

51 

52 

0.9360 

0.9523 

0.9676 

0.9828 

0.9980 

1.0131 

1.0281 

1.0430 

1.0579 

1.0726 

52 

53 

0.9S71 

0.9585 

0.9678 

0.9831 

0.9982 

1.0133 

1.0283 

1.0433 

1.0581 

1.0729 

53 

54 

0.0874 

0.0628 

0.0681 

0.9833 

0.9985 

1.0136 

1.0286 

1.0435 

1.0584 

1.0731 

54 

55 

0.9877 

0.9580 

0.9683 

0.9836 

0.9987 

1.0138 

1.0288 

1.0438 

1.0586 

1.0734 

55 

56 

0.9879 

0.9583 

0.9686 

0.9838 

0.9990 

1.0141 

1.0291 

1.0440 

1.0689 

1.0736 

56 

57 

O.M89 

0.9586 

0.9689 

0.0841 

0.9992 

1.0143 

1.0203 

1.0443 

1.0691 

1.0739 

57 

56 

0.9684 

0.9688 

0.9691 

0.9843 

0.9995 

1.0146 

1.0296 

1.0445 

1.0S93 

1.0741 

58 

69 

0.9887 

0.9641 

0.9694 

0.9846 

0.9998 

1.0148 

1.0298 

1.0447 

1.0596 

1.0744 

59 

60 

0.9389 

0.9548 

0.9696 

0.9848 

1.0000 

1.0151 

1.0301 

1.0450 

1.0698 

1.0746 

60 

TaUe  of  Choids 
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Table  of  Chords  (Cftatiiiood).    lUidias*-  1.0000 


I. 

u' 

1 

2 

3 
4 

5 

6 

i 

S 

9 

10 

11 
12 
13 

14 
15 
19 
17 
18 
19 
20 

21 

22 
23 

24 
25 
26 

27 
28 
29 
30 

31 

32 
a3 
31 
35 
36 
^7 
3S 
3V 
40 


0746 
0748 
0751 
0753 
0756 
0758 
1.0761 
1.0763 
1.0766 
1.0768 

i.oni 


1.0773 
1.0775 
1.0778 
1.0780 
1.0783 
1.0785 
1.0788 
l.OTBO 
1.0793 
1.0795 

1.0797 
1.0600 
1.0602 
1.0605 
1.0607 
1.0610 
1.0812 
1.0615 
1.0617 
1.0690 

1.6612 

1.0624 
1.0637 
1.0689 
1.0612 
1.06)4 
1.0637 
1.0689 
1.0641 
1.0644 


•6^ 


41 

1.0646 

42 

1.0849 

43 

1.0651 

44 

1.0854 

45 

1.0856 

46 

1.0659 

47 

1.0861 

4S 

1.0B63 

49 

1.0666 

dO 

1.0668 

51 

1.6671 

52 

1.0678 

53 

1.0876 

54 

1.0678 

SS 

1.0681 

56 

1.0888 

57 
56 

1.0665 

50 

1.9600 

60 

1.0606 

.0693 
.0605 
.0896 
.0900 
.0903 
.0906 
.0907 
.0910 
.0912 
.0915 
.0917 

.0920 
.0922 
.0924 
.0927 
.0929 
.0932 
.0934 
.0937 
.0939 
.0942 

.0944 
.0946 
.0949 
.0951 
.0954 
.0956 
.0959 
.0961 
.0963 
.0960 

.0968 
.0971 
.0973 
.0976 
.0978 
.0980 
.0983 
.0985 
.0988 
.0990 

.0998 
.0995 
.0997 
.1000 
.1002 
.1005 
.1007 
.1010 
.1012 
.1014 

.1017 
.1019 
.1022 
.1024 
.1027 
.1029 
.1031 
.1034 
.1086 
.1089 


9T 


039 
041 
044 
046 
048 
061 
053 
056 
058 
016 
063 

065 
068 
070 
073 
075 
078 
060 
082 
085 
087 

090 
092 
004 
097 
099 
102 
104 
107 
109 
111 

114 
116 
119 
121 
123 
126 
128 
131 
133 
136 

138 
140 
143 
145 
148 
150 
152 
155 
157 
160 

168 

165 
167 
109 
178 
174 
177 
179 
181 
184 


.1184 
.1186 
.1189 
.1191 
.1194 
.1196 
.1196 
.1201 
.1203 
.1206 
.1208 

.1210 
.1213 
.1215 
.1218 
.1220 
.1222 
.1225 
.1227 
.1230 
.1832 

.1234 
.1237 
.1239 
.1242 
.1244 
.1246 
.1249 
.1251 
.1254 
.1256 

.1258 
.1261 
.1263 
.1266 
.1268 
.1271 
.1273 
.1275 
.1278 
.1380 

.1283 

.1285 
.1287 
.1300 
.1392 
.1305 
.1297 
.1299 
.1302 
.1304 

.1807 
.1309 
.1311 
.1314 
.1316 
.1319 
.1321 
.1323 
.1326 
.1328 


.1328 
.1331 
.1333 
.1335 
.1338 
.1340 
.1342 
.1345 
.1347 
.1350 
.1352 

.1854 
.1357 
.1359 
.1362 
.1364 
.1366 
.1360 
.1371 
.1374 
.1376 

.1378 
.1381 
.1883 
.1386 
.1388 
.1390 
.1393 
.1395 
.1396 
.1400 

.1408 
.1406 
.1407 
.1409 
.1412 
.1414 
.1417 
.1419 
.1421 
.1424 

.1426 
.1429 
.1431 
.1433 
.1436 
.1438 
.1411 
.1443 
.1445 
.1448 

.1450 
.1452 
.1455 
.1457 
.1460 
.1462 
.1464 
.1467 
.1469 
.1472 


W» 


1.1472 
1.1474 
1.1476 
1.1479 
1.1481 
1.1483 
1.1486 
1.1488 
1.1491 
1.1493 
1.1495 

1.1498 
1.1500 
1.1502 
1.1505 
1.1507 
1.1510 
1.1512 
1.1514 
1.1517 
1.1519 

1.1522 
1.1524 
1.1526 
1.1529 
1.1531 
1.1533 
1.1536 
1.1538 
1.1541 
1.1543 

1.1545 
1.1548 
1.1550 
1.1552 
1.1555 
1.1557 
1.1560 
1.1562 
1.1564 
1.1567 

1.1569 
1.1571 
1.1574 
1.1576 
1.1579 
1.15S1 
1.15S3 
1.15^ 
1.15S8 
1.1590 

1.1593 
1.1595 
1.1508 
1.1600 
1.1602 
1.1605 
1.1607 
1.1609 
1.1612 
1.1614 


7V 


W» 


1.1614 
1.1616 
1.1619 
1.1621 
1.1624 
1.1626 
1.1628 
1.1631 
1.1633 
1.1635 
1.1638 

1.1640 
1.1642 
1.1645 
1.4647 

1.1650 
1.1652 
1.1654 
1.1657 
1.1650 
1.1661 

1.1664 
1.1666 
1.1668 
1.1671 
1.1673 
1.1676 
1.1678 
1.16S0 
1.16&3 
1.1685 


ir 


1.1687 
1.1690 
1.1692 
1.1694 
1.1697 
1.1699 
1.1702 
1.1704 
1.1706 
1.1709 


1.1711 

1.1713 

1.1716 

1.1718 

1.17201 

1.17231 

1. 17251 

1.17271 

1.17301 

1.1732 

1.1735 

1.17371 

1.17301 

1.1742 

1.1744t 

1.1746 

1.1749i 

1.17611 

1.1753i 

1.1756 


1.1756 
1.1758 
1.1760 
1.1763 
1.1765 
1.1767 
1.1770 
1.1772 
1.1775 
1.1777 
1.1779 

1.1782 
1.1784 
1.1780 
1.1789 
1.1791 
1.1793 
1.1796 
1.1798 
1.1800 
1.1803 

1.1805 
1.1807 
1.1810 
1.1812 
1.1814 
1.1817 
1.1819 
1.1821 
1.1824 
1.1826 

1.1829 
1.1831 
1.1833 
1.1836 
1.1838 

I. mo 

1.1843 
1.1845 
1.1847 
1.1850 

1.1852 
1.1854 
1.1857 


1&>9 
1861 
1864 


1.1866 


1868 
1871 


1.1873 

1.1875 

1.1878 
1.1S80 
1.1S^V2, 
1.188.51 
1.1887 
1.1889 
1.1802 
1.18041 
1.1806 


1.1896 
l.lb90 
1.1901 
1.1903 


1. 
1. 
1. 


1906 
1908 
1910 


1.1913 


1915 
1017 


1.1920 

1.1922 
1.1924 
1.1927 
1.1929 
1.1981 
1.1934 
1.1986 
1.1938 
1.1941 
1.1943 

1.1946 

1.1948 
1.1950 
1.1952 


.1955 
1957 
1959 
1.1962 
1.1964 
1.1966 


1.1969 

1.1971 
1.1973 
1.1976 
1.1978 
1.1980 
1.1983 
1.1985 
1.1087 
1.1990 

1.1992 
1.1994 
1.1997 
1.1990 
1.2001 
1.2004 
1.2006 
l.2(m 
1.2011 
1.2013 

1.2015 

1.2018 
1.2020. 

i.2>:)2: 

1.2025 
1.2027 
1.2029 
1.2032 
1.2034 
1.2036 


M. 


0' 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
39 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 

42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 

53 
54 
55 
56 
57 
58 
59 
60 


i 
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Geometrical  Problems 


Part  1 


TaUe  of  Chords  (Contintted). 

lUditU  -  X.OOOO 

M. 

0' 

74' 

W 

76* 

77" 

78* 

7f 

M* 

m? 

«r     M. 

1.2086 

1.2175 

1.2313 

1.2450 

1.2586 

1.2722 

1.2856 

1.2980 

1.3121 

0' 

1 

1.2089 

1.2178 

1.2316 

1.2453 

1.2580 

1.2724 

1.2858 

1.2001 

1.3123 

1 

2 

1.2041 

1.2180 

1.2318 

1.2455 

1.2591 

1.2726 

1.2860 

1.2003 

1.3126 

2 

3 

1.2043 

1.2182 

1.2320 

1.2457 

1.2593 

1.2728 

1.2862 

1.2096 

1.3128 

3 

4 

1.2046 

1.2184 

1.2322 

1.2459 

1.2595 

1.2731 

1.2865 

1.2008 

1.3130 

4   , 

5 

1.2048 

1.2187 

1.2325 

1.2462 

1.2598 

1.2733 

1.2867 

1.3000 

1.3182 

5 

6 

1.2060 

1.2189 

1.2327 

1.2464 

1.2600 

1.2735 

1.2869 

1.3002 

1.3134 

«   , 

7 

1.2063 

1.2191 

1.2329 

1.2466 

1.2602 

1.2737 

1.2871 

1.3004 

1.3137 

7   1 

8 

1.2065 

1.2194 

1.2332 

1.2468 

1.2604 

1.2740 

1.2874 

1.3007 

1.3139 

8   1 

9 

1.2057 

1.2196 

1.2334 

1.2471 

1.2607 

1.2742 

1.2876 

1.3000 

1.3141 

9   ■ 

10 

1.2060 

1.2198 

1.2336 

1.2473 

1.2600 

1.2744 

1.2878 

1.3011 

1.3143 

10 

n 

1.2062 

1.2201 

1.2338 

1.2475 

1.2611 

1.2746 

1.2880 

1.3013 

1.3145 

"    1 

13 

1.2064 

1.2203 

1.2341 

1.2478 

1.2614 

1.2748 

1.2882 

1.3015 

1.3147 

12 

13 

1.2060 

1.2205 

1.2343 

1.2480 

1.2616 

1.2751 

1.2885 

1.3018 

1.3150 

13 

14 

1.2069 

1.2208 

1.2345 

1.2482 

1.2618 

1.2753 

1.2887 

1.3020 

1.3152 

14 

U 

1.2071 

1.2310 

1.2348 

1.2484 

1.2620 

1.2755 

1.2889 

1.3022 

1.3154 

15 

16 

1.2073 

1.2212 

1.2350 

1.2487 

1.2623 

1.2757 

1.2891 

1.3024 

1.3150 

16 

17 

1.2076 

1.2214 

1.2352 

1.2489 

1.2625 

1.2760 

1.2894 

1.3027 

1.3158 

17 

18 

1.2078 

1.2217 

1.2354 

1.2491 

1.2627 

1.2762 

1.2896 

1.3029 

1.3161 

18 

19 

1.2080 

1.2219 

1.2357 

1.2493 

1.2620 

1.2764 

1.2898 

1.3031 

1.3163 

19 

20 

1.2083 

1.2221 

1.2359 

1.2496 

1.2632 

1.2766 

1.2900 

1.3033 

1.3165 

ao 

21 

1.2085 

1.2224 

1.2361 

1.2498 

1.3634 

1.2760 

1.3903 

t.3035 

1.3167 

21 

23 

1.2087 

1.2226 

1.2364 

1.2500 

1.2636 

1.2771 

1.2905 

1.3038 

1.3169 

22 

23 

1.2090 

1.2228 

1.2366 

1.2503 

1.2638 

1.2773 

1.2907 

1.3040 

1.3172 

23 

24 

1.2093 

1.2231 

1.2368 

1.2505 

1.3641 

1.2775 

1.3909 

1.3042 

1.3174 

24 

26 

1.2094 

1.2233 

1.2370 

1.2507 

1.2643 

1.2778 

1.2911 

1.3044 

1.3176 

25 

26 

1.2097 

1.2235 

1.2373 

1.2509 

1.2645 

1.2780 

1.3914 

1.3046 

1.3178 

2« 

27 

1.2099 

1.2237 

1.2375 

1.2512 

1.2648 

1.2782 

1.3916 

1.3049 

1.3180 

27 

28 

1.2101 

1.2240 

1.2377 

1.2514 

1.2650 

1.2784 

1.3918 

1.3051 

1.3183 

28 

29 

1.2104 

1.2242 

1.2380 

1.2516 

1.2652 

1.2787 

1.3920 

1.3053 

1.3185 

29 

30 

1.2106 

1.2244 

1.2382 

1.2518 

1.2654 

1.2789 

1.3922 

1.3055 

1.3187 

30 

31 

1.2108 

1.2247 

1.2384 

1.2521 

1.2656 

1.2701 

1.3925 

1.3057 

1.3180 

31 

32 

1.2111 

1.2249 

1.2386 

1.2523 

1.2659 

1.2793 

1.3937 

1.3060 

1.3191 

32 

33 

1.2113 

1.2351 

1.2389 

1.2526 

1.2661 

1.2795 

1.2929 

1.3062 

1.3103 

33 

34 

1.2115 

1.2254 

1.2391 

1.2528 

1.2663 

1.2798 

1.3931 

1.3064 

1.3106 

34 

35 

1.2117 

1.2256 

1.2393 

1.2530 

1.2665 

1.2800 

1.3934 

1.3066 

1.3198 

35 

36 

1.2120 

1.2258 

1.2396 

1.2532 

1.2668 

1.2802 

1.3936 

1.3068 

1.3200 

36 

37 

1.2122 

1.2260 

1.2398 

1.2534 

1.2670 

1.2804 

1.3938 

1 .3071 

1.3202 

37 

38 

1.2124 

1.2263 

1.2400 

1.2537 

1.2672 

1.2807 

1.3940 

1.3073 

1.3204 

38 

39 

1.2127 

1.2265 

1.2402 

1.2539 

1.2674 

1.2809 

1.3942 

1.3075 

1.3207 

39 

40 

1.2129 

1.2267 

1.3405 

1.2541 

1.2677 

1.2811 

1.2945 

1.3077 

1.8300 

40 

41 

1.2131 

1.2270 

1.3407 

1.2543 

1.2670 

1.2813 

1.3047 

1.3079 

1.3211 

41 

42 

1.2134 

1.2272 

1.3409 

1.2546 

1.2681 

1.2816 

1.3040 

1.3082 

1.3213 

42 

43 

1.2136 

1.2274 

1.2412 

1.2548 

1.2683 

1.2818 

1.3951 

1.3084 

1.3215 

43 

44 

1.2138 

1.2277 

1.2414 

1.2550 

1.2686 

1.2820 

1.2954 

1.3086 

1.3218 

44 

45 

1.2141 

1.2279 

1.2416 

1.2552 

1.2688 

1.2822 

1.2956 

1.3088 

1.3220 

45 

46 

1.2143 

1.2281 

1.2418 

1.2555 

1.2690 

1.2825 

1.2958 

1.3090 

1.3222 

46 

47 

1.2145 

1.2283 

1.2421 

1.2557 

1.2692 

1.2827 

1.2960 

1.3093 

1.3224 

47 

48 

1.2148 

1.2286 

1.2423 

1.2559 

1.2695 

1.2829 

1.2962 

1.3095 

1.3236 

48 

49 

1.2150 

1.2288 

1.2425 

1.2562 

1.2697 

1.28.31 

1.2965 

1.3097 

1.3228 

49 

50 

1.2152 

1.2290 

1.2428 

1.2564 

1.2690 

1.2833 

1.2967 

1.3099 

1.3231 

50 

51 

1.2154 

1.2293 

1.2430 

1.2566 

1.2701 

1.2836 

1.2969 

1.3101 

1.3233 

51 

52 

1.2157 

1.2205 

1.2132 

1.2568 

1.2704 

1.2838 

1.2971 

1.3104 

1.3235 

52 

53 

1.2159 

1.2297 

1.2134 

1.2571 

1.2706 

1.2810 

1.2973 

1.3106 

1.3237 

53 

54 

1.2161 

1.2200 

1.2437 

1.2573 

1.2708 

1.2842 

1.2976 

1.3108 

1.3230 

54 

55 

1.2164 

1.2302 

1.2439 

1.2575 

1.2710 

1.2845 

1.2978 

1.3110 

1.8242 

55 

56 

1.2166 

1.2304 

1.2441 

1.2577 

1.2713 

1.2847 

1.2980 

1.3112 

1.3244 

56 

57 

1.2168 

1.2306 

1.2443 

1.2580 

1.2715 

1.2849 

1.2982 

1.3115 

1.3246 

57 

58 

i.2in 

1.2300 

1.2446 

1 .2582 

1.2717 

1.2851 

1.2985 

1.3117 

1.3248 

58 

50 

1.2173 

1.2311 

1.2448 

1.2584 

1.2710 

1.2854 

1.2987 

1.3119 

1.3250 

59 

60 

1.2175 

1.2313 

1.3450 

1.2586 

1 

1.2722 

1.2856 

1.2089 

1.3121 

1.3252 

60 
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TaU«  of  Chofvhi  (OoMhid^d).    Sadfaii 

l«  I4MI00 

M. 

W 

W 

88^ 

sr 

W* 

88* 

8f 

M. 

O' 

1.3262 

1.8383 

1.3512 

1.3640 

1.3767 

1.8803 

1.4018 

0' 

1 

1.3255 

1.3385 

1.3514 

1.3643 

1.3760 

1.3895 

1.4020 

1 

2 

1.3257 

1.3387 

1.3516 

1.3644 

1.3771 

1.3897 

1.4023 

2 

3 

1.3359 

1.3380 

1.3518 

1.3646 

1.3773 

1.3800 

1.4024 

3 

4 

1.3261 

1.3391 

1.3520 

1.3648 

1.3776 

1.3902 

1.4026 

4 

5 

1.3363 

1.3393 

1.3523 

1.3651 

1.3778 

1.3004 

1.4020 

5 

e 

1.3265 

1.3396 

1.3525 

1.3653 

1.3780 

1.3906 

1.4031 

6 

7 

1.3268 

1.3398 

1.3527 

1.3656 

1.3782 

1.3908 

1.4033 

7 

8 

1.3270 

1.3400 

1.3520 

1.3657 

1.3784 

1.3910 

1.4035 

8 

9 

1.3272 

1.3402 

1.3531 

1.3650 

1.3786 

1.3912 

1.4037 

0 

10 

1.3274 

1.3404 

1.8533 

1.3661 

1.3788 

1.3014 

1.4030 

10 

11 

1.3276 

1.3406 

1  3536 

1.3663 

1.3700 

1.3016 

1.4041 

11 

12 

1.3279 

1.3400 

1.3538 

1.3665 

1.3792 

1.3018 

1.4043 

12 

13 

1.3281 

1.3411 

1.3540 

1.3668 

1.3704 

1.3920 

1.4045 

13 

14 

1.3283 

1.3413 

1.3542 

1.3670 

1.3797 

1.3922 

1.4047 

14 

1    15 

1.3285 

1.3415 

1  3544 

1.3672 

1.3799 

1.3925 

1.4040 

15 

16 

1.3287 

1.3417 

1.3546 

1.3674 

1.3801 

1.3027 

1.4051 

16 

17 

1.3280 

1.3410 

1.354S 

1.3676 

1.3S03 

1.3929 

1.4053 

17 

18 

1.3292 

1.3421 

1.3550 

1.3678 

1.3805 

1.8931 

1.4055 

18 

1    19 

1.3204 

1.3424 

1.3552 

1.3680 

1.3807 

1.3933 

1.4058 

10 

1    ^ 

1.3206 

1.3426 

1.3555 

1.3663 

1.3800 

1.3035 

1.4060 

20 

1    21 

1.3208 

1.3428 

1.3657 

1.3685 

1.3811 

1.3937 

1.4062 

21 

'    22 

1.3300 

1.3430 

1.3659 

1.3687 

1.3813 

1.3989 

1.4064 

22 

I    23 

1.3302 

1.3433 

1.3561 

1.3689 

1.3816 

1.3941 

1.4066 

23 

24 

1  3306 

1.34S4 

1.3563 

1.3691 

1.3818 

1.3943 

1.4068 

24 

25 

1.3307 

1.3437 

1.3665 

1.3693 

1.3820 

1.3946 

1.4070 

25 

26 

1.3300 

1.3430 

1.3567 

1.3695 

1.8822 

1.3047 

1.4072 

26 

27 

1.3311 

1.3441 

1.3670 

1.3697 

1.3824 

1.3050 

1.4074 

27 

28 

1.3313 

1.3443 

1.3672 

1.3690 

1.3826 

1.3952 

1.4076 

28 

29 

1.3315 

1.3445 

1.3674 

1.3702 

1.3828 

1.3954 

1.4078 

20 

30 

1.3318 

1.3447 

1.3676 

1.3704 

1.3830 

1.3956 

1.4080 

30 

31 

1.3320 

1.3440 

1.3678 

1.3706 

1.3832 

1.3068 

1.4082 

31 

32 

1.3322 

1.3453 

1.3580 

1.3708 

1.3834 

1.3960 

1.4084 

32 

33 

1.3324 

1.3454 

1.3682 

1.3710 

1.3837 

1.3962 

1.4086 

33 

34 

1.3326 

1.3456 

1.3585 

1.3712 

1.3830 

1.3964 

1.4080 

34 

35 

1.3328 

1.3458 

1.3687 

1.3714 

1.3841 

1.3066 

1.4091 

35 

36 

1.3331 

1.3460 

1.3580 

1.8716 

1.3843 

1.3968 

1.4093 

36 

37 

1.3333 

1.3462 

1.3501 

1.3718 

1.3845 

1.3970 

1.4095 

37 

38 

1.3335 

1.3465 

1.3983 

1.3721 

1.8847 

1.3972 

1.4007 

38 

39 

1.3337 

1.3467 

1.3506 

1.3723 

1.3840 

1.3975 

1.4090 

39 

40 

1.3380 

1.8460 

1.3507 

1.3725 

1.3851 

1.3977 

1.4101 

40 

41 

1.3341 

1.3471 

1.8600 

1.3727 

1.3853 

1.3979 

1.4103 

41 

42 

1.3344 

1.3473 

1.3602 

1.3720 

1.3855 

1.3981 

1.4106 

42 

43 

1.3346 

1.3475 

1  3604 

1.3731 

1.3868 

1.3983 

1.4107 

43 

44 

1.3348 

1.8477 

1.3606 

1.3733 

1.3860 

1.3985 

1.4100 

44 

45 

1.3350 

1.3480 

1.3608 

1.3735 

1.3862 

1.3087 

1.4111 

45 

46 

1.3362 

1.3482 

1.3610 

1  3738 

1.3864 

1.3989 

1.4113 

46 

47 

1.3854 

1.3484 

1.3613 

1.3740 

1.3866 

1.3991 

1.4115 

47 

48 

1.8357 

1.3486 

1.3614 

1.3742 

1.3868 

1.3903 

1.4117 

48 

49 

1.3360 

1.3488 

1.3617 

1.3744 

1.3870 

1.3995 

1.4110 

49 

50 

1.3361 

1.3490 

1.3810 

1.3746 

1.3872 

1.3997 

1.4122 

50 

51 

1.3363 

1.3402 

1.8631 

1.3748 

1.3874 

1.3909 

1.4124 

51 

52 

1.3365 

1.3405 

1.3623 

1.3750 

1.3876 

1.4002 

1.4126 

52 

58 

1.3367 

1.M07 

1.3625 

1.3782 

1.8870 

1.4004 

1.4128 

53 

64 

1.3870 

1.3400 

1.8627 

1.8754 

1.3881 

1.4066 

1.4130 

54 

55 

1.3S73 

1.3601 

1.3630 

1.3757 

1.3883 

1.4008 

1.4133 

55 

56 

1.3874 

1.3603 

1.3631 

1.3759 

1  3885 

1.4010 

1.4134 

56 

57 

1.8876 

1.3505 

1.8634 

1.8761 

13887 

1  4012 

1.4186 

57 

58 

1.38» 

1.3608 

1.3686 

1.8783 

1.3880 

1.4014 

1.4138 

58 

50 

1.3380 

1.3510 

1.3638 

1.3765 

1.3801 

1.4016 

1.4140 

59 

60 

1.3883 

1.3513 

1.3640 

1.3767 

1.3893 

1.4018 

1.4142 

60 

90 


Trigonometiy 


Part  1 


Lengths  and  BereU  of  Hip-Rafters  and  Jack-Rafters 

Method  of  Detennining  the  Lengths  and  Bevels.  The  lines  ab  and  ^ 
(Fig.  92)  represent  the  outside  of  the  walls  at  the  angle  of  a  building;  be  is  th« 
scat  of  the  hip-rafter  and  gf  ol  a.  jack-rafter.  Draw  eh  at  right-angles  to  be 
and  make  it  equal  to  the  rise  of  the  roof;  join  b  and  h  and  kb  will  be  the  length 
of  the  hip-rafter.    Through  e  draw  di  at  right-angles  to  be.    With  6  as  a  oentei 

h 
a 


b  m    g  d  c 

Fig.  92.    Lengths  and  Bevds  of  Hip-rafters  and  Jack>rafters 

and  with  the  radius  bh,  describe  the  arc  ki,  cutting  di  in  i.  Join  b  and  *  and 
extend  gf  to  meet  bi  in  j;  then  gj  is  the  length  of  the  jack-rafter.  The  length  oi 
each  jack-rafter  is  found  in  the  same  manner,  by  extending  its  seat  to  cut  the 
line  bi.  From/ draw/*  at  right-angles  to  fg;  also//  at  right-angles  to  be.  Make 
fk  equal  to//  by  the  arc  Ik,  or  make  gk  equal  to  gj  by  the  Avcjk;  then  the  angle 
at/  is  the  top  bevel  of  the  jack-rafters,  and  the  angle  at  k  the  down  bevel. 

Backing  of  the  Hip-Rafter.  At  any  convenient  point  in  be  (Fig.  92),  as  o, 
draw  tnn  at  right-angles  to  be.  From  o  describe  a  circle,  tangent  to  bh,  cutting 
be  in  s.  Join  m  and  s  and  n  and  s.  The  lines  ms  and  ns  form  at  5  the  proper 
angle  for  be^'eling  the  top  of  the  hip-rafter. 

5.  TSIGONOBfETBT 

It  is  not  the  purpose  of  the  author  to  teach  the  principles  or  uses  of  trigonom^ 
ctry;  but  for  the  benefit  of  those  readers  who  have  already  acquired  a  knowledge 
of  this  science,  the  following  convenient  formulas  and  tables  of  natural  sines, 
cosines,  tangents  and  cotangents  have  been  inserted.  To  those  who  know  how 
to  apply  these  trigonometric  functions,  they  will  often  be  found  of  great  oon^ 
venience  and  utility.  These  tables  are  taken,  by  permission,  from  Searle's  Field 
Engineering,  John  Wiley  &  Sons,  Inc.,  publishers. 


TtigonomeUical  Functions 


n 


Let  A  (Fig.  93)- 
Then 

^tinA  < 

cot  A 

0*^  aec  A 

cosec  A 

vcisiii  A ' 

ooven  A 

exaec  A 

ooeiaec  A 

chord  A 

chord  a  A 


angleJSAC-arcJSFaiidlettheTBdituAF  »  AB  -  AH  «i 


AC^*^ 
DP  ^ 
HG 

•  AD  * 
AG 

CF-BE 
BK^HL 
BD 
BG 
BF 
BI»2BC 


Fig.  08.    FanctkNtt  of  Right-angled 
Triaogle 


In  the  right4uigled  triangle  ABC  (Pij.  03)  let  AB  «  c.  AC  -  6  and  BC 
Then 


(I)     ^  tinA-- -cosB 
c 


(a)     "^coiA  —  -■-•inB 


(3)     ^tanA»j-cotB 


U) 
(S) 
(6) 
(7) 

(8)  euecA* 

(9)  covert  A  » 


cot  A  >-  -  « tan  B 


B 


A-r  »aecB 

a 


Ten  A  ■■  '  ^  ooven  B 


c 

b 
tf  —  a 


"coeieecB 
"  veninB 


(lo)  coeiaec  A  ■■ —  cxsec  B 


(xi)  a  «£8in  A  >Man  A 
(xa)  6  «  coos  A  "■•cot  A 

^^^^-itoA-^STA 

(X4)  4«£oosB  — frootB 
(15)  6«c8iaB«-atanB 

^**^^-5iB-50 

(17)  a  -  V(c  +  6)(c-6) 

(18)  A  -  V(c4.fl)(c-fl) 

(19)  e  -  V<|i  +  6i 
(ao)C-90*-A+B 


fl6 

(ai)  area  —  — 

a 


92 


Trigooometiy 


Part  I 


Sohttfon  of  OUi^tM  TOta^m 


B 

/  ^"Z    X. 

'/ 

Xa 

/ 

6                       \ 

A 

O 

Fig.  94.    Oblique-angled  Tri&ngle 

Given 

Required 

Formulas 

(22) 

A,B.a 

C.fr.c 

C-i8o«-(A-|-5)              6--r^.sinB 

(23) 

A,a,b 

B,C,c 

Bin  B  -  ?i2_l  .ft                 C  -  i8o«  -  (A  +  B) 

0 

1 

c--T^.  BinC 
8tn  A 

(24) 

C,a,b  . 

HU-\-B) 

M(A+B)-9<^-HC 

(25) 

W(A-B) 

tanM  (A  -B)  -  ^tan  Vi  (A  +B) 

(26) 

i4.B 

A^H{A+B)  +  H(A^B) 
B~\i{A-\-B)-HU-B) 

(27) 

e 

,    .  ^,co6M(A-f  B)      ,^      ^,8inW(A  +  B) 
'^-^**  +  ''^co6^(A      B)"^'      ''^rin>i(A      B) 

(28) 

(29) 
(30) 

a,b,c 

Area 
A 

K^HabainC 

LetjT-Mfffl  1  M  fV     ElnVIA-i/^*""*^^'"'^^ 

1/4      4/*  (*-«).  *.    ,^4      i/(»-ft)(*-c) 

(31) 

.       ,         2V'5(5-a)(5-6)(i-c) 

sin  A  "■  ' 

(32) 

Area 

versA-            ^ 

K-v'j(5-a)(s-fr)(j-c) 

(33) 

A,BX,a 

Area 

o^sinBstnC 
'^  "        2  sin  A 

Trigonometriod  Functions  93 

OMiVte  Tiiftngfetf.    G«aenl  Formnias 


(34)  sinA  — r  -  vT^T^oiM -tanAcosA 

co6ec  A 

(35)  sinA  —  asinV^AcosVi  A  "  versAootH  A 

(36)  r  Bin  A  -  VykveniA  -  V^d-oosaA) 

(37)  coe  A  — 7  ■■  Vi  —  8in«  A  *  cot  A  sin  A 

sec  A 

C3B)       cosA —  I  — vcrsA -2co8«WA  —  I- I  — 2sin*HA 

(39)  cosA-C08«HA-rin«HA- VTiTHcosTA 

(40)  tanA--4T-^  -  Vsec«A-i 

oot  A      COS  A 


(41)    lUnA-  Vz37^  -I- 


( 


006>  A  COS  A  I  +  cos  2  A 

/    V      *.       J       1  — 0082A       ver«2A  .      ^,,  . 

(42)  tan  A  —  — : 3 —  —  — : T-  —  exsec  A  cot  H  A 

•  ^^8ta2A  8tn2A 

(43)  cot  A  - 3  ■-  -: — 3  -  V  cosec*  A  —  i 

tanA      sin  A 

,    .         _^  .  sin  2  A  sin  2  A        I  +  cos  2  A 

(44)  cot  A  - 


(45)       cot  A 


I  —  cos  2  A      Ters  2  A  sin  a  A 

tanHA 


euecA. 

(46)  versA -z^oosA  "sinAtanH  A -i2sin<>iA 

(47)  vers  A  >■  exsec  A  cos  A 

(48)  ezaec  A  ■■  sec  A  —  i  -  tan  A  tan  ^  A 7- 

OOS  A 


/  -\    •    iz  A       t/i-cosA      Jvtx%A 

(49)  sinHA-  V ^^ "▼  "T" 

(50)  sin2A«  2sinAcosA 


(51)  cos  HA 


^  4^x-f  cosA 


2 

(52)  C0S2A  —  2oos'A— z«oos*A— 8in*A  —  x~2sin*A 

,    ..      ,,  -         tanA  .      _.   .      I -cos  A 

(53)  tan  HA—  —; 7  —  cosec  A  —  cot  A  *■  — : — 3 —  ■■ 

I  +  sec  A  sin  A 

.    .    .         .         2tanA 


4/1  —cos  A 

V  1+008  A, 


v>^/ 

■!•»•«  «  rm 

1-tanM 

(SS)  cotHA 

sin  A        I 
vera  A 

+  CO8A 
sin  A 

• 

I 

ooeec 

A- 

ootA 

(56) 

C0t2A 

cot«A-l 

2COtA 

94  Triganomctiy  Part  1 

Obliqne  Triaafiet.    General  Focmuias  (Oovtliuied) 


t 

(57) 

M  vera  A                       1  —  cos  A 

^rcn}j.T      i^.  Vi-^ivcrsA  "  a+ V,  (i  4.CO6  A) 

(58) 

vera  lA^i  sin*  A 

(59) 

I— cosA 

''"**''^'*"(i  +  coeA)+Va(i+cosA) 

(6o) 

.         2tanSA 
exsec  3  A  ■■ -v-r 

I -tan*  A 

(6l) 

sin  (A  ±  B)  -  sin  A  cxM  B  d:  sin  Bcot  A 

(62) 

cos  (A  :i:  B)  -  cos  A  cos  B  qp  sin  A  sin  B 

(63) 

sin  A  +  sin  B  -  3  sin  li  (A  +  B)  006  ^  (A  -  B) 

(64) 

sin  A  -  sin  B  «  2co6  H  (A  +  B)8in  Vi  (A  -  B) 

(65) 

cos  A  +  cos  B  -  2  cos  ^4  (A  +  B)  cos  H  (A  -  B) 

(66) 

cos  B  -  cos  A  -  2sin  H  (A  +B)8in  \i  (A  -  B) 

(67)  sinM  -sin3B-co63B-co63A>«8in(A+£)Bin(i4*B) 

(68)  co0M~sin>J3->oo8(A+3)oos(A>3) 

,^  X  ^       J    1  .      n      sin  (A  +  B) 
(69)  tanA+tanB-  — -z — —^ 

006  A  cos  B 

(70)  tanA-tanB-**"^^*-'^^ 

cosA  cos  ft 

Table  of  NatunI  Sinei  and  Cosines 
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Ttigonometiy 


Part  1 


0 
1 
2 
I 

4 
6 
6 
7 
8 
0 
10 

11 
12 
18 
14 
16 
16 
17 
18 
10 
20 

21 
22 
23 
24 

25 
26 

27 
28 
29 
80 

81 
32 
83 
84 
88 
36 
87 
38 
39 
40 

41 
42 
43 
44 

45 

46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
68 
69 
60 


5» 


Sine  Ckmn 


.06716 
.08745 
,08774 
.08803 
.08831 
.06860 
.06888 
.08918 
.08947 
.08976 
.09005 

.09034 
.09063 
.09002 
.09121 
.09150 
.09179 
.09208 
.09237 
.09266 
.09205 

.09324 
.09353 
.09382 
.09411 
.09440 
.09^169 

.\W4ilo 

.09527 
.09556 
.09585 

.09614 
.09642 
.09671 
.09700 
.00720 
.09758 
.09787 
.09816 
.09845 
.09674 

.00003 
.09932 
.09061 
.09990 
.10019 
.10048 
.10077 
.10106 
.10135 
.10164 

.tai02 
.10221 
.10250 
.10279 
.10808 
.10887 

.10(24 
.10453 


Oofin 


.90610 
.00017 
.00614 
.00012 
.00009 
.00607 
>9vvlM 
.09602 
.00500 
.00506 
.00504 

.00501 
.09588 

.09586 
.00583 
.00580 
.00578 
.00575 
.00572 
.00570 
.00667 

.00564 
.99562 
.99559 
.90550 
.00553 
.99551 

.09545 
.99542 
•09540 

.99537 
.00584 
.00581 
.00528 
.00586 
.00523 
.00520 
.00517 
.09514 
.00511 

.00508 
.00506 
.00503 
.00500 
.00407 
.00404 

.00401 
M4AS 

.00485 

.00470 
.00476 
.00473 
.00470 
.00407 
.00464 
.00461 
.00456 
.00465 
.00462 


Sine 


M! 


Sine  Costn 


.10463 
.10482 
.10511 
.105-10 
AOSm 
.10507 
.10620 
.10655 
.10684 
.10713 
.10742 

.10771 
.10600 
.10829 
.10S5S 
.10887 
.lOOlC 
.10045 
.10073 
.11002 
.11031 

.11060 
.11069 
.11118 
.11147 
.11176 
.11205 
.11284 
.11203 
.11201 
.11320 

.11840 
.11878 
.11407 
.1148C 
.11465 
.11404 
.11623 
.11552 
.11580 
.11609 

.11688 
.11667 
.11696 
.11725 
.11764 
.11788 
.11812 
.11840 
.11869 
.11898 

.11027 
.11066 
.11085 
.12014 
.12043 
.12071 
.12100 
.12129 
.121.% 
.12187 


.90462 
.00440 
.0044C 
.09443 
.00440 
.00437 
.00484 
.00481 
.0042< 
.0042< 
.00421 

.00418 
.00415 
.00412 
•0944lv 
.0040C 
.00402 
.00809 
.00806 
.00803 
.00800 

.00886 
.00883 
00880 
.00877 
.00374 
.008701 
.00867 
.00864 
.09300 
.00867 

.00864 
.00361 
.00847 
.00844 
.00341 
.00387 
.00834 
.00881 
.00327 
.00824 

.00820 
.00817 
.00814 
.00810 
.00807 
.00303 
.00800 
.00207 
.00203 

•VnlvU 

.00886 
.00883 

.99270 
.00276 
.00272 
.00260 

.00266 


.00266 
.90266 


Qpwn  Sing 

sy 


Sine  CoidB 


.12187 
.12216 
.12245 
.12274 
.12302 
.12331 
.12360 
,12389 
,12418 
,12447 
.12476 

.12504 

.12633^ 

.12662 

.12601 

.12620 

.12040 

.12678 

.12706 

.12785 

.12764 

.12703 
.12822 
.12851 
.12880 
.12008 
.12087 
.12066 
.12005 
.18024 
.180531 

.18061 
.18110 
.18139 
.13168 
.13197 
.13226 
.18264 
.18283 
.18812 
.18841 

.188701 
.13809 
.18427 
.1846C 
.18485 
.13614 
.13643 
.18572 
.13600 
.18629 

.18066 
.18687 
.18716 
.18744 
.13773 
.18802 
.13831 
.13860 
.13889 
.18917 


.99255 
.99251 
.99248 
.99244 
.00240 
.00237 
.00283 
.00280 
.0022C 
.0922? 
.99319 

.00215 

.00211 
.00208 
.00204 
.00200 
.00197 
.00103 
.00189 
0018G 
.00182 

.00178 
.00175 
.00171 
.00107 
.OOIOC 
.00160 
.00160 
.00162 
.00148 
.00144 

.00141 
.00187 
,00183 
.90129 
.90125 
.90122 
.00118 
.00114 
,00110 
.00106 

.00102 
00096 
.99094 
.00001 
.00087 
.00083 
.09079 
.99075 
.09071 
.00067 

.00063 

.09050 
.00056 
.00061 
.00047 
.09043 
.00039 
.99035 
.99031 
.00027 


Conn    Pine 
8?* 


Sine  Coain 


.18017 
.18046 
.13075 
.14004 
.14083 
.14061 
.14000 
.14110 
.1414S 
.14177 
.14205 

.14284 

.14263 
.14202 
.14320 
.14840 
.14878 
.14407 
.14480 
.14464 
.144A3 

.14822 
.14661 

.14680 
.14606 
.14687 
.14660 
.14605 
.14728 
.14762 
.14781 

.141810 
.1488b 
.14867 
.1480G 
.14025 
.14054 
.14062 
.15011 
.15040 
.15060 

.16007 

.15120 
.15155 
.15184 
.1521;: 
.15241 
.15270 
.15290 
.15327 
.15866 

.16885 
.16414 
.15442 
.15471 
.16600 
.1662f) 
.15557 
.15586 
.15615 
.15648 


.00027 
.00023 
.00010 
.90015 
.90011 
.00006 
.00002 
.08006 
.08004 
.08000 


.98082 
.06078 
.98073 
.08860 
.06065 
.08061 
.08967 
.08063 
.06046 
.08844 

.08040 


08081 
.08027 
.08083 
.06010 
.08914 
.06010 
.08000 
.09802 


.98880 
.98884 
.96880 
.9887G 
.98871 
.98667 
.98863 
.98858 

.98854 

.98840 

.98$45i 

.98841 

.9883G 

.9S832 

.08827 

.98823 

.98818 

.08814 

.08809 

oasoT) 

.98800 
.9879C) 
.98791 
.98787 
.98782 
.98778 
.98773 
.98760 


9- 


Bine  Cbain 


.Ocwin  Sine 

I    81** 


.16643 
J6072 
a670] 
J6730 
.16766 
.16787 
.16816 
a6M5 
a6873 
.15902 
.16081 

.16060 
.16968 
.16017 
.10046 
.16074 
.16103 
.16182 
.16160 
.16180 
.16218 

.10246 
.16276 
.16804 

.16833 
.16861 
.16800 
.16410 
.16447 
.16476 
.16606 

.16688 
.16562 
.16601 
.16620 
.1664S 
.16677 
.1670C 
.10734 
.10703 
.16702 

.16820 

.10840 
.10878 
.10006 
.10935 
.16004 
.16092 
.17021 
.17a*iO 
.17078 

.17107 

.17136 
.17164 
.17103 
.17222 
.17250 
.17279 
.17308 
.17836 
.1786R 


J)8764 
.08760 
.08766 
.98761 
JM746 
.98741 
.96737 
.98782 
.08728 


.08723  60 


.98718 
.08714 
.08709 
.OS704 
.08700 
.08606 
.08600 
.08666 
.08681 
.08676 

.08671 
.08607 
.06662 
.06667 
.08602 
.08646 
.08613 
.08686 
.08688 
.06620 

.06624 
.08610 
.08614 


.08604 
.08600 
.08505 
.08500 
.98566 
.98580 

.06676 
.08570 
.08566 
.08561 
.08656 
.08651 
.08546 
.03541 
.98536 
.08531 

.98526 
.96621 
.98516 
.98511 
.98506 
.08501 

.98401 
.98486 
.98481 


Coein  Sine 
80** 


60 
59 
68 
67 
60 
65 
64 
63 
62 
61 


40 
48 
47 
4C 
45 
44 
43 
42 
41 
40 

80 
88 

37 
86 

85 
84 
83 
82 
81 
80 


80 
26 
24 
28 
22 
21 
20 

19 
18 
17 
16 
16 
14 
18 
12 
11 
10 

8 
8 
7 
6 
6 
4 
8 
2 
1 
0 
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Trigonometzy 


Part 


0 

1 

2 
3 
4 
6 
6 
7 
8 
0 
10 

11 
12 
13 
14 
15 
16 
17 
18 
10 
20 

21 
22 
23 
24 
25 
26 
S7 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 

42 
43 
44 

45 
46 
47 
43 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


15 


tO 


Sine  CoBin 


.25882 
.25910 
.25933 
.25960 
.25994 
.26022 
.26050 
.26079 
.26107 
.26135 
.26163 

J26191 
.23210 
.26217 
.26275 
.26303 
.26331 
.26359 
.26337 
.26415 
J36443 

.26471 
26500 
.26523 
.26556 
.26584 
.26612 
.26640 
.26603 
.26696 
.26724 

.26752 
.26780 
.26808 
.26836 
.26864 
.26892 
.26920 
.269  IS 
.26079 
.27004 

27032 
.27060 
.27088 
.27116 
.27144 
.27172 
.27200 
.27228 
.27256 
.27284 

.27812 
.27340 
.27368 
.27396 
.27424 
.27452 
.27480 
.27508 
.27586 
.27564 


.96593 
.96535 
.90578 
.90570 
.96562 
.96555 
.96517 
.96540 
.90532 
.96524 
.96517 

.96509 
.03502 
.93494 
.93486 
.90479 
.96171 
.06(03 
.9645G 
.96448 
.96440 

.96433 
.93425 
.90-417 
.96410 
.06402 
.96304 
.96386 
.96379 
.96371 
.96363 

.96355 
.96347 
.963 IC 
.9C332 
.96324 
.9631C 
.96303 
,96301 
.96293 
.96285 

.96277 
.06269 
.96261 
.96253 
.96240 
.96238 
.90230 
.96222 
.96214 
.96200 

.96198 
.96190 
.961S2 
.96174 
.96166 
.96153 
.96150 
.06142 
.06134 
.96126 


Sine  Cosin 


»  \Co»n  I  Sine 


.27564 
.27602 
.27620 
.2704S 
.27070 
.27704 
.27731 
.27759 
.27787 
.27815 
.27843 

.27871 
.27809 
.27927 
.27955 
.27933 
.2S011 
.2W39 
.23067 
.23095 
.28123 

.23150 
.2:3178 
.2:>206 
.23234 
.28202 
.23290 
.23318 

.2  mo 

.25374 
.28402 

.28429 

.23157 
.23485 
.2S513 
.23541 
.23500 
.2«507 
.280-5 
.280.')2 
.28080 

.2870^ 
.28736 
.28764 
.28792 
.28820 
.28847 
.28875 
.28903 
.28931 
.28950 

.28987 
.29015 
.29042 
.29070 
.29098 
.29126 
.29154 
1.29182 
.29209 
.29237 


.06126 
.00118 
.00110 
.00102 
.00094 

.ooaie 

.00078 
.90070 
.90002 
.00054 
.90040 

.96037 
.96020 
.96021 
.96013 
.96005 
.95997 
.95980 
.95931 
.95972 
.05064 

.96056 
.95948 
.96940 
.95931 
.95923 
.95915 
.95907 
.95398 
.95890 
.05882 

.95874 
.95305 
.95357 
.95S49 
.95841 
.95332 
.95324 
.95310 
.95307 
.95799 

.05791 
.95732 
.95774 
.95706 
.96757 
.05740 
.95740 
.95732 
.95724 
.95715 

.05707 
.95098 
.95090 
.95681 
.95673 
.95664 
.95656 
.95647 
.95639 
.95630 


17' 


Sine  f.'ofliin 


Comn  I  Sine 


73' 


.29237 
.29265 
.29293 
.29321 
.29348 
.2937fi 
.29404 
.20432 
.20400 
.20487 
.29515 

.29543 
.20571 
.20599 
.20026 
.29654 
.20082 
.20710 
.20737 
.20705 
.29793 

.20821 
.203^*0 
.2037C 
.2000: 
.29932 
J9000 
.20037 
.30015 
.30043 
.W071 

.30098 
.30120 
.30154 
.30132 
.30209 
.30237 
.30205 
.30202 
.30320 
.30348 

.30376 

.3040; 

.30531 

.30150 

.30^130 

.30514 

.30542 

.80570 

.30597 

.30625 

.30653 

.30630 

.3070 

.30730 

.30763 

.80791 

.80810 

.80346 

.30874 

.30002 


.05630 
.05622 
.05613 
.05605 
.05506 
.05588 
.05570 
.0.'>571 
.05502 
.05554 
.05545 

.05530 

.05528 
.05510 
.05511 
.05502 
.05403 
.05435 
.95470 
.95407 
.96459 

.05450 
.95441 
.95433 
.05-124 
.95115 
.96407 
.95398 
95389 
.95380 
.96372 

.05303 
.05354 
.95.345 
.95307 

.95323 
.93310 
.95310 
.95301 
.95290 
.95284 

.95275 

.03200 
.95:57 
.95243 
.95240 
.95231 

QROOO 

.95213 
.9520-i 
.95195 

.95186 
.95177 
.05163 
.95150 
.95150 
.95142 
.95133 
.95124 
.95115 
.95106 


18' 


Sine  Coein 


Cosin  Sine 


72' 


.80902 
.30929 
.80967 
.30985 
.31012 
.31040 
.31068 
.31095 
.21123 
.31151 
.81178 

.81206 
.81233 
.31261 
.81289 
.31316 
.31344 
.31372 
.31399 
.81427 
.31454 

.81482 
.31510 
.31537 
.3150: 
.31503 
.31020 
.81643 
.31675 
.81703 
.31730 

.81758 
.31780 
.31813 
.31841 
.31308 
.31890 
.31023 
.31051 
.31079 
.32000 

.32081 
.32001 
..32030 
.32116 
.32144 
.32171 
.32109 
.32227 
.32254 
.32282 

.32909 
.32837 
.32364 
.32392 
.32il9 
.32447 
.32474 
.32502 
.32529 
.32557 


.95100 
.05097 
.05088 
.05079 
.05070 
.05061 
.05052 
.05043 
.95033 
.95024 
.05015 

.05006 
.9<:07 
.940X 
.94979 
.94070 
.04001 
.04052 
.94043 
.94033 
.94924 

.04915 
.04900 
.04897 
.94383 
.04378 
.04800 
.04800 
.04351 
.04842 
.04832 

.94823 
.04314 
.94805 

.94795 
.94780 
.94777 
.9470': 
.94753 
.94740 
.94740 

.94730 
.94721 
.94712 
.94702 
.94693 
.91684 
.94074 
.94065 
.94656 
.94646 

.94637 

.94027 
.94618 
.94609 
.04599 
.94590 
.93580 
.94571 
.94561 
.94552 


19" 


Sine  Ooein 


.32557 

mOttHOt 

.32012 
.82089 
.82667 
.82994 
.82722 
.82740 
.82777 
.32804 
.82832 

.82850 

.8::g7 
.8::i4 

.32942 
.329oC 
.32007 
.33024 
.3X51 
.30070 
.33100 

.83134 
.33101 
.33130 
.33210 
.83244 
.33271 
.33298 
.33326 
.83353 
.83381 

.88408 
.83436 
.33463 
.33490 
.33518 
.33545 
.33573 
.33000 
.33627 
.33656 

.33682 
.33710 
.23737 
.33764 
.33792 
.33319 
.30346 
.33874 
.30901 
.33929 

.33956 
.33083 
.34011 
.34038 
.34065 
.34093 
.34120 
.84147 
.34175 
.34202 


.04552 
.04542 
.04533 
.04523 
.04514 
.94501 
.04405 
.94485 
.94470 
.04466 
.04457 

.^4447 

.044CS 
.04428 
.04418 
0441)0 

.04390 
.04300 
.04380 
.04370 
.04361 

.04351 
.94342 
.04332 
.04322 
.04313 
.04303 
.04203 
.04284 
.94274 
.04264 

.04254 
.04245 
.04235 
.04225 
.04215 
.04206 
.04196 
.04186 
.04170 
.04167 

.04157 
.04147 
.0^1137 
.04127 
.04118 
.04108 
.94098 
.94088 
.94078 
.94068 

.94058 
.94049 
.94030 
.94020 
.04010 
.04000 
.93999 
.03080 
.0307^ 
.03060 


Corin  Sine  Conn    Sine 


71' 


a 


70" 


Table  of  Natural  Sues  and  Cosioea 


100 


Tiigooometiy 


Part  1 


0 
1 

2 
3 
4 

6 
6 
7 
8 
0 
10 

11 
12 
13 
14 
15 
16 
17 
18 
10 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
80 

81 
32 
83 
84 
85 
86 
87 
88 
80 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
50 
60 


««• 


Bum  Coain 


.12262 
.42288 
.42315 
.42341 
.42367 
.42304 
.12420 
.42416 
.42473 
.43409 
.42525 

.42552 
.42678 
.42604 
.42631 
.42657 
.42683 
.42709 
.42736 
.42762 
.42788 

.42815 
.42841 
.42867 
.42304 
.420201 
.42046 
.42072 
.42009 
.43025 
43051 

.43077 
.43104 
.43130 

.43150 
.«31S2 
.43209 
.432.'^ 
.43361 
.43287 
.43313 


.00631 
.00618 
.00006 
.00504 
.00582 
.00560 
.0aS57 
.0a^45 
.00532 
.005201 
.00507 

.00405 
.004S3 
.00470 
.00458 
.00446 
.00133 
.00421 
.00408 
.90306 
.00383 

.90371 
.00158 
.00346 
.00334 
.00321 
.90309 
.00306 
.90284 
.00271 
.00250 

.00246 
.00233 
.00221 
.9020S 
.00196 
.90183 
.90171 
.00158 
.90146 
.90133 


26^ 


SixM*  iCosin 


.433^10 
.43366 
.43392 
.43418 
.43445 
.43471 
.43497 
.43523 
.43549 
.43575 

.43602 
.43628 
.43654 
.43680 
.43706 
.48738 
.43750 
.48785 
.43811 
.43887 


.90120 
.OOIOS 
.90095 
.900S2 
.00070 
.90W7 

.00032 
.00019 
.00007 

.89004 
.«(0081 
.80968 
.89956 
.80943 
.89930 
.89918 
.89905 
.89892 
.89879 


.43837 
.43863 
.43889 
.43016 
.43042 
.43068 
.43994 
.44020 
.44046 
.44072 
.44098 

.44124 
.44151 
.44177 
.44203 
.44229 
.44255 
.442S1 
.44307 
.44333 
.44359 


.44385 
.44411 
.44437 
.44464 
.44490 
.44510 
.44542 
.44508 
.44594 


.89870 
.80867 
.80854 
.80841 
.8082S 
.80816 
.80803 
.80700 
.80777 
.80764 
.80752 

.80730 
.80726 
.80713 
.80700 

.89687 
.80674 
.80662 
.80640 
.80636 
.89623 


»?• 


Sine  Coain 


.80610 
.80507 
.80584 
.89571 
.80558 
.89545 
.80532 
.80510 
.89500 


44620  .80403 


Coafai  Bine 
64' 


.44646 
.44f.72 
.44698 
.44724 
.44750 
.44776 
44802 
44828 
.448.<%4 
.44880 

.44906 
.44932 
.4495S 
.44984 
.45010 
.45036 
.45062 
.45088 
.45114 
.45140 

.45166 
.45192 
.45318 
.45243 
.45269 
.4529.5 
.4.5321 
.45347 
.45378 
.45399 


.80480 
.80467 
.80454 
80441 
.80428 
S9415 
.80402 
.80380 
.89370 
.89363 

.89350 
.89337 
.89324 
.89311 
.89298 
.89285 
.89272 
.89259 
.89245 
.80232 

.80210 
.80206 
.80193 
.89180 
.89167 
.89153 
MUO 
.89127 
.89114 
.891011 


.45300 
.45425 
.45451 
.45477 
.45503 
.45520 
.45554 


Cosin  Sine 
68* 


.45606 
.45632 
.45658 

.45684 
.45710 
.45736 
.45762 
.457S7 
.45813 
.45830 
.45865 
.45801 
.45017 

.45042 
.45068 
.45004 
.46020 
.46046 
.46072 
.46097 
.46123 
.46140 
.46175 

.46201 
.46226 
.46252 
.46278 
.46304 
.46330 
.46355 
.46381 
.46407 
.46433 

.46458 
.46484 
.46510 
.16536 
.46561 
.46587 
.40613 
.46630 
.46664 
.46600 


.80101 
.80087 
.89074 
.80061 
.80048 
.80035 
JS0031 


.45580.80006 


.46716 
.46742 
,46767 
,46703 
.46810 
.46844 
.46870 
.46806 
.4G92I 
.46047 


.88005 
.88081 
.88068 

.88055 

.88042 
.88028 
.38015 
.88002 
.88888 
«8875 
.88862 
.88848 
.88835 

.88822 

.88808 
.88705 
.8878? 
.887C8 
.88755 
.88741 
.S8728 
.88715 
88701 

.88688 
.88674 
.88661 
.88617 
.88634 
.88620 
.88607 
.88503 
.88580 
.88566 

.88553 
.88530 
.88526 
.88512 
.88409 
.88485 
.88472 
.88458 
.88445 
.88431 


.88417 
.88404 
.88300 
.88377 
.88303 
.88340 
.88336 
.88322 
.88308 
.88205 


Cogtn  Sine 
6g* 


28* 


Sine  iCofiiii 


.46047 
.46078 
.40900 
.47024 
.47050 
.47076 
.47101 
.47127 
.47153 
.47178 
.47304 

.47220 
.47255 
.47281 
.47306 
.47332 
.47358 
.47383 
.47400 
.47434 
.47460 


.47486 
.47511 
.47537 
.47562 
,47588 
,47614 
,47630 
,47605 
.47600 
.47716 

,47741 
.47767 
.47703 

.47818 
.47844 
.47869 
.47895 
.47920 
.4794fl 
.47971 

.47007 
.48022 
.4S04S 
.43073 
.48099 
.48124 
.48150 
.48175 
.48201 
.48226 

.48252 
.48277 
.48303 
.48328 
.48354 
.48379 
.48405 
.48430 
.48456 
.48481 


.88895 
.88281 
.88267 
.88254 
.88340 
.8S226 
.88213 
.88190 
.88185 
.88172 
.88158 

.88144 
.88130 
.88117 
.88103 
.88089 
.88075 
.88062 
.88048 
.88034 
.890201 


W 


Sine  Cosin 


Comn 


.88006 
.87003 
.87070 
.87965 
.87051 
.87037 
.87023 
.87000 
.87806 
.87882 

.87868 
.87854 
.87840 
.87826 
.87812 
.87798 
87784 
.87770 
.87756 
.87743 

.87729 
.87715 
.87701 
.876.S7 
87673 
.87659 
.87645 
.87631 
87617 
87603 

,87589 
87576 
,87561 
87546 
,87532 
8751 R 
87504 
87490 
87470 
87402 


Sine 


61* 


.48481 
.48506 
.48532 
.48557 
.48583 
.48608 
.48634 
.48650 
.48684 
.48710 
.48735 

.46761 
.48786 
.48811 
.48837 
.48862 
.48888 
.48913 
.48938 
.48964 
.48969 


.40014 
.40040 
.40065 
.40000 
.40116 
.40141 
.40166 
.40102 
.49217 
.4024? 

.40268 
.40293 
.49318 
.40344 
.40360 
.40394 
.40419 
.49445 
.49470 
.49405 

.40521 
.49546 
.49571 
.49506 
.49622 
.49647 
.49672 
.49697 
.49723 
.49748 

.49773 
1.49798 
.49824 
.49849 
.49874 
.49899 
.49924 
.49950 
.4997.S 
.50000 


Conn 


.874d2 

.87448 

.87434 

.87420 

.87406 

.87301 

.S7.t77l 

.87363 

.87340 

.87335 

.87331 

.87306 
.87302 
.87278 
.87264 
.87250 
.87385 
.37221 
.87207 
.87103 
.87178 


.87164 
.87150 
.87136 
.87121 
.87107 
.87008 
.87070 
.87064 
.87050 
87026 

.87021 
.87007 
•90i>9« 
.86078 
.86064 
.86040 
.86935 
.86921 
.86906 
.86902 

86878 

86863 
86840 
86834 
86820 
80805 
H6701 
86777 
86762 
86748 

.86733 
86710 
.86704 
86600 
.86675 
86601 
.86046 
.86632 
86617 
86608 


Sine 


60" 


60 

50 

58 

57 

.16 

55 

54 

53 

52 

49 

48 

47 

40 

45 

44 

43 

42 

41 

40 

39 

38 
37 
36 
35 
34 
33 
32 
31 
30 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20 

19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

0 
8 
7 
6 
5 
4 
3 
2 
1 
0 


Table  of  Natural  Sines  and  Cosines 


lOT 


SO** 


0 

1 

2 
3 

4 
6 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 

23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
36 
36 
37 
38 
39 
40 

41 
42 
43 
44 

45 

46 
47 
4^ 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


.50000 


Conn 


.86603 


JMXtt5  .86588 
.50090.86573 
JS0076  .86559 


.50101 
.50126 
.50151 


.50176  .86501 


.50201 

.50227 
.50252 

.^0277 
.50302 
.50327 
.50352 


.50377 
.50403 
.5042^ 
.50453 
.50178 
.50608 


.86544 
.86530 
.86515 


.86486 
.86471 
.86457 

.86442 
.86427 
ii6413 
.86398 
.86384 
.86369 
.86364 
.86340 
86325 
.86310 


.50628.86295 
w5C6ft)  .86281 
.50678.86266 


J06Q3 
.50628 
.50094 

Ji0679 
.60704 
.50729 
.50754 

.50779 
.50804 
.50829 
.50654 
JMfm 
.50004 
.50929 
.50954 
.50979 
.51004 

.51029 
^1054 

.510791 

.51104 

.51129 

.51154 

.51179 

.51204 

.51229 

.51354 

.51279 
.51304 
.51329 
J1354 


.51404 
.51429 
JI1464 
.51479 
.51504 


J6251 
JU)837 
.86222 
.86207 
.86192 
.86178 
.86163 

.86148 
.86133 
.86119 
.86104 
JMOB» 
.86074 
.86059 
.86045 
.86030 
.86015 

.86000 

.85985 
.85970 
.85956 
it5941 
.85926 
.85911 
JU896 
A9S8] 
.85866 

85851 
.85836 

>U821 
.85806 


51379  .85792 


.51429  iU762 


51479  M792 


8iM 


1 


ML 


81* 


Sine  Coan 


.51504 
.51529 
.51554 
.51579 
.51604 
.51628 
.51653 
.5167S 
.51703 
.5172S 
.51753 

.51778 
.61803 
.51828 
.51852 
.51877 
.51902 
.51927 
.51952 
.51977 
.52002 

.52026 
.52091 
.52076 
.52101 
.52126 
.52151 
.52175 
.52200 
.52225 
00250 

J(2275 
.52209 
.52324 
.52349 
.52374 
.52399 
.52423 
.52448 
.52473 
.52498 


.85717 
.85702 
.85687 
.85672 
.85657 
.85642 
.85627 
.85612 
.85597 
.85582 
.85567 

1 


.50932 

JS2647 
.52572 
.52597 
.52621 
Ui2646 
.52671 
.52696 
.52720 
J^45 

.62770 
.52794 
.52819 
.52844 
52869 
J(2893 
.53918 
.52943 
.52967 


.85521 
.85506 
.85491 
.86476 
.85461 
.85446 
.85421 
.8&tl6 

.85401 
.85385 
.85370 
.85355 
.85340 
.85325 
J5310 
.85294 
.85279 
.85264 

.85249 

.85234 
.85218 
.85208 
.85188 
.85173 
.85157 
.85142 
.85127 
.85112 


.89096 
.85081 
.85066 
.85051 
.85035 
^5020 
.89009 
.84989 
.84974 
.84999 

.84943 
.84928 
.84913 
.84897 
.84882 
.84866 
84851 
.84836 
.84020 


52992  J4S05 


Opsin  Bin^ 


ar 


Sine  Coain 


.52992 
.53017 
.53041 
.53066 
.53001 
.53115 
.53140 
.53164 
.53189 
.53214 
.53238 

.53263 
.53388 
.53312 
.53337 
J63361 
.53386 
.53411 
.53435 
.53460 
.53484 

.58509 
.53534 
.53558 
.53583 

.53007 
53032 


.53656 
.53681 
.53709 
JS3730 

.53764 
.53770 
.63804 
.53828 
.53853 
.53877 
.63902 
.53026 
.53951 
.53975 

.54000 
54024 
.54049 
.54073 
.54097 
.54122 
.54146 
.54171 
.541S5 
.54220 

.54244 
.54200 
.54293 
.54317 
.54342 
.54366 
.54391 
54415 
.54440 
.54464 


.84805 
^789 
.84774 
.84759 
.84743 
.84728 
.84712 
.84697 
.84681 
.84066 
.84650 

.84635 
.84619 
.84604 
.84588 
.84573 
.84557 
.84542 
.84526 
.84511 
.84495 

.84480 
.84464 
.84448 
.84433 
.84417 
.84402 
.84386 
.84370 
.84355 
.84330 

34324 
.84806 
.84292 
.84277 
.84261 
J4345 
.84230 
.84314 
.84198 
.84182 

.84167 
.84151 
.84135 
.84120 
.84104 
.8406S 
.84072 
.84057 
.84041 
.84026 

.84000 
.83994 
.83978 
.83962 
.83946 
.83930 
.83915 
.83899 
.83883 
.83807 


83** 


Sine  Coain 


Corin  Sine 


.54464 
.54488 

.54513 
.54537 
.54561 
.54586 
.54610 
.54635 
.54659 
.5^1683 
.54708 

.54732 
.54756 
.54781 
.54805 
.54829 
.54854 
.54878 
.54902 
.54927 
.54951 

.54975 
.51999 
.55024 
.55048 
.59072 
.55097 
.55121 
.55145 
.55169 
.55194 

.59218 
.95342 
.55266 
JS5291 
.55315 
.55839 
.55363 
.55388 
.55412 
JS5436 

.55460 
.55484 
.55509 
.55532 
.555.57 
.555<«1 
.55606 
.55630 
.55654 
.55678 

.55702 
.55726 
.55750 
.55775 
.55799 
.55823 
.55847 
.55871 
.55895 
.55919 


Conn 


.88867 
.88851 
.88835 
.83819 
.83804 
.83788 
.83772 
.83756 
.83740 
.83724 
.83708 

.83602 
.83676 
.83660 
Jt3645 
.83629 
.83613 
.83597 
.83581 
.83565 
.83540 

.88533 
.83517 
.83501 
.83485 
.83469 
.83453 
.83437 
.88421 
.83405 
.83389 

.83873 
.83356 
.83340 
.83824 
00306 
.83292 
.83276 
.88260 
.88844 
.88828 


.83212 
.83195 
.83179 
.83163 
.83147 
.83131 
.83115 
.83098 
.83082 
.83066 

.82090 
.83084 
.83017 
.83001 
.82985 
.82969 
.82953! 
.82936 
.82920' 
.829041 


Sine 


JW? 


84^ 

Sine  ICoain 


.59019 
.99943 
.55968 
.55992 
.56016 
.56040 
.56064 
.66088 
.56112 
.56136 
.56160 

.56184 
.56208 
56882 
.56256 
.56280 
JS6305 
.56339 
.56353 
.56377 
MiOl 

.56425 
.56449 
.56473 
.56407 
.56521 
.56545 
.56569 
US6593 
.56617 
.56641 

.56665 
.56689 

.56713 
.56786 
.56760 
JS6784 
.56808 
0S6832 
.56856 

Msao 

.56904 
.56928 
.56952 
.56970 
.57000 
.57024 
.57017 
.57071 
.57005 
.57119 

.57143 
.57167 
.57191 
.57215 
.57238 
.57262 
.57286 
67310 
.57334 
.57358 


.82904 
.82887 
.82871 
.82855 
.82839 
.83822 
.82806 
.82790 
.82773 
.82767 
.82741 

.82724 
0(2708 
.82692 
.82675 
.82659 
.82643 
.82626 
.82610 
.82593 
.82577 

.82561 
.82544 
.82528 
.82511 
.82496 

.82462 
.82446 
.82429 
J82413 

.82396 
.82380 
.82863 
.82347 
.82330 
.82314 
.82297 
.82281 
.82264 
.8224S 

.82281 
.82214 
.82198 
.82181 
.82165 
.83148 
.S2132 
.82115 
0i209S 
it2082 

.82065 
.82048 
.82032 
.82015 
.81999 
.81982 
.81965 
.81949 
.81932 
81915 


CoBJn  Bine 
56^ 


60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 

39 
38 
87 
36 
35 
84 
88 
83 
81 
30 

39 
28 
27 
26 
25 
24 
23 
22 
21 
20 

19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


102 


Trigonoxnetiy 


Part  1 


» 
0 

35*» 

34i' 

37" 

38" 

30" 

eo 

Sine 

Coiiin 

Sine 

Coflin 

Sine 

Coflin 

Sine 

Conn 

Sine 

C<Min 

.57358 

.81915 

.53779 

.80902 

.00182 

.79864 

.61560 

.78801 

.02932 

.77715 

1 

.57381 

.81899 

MVrl 

.80385 

.00205 

.79840 

.01589 

.78783 

.62955 

TJ^m 

59 

2 

.57405 

.81882 

.5>^2(> 

.80i07 

.60228 

.79829 

.01612 

.78705 

.62977 

.77078 

58 

3 

.57429 

.81805 

.53849 

.80350 

00251 

.79311 

.61035 

.78747 

.63000 

.77600 

67 

4 

.57453 

.81843 

.5iS73 

.80S33 

.60274 

.79793 

.01058 

.78729 

.63022 

.77641 

56 

5 

.57477 

.81832 

.5*3% 

.80^1'i 

.60298 

.79770 

.61031 

.7871 1 

.63045 

.77023 

55 

U 

.57501 

.81315 

.5^920 

.80799 

.60321 

.79758 

.61704 

.78694 

.63068 

.77005 

54 

7 

.57524 

.8179S 

.53943 

.80732 

.00314 

.79741 

.61726 

.78070 

.63090 

.77586 

53 

8 

.575  »S 

.817S2 

.53967 

.80705 

.00307 

.79723 

.61749 

.78fl.W 

.63113 

.77568 

52 

9 

.57572 

.81705 

.5^990 

.80718 

.60390 

.79700 

.01772 

.78640 

.63135 

.7/550  51  1 

10 

.57596 

.81743 

.59014 

.8H730 

.60414 

.79688 

.01795 

.78022 

.63158 

.77531 

50 

11 

.57619 

.81731 

.59037 

.80713 

.00437 

.70671 

.61818 

.78001 

.03J80 

.77513 

40 

12 

.57643 

.81714 

.59001 

.80-390 

.oawo 

.79053 

.61341 

.785  lO 

.03203 

.77494 

48 

13 

.57607 

.81698 

.5)081 

.80^379 

.60183 

.79035 

.61304 

.765G.S 

.63225 

.77476 

47 

U 

^7601 

.816.81 

.5)105 

.80C)'52 

.60500 

.79018 

.01337 

.78550 

.63248 

.77458 

46 

15 

.57715 

.81664 

.59131 

.80v)ll 

.00529 

.79000 

.01909 

.78532 

.03271 

.77439 

(5 

n 

.57738 

.81047 

.5)154 

.80327 

.00553 

.79533 

.61032 

.78514 

.63293 

.77421 

44 

17 

.57702 

.81631 

.59178 

.80^10 

.0a576 

.70505 

.01955 

.7849r. 

.03316 

.77402 

43 

H 

.57786 

.81614 

.59201 

.8a5)G 

.00599 

.7J517 

.01978 

.78473 

.03338 

.77384 

42 

19 

.57810 

.81597 

.59225 

.BO'S?*: 

.00?22 

.79530 

.62001 

.784CO 

.033^U 

.77306 

41 

20 

.57833 

.81580 

.59248 

.80553 

.00645 

.79512 

.02024 

.78412 

.63383 

.77347 

40 

21 

.57S57 

.81503 

.59272 

.80341 

.60008 

.79404 

.62046 

.78424 

.03406 

.77329 

39 

22 

.57881 

.81540 

.59295 

.80524 

.00391 

.79477 

.62009 

.78405 

.63428 

.77310 

38 

23 

.57901 

.81530 

.5)318 

.80507 

.C0714 

.70159 

.62092 

.78387 

.63451 

.77292 

37 

24 

.57928 

.81513 

.59312 

.804  S9 

.0073: 

.79M1 

.02115 

.78300 

.63473 

.77273 

36 

25 

.57952 

.81490 

.59365 

.80472 

.00701 

.79424 

.62133 

.78351 

.63496 

.77255 

35 

28 

.57976 

.81479 

.59380 

.80455 

.00784 

.79400 

.62100 

.78333 

.63518 

.77236 

34 

27 

.57999 

.81462 

.59412 

.80135 

.00307 

.70338 

.62183 

.78315 

.63540 

.77218 

33 

28 

.58023 

.81445 

.59130 

.80120 

.00330 

.79371 

.02200 

.78297 

.03503 

.77199 

32 

29 

.5'»047 

.8142^ 

.59159 

.SO  103 

.00353 

.79353 

.0222') 

.73279 

.03535 

.77181 

31 

30 

.58070 

.81412 

.59482 

.80380 

.00370 

.79335 

.02251 

.78201 

.63008 

.77162 

30 

31 

.5S094 

.81305 

.59506 

.80308 

.60899 

.79318 

.62274 

.78243 

.63630 

.77144 

29 

32 

.53118 

.81378 

.59529 

.80351 

.60922 

.70300 

.02297 

.78225 

.03053 

.77125 

28 

33 

.58141 

.81361 

.59552 

.80331 

.00915 

.79232 

.62320 

.73200 

.03075 

.77107 

27 

34 

.58165 

.81344 

.59570 

.80310 

.0093^, 

.79204 

.02342 

.7318" 

.03008 

.77088 

26 

35 

.58189 

.81327 

.59599 

.80290 

.00)91 

.792*7 

.02365 

.78170 

.63720 

.77070 

26 

46 

.58212 

.81310 

.59622 

.80282 

.01015 

.79229 

.0233.S 

.78152 

.03742 

.77051 

24 

37 

.5823C 

.81293 

.59646 

.80204 

.0103* 

.79211 

.02411 

.78134 

.03705 

.77033 

23 

3S 

.58200 

.81270 

.59669 

.80247 

.01001 

.70193 

.02133 

.78110 

.03787 

.77014 

22 

39 

.5S283 

.81259 

.59893 

.80230 

.01081 

.79170 

.02450 

.78008 

.03310 

.70906 

31 

10 

.58307 

.81242 

.59716 

.80212 

.01107 

.79158 

.62479 

.78079 

.03832 

.76977 

20 

41 

.58330 

.81235 

.59739 

.80195 

.61130 

.79140 

.62502 

.78001 

.63854 

.76950 

19 

42 

.5S354 

.81203 

.59763 

.8017S 

.61153 

.70122 

.62524 

.78043 

.63877 

.70940 

18 

43 

.58378 

.81191 

.59786 

.80100 

.01170 

.79105 

.62547 

.73025 

.03899 

.76921 

17 

44 

.58401 

.81174 

.59809 

.80143 

.01199 

.79087 

.62570 

.78007 

.63922 

.70903 

10 

45 

.58425 

.81157 

.59332 

.80125 

.61222 

.70000 

.62592 

.779:v<3 

.03944 

.76884 

15 

46 

.58449 

.81140 

.5:)?50 

.8010=i 

.61245 

.79051 

.02615 

.77970 

.03900 

.76860 

14 

47 

.58472 

.81 123 

.59379 

.80091 

.0120S 

.79033 

.62033 

.77952 

.63939 

.76847 

13 

48 

.58196 

.81101) 

.5)902 

.80073 

.61291 

.79010 

.62060 

.7793? 

.01011 

.76828 

12 

49 

.58519 

.810!t0 

.5)920 

.80a5(i 

.01314 

.78998 

.62083 

.77910 

.04033 

.70819 

11 

50 

.58543 

.81072 

.59949 

.80038 

.61337 

.78980 

.62706 

.77897 

.04050 

.76791 

10 

51 

.58567 

.81055 

.59972 

.80021 

.61360 

.78962 

.62728 

.77879 

.64078 

.76772 

9 

52 

.58590 

.8103> 

.59995 

.8C003 

.613<?3 

.78044 

.62751 

.77861 

.64100 

.70754 

8 

53 

.58614 

.81021 

.00019 

.79986 

.61406 

.78926 

.6'>774 

.77843 

.64123 

.76735 

7 

54 

.58637 

.8100* 

.00042 

.7990S 

.61429 

.78908 

.62796 

.77824 

.61146 

.76717 

6 

55 

.53661 

.80087 

.60005 

.79951 

.61451 

.78S01 

.02819 

.77800 

.64167 

.76608 

5 

56 

.58a<l4 

.80170 

.60089 

.79934 

.61474 

.78^73 

.62842 

.7778S 

.64190 

.76679 

4 

57 

.58708 

.SOQS*^ 

.60112 

.79916 

.61407 

.78855 

.62*^04 

.77769 

.64212 

.76661 

3 

58 

.58731 

.80930 

.6013:. 

.79899 

.61520 

.78837 

.62887 

.77W1 

.64234 

.76643 

2 

59 

.58755 

.80019 

.601 5^ 

.79881 

.61543 

.78819 

.62909 

.77733 

.64256 

.76623 

1 

60 

.58779 
Cosin 

.80902 

.00182 
Conin 

.79804 

.6150C 

.78801 

.02932 

.77715 

.64279 

.76604 

0 

9 

Sine 

Sine 

Cosin 

Sine 

Cosin  1  Sine 

Cbsin 

Sine 

54" 

1    63" 

«»" 

61" 

60" 

Table  of  Natural  Sines  and  Cosines 


0 
1 
2 
8 

4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
IG 
17 
IS 
19 
20 

21 

22 
23 
24 
25 
20 
27 
2« 
29 
30 

31 
32 
a3 
34 
35 
36 
37 
3< 
39 
40 

41 

42 
43 
44 
}5 
40 
47 
4S 
49 
50 

51 
52 
53 
54 
55 
5i) 
57 
5i 
59 
60 


40» 


Sine  iCosiii 


.64279 
.64301 
.64323 
.6434^ 
.64368 
.64390 
.64412 
.64435 
.64457 
.64479 
.64501 

.64524 
.64546 
.64568 
.64500 
.64A12 
.64635 
.64657 
.(M679 
.64701 
.64723 

.64746 

.047r»S 
.64790 
.64^12 
.r»4S44 
.64$5i} 
.64378 
.64901 
.ft4923 
.64945 

.64967 
.64989 
.65011 
.65033 
.65055 
.65077 
.05100 
.65122 
.r>5144 
.65166 

.flsm 

.G5210 
.65232 
.65254 
.6527C 
.66298 
.65320 
.65342 
.65364 
.65386 

.65408 
.65430 
.65452 
.65474 
.65496 
.65518 
.65540 
.65562 
GS584 
65606 


.76604 

.7658r» 
.76567 
.76548 
.76530 
.76511 
.76492 
.76473 
.76455 
.76430 
76417 

.76398 
.76330 
.76361 
76342 
.76323 
.76304 
.laZRC 
.762R7 
.76243 
.70229 

.76210 
.76102 
.76173 
.76154 
.70135 
76116 
.7n097 
.76078 
.76059 
.76041 

.76022 
.7C003 
.75984 
.75065 
.75946 
.75927 
.750OS 
.75S.S9 
.75S70 
.75851 

.75832 
.75813 
.75794 
.75775 
.75756 
.7.'>738 
.75719 
.75700 
.75680 
.75661 

.75642 
.75623 
.75604 
.75885 
.78566 
.76547 
.75528 
.75509 
.75490 
.75471 


41' 


Sine  Coflin 


Conn  Sine 


49* 


.65606 
.65C2S 
.65650 
.65672 
.65694 
.65716 
.65733 
.65750 
.65781 
.65803 
.05.S25 

.65847 
.65809 
.65891 
.65913 
.6.5935 
.05956 
.05978 
.06000 
.66022 
.66044 

.66060 

.mays 

.66100 
.C6131 
.66153 
.66175 
.66197 
.66218 
.66240 
.66362 

.66284 
.66306 
.66327 
.66349 
.60371 
.66393 
.66^114 
.66436 
.66458 
.66480 

.66501 
.66523 
.66545 
.66506 
.66588 


.66032 
.66653 
.66675 
.66697 

.66718 
.06740 
.66762 
.66783 
.668a5 
.66827 
.66848 
.66870 
.66891 
.66913 


.75471 
.75452 
.75433 
.75414 
.75395 
.75375 
.75350 
.75337 
.75318 
.75290 
.752S0 

.75261 
.75241 
.75222 
.75203 
.75184 
.75165 
.75140 
.75126 
.75107 
.75068 

.75069 
.75050 
.75030 
.75011 
.74992 
.7497: 
.74953 
.74934 
.74916 
.74890 

.74870 
.74857 
.7483? 
.74815, 
.74799 
.747SO 
.74700 
.74741 
.74722 
.74703 

.74683 
.746<)4 
.74044 
.74025 
7400(; 


66010 ':745sr. 


CcMsin    Sine 


.74507 
.71548 
.74528 
.74509 

.74489 
.74470 
.74451 
.74431 
.74412 
.7*392 
.74373 
.74353 
.74334 
74314 


4y 

Sine  Cosin 


.66013 
.66935 
.66956 
.60978 
60990 
67021 
.67013 
.67064 
67030 
.67107 
.07120 

.67151 
.07172 
.67194 
.67215 
.67237 
.67258 
.67280 
.67301 
.67323 
.67344 

.67366 
.07387 
.07-100 
.67430 
.C7452 
.67473 
.67495 
.67516 
.67538 
.67559 

.67580 
.f7G02 
.67023 
.07045 
.07660 
.070S.«i 
.07709 
.077301 
.07752 
.67n3 

.07795 
.67816 
.07837 
.07859 
.678S0 
.07901 
.67923 
.67944 
.07905 
.67987 

.68008 
.68020 
.69051 
.68072 
.68093 
.68115 
.6^136 
.68157 
.68179 
.68200 


48'   I 


.74314 
.74295 
.74270 
.74256 
.74237 
.74217 
.74198 

74178 
.74159 

74139 
.74120 

.74100 
.74000 
.74061 
.7^-041 
.74022 
.74002 
.73983 
.73963 
.73944 
.73024 

.73904 
.733^5 
.73805 
.73840 
.73820 
.73^06 
.73787 
.73707 
.73747 
.73728 

.73708 
.73C8K 
.73000 
.730*!9 
.73029 
.7SG10 

r»co 


,1  c« 


.73570 

.73531 

.73511 
.73J91 
.73472 
.7.1-jr)2 
.73133 
.73413 
.73393 
.73373 
.73353 
.73333 

.73314 
.73294 
.73274 
.73254 
.78234 
.78215 
.73195 
.78175 
.73155 
.73135 


Coein  Sine 


471 


43' 


Sine  Cosin 


44* 


Sine  Cosin 


.68200 
.68221 
.68242 
.68264 
.68285 
.68306 
.68327 
.68340 
.68370 
.68391 
.68412 

.68434 
.68455 
.68476 
.68*97 
.08518 
.08539 
.08501 
.08582 
.6800? 
.68624 

.68645 
.68666 
.68688 
.68709 
.68730 
.68751 
.68772 
.68793 
.68814 
.68835 

.08857 
.68878 
.6S899 
.6892C 
.68941 
.GS9()2 

.osos;. 

.0900! 
.00025 
.69040 

.69007 

.eoo^vS 

.6910C 
.00100 
.00151 
.60172 
.C910C 
.69214 
.69235 
.69256 

.69277 
.69298 
.69319 
.69340 
.60361 
.00382 
.69403 
.60424 
.69445 
.60466 


.73135 
.73110 
.73090 
.7307r» 
.73050 
.7S03C 
.7S01C 
.7299C 
.72970 
.72957 
.72937 

.72917 
.72897 
.72877 
.72857 
.72837 
.72817 
.72797 
.72777 
.72757 
.72737 

.72717 
.72097 
.72677 
.72657 
.72637 
.72617 
.725P7 
.72577 
.72557 
.72537 

.72517 
.72497 
.72477 
.72457 
.72437 
.72417 
.72397 
.72377 
.72357 
.72837 

.72317 
.72207 
.72277 
.72257 
.72230 
.72210 
.72190 
.72170 
.72156 
.72136 

.72116 
.72095 
.72075 
.72055 
.72035 
.72015 
.71905 
.71974 
.71954 
.71934 


.60466 
.69487 
.0950e 
.f.9529 
.09549 
.69570 
.09501 
.09612 
.69633 
.09654 
.69675 

.69696 
.09717 
.09737 
.69758 
.69779 
.09800 
.09821 
.69842 
.09802 
.69883 

.69904 
.69925 
.69946 
.09966 
.69987 
.70008 
.70029 
.70049 
.70070 
.70091 

.70112 
.70132 
.70153 
.70174 
.70195 
.70215 
.70236 
.70257 
.70277 
.70298 

.70319 
.70339 
.70300 
.70331 
.70401 
.70422 
.70443 
.70463 
.70484 
.70505 

.70525 
.70546 
.70567 
.70587 
.70608 
.70628 
.70649 
.70670 
.70690 
.70711 


.71934 
.71914 
.71894 
.71873 
.71S53 
.71833 
.71813 
.71792 
.71772 
.71752 
.71732 

.71711 
.71691 
.71671 
.71650 
.71630 
.71610 
.71690 
.71509 
.71549 
.71529 

.71508 
.7148^ 
.71468 
.71447 
.71427 
.71407 
.71386 
.71366 
.71345 
.71325 

.71305 

.71284 

.71264 
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.01740 

57.2000 

.03492 

28.6363 

.05241 

19.0811 

60 

1 

.00029 

3437.76 

.01775 

56.8500 

.03521 

28.3994 

.05270 

18.9755 
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.00058 

1718.87 

.01804 

55.4415 

.03550 

28.1C04 

.05299 

18.8711 

6R 
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.00087 

1145.92 

.01833 

54.5C13 

.03579 

27.9372 

.05328 

18.7078 

57 
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.00116 

a59.436 

.01862 

53.7086 

.03609 

27.7117 

.05357 

18.6656 

56 
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.00145 

6K7.549 

.01801 

52.8S21 

.03038 

27.4890 

.053S7 

18.5645 

55 
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.00175 

572.957 

.01920 

52.0807 

.03667 

27.2715 

.05416 

18.4645 
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.00204 

4ri.l06 

.01949 

51.3032 

.03690 

27.0566 

.05145 

18.8655 
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.00233 

420.718 

.01978 

50J&4S5 

.03725 

26.8450 

.05474 

18.2677 
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.00262 

381.971 

.02007 

49.8157 

.03754 
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.05503 

18.1708 

51 

10 

.00291 

343.774 

.02036 

49.1039 

.03783 

26.4316 

.05533 

18.0750 

50 

11 

.00320 

812.521 

.02066 

48.4121 

.03812 

26.2296 

.05562 

17.9802 

49 

12 

.00349 

286.478 

.02005 

47.7395 

.08842 

:C.0307 

.05501 

17.8863 
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13 

.00378 

264.441 

.02124 
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.03871 

25.8348 

.05620 

17.7934 

47 

14 

.00407 

245.552 

.02153 

46.4489 

.03900 

25.6418 

.05649 

17.7015 

46 
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.00136 

229.182 

.021C2 

45.8394 

.03929 

25.4517 

.05078 

17.6106 
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Id 

.00465 

214.858 

.02211 

45.2201 

.03058 

25.2644 

,05703 

17.5205 
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17 

.00495 

202.210 

.02240 

44.6386 

.03037 
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.05737 

17.4314 

43 

18 

.00524 

190.984 

.02209 

44.0661 

.04010 

24.8078 
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17.8432 
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.00553 

180.932 

.02208 

43.5081 

.04040 

24.7155 

.05705 

17.2558 

41 

20 

.00582 

171.885 

.02328 

42.9641 

.04075 

25.5418 

.05824 

17.1093 

40 
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.00611 

168.700 

.02357 

42.4835 

.04104 
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.05854 

17.0837 

39 
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.00640 
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41.9158 
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38 
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.00609 

149.465 

.02415 

41.4106 

.01163 

24.0263 
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.00698 

143.237 

.02444 

40.9174 

.04191 

23.8593 
23.6945 

.05941 

16.8319 

36 
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.00727 

137.507 

.02473 

40.4358 

.04220 
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10.7496 
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.00756 

132.219 

.02502 

39.9G55 

.04250 

23.5321 
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16.0681 

34 
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.007C5 

127.321 

.03531 

39.5059 

.04279 

23.3718 

.06039 

16.5874 
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.00^15 

122.774 

.025G0 

39.0508 

.04308 

23.2137 

.00058 

16.5075 

32 
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.00344 

118.540 

.025S9 

38.0177 

.04337 

23.0577 

.00037 

16.4283 

31 

30 

.00673 

114.589 

.02619 

38.1885 

.04366 

22.0038 

.06116 
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30 
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.00902 

110.892 

.02648 

37.7686 

i)4305 

22.7519 

.06145 

16JS722 

29 

32 

.00031 

107.42'^ 

.02677 

37.3579 

.04424 

23.6020 

.06175 

16.1052 

28 

33 

.00960 

104.171 

.02706 

36.9560 

.04454 

22.4541 

.06204 

10.1190 

27 

34 

.00989 

101.107 

.027G5 

36.5027 

.04483 

22.3081 

.06233 

16.0435 
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.01018 

98.2179 

.02701 

36.1776 

.04512 

22.1640 

.06263 

15.9687 

25 

36 

.01047 
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.02793 

35.8006 

.04541 

23.0217 

.06291 

15.8945 
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37 

.01076 

92.9085 

.02822 

35.4313 

.04570 

21.8813 

.06321 

15.8211 
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90.4033 

.02851 

35.0695 

.04509 

21.7426 

.06350 
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.01135 
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.02GC1 

34.7151 

.04628 

21.6056 

.06379 

16.6762 

21 
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.01164 

85.9398 

.02010 

84.3678 

.04658 

21.4704 

.06408 

15.6048 

20 

41 

.01193 

83.8435 

.02939 

84.0273 

i>4687 

21.3360 

.06437 

15.5340 

19 

42 

.01222 

81.8470 

.02968 

33.0935 

.04716 

21.2049 

.06^167 

15.4638 
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43 

.01251 

79.9434 

.02997 

33.3662 

.04745 

21.0747 

.06496 

15.3943 

17 

41 

.01280 

78.1203 

.03026 

33.0452 

.04774 

20.0460 

.06525 

15.3254 

16 

45 

.01309 

76.3900 

.03055 

32.7303 

.04803 

20.8188 

.06554 

15.2571 

15 

46 

.01338 

74.7292 

.03084 

82.4213 

.04833 

20.6933 

.06584 

15.1893 

14 

47 

.013C7 

73.1390 

.03114 

33.1181 

.04862 

20.5691 

.06613 

15.1222 
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48 

.01396 

71.6151 

.03143 

81.82a5 

.04S91 

20.4465 

.066-12 

15.0557 

12 
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.01425 

70.1533 

.03172 

31.5284 

.04920 

20.3253 

.06671 

14.0898 
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.01455 

68.7501 

.03201 

81.2416 

.04949 

20.2056 

.06700 

14.9244 
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51 

.01484 

67.4019 

.03230 

30.9599 

.04978 

20.0872 

.06730 

14.8506 
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.01513 

66.1055 

.03259 

30.6833 

.05007 

19.9702 

,00750 

14.7954 

8 

53 

.01542 

64.8580 

.03288 

30.4116 

.05037 

19.8516 

.06788 

14.7317 

7 

54 

.01571 

63.6507 

.03317 

30.1446 

.05066 

19.7403 

.06817 

14.6685 
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55 

.01600 

62.4992 

.03346 

29.8823 

.05005 

19.<^273 

.00847 

14'.6059 

5 

56 

.01620 

61.3829 

.03376 

29.6245 

.05134 

19.5156 

.06876 

14.5488 

4 

57 

.01658 

60.3058 

.03405 

29.3711 

.05153 

10.1051 

.0690*} 

14.4823 

3 

5S 

.01687 

59.2659 

.03434 

29.1220 

.05182 

19.2959 

.00934 

14.4212 

2 

59 

.01716 

58.2612 

.08463 

28.8771 

.05212 

19.1879 

.06963 

14.8607 
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CO 
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.01746 

57.2900 

.03402 

28.0308 

.05241 

19.0811 
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9.51436 
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8.14435 
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14.2411 

.08778 

11.3919 
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9.48781 
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59 

2 

.07051 
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14.1235 

.08837 
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11.2789 
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14.0079 

.08895 

11.2417 
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13.9507 

.08925 

11.2048 
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9.35724 

.12456 
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54 
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.07197 

13.8940 

X8954 

11.1681 

.10716 

9.33155 

.12485 
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8 

SXITXI 
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11.1316 

.10746 

9.30599 
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9 
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i)9013 
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9.28058 

.12544 

7.97176 

51 

10 

J07285 
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.10952 
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7.84242 
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.09247 

10.8180 
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.12781 
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13.2996 
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10.7797 

.11040 

9.05789 
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10.5136 
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.00541 

10.4813 
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8.84551 
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12it014 

.09570 

10.4491 
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117870 
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i)9629 

10.3864 
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8.77689 
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J09658 

10.8588 

.11428 
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12.6124 
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12.3838 
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.08104 
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J0S192 
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9.96007 
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.11836 
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.08839 
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9.67680 
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.08661 

113461 

.10422 
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11.4685 
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1.64041 

38 

23 

.54082 

1.S5076 

.66809 
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32 

29 

.54258 

134805 

.66530 

1.76809 
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31 

30 
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80 
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17 
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37848 

1.74875 
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51 
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55 

56241 

131025 

37541 

1.78788 

.69688 

1.66978 

.63385 

1.60658 

5 
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JS9928 

1.66867 

.62326 

1.60449 

4 

57 
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3 

58 

.55365 
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2 
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Cotang 

Tang 

Ootug 

Tuc 

Cbiaoc 

Taoc 

Ootaos 
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.68301 

1.46411 

.70691 

1.41061 

40 

21 

.68340 

1.57K79 
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.70985 

1.40074 

30 

22 

.63380 
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1.51850 
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35 
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36 
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27 
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32 

29 
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.66147 

1.51179 

.63685 

1.45593 

.71285 
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31 

30 

.63707 

1.56909 

.66189 

151084 

58728 

1.45501 

.71329 

1.40105 

30 

31 
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1.56868 

.60230 

150988 

.68771 

1.45410 

.71373 
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20 

82 

.63789 

1.56707 

.66372 

1.50693 

.68814 

1.45330 
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36 
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.71681 
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1.49755 
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.66818 

1.49601 

.69372 

1.44149 
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1.55368 
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1.49566 
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58 
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1.33464 
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.73833 
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1.32381 

.78816 
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56 
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1.32301 
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.81220 

1.23123 

55 

6 
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53 
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1J6716 
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.82238 

131598 

34 

27 

.73861 

1.35389 

.7650S 

1.30558 

.79401 
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.82336 

1.21454 

32 

29 

.73951 

1.35224 
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.79496 
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1.30323 
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1.30244 
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.82923 

1.20803 

20 

41 

.74402 

1.34842 
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.80594 

1.24079 

.83514 
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8 

53 
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.77801 
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.80642 

1J4O06 

.83564 

1.19669 

7 

54 

.75062 

1J8187 

.77848 

1.2S466 

.80690 

1.23931 

.83613 

1.19599 

6 

55 

.75128 

1J8107 

.77805 

1.28379 

.80738 

1.23866 
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1.19528 

5 

56 

.76173 
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.77941 

148302 

JB0786 

1.23784 

33712 

1.19457 

4 

57 

.75010 

l5S5 

.77088 

1JS226 

J0834 

1.23710 

.83761 

1.19387 

3 

'^ 

.75064 

.7B08*> 

1.281,48 

.80882 

1.23637 

.83811 

1.19216 

2 

59 

.75810 

1.8S7B5 

.7806? 

1.28071 

.80930 

1.23563 

.83860 

1.19246 

1 

60 

.75855 

1.32704 

.78129 

1.27994 

.80978 
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.83910 

1.19175 

.86929 

1.15037 

.90040 

1.11061 

.98252 

1.07287 

1 

.83960 

1.19105 

.80980 

1.14909 

.90003 

1.10996 

.93306 

1.07174 

59 

2 

.84009 

1.19035 

.87031 

1.14902 

.00146 

1.10031 

.08860 

1.07112 

5S 

3 

.S4G59 

1.18904 

.87082 

1.14834 

.90199 

1.10667 

.98415 

1.07019 

57 

4 

.84108 

1.18894 

.87133 

1.14767 

.90251 

1.10802 

.98460 

1.06987 

56 

5 

.84158 

1.18S24 

.87184 

1.14690 

.90304 

1.10737 

.93524 

1.00925 

55 

C 

.84208 

1.18754 

.87236 

1.14632 

.90357 

1.10672 

.98578 

1.06862 

54 

7 

.84258 

1.18684 

.87287 

1.14565 

.90410 

1.10607 

.98633 

1.06800 

53 

S 

.84307 

1.18614 

.87338 

1.14408 

.904  G3 

1.10543 

.98688 

1.06738 

52 

9 

.84357 

1.18544 

.87389 

1.14430 

.90516 

1.10478 

.98742 

1.06076 

51 

10 

.84407 

1.18474 

.87441 

1.14363 

.90500 

1.10414 

.03797 

1.06613 

50 

U 

.84457 
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1.14296 

.90621 

1.10849 
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40 

12 

.84507 

1.18334 

.87543 

1.14229 

.90074 

1.10285 
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1.0M89 

48 

13 

.84556 

1.18261 

.87595 

1.14162 

.90727 

1.10220 

.08961 

1.06427 

47 

14 

.84606 

1.18194 

.87646 

1.14095 

.90781 

1.10156 

.94016 

1.06866 

46 

15 

.84656 

X.18125 

.87698 

1.14028 

.90634 

1.10091 

.94071 

1.06308 

45 

16 

.84706 

1.18055 

.87749 

1.13961 

.90887 

1.10027 

.04125 

1.06241 

44 

17 

.84756 

1.17986 

.87801 

1.13894 

.00940 

1.09963 

.94180 

1.06179 

43 

18 

.84806 

1.17916 

.87852 

1.13828 

.90993 

1.09899 

.94235 

1.06117 

42 

19 

.84856 

1.17846 

.87904 

1.13761 

.91046 

1.00834 

.94290 

1.06056 

41 

30 

.84906 

1.17777 

.87955 

1.13694 

.91090 

ij09770 

.94845 

1.06004 

40 

21 

.84956 

1.17708 

.88007 

1.13627 

.91153 

1,09706 

.94400 

1.06982 
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22 

.85006 

1.17638 

.88059 

1.13561 

.91206 

1.09642 

.94455 

1J0587O 

88 

23 

.85057 

1.17500 

.88110 

1.13494 

.91359 

1.09578 

.94510 

1.05609 

87 

24 

.85107 

1.17500 

.88162 

1.13428 

.91813 

1.09514 

.94565 

1.05747 

85 

25 

.85157 

1.17430 

.88214 

1.13361 

.91366 

1.09450 

.94620 

1.05665 

35 

26 

.85207 

1.17361 

.88265 

1.13295 

.91419 

1.09886 

.94676 

1.06624 

84 

27 

.85257 

1.17292 

.88317 

1.131^28 

.91473 

1.09322 

.94781 

1.05662 

33 

28 

.85308 

1.17223 

.88369 

1.13102 

.91526 

1.09258 

.94786 

1.06501 

82 

29 

.85358 

1.17154 

.88421 

1.13090 

.91580 

1.09195 

.94841 

1.06489 

31 

30 

.85408 

1.17085 

.88473 

1.13029 

.91633 

1.09131 

.04696 

1X15878 

80 

31 

.85458 

1.17016 

.88524 

1.12903 

.91687 

1.09067 

.94052 

1.06817 

29 

32 

.85509 

1.16947 

.88570 

1.12S97 

.91740 

1.09003 

.95007 

1.05265 

28 

33 

.85559 

1.10878 

.88028 

1.12831 

.91794 
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1.06194 

27 

34 
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.88030 

1.12765 

.91847 

1.08876 
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35 
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.91901 
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25 
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.88784 

1.12033 

.91955 

1.08749 

.95229 

1.06010 

24 

37 

.85761 

1.16603 

.88836 

1.12657 

.92008 

1.08686 

.95284 

1.04949 

28 

38 

.85811 

1.16535 

.88888 

1.12501 

.92062 

1.08522 

.95340 

1.04888 

22 

39 

.85862 

1.10466 

.88910 

1.12435 

.92116 

1.08559 

.95395 

1.04827 

21 

40 

.85912 

1.16398 

.88992 

1.12369 

.92170 

1.08496 

.95451 

1.04766 

20 

41 

.85963 

1.16329 

.89045 

1.12303 

.92224 

1.06482 

.96606 

1.047a5 

10 

42 

.86014 

1.16261 

.89097 

1.12228 

.92277 

1.0S369 

.95562 

1.04644 

18 

43 

.86064 

1.16192 

.89149 

1.12172 

.92331 

1.06306 

.95618 

1.04583 

17 

44 

.86115 

1.16124 

.89201 

1.12106 

.92385 

1.08243 

.95673 

1.04622 

16 

45 

^6166 

1.16056 

.89253 

1.12041 

.92439 

1.06179 

.95729 

1.04461 

15 

46 

^6216 

1.15987 

.89806 

1.11975 

.92493 

1.06116 

.95785 

1.04401 

14 

47 

.86207 

1.15919 

.89358 

1.11909 

.92547 
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.95^41 

1.04340 
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.86318 

1.15851 

.89410 

1.11844 

.92601 

1.07990 

.95S97 

1.04279 

12 

49 
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1.15783 

.89463 

1.11778 

.92655 

1.07927 

.95952 

1.04218 

11 

50 

.86419 

1.15715 

.89515 

1.11713 

.92709 

1.07864 

.96006 

1.04158 

10 

51 

.86470 

1.15647 

.89567 

1.11648 

.92763 

1.07801 

.96064 

1.04097 

0 

52 

.86521 

1.15579 

.89620 

1.11582 

.92817 

1.07738 

.96120 

1.04036 

8 

53 

.86572 

1.15511 

.89672 

1.11517 

.92872 

1.07676 

.96176 

1.03976 

7 

54 

.86623 

1.15443 

.89725 

1.11452 

.92926 

1.07613 

.96282 

1.03915 
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.86674 

1.15375 

.89777 

1.11387 

.92980 

1.07550 

.96268 

1.08855 

5 
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.86725 

1.15309 

.89830 

1.11321 

.93034 

1.07487 

.90344 

1.03794 

4 

57 

.<16776 

1.15240 

.89883 

1.11256 

.93088 

1.07425 

.96400 

1.08784 
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58 

.86827 

1.15172 

.S9935 

1.11191 

.03143 

1.07362 

.96457 

1.03674 

2 

59 

.86878 

1.15104 

.89988 

1.11126 

.93197 

1.07299 

.96513 

1.03613 

1 
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.86929 
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.90040 

1.11061 
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1.07237 
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.966S1 
.9673S 
.9«79f 
.96850 
.96007 
.96963 
.97020 
.97076 
.97133 
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.97246 
.97302 
.97359 
.97416 
.97472 
.97629 
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.97700 
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1.03553 
1.03493 
1.03433 
1.03372 
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1.03012 
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.97700 
.9775G 
.97813 
.97870 
.97927 
.97984 
.98041 
.98098 
.98155 
.98213 
.98270 

.98327 
.98384 
.98441 
.98499 
.9855r. 
.98613 
.98671 
.98728 
.98786 
.98843 
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1.02355 
1.02295 
1.02236 
1.02176 
1.02117 
1.02057 
1.01998 
1.01939 
1.01879 
1.01820 
1.01761 

1.01702 
1.01643 
1.01583 
1.01524 
1.01465 
1.01409 
1.01347 
1.01288 
1.01229 
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.98843 
.98901 
.98958 
.99016 
.99073 
.99131 
.99189 
.99247 
.99304 
.09362 
.99420 

.99478 
.99536 
.09594 
.99652 
.99710 
.997«8 
.99826 
.99884 
.99942 
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1.01170 
1.01112 
1.01053 
1.00994 
1.00935 
1.00876 
1.0081S 
1.00750 
1.00701 
1.00642 
1.00583 
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Seeanta 
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0 

1.00000 

1.00001 

1.00002 

1.00004 

1.00007 

1.00011 

1.00015 

89 

1 

1.00015 

1.00021 

1.00027 

1.00034 

1.00042 

1.00051 

1.00061 

88 

2 

1.00061 

1.00072 

1.00083 

1.00095 

1.00108 

1.00122 

1.00137 

87 

3 

1.00137 

1.00153 

1.00169 

1.00187 

1.00205 

1.00224 

1.00244 

86 

4 

1.00344 

1.00265 

1.00287 

1.00309 

1.00333 

1.00357 

1.00382 

85 

5 

1.00382 

1.00406 

1.00435 

1.00468 

1.00491 

1.00521 

1.00661 

84 

6 

1.00551 

1.00582 

1.00614 

1.00647 

1.00681 

1.00715 

1.00751 

83 

7 

1.00751 

1.00787 

1.00825 

1.00863 

1.00902 

1.00942 

1.00983 

82 

8 

1.00983 

1.01024 

1.01067 

1.01111 

1.01155 

1.01200 

1.01247 

81 

9 

1.01247 

1.01294 

1.01342 

1.01391 

1.01440 

1.01491 

1.01543 

80 

10 

1.01543 

1.01595 

1.01649 

1.01703 

1.01758 

1.01815 

1.01872 

79 

11 

1.01872 

1.01930 

1.01989 

1.02049 

1.02110 

1.02171 

1.02234 

78 

12 

1.02234 

1.02298 

1.02362 

1.02428 

1.02494 

1.02562 

1.02630 

77 

13 

1.02630 

1.02700 

1.02770 

1.02842 

1.02914 

1.02987 

1.08061 

76 

14 

1.03061 

1.03137 

1.03213 

1.03290 

1.03368 

1.03447 

1.03528 

75 

15 

1.03528 

1.03609 

1.03691 

1.03T74 

1.08858 

1.03944 

1.04030 

74 

16 

1.04030 

1.04117 

1.04206 

1.04295 

1.043S5 

1.04477 

1.04569 

73 

17 

1.04569 

1.04663 

1.04757 

1.04853 

1.04950 

1.05047 

1.05146 

72 

18 

1.05146 

1.05246 

1.05347 

1.05440 

1.05552 

1.05657 

1.05762 

71 

19 

1.05762 

1.05869 

1.05976 

1.06085 

1.06195 

1.06306 

1.06418 

70 

1 

20 

1.06418 

1.06531 

1.06645 

1.06761 

1.06878 

1.06995 

1.07115 

69 

21 

1.07115 

1.07235 

1.07356 

1.07479 

1.07602 

1.07727 

1.07853 

OS 

22 

1.07853 

1.07981 

1.08109 

1.08239 

1.08370 

1.08503 

1.08636 

67 

23 

1.08636 

1.08771 

1.08907 

1.00044 

1.09183 

1.09323 

1.09464 

66 

24 

1.09464 

1.00606 

1.09750 

1.09895 

1.10041 

1.10189 

1.10338 

65 

25 

1.10338 

1.10488 

1.10640 

1.10793 

1.10947 

1.11103 

1.11260 

64 

26 

1  11260 

1.11419 

1.11579 

1.11740 

1.11903 

1.12067 

1.12233 

63  1 

27 

1.12233 

1.12400 

1.12568 

1.12738 

1.12910 

1.13083 

1.13257 

62 

28 

1  13257 

1.13433 

1.13610 

1.13789 

1.13970 

1 . 14152 

1.14335 

61 

29 

1.14335 

1.14521 

1.14707 

1.14896 

1.15085 

1.15277 

1.15470 

60  ' 

30 

1.15470 

1.15665 

1.15861 

1.16059 

1.16250 

1.16460 

1.16663 

59  1 

31 

1.16663 

1.16868 

1.17075 

1.17283 

1.17493 

1.17704 

1.17918 

58 

32 

1.17918 

1.18133 

1.18350 

1.18569 

1.18790 

1.19012 

1.19236 

57 

33 

1.19236 

1.19463 

1.19691 

1.19920 

1.20152 

1.20386 

1.20622 

56  . 

34 

1.20622 

1.20859 

1.21099 

1.21341 

1.21584 

1.21830 

1.22077 

55 

35 

1.22077 

1.22327 

1.22579 

1.22833 

1.23089 

1.23347 

1.23607 

54 

36 

1.23607 

1.23869 

1.24134 

1.24400 

1.24669 

1.24940 

1.25214 

53 

37 

1.25214 

1.25489 

1.25767 

1.26047 

1.26330 

1.26615 

1.26902 

52 

38 

1.26902 

1.27191 

1.27483 

1.27778 

1.28075 

1.28374 

1.28676 

51 

39 

1.28676 

1.28980 

1.29287 

1.29597 

1.29909 

1.30223 

1.30541 

50 

40 

1.30541 

1.30861 

1.31183 

1.31509 

1.31837 

1.32168 

1.32501 
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41 

1.32501 

1.32838 

1.33177 

1.33519 

1.33864 

1.34212 

1.34563 

48 

42 

1.34563 

1.34917 

1.35274 

1.35634 

1.35997 

1.36363 

1.36733 

47 

43 

1.36733 

1.37105 

1.37481 

1.37860 

1.38242 

1.38628 

1.39016 
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44 

1.39016 

1.39409 
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Natonl  Secants  and  Coseetntg  (Coatinned) 

De- 
grees 

CoMMmts 

0' 
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20' 

30' 

40' 

50' 
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1  '        0 

00 

343.77516 

171.88831 

114.59301 

85.94561 

68.75736 

57.29869 

89 

1 

57.29869 

49.11406 

42.97571 

38.20155 

34.38232 

31.25758 

28.65371 

88 

2 

28.65371 

26.45051 

24.56212 

22.92559 

21.49368 

20.23028 

19.10732 

87 

3 

19.10732 

18.10262 

17.19843 

16.38041 

15.63679 

14.95788 

14.33559 

86 

4 

14.33559 

13.76312 

13.23472 

12.74550 

12.29125 

11.86837 

11.47371 

85 

5 

11.47371 

11.10455 

10.75849 

10.43343 

10.12752 

9.83912 

9.66677 

84 

6 

9.56677 

9.30917 

9.06515 

8.83367 

8.61379 

8.40466 

8.20551 

83 

7 

8.20551 

8.01665 

7.83443 

7.66130 

7.49571 

7.33719 

7.18630 

82 

8 

7.18530 

7.03962 

6.89979 

6.76547 

6.63633 

6.51208 

6.39245 

81 

0 

6.39245 

6.27719 

6.16607 

6.05886 

5.95536 

5.85539 

6.75877 

80 

10 

6.75877 

5.66533 

5.57493 

5.48740 

5.40263 

5.32049 

5.24084 

79 

11 

5.24084 

5.16359 

5.08863 

5.01585 

4.94517 

4.87649 

4.80973 

78 

12 

4.80973 

4.74482 

4.68167 

4.62023 

4.56041 

4.50216 

4.44541 

77 

18 

4.44541 

4.39012 

4.33622 

4.28366 

4.23239 

4.18238 
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INTRODUCTION 
EXPLANATION  OF   SUBOECT-MATTBR  AND  NOTATION 


1.  Introdactioii  to  Part  n 

Subject-Matter  of  Part  IL  In  the  thirty-one  chapters  of  Part  11  are 
dven  the  necessary  rules,  formulas  and  data  for  computing  the  strength  and 
stability  of  all  ordinary  forms  of  building-construction,  whether  of  wood,  steel, 
roncrete  or  masonry,  and  in  fact  of  all  but  the  more  intricate  problems  of  steel 
:onstruct]on,  with  which  few  architects  care  to  cope,  and  which,  indeed,  are 
more  especially  within  the  province  of  the  engineer. 

The  Ruloa  and  FormiiUs  have  been  reduced  to  their  simplest  fonns»  and, 
in  general,  require  only  an  elementary  knowledge  of  mathematics  to  understand 
them.  The  application  of  the  formulas  is  explained  and  in  most  cases  their 
derivation,  and  it  is  believed  that  the  formulas,  constants  and  working  stresses 
are  representative  of  conservative  and  approved  contemporary  practice. 

Constants  and  WorUng  Stressos.  In  the  use  of  constants  for  the  strength 
of  materials,  the  authors  and  editors  have  been  guided  by  the  practice  of  leading 
structural  engineers,  by  the  available  records  of  tests  and  by  their  own  expe- 
rience of  many  years  as  practicing  and  consulting  architects  and  engineers. 
The  varying  conditions  of  building-construction  have  been  taken  into  account 
and  an  attempt  made  to  adapt  the  values  to  the  practical  conditions  usually 
governing  such  construction.  Every  possible  precaution  has  been  taken  to 
prevent  the  misapplication  of  rules  and  formulas  and  to  insure  absolute  safety 
without  undue  waste  of  materials. 

Tables.  Much  thought  and  labor  have  been  expended  on  the  preparation 
of  the  numerous  tables,  to  insure  thcsr  accuracy  and  to  arrange  them  in  the 
most  convenient  form  for  use  by  architects  and  builders.  Many  of  these  tables 
were  computed  by  the  authors  and  editors,  all  have  been  carefully  verified,  and 
it  b  believed  that  they  may  be  used  with  perfect  confidence.  In  all  cases,  un- 
less otherwise  noted,  they  give  the  same  values  that  would  be  obtained  by 
using  the  formulas  specially  referred  to,  while  they  afford  a  great  saving  of 
time  and  labor  and  reduce  to  a  minimum  the  danger  of  errors  in  making  the 
necessary  computations. 

Treatment  of  the  Subject  Owing  to  the  nature  of  the  subjects  treated 
and  the  large  number  of  pages  required  to  include  them  all  in  one  book  of  refer- 
ence, some  forms  of  construction  are  treated  rather  briefly.  The  intention  is  to 
give  the  data  needed  for  immediate  use  rather  than  a  complete  discussion  of 
all  the  principles  involved.  Those  who  wish  more  complete  discussions  of 
masons'  work,  carpenters*  work,  steelwork,  etc.,  are  referred  to  treatises  on 
these  branches  of  building-construction.  References  are  made  in  the  different 
chapters  to  various  other  books  and  periodicals  containing  more  complete 
information  on  some  of  the  subjects.  The  thirty-one  chapters  of  Part  II 
deal  principally  with  foundations,  walls  and  piers,  arches,  columns,  beams 
and  girders,  floors,  mill-construction,  fireprooflng,  reinforced-concrete  con- 
struction, roof-trusses,  wind-bradng,  and  domes  and  vaults. 
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2.  Explanation  of  the  Notation  or  Symbols  used  in  Part  II  * 

Besides  the  usual  mathematical  signs  and  characters  in  general  use,  the  id 
lowing  abbreviations  and  symbob  are  frequently  used: 

A  area  of  cross-section;  also,  a  constant  used  in  Chapter  XVI  and  equa 
to  Hs  the  safe  unit  fiber-stress; 

a^btCt  .  .  .  m,  etc.,  known  or  given  distances; 

b      breadth,  as  of  beams; 

C     coefficient  of  strength; 

c  normal  distance  from  neutral  axis  of  cross-section  of  beam  to  mch^ 
distant  fiber  in  same; 

d      diameter,  as  of  rivets;  exterior  diameter;  depth,  as  of  beams; 

d\     interior  diameter; 

E     modulus  of  elasticity; 

£«,  £e  modulus  of  elasticity  for  steel  and  concrete  respectively  (as  in  r& 
inf orced  concrete) ; 

e      total  deformation  or  change  in  length,  as  in  a  bar; 

F     shearing-modulus  of  elasticity; 

f      maximum  deflection  for  a  beam; 

k      distance  between  parallel  axes  for  moments  of  inertia; 

/      moment  of  inertia  about  a  line; 

I/c  section-modulus  or  section-factor; 

/     polar  moment  of  inertia; 

/'     polar  moment  of  inertia  of  bolts  about  shaft-axis; 

K  total  elastic  resistance  of  a  bar;  resilience,  work;  also,  a  factor  or  con- 
stant used  in  formulas  for  reinforced  concrete; 

/       length;  span  of  a  beam; 

M    bending  moment ; 

Mm%M    maximum  bending  moment; 

Afi,  1/t,  etc.,  bending  moments  at  supports  of  beams; 

Mr  or  S!/c   moment  of  resistance; 

n     number  of  loads,  spans,  etc.; 

P     external  force;  concentrated  load; 

Pi,  Ps,  Ptt  etc.,  concentrated  loads  on  beams; 

P  pitch  of  rivets;  eccentricity  of  load  on  column;  ratio  of  cross-section 
of  steel  to  cross-section  of  beam  (reinforced  concrete) ; 

f  radius  of  curvature;  radius;  radius  of  gyration;  ratio  of  £«  for  sted 
to  Ec  for  concrete  (reinforced  concrete) ; 

i2t,  i{i,  Rt,  etc.,  reactions  at  the  supports  of  a  beam; 

S  imit  stress,  with  subscripts  /,  c  and  s  for  unit  stress  in  tension,  com- 
pression and  shear,  respectively; 

Sh    buckling  resistance  in  webs  of  steel  beams; 

Sh    horizontal  unit  shearing-stress  in  beams; 

St    elastic  limit; 

Sf    modulus  of  rupture,  or  computed  flexural  strength; 

/i,  /a,  etc.,  thicknesses; 

V     vertical  shear; 

W  weight  of  a  bar  or  beam;  total  uniform  load  on  beam  (may  include 
weight  of  beam); 

vA    total  uniform  load  on  a  beam  (may  include  weight  of  beam) ; 

w  weight  of  a  cubic  unit  of  material;  uniform  load  on  beam,  per  linear 
unit  of  length; 

*  See,  also,  page  3  of  Part  I. 
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X,  y,  s,  variable  distances; 

ct,  0,  etc.,  material  constants; 

^     constant  depending  upon  material; 

$      an  an^e. 
Greek  letters  are  used  generally  for  signs  of  operation,  for  abstract  numbers 
and  for  angles.    £  is  employed  as  a  symbol  of  summation. 
The  following  are  the  Greek  letters  most  in  use: 


a  Alpha, 

fi  Beta, 

c  Epsilon, 

fl  Eta, 

$  Theta, 

K  Kappa, 

X  Lambda, 

11  Mu, 

r  Nu, 

r  Pi, 

p  Rho, 

0-  Sigma, 

T  Tau, 

^Phi, 

^Psi, 

ta  Omega. 

Note.  In  a  few  places  in  the  book  it  has  been  considered  necessary  or  advis- 
able by  some  of  the  associate  editors  to  give  a  different  meaning  to  one  or 
more  of. the  above  ssrmbols  or  to  introduce  diSferent  symbols  for  the  meanings 
given  in  the  list,  but  in  all  such  cases  the  new  symbols  or  meanings  have  been 
very  deariy  indicated. 

The  term  breadth  is  used  to  denote  the  horizontal  thickness  of  a  beam  or 
the  smaller  dimension  of  the  cross-section  of  a  rectangular  column,  post  or 
strut,  and  is  always  measured  in  inches  unless  expressly  stated  otherwise. 

The  term  depth  denbtes  the  vertical  height  of  a  beam  or  girder,  and  is  always 
measured  in  inches  unless  expressly  stated  otherwise. 

The  term  length  denotes  the  distance  between  supports  and  is  always  meas- 
ured in  feet  unless  expressly  stated  otherwise. 

Abbreviations.  In  order  to  shorten  the  formulas,  the  tabulations  of  computa- 
tions, etc.,  and  throughout  the  text  generally,  to  economize  space,  the  units  oi' 
measurement  are  generally  abbreviated.  For  example,  foot  and  feet  are  abbre- 
viated, ft;  inch  and  inches,  in;  pound  and  pounds,  lb;  square,  sq;  cubic,  cu; 
linear,  lin;  inch-pound  or  inch-pounds,  in-lb;  foot-pound  or  foot-pounds,  ft-lb; 
ounces,  oz;  horse-power,  h.p.;  gallons,  gal;  etc.;  and  no  periods  are  placed  after 
these  abbreviations,  except  at  the  ends  of  sentences.  Where  the  word  ton  if 
used  in  this  volume,  it  always  means  the  net  ton  of  a  ooo  lb. 
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CHAPTER  I 

EXPLANATION  OF   TERMS  USED  IN  AECHITfiCTI«AL 

ENGINEERING 

By 
THOMAS  NOLAN 

PK07ESS0R  or  ASCHXTECTURAL  OONSTRUCTION,   UMIVEKSITY  OV  PENNSYLVAKU 

L  Definitions  of  Some  of  the  Terms  XJeed  in  the  Mechenics  of 

MAterials  * 

Terms  Used  in  Architectural  Engineering*  The  following  terms  fre> 
quently  occur  in  discussions  of  the  principles  of. architectural  engineering  and 
an  understanding  of  their  meaning  is  essential. 

Mechanics  is  the  branch  of  physics  that  treats  of  the  phenomena  caused  by 
the  action  of  forces  on  material  bodies. 

Applied  Mechanics  treats  of  the  laws  of  mechanics  as  applied  to  construc- 
ti jn  in  the  useful  arts,  as  in  beams,  trusses,  arches,  etc. 

Mechanics  of  Materials  treats  of  the  effects  of  for.«9  in  causing  changes 
in  the  size  and  shape  of  bodies. 

Rest  is  the  relation  that  exists  between  two  points  when  the  straight  line 
joining  them  does  not  change  in  length  or  direction.  A  body  is  at  rest  relatively 
to  a  point  when  any  point  in  the  body  is  at  rest  relatively  to  the  hrst-menttooed 
point. 

Motion  is  the  relation  that  exists  between  two  points  when  the  straight  line 
joining  them  changes  in  length  or  direction,  or  in  both.  A  body  moves  rela- 
tively to  a  point  when  any  point  in  the  body  moves  relatively  to  the  first-men- 
tioned point. 

Force  is  that  which  changes,  or  tends  to  change,  the  state  of  rest  or  motion 
of  the  body  acted  upon.  It  is  a  cause  regarding  the  essential  nature  of  whicti 
we  are  ignorant.  In  the  mechanics  of  materials  we  do  not  deal  with  the  nature 
of  forces,  but  only  with  the  laws  of  their  action. 

Equilibrium  is  that  condition  of  a  body  in  which  the  forces  acting  upon  it 
balance  or  neutralize  each  other;  or,  it  is  that  condition  of  a  force-system  io 
which  the  resultant  of  the  force-system  b  zero. 

Statics  is  the  branch  of  Mechanics  that  treats  of  the  conditions  of  equilibrium. 
It  is  divided  into: 

(i)  Statics  of  rigid  bodies. 

(2)  Statics  of  practically  incompressible  fluids. 

In  building-construction  we  have  to  deal  only  with  the  former. 

Structures  are  artificial  constructions  in  which  all  the  parts  are  intended  to 
be  in  equilibrium  and  at  rest  relatively  to  each  other,  as  in  the  case  of  a  bridj^e- 
truss  or  roof-truss.  They  consist  of  two  or  more  solid  bodies,  generally  called 
PIECES  or  MEMBERS,  which  are  connected  at  different  parts  of  their  surfaces 
called  JOINTS. 

*  In  addition  to  the  terms  defined  here,  many  others  are  defined  in  the  chapters  of 
Part  U,  and  especially  m  Chaptecs  VI,  IX.  X.  XIV,  XV,  XVI,  XX  and  XXIV. 
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Iq  general  there  are  three  Gonditiofis  of  equilibrium  in  a  structure, 
(i)  The  external  forces  acting  upon  the  whole  structure  must  balance  each 
€>ther.    These  forces  are: 

(a)  The  weight  of  the  structure; 

(b)  The  loads  it  carries; 

{c)  The  upward  supporting  forces,  reactions  or  resistances  under  or  around 
the  foundations. 

(2)  The  forces  acting  upon  each  piecc^f  the  structure  must  balance  each 
other.    These  forces  are,  for  each  piece: 

(a)  The  weight  of  the  piece; 
{b)  The  loads  it  carries; 

(c)  The  resistances  or  reactions  at  its  joints. 

(3)  The  forces  acting  upon  each  of  the  parts  into  which  any  piece  may  be 
supposed  to  be  divided  must  balance  each  other. 

Th«  Stability  of  a  Structure  requires  the  fulfilment  of  conditions  (i)  and 
(3),  that  is,  the  ability  of  the  structure  to  resist  the  DisPLACUCEifT  of  any  of  its 
parts. 

The  Strength  of  a  Piece  or  Member  consists  in  the  fulfilment  of  condi- 
tion (3),  that  is,  the  ability  of  a  piece  to  resist  breaking. 

The  Stiffness  of  a  Piece  or  Member  consists  in  the  ability  of  a  piece  to 
resist  bending. 

The  Theory  of  Structures  is  divided  into  two  parts: 

(i)  That  which  treats  of  strength  and  stiffness,  dealing  only  with  single 
pieces  and  generally  known  as  the  strength  of  materials  or  the  mechanics 
OF  MATERIALS,  before  defined. 

(2)  That  which  treats  of  stability,  dealing  with  the  structures  themselves. 

Stress  is  an  internal  force  that  resists  a  change  in  shape  or  size  caused  by 
external  forces.  When  the  applied  external  forces  reach  certain  intensities 
the  internal  stresses  hold  them  in  equilibrium. 

The  Intensity  of  a  Stress  is  measured  by  the  unit  stjiess.  (See  Unit 
Stress.)  The  iNTENSfiY  or  the  stress  per  square  inch  on  any  normal  surface 
of  a  solid  is  the  total  stress  divided  by  the  area  of  the  section  in  square  inches. 
Thus,  if  a  bar  10  ft  long  and  2  in  square  has  a  load  of  8  000  lb  pulling  in  the 
dirrction  of  its  length,  the  stress  on  any  normal  section  of  the  bar  is  8  000  lb; 
and  the  intensity  of  the  stress  per  square  inch  is  8  000  lb/4  sq  in  »  2  000  lb  per 
sq  in. 

Deformation.*'  When  a  solid  body  is  acted  upon  by  an  external  force  an 
alteration  takes  place  in  the  volume  and  shape  of  the  body,  and  this  alteration 
is  called  the  deformation.  In  the  case  of  the  bar  given  above,  the  deformation 
b  the  amount  that  the  bar  stretches  under  its  load. 

The  mUmete  Strength  is  the  highest  unit  stress  a  tnece  of  material  can 
sustain  and  it  is  the  unit  stress  at  or  just  before  rupture. 

The  Working  Unit  Stress  is  the  ultimate  stress  divided  by  the  factor  of 
safety. 

The  Safe  Load  is  the  load  that  a  piece  can  support  without  exceeding  the 
working  unit  stresses. 

*  In  mechanics  the  term  strain  is  now  synonymous  with  the  term  deformation.  On 
account  of  the  tendency  to  confuse  the  terms  strain  and  stkkss  the  term  deformation, 
a  used  to  denote  diange  in  shape  and  the  term  strain  is  omitted  in  all  diacussKMia  in  the 
Pocket-Book. 
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The  Factor  of  Safety  *  of  a  piece  of  material  under  stress  is  the  ratio  of 
the  ultimate  strength  of  the  material  to  the  actual  unit  stress  on  the  section- 
area;  or  it  is  the  number  by  which  the  ultimate  unit  stress  must  be  divided  to 
give  the  working  unit  stress.  In  designing  a  piece  of  material  to  sustain  a  cer- 
tain load,  it  is  required  that  it  shall  be  perfectly  safe  under  all  circumstances; 
and  hence  it  is  necessary  to  make  an  allowance  for  any  defects  in  the  material, 
workmanship,  etc.  It  is  obvious,  that,  for  materials  of  different  composition, 
different  factors  of  safety  are  requin|^  Thus,  steel  being  more  homogeneous 
than  wood  and  less  liable  to  defccts,'^oes  not  require  as  high  a  factor  of  safety. 
Again,  different  kinds  of  stresses  require  different  factors  of  safety.  Thus,  a 
long  wooden  column  or  strut  requires  a  higher  factor  of  safety  than  a  wooden 
beam.  As  the  factors  of  safety  thus  vary  for  different  kinds  of  stresses  and 
materials,  the  proper  factors  for  the  different  kinds  of  stresses  and  conditions  arc 
given  in  considering  the  resistance  of  the  various  materials  to  those  stresses 
under  varying  conditions. 

The  Unit  Stress  is  the  stress  on  a  unit  of  section-area,  and  is  usually  expressed 
in  pounds  per  square  inch.     (See  Intensity  of  Stress.) 

Dead  Loads  and  Live  Loads.  The  term  dead  load  means  a  load  that  is 
applied  and  increased  gradually  and  that  finally  remains  constant,  such  as  the 
weight  of  a  structure  itself. 

The  term  live  load  means  a  load  that  is  applied  suddenly  and  causes  vibra- 
tions, such  as  a  train  traveling  over  a  railway  bridge.  It  has  been  found  by 
experience  that  the  effect  of  a  live  load  on  a  beam  or  other  piece  of  material 
has  twice  the  destructive  tendency  of  a  dead  load  of  the  same  magnitude  or 
intensity.  Hence  a  piece  of  material  designed  to  carry  a  live  load  should  hare 
a  factor  of  safety  twice  as  large  as  one  designed  to  carry  a  dead  load.  The 
load  due  to  a  crowd  of  people  walking  on  a  floor  is  usually  considered  to  produce 
an  effect  which  is  a  mean  between  that  of  a  dead  load  and  a  live  load,  and  a 
suitable  factor  of  safety  is  adopted  accordingly.  In  municipal  ordinances  and 
laws  relating  to  the  allowable  loads  for  floors,  the  loads  to  be  supported  by  the 
floors,  exclusive  of  their  inherent  construction  and  stationary  fixtures,  are  gen- 
erally referred  to  as  the  lfve  loads  no  matter  of  what  they  may  consist ;  but 
the  term  does  not  have  the  exact  significaDce  given  to  it  by  many  engineers 
and  as  explained  in  the  paragraph  above. 

The  Modulus  of  Rupture  or  Computed  Flezural  Strength  is  the  value 
of  the  UNIT  FIBER-STKKSS  5,  computed  from  the  flexure-formula  M  «■  SI/c, 
when  a  beam  is  ruptured  under  a  trcnsverse  load.  Its  value  is  intermediate 
between  the  ultimate  tensile  and  compressive  strengths  of  a  material. 

The  Elastic  Limit  is  that  unit  stress  at  which  the  deformation  of  a  piece  of 
material  begins  to  increase  in  a  faster  ratio  than  the  applied  loads.  It  is 
sometimes  called  the  flastic  .strength. 

The  Modulus  of  Elasticity  or  Coefficient  of  SUsClcity*  In  treatises 
on  physics  this  is  often  called  Youkg's  modulus.  It  we  take  a  bar  of  any  elastic 
material,  say  one  inch  square,  of  any  length,  and  secured  at  one  end,  and  to  the 
other  apply  a  force,  say  a  certain  number  of  pounds  P,  pulling  in  the  direction 

*  The  ELASTIC  Lncrrs  of  materials  must  be  considered  in  deciding  upon  working  unit 
stresses  and  in  forming  a  judgment  of  the  security  of  matcriaU  under  stress.  When  the 
el^tic  limit  is  considered  the  actual  allowable  unit  stress  is  made  a  certain  percentage  of 
it,  as  35  or  50%,  according  to  varying  conditions.  Both  ultimatr  strengths  and  elas- 
tic LIMITS  must  be  taken  into  account  in  practice.  Btit  the  use  of  the  factor  of  safkty, 
as  determined  by  the  old  method,  is  still  a  great  help  in  the  study  and  application  of 
the  principles  of  the  mechanics  of  materials,  and  is  used  frequently  in  the  Focket-Book* 
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of  Its  length,  we  shall  find  by  careful  measurement  that  the  bar  has  been  stretched 
or  elongated  by  the  action  of  the  force.  If  we  divide  the  total  elongation  e, 
in  inches,  by  the  original  length  /  of  the  bar,  in  inches,  we  shall  have  e/l,  the 
UNIT  EX/>NGATiON  c,  or  the  elongation  of  the  bar  per  unit  of  length;  and  if  we 
divide  the  unit  stress  5,  developed  (that  is,  in  this  case,  the  external  force  P, 
divided  by  the  area  of  the  cross-section  A,  or  F/A)  by  this  ratio  we  shall  have 
what  is  known  as  the  modulus  of  elasticity,  E.     Expressed  in  symbols  and 

by  equations,  E  ■■  5/i  -  —jp.    Hence,  ll^-'may  define  the  modulus  op  elas- 

TiciTY  as  the  ratio  of  the  unit  stress  to  the  unit  deformation.  Another  definition 
13,  the  force  which  would  elongate  a  bar  of  i  sq  in  in  cross-section  to  double  its 
original  length,  if  that  could  be  done  without  exceeding  the  elastic  limit 
of  the  material.  This  is  evident  from  the  above  equation;  for  if  i4  *>  i  and 
e  —  /,  £  will  equal  P.  These  formiUas  apply  only  when  the  unit  stress  5  or  P/A 
is  less  than  the  elastic  limit  of  the  material,  c  is  an  abstract  number, 
because  e  and  /  are  both  linear  quantities,  and  hence  E  is  expressed  in  the  same 
unit  as  5,  that  b,  in  pounds  per  square  inch. 

As  an  example  of  one  method  of  determining  the  modulus  of  elasticity  of  any 
material  the  following  illustration  is  given: 

Suppose  we  have  a  bar  of  wrought  iron,  2  in  square  and  lo  ft  long,  securely 
fastened  at  one  end,  and  to  the  other  end  we  apply  a  tensile  force  of  40  000  lb. 
This  force  causes  the  bar  to  stretch,  and  by  careful  measurement  we  find  the 
elongation  to  be  0.0414  in.  As  the  bar  is  xo  ft,  or  120  in  long,  if  we  divide 
OJ04X4  by  120,  we  shall  have  the  elongation  of  the  bar  per  unit  of  length.  Per- 
forming this  operation,  we  have  as  the  result,  0.00034  in.  As  the  bar  b  2  in 
square,  the  area  of  cross-section  is  4  sq  in,  and  hence  the  stress  per  square  inch 
is  1 0000  lb.  Dividing  10  000  by  0.00034,  we  have,  as  the  modulus  of  elas- 
ticity of  the  bar,  29  400  000  lb  per  sq  m.  This  is  the  method  generally  employed 
to  determine  the  modulus  of  elasticity  of  iron  ties;  but  E  can  also  be  deter- 
mined from  the  deflection  of  beams,  and  it  is  in  that  way  that  its  values  for 
most  woods  have  been  found.  The  modulus  of  elasticity  is  used  in  the  deter- 
mination of  the  stiffness  of  beams. 

Th«  Moment  of  a  Force  with  respect  to  an  axis  is  the  product  obtained 
by  multiplying  the  magnitude  of  the  force  by  the  shortest  distance  from  the 
axis  to  its  line  of  action.  The  shortest  distance  is  called  the  lever-arm  of 
the  force.  The  moment  of  the  force  is  the  measure  of  the  tendency  of  the  force 
to  cause  rotation  about  the  axb.    (See  Chapter  VI  and  IX.) 

The  Center  of  Gravity  of  a  body  is  the  point  in  the  body  through  which 
the  resultant  of  the  forces  exerted  by  graxity  upon  all  the  particles  of  the 
bcdy  passes.  A  body  may  be  balanced  upon  a  point  placed  above  or  below 
the  center  of  gra\'ity,  because  the  resultant  of  any  number  of  forces  may  be 
hc!d  in  equilibrium  by  an  equal  and  opposite  force.  Another  definition  of  the 
center  of  gravity  of  a  body  or  bodies  is:  a  point  such  that  there  is  no  tend- 
ency TO  rotation  about  any  axis  drawn  through  it.  (For  center  of  gravity 
of  surfaces,  lines  and  solids,  see  Chapter  VI.) 

2.   Classification  of  the  Principal  Strosses  Caused  in  Bodies  by 

External  Forces 

Tension  is  the  stress  that  resists  the  tendency  of  two  forces  acting  away  from 
each  other  to  pull  apart  two  adjoining  planes  of  a  body. 

Compression  is  the  stress  that  resists  the  tendency  of  two  forces  acting  toward 
each  other  to  push  together  two  adjoining  planes  of  a  body. 
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Shear  is  the  stress  that  resists  the  tendency  of  two  equal  paralld  forces  sutL- 
ing  in  opposite  directions  to  cause  two  adjoining  planes  of  a  body  to  slide  oh 
on  the  other. 

Toriion  »  the  stress  that  resists  the  tendency  of  forces  to  twist  a  body. 

Combined  Stresset.  Parts  of  structures  are  often  actM  upon  by  se\'en! 
external  forces  which  develop  stresses  of  different  character,  such  as  combint^ 
flexure  and  compression,  flexure  and  tension,  flexure  and  torsion,  shear  and  axid 
compression  or  tension,  torsion  an||^mpression,  etc. 
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CHAPTER   n 

FOUNDATIONS 

By 
DANIEL  E.  MORAN 

MEMBER  OF  AMERICAN  SOCIETY  OF    CIVIL  ENGINEERS 

h  Definition  of  the  Word  and  Terms  0sed 

Dttflnitioiis.  The  word  Foundation  is  derived  from  the  Latin  verb  pundare 
tne&ning  to  establish  or  lay  the  base,  bottom,  keel  or  foundation  of  anything. 
The  Eoi^ish  word  is  used  in  the  broadest  possible  way  to  describe  the  base, 
phyi»ical  or  otherwise,  on  which  anything  is  supported,  and  in  technical  language 
it  may  be  used  to  describe  any  part  of  a  structure  on  which  a  subsequent  oper- 
ation or  construction  is  sup)erimposed.  Thus  a  plaster  wall  may  be  called  the 
FOUNDATION  for  a  fabric  to  be  stretched  thereon  and  the  fabric  in  turn  becomes 
the  FOUNDATION  for  various  coats  of  paint  or  other  decorations.  More  specific 
cally  and  in  relation  to  a  building  or  other  complete  structure  the  word  founda- 
tion is  unfortunately  applied  indiscriminately  (t)  to  construction  below  grade, 
such  as  footing  courses,  cellar  walls,  etc.,  forming  the  lower  section  of  the  struc- 
ture: (2)  to  the  natural  material,  the  particular  part  of  the  earth's  surface  on 
wtuch  the  oonstruction  rests;  and  (3)  to  spedal  construction  such  as  piling  or 
piers  used  to  transmit  the  loads  of  the  building  to  firm  substrata.  In  view  of 
the  indefinite  meaning  of  the  word  it  is  advisable  to  vae  it  either  to  distinguish 
work  bdow  grade,  or  below  the  tier  of  beams  nearest  to  grade,  from  work  above 
grade.  In  even  a  still  more  restricted  sense,  it  might  include  only  the  work 
btrlow  the  cellar  or  basement-floor  to  rock  or  other  solid  foundation-bed. 
(Sec  Chapter  II,  Subdivision  29,  Chapter  III,  Subdivision  2,  and  Water- 
[>roofing  for  Foundations,  Part  lU.) 

The  Foundation-Bed.  The  natural  material  on  which  the  construction 
rests  IS  called  the  foundation-bed.  Walls,  piers  and  columns  below  grade 
are  called,  in  general,  foundation  walls,  piers  and  columns  to  distinguish 
them  from  similar  construction  above  grade  and  occasionally  those  only 
below  the  basement-floor  are  so  called;  the  lower  portions  of  walls,  piers  or 
oolumns  which  are  spread  to  provide  a  safe  base  will  be  called  footing  courses. 

2.  General  Requirements 

The  Object  of  Poundttiotti.  The  object  to  be  borne  in  mind  in  designing 
any  foundation  is  to  provide  a  safe  and  permanent  base  for  the  sup)erstnjcture 
such  that  the  movement  of  the  base  and  of  the  superimposed  structure  shall  be 
the  least  possible  and  shall  result  in  the  least  possible  damage  to  the  structure. 
To  fully  meet  the  above  requirements  the  design  and  construction  should  ful- 
hU  the  following  conditions: 

(i)  The  Materials  of  Constniction  should  be  proof  against  all  deteriorating 
influences,  or,  if  any  of  the  materials  are  liable  to  deterioration  they  should  be 
permanently  protected. 

(a)  Streesei  and  Future  Changes.  No  part  of  the  foundation-structure 
should,  under  any  combination  of  loadings,  be  stressed  beyond  safe  limits,  and 
the  poistbiHty  of  future  additions  or  changes  in  the  superstructure,  or  of  a  change 
in  the  use  of  the  building,  should  be  kept  in  mind. 
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(3)  The  Load  on  the  Natonl  Bad  should  be  kept  within  the  safe  limit  for  sucb 
material,  under  the  worst  conditions  to  which  it  may  be  exposed.  In  &xins 
this  limit  the  amount  of  settlement  allowable  will  in  many  cases  detennine  the 
limit  rather  than  the  safe  ultimate  bearing  capacity. 

(4)  Adjoining  Ezcavationa.  The  possible  danger  to  the  structure  or  to  the 
stability  of  the  foundation-bed  from  adjoining  excavations  or  other  disturbing 
causes  should  be  guarded  against  as  far  as  possible. 

Phyiical  Conditioiii  of  the  Site.  In  order  to  meet  the  above  requirements, 
the  design  should  be  suited  to  the  physical  conditions  existing  at  the  location. 
The  architect  or  engineer  should  personally  examine  the  site.  He  should  secure 
all  available  information  relative  thereto  and,  if  necessary,  should  make  borings 
and  tests  so  as  to  secure  reliable  information  on  which  to  base  his  design  for  the 
f oimdation.  The  first  step  is,  therefore,  a  detailed  and  exhaustive  study  of  the 
•ite  to  detennine  the  characteristics  of  the  foundation-bed  on  which  the  struc- 
ture is  to  rest. 

S.  Geological  Contiderationi 

Charactar  of  the  Foundation-Bed.  A  knowledge  of  geology  b  of  material 
assistance  in  many  cases  in  making  a  proper  estimate  of  the  character  of  the 
foundation-bed.  While  it  is  not  proposed  in  the  limits  of  this  chapter  to  go  into 
any  general  geological  discussion  the  following  notes  may  be  of  value  in  assisting 
the  architect  to  determine  whether  any  given  deposits  can  be  relied  upon  as 
affording  a  stable  foundation-bed.  Broadly  speaking,  as  the  location  of  the 
building  may  be  in  any  part  of  the  world,  so  the  materials  encountered  may 
belong  to  any  one  of  the  many  geological  formations  forming  the  surface  of  the 
earth.  For  practical  purposes,  however,  the  materials  met  with  are  roughly 
divided  into  rock,  or  materials  other  than  rock,  roughly  defined  as  SAaTH. 

4.  Compoeition  and  Classification  of  Rocks 

Composition  of  Rocks.  Rocks,  and  the  earthy  deposits  derived  from  rocks, 
are  composed  of  various  minerals  of  which  many  hundred  kinds  are  known. 
each  varying  from  the  others  in  some  particular  of  chemical  composition,  form 
of  crystallization  or  other  characteristic.  A  rock  or  an  earthy  deposit  may  con- 
sist almost  entirely  of  a  single  mineral,  but  it  is  usually  composed  of  several 
distinct  minerals  or  of  mixtures  of  minerals.  The  principal  classes  of  rock- 
forming  minerals  are: 

(z)  The  Silica  Minerals,  composed  of  silica  (SiOa)  in  different  forms; 

(i)  Silicates  or  combinations  of  silica,  with  various  metallic  bases; 

(3)  Calcareous  Minerals  composed  of  calcite  or  carbonate  of  lime  (CaCOa'i 
and  its  combinations. 

(i)  Silica  Minerals  are  different  forms  of  the  oxide  of  silicon,  known  as 
SiucA.    In  the  crystalline  state  silica  is  known  as 

Quarts.  This  is  the  most  abundant  of  all  minerals.  Owing  to  its  hardness 
and  insolubility  it  resists  decomposition  and  abrasion  better  than  the  minerals 
with  which  it  is  associated  and  grains  of  it  form  the  principal  constituent  of 
sandy  deposits.  In  finely  comminuted  particles  it  forms  a  part  of  most  of  the 
days. 

Flint,  Chert,  Agate,  etc.,  are  non-crystalline  varieties  of  silica.  SiucA  also 
forms  the  cementing  material  in  many  sandstones  and  other  rocks. 

(a)  Silicates  or  combinations  of  silica  with  various  bases  are  second  in  im- 
portance only  to  quartz. 
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Feldspar,  an  important  coDstituent  of  granite  and  other  igneous  rocks,  is  a 
silicate  of  alumina  with  potash,  soda  or  lime.  When  exposed  to  the  action  of 
water  it  slowly  decomposes,  forming  silicate  of  alumina,  the  base  of  clay.  The 
decomposition  of  granite  results  in  the  formation  of  clay  and  crystals  of  quartz 
and  mica.  The  mica  is  very  slowly  affected  and  the  quartz  is  practically  un- 
changed. 

Mica.  The  various  mica  minerals  are  silicates  of  alumina,  with  potash  and 
other  constituents.  All  varieties  are  soft  and  split  into  thin  elastic  plates. 
Small  particles  of  mica  are  frequently  found  in  sand. 

Hombleade  and  Avgite  are  silicates  of  lime,  magnesia,  iron  and  alumina  and 
are  of  frequent  occurrence. 

Chlorite,  Talc  and  Soapstooe  Travertine  are  hydrated  alicates  formed  from 
other  ^cates  by  a  chemical  change  in  which  a  certain  amount  of  water  is 
absorbed.  These  minerals  are  soft  and  have  a  soapy  feel.  Special  care  should 
be  taken  in  building  foundations  on  rock  of  this  character  to  guard  against  any 
sliding  on  the  foundation-bed  or  between  parts  of  the  foundation-bed. 

(3)  Calcareous  Minerals.  The  following  are  the  principal  calcareous  miner- 
als: 

Caldte  (CaCOs),  carbonate  of  lime,  when  pure  and  crystallized,  is  known  as 
Iceland  Spas.  It  is  soluble  in  water  containing  CO2.  Calcite  in  varying  de- 
grees of  purity  forms  limestone  and  marbles.  As  a  result  of  its  solubility 
caverns  and  voids  are  frequently  found  in  limestone. 

Dolomite  is  a  carbonate  of  lime  and  magnesia.  It  forms  the  so-called  Dolo- 
HiTic  Limestones,  which  are  less  soluble  than  the  calcite  limestone. 

Sdeoite,  Oypeom*  Alabaster,  Anhydrite,  Aragonite  and  Apatite  are  other  and 
less  important  lime-minerals. 

Clasrification  of  Rocks.  Rocks  are  classified  not  only  according  to  the 
minerals  of  which  they  are  composed,  but  also  according  to  the  way  in  which 
they  have  been  formed,  as: 

(i)  Igneoos  Rocks,  which  have  solidified  from  a  molten  condition; 

(3)  Sedimeataxy  Rocks,  which  have  been  formed  under  water  by  mechani- 
cal pressure  or  by  cementation  due  to  chemical  or  organic  proceesses; 

(3)  Metamorphic  or  Plutonic  Rocks,  which  have  changed  from  their  origmal 
character  as  igneous  or  sedimentary  rocks. 

(x)  Igneous  or  Plutonic  Rocks  are  not  truly  stratified.  They  may  be 
granular,  crystalline  or  glassy  in  texture.  Grantte,  syenite,  basalt,  trap,  etc., 
arc  examples.  Lava,  puioce  and  obsidian  are  volcanic  products,  as  are  also 
certain  deposits  of  mud  and  ash.  With  the  exception  of  volcanic  ash  and  mud, 
the  igneous  rocks  are  enduring  and  are  not  liable  to  present  any  unforeseen  weak- 
ness as  fo\mdation-beds. 

(2)  Sedimentary  Rocks  are  composed  of  sand,  clay  and  other  materials 
resulting  from  the  breaking  down  of  the  original  igneous  rocks.  These  materials 
were  deposited  in  horizontal  beds  generally  by  settling  from  water,  and  the  con- 
solidation into  rock  was  generally  affected  under  water  by  chemical,  mechanical 
or  organic  action.  The  resultant  rock -masses  are  stratified  as  a  result  of  theib 
constituent  materials  having  been  deposited  in  layers.  As  sand  and  clay  are 
the  most  abundant  products  of  rock-decomposition,  so  the  sedimentary  rocks 
are  most  frequently  siliceous  (sandy)  or  akcillaceous  (clayey). 

Sandstone  is  composed  of  grains  of  sand  cemented  together  by  silica,  oxides 
of  iron,  or  carbonate  of  lime.    The  durability  of  sandstone  depends  on  the  solur 
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biUty  of  the  cwnenttiig  material.  Carbonate  of  Ume  being  soluble,  sandstones 
containing  it  as  cementing  material  3rleld  to  the  weather  and  axe  not  so  reliable 
as  sandstones  having  silica  or  iron  oxide  as  cementing  material. 

Argillaceottt  Socks  contain  day  with  fine  sand,  mud,  etc.,  and  while  shalc  and 
some  other  varieties  are  compact  and  hard  when  first  uncovered,  they  are  liabk 
to  deterioration  when  exposed  to  frost,  water  and  other  disintegrating  agencies. 

Limestone  is  composed  more  or  less  of  carbonate  of  lime  derived  from  the 
calcareous  skeletons  of  marine  animal  and  vegetable  organisms.  The  char- 
acter of  limestone  varies  greatly.  In  so-called  fossiuferous  limestones 
fossils  of  shells  or  corals  indicate  clearly  its  origin,  but  in  other  limestones  there 
are  no  fossils  or  other  indications  of  the  organic  origin  of  the  calcareous  material. 
Admixtures  of  sand,  clay,  or  other  impurities  may  make  it  di&cult  to  distinguish 
certain  limestones  from  sandstones  or  shales. 

Dolomite  is  a  limestone  containing  a  high  percentage  of  magnesia. 

Hydiaolic  limestone  is  a  limestone  containing  clay. 

Chalk  is  a  soft  limestone  composed  of  the  fine  shells  of  minute  marine  organ- 
isms. In  general,  the  purer  the  limestone  the  more  soluble  it  is  and  the  greater 
the  danger  from  fissures  or  caverns  due  to  the  action  of  water. 

(3)  Metamorphic  or  Plutonic  Rocks  are  rocks  which  have  been  formed 
from  sedimentary  or  igneous  rocks  by  beat,  compression,  or  moisture,  acting 
alone  or  in  combination.  Thus  by  heat  from  a  nearby  intrusion  of  molten  rock, 
limestone  is  changed  into  a  crystalline  marble.  The  general  effect  of  meia- 
ifORPHiSM  is  to  produce  a  hard  or  durable  rock. 

Qttartzite,  a  metamorphosed  sandstone,  is  a  crystalline  rock  of  great  hardne^ 
and  durability. 

Slate  is  a  hard  dense  rock,  sometimes  with  a  well-defined  tendency  to  split  into 
thin  plates.  It  has  been  formed  by  metamorphic  action  from  clayey  shales  and 
is  generally  durable,  but  liable  to  slide  along  planes  which  are  sometimes  par- 
allel to  the  cleavage,  or  along  seams  which  are  not  parallel  to  the  cleavage. 

Gneiss  is  a  "laminated  metamorphic  rock  that  usually  corresponds  mincr- 
alogically  to  some  one  of  the  plutonic  types. "  *  There  are  many  varieties,  be^t 
classified  in  accordance  with  the  igneous  rocks  to  which  they  most  nearly  corre- 
spond in  composition.  Some  varieties  resemble  granite,  but  the  laminated  or 
striped  aspect  is  generally  characteristic.  They  are  goierally  compact  and 
durable. 

Schists  are  similar  to  gneiss  but  are  more  finely  foliated  or  striped.  In  icic\- 
8CHIST  there  are  layers  or  foliations  composed  of  fine  grains  or  plates  of  micx 
Mica-schists  are  liable  to  decomposition  and  it  frequently  happens  that  excava- 
tions have  to  be  carried  to  great  depths  through  decomposed  rock  of  this  char- 
acter before  solid  rock  is  encountered.  The  material  resulting  from  the  decom- 
position of  this  rock  contains  fine  grains  of  mica  and  other  fine  material  and, 
when  wet,  acts  as  quicksand. 

Rock  as  a  Foundation.  All  rock,  if  sound  and  not  liable  to  sHppagc.  U 
proverbially  a  solid  foundation  and  capable  of  supporting  any  weight  which  a 
building  is  likely  to  impose  on  it.  Care  should  be  taken  that  rock  liable  to 
disintegration  is  protected  from  the  weather,  water-action,  or  other  disintegrat- 
ing influences. 

S.  Geology  of  Earthy  Material 

Earth  and  Soil*  Materials  other  than  rock,  resulting  from  the  disintegra- 
tion of  rock-masses»  are  broadly   classed  as  eajelxh.    The  word  soil,  when  used 

f  Ksmp. 
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to  designate  any  earthy  material  not  rock,  b  a  misnomer,  in  that  the  idea  of 
rERXiLiTy,  or  the  lack  of  it,  is  conveyed  wlien  the  word  son.  is  used. 

The  agencies  producing  the  disintegration  of  the  rode  masses  which  form  or 
underlie  the  entire  surface  of  the  earth,  are  various,  but  for  tlie  purpose  of  this 
chapter  they  may  be  defined  as  (z)  cbeiocal  and  (2)  mechanical. 

(z)  Chemical  Agencies.  By  chemical  AcnoK  or  decomposition,  a  rock- 
mass  of  great  strength  and  hardness  and  of  complicated  mineralogical  structure 
may  disintegrate  into  a  noncoherent  mass  of  elementary  minerals.  Thus  a 
f  ddspathic  granite  under  the  combined  action  of  water  and  varying  temperature 
disintegrates,  the  crystals  of  feldspar  changing  chemically  and  forming  the 
hydrated  silicate  of  aluminum  known  as  clay,  while  fhe  crystals  of  quartz, 
mica  or  hornblende,  being  more  resistant  to  chemical  action,  retain  their  chem- 
ical identity  but  become  detached  partides  of  sand. 

(2)  Mechanical  Agendes.  By  the  mechanical  agencies,  such  as  the  action 
of  frost,  moving  water  or  ice,  fragments  of  rock  are  detached  from  the  ledge  of 
which  they  originally  formed  part  and  are  subsequently  transported,  by  the 
action  of  gladers  or  streams,  or  by  the  wave-action  in  bodies  of  water.  The 
attrition  between  the  materials  thus  roughly  thrown  about  breaks  up  the  rock- 
masses  into  smaller  and  smaller  pieces  without  altering  the  composition  of  the 
rock-material. 

Flowing  Water.  As  flowing  water  more  readily  transports  small  particles 
than  large  ones,  the  larger  pieces  of  rock  move  intermittently  during  periods  of 
storm  or  flood  and  are  deposited  as  soon  as  the  vclodty  of  the  water  falls;  while 
the  smaller  particles  are  held  in  suspension  longer  and,  as  the  velodty  of  the 
stream  falls,  are  deposited  in  the  order  of  thdr  size,  the  largest  first.  The 
rapid  upper  courses  of  streams  and  rivers  in  mountainous  regions  constantly  roll 
and  grind  together  the  materials  in  their  rocky  beds,  the  heavy  masses  being 
moved  slowly.  The  attrition  between  the  fragments  forms  gra\'EL  and  sand 
which  are  washed  down  stream  to  be  deposited,  as  the  ourent  slackens,  first  as 
BEDS  OF  GRAVEL,  then  as  SAND-BAKS,  and  finally,  in  the  slow-moving  lower 
levels,  as  beds  of  silt  and  ALLirviuM. 

Gladers  and  Glacial  Deposits.  The  action  of  glaciers  is  ^milar  to  the  ac- 
tion of  streams.  Glacial  deposits,  the  so-called  glacial  drifts,  are  composed 
of  sand,  clay,  gravel  and  boulders  but,  in  general,  there  is  a  noticeable  difiFer- 
ence  between  gladal  deposits  and  deposits  made  by  rivers  or  streams.  In  gladal 
deposits  the  boulders  frequently  exhibit  groovings  or  scratches  on  their  faces 
and  the  edges  and  surfaces  of  the  boulders  are  generally  sharp,  so  that  a 
boulder  may  appear  as  if  it  had  been  recently  fractured.  They  rarely  exhibit 
the  smooth,  water-worn  and  rounded  surfaces  found  on  boulders  formed  by 
water-action.  Moreover,  the  gladal  boulders  may  be  found  singly,  or  unas- 
sociated  with  other  boulders  in  a  deposit  of  sand  or  gravd.  The  deposit  differs 
from  a  river-deposit  in  that  there  is  no  classification  as  to  size;  the  boulders  may 
occur  on  the  surface  or  may  be  disseminated  as  if  by  acddent  through  the  sand 
and  gravd  forming  the  body  of  the  deposit.  Such  gladal  depo.sits  partake  of 
the  character  of  a  rough  artificial  fill  without  the  stratification  or  classification 
as  to  size  which  is  characteristic  of  river-deposits.  In  glacial  moraines  or  dump- 
ing grounds  it  not  infrequently  happens  that  the  surface-water  finds  underground 
passages  forming  so-called  sink-holes.  A  line  of  gladal  deposits  extends  across 
the  continent  of  North  America  from  Long  Island  westward.  The  southern 
limits  can  be  detetmined  by  reference  to  geological  maps. 

Glacial  and  RlTsr-Depotits  Disttngiiished.  It  is  important  to  distinguish 
between  glacial  and  Kzysa-oCFOSiia,  because,  while  the  occurrence  of  gladal 
boulders  gives,  in  general,  little  or  no  information  as  to  the  character  and  valup 
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of  the  surrounding  deponts,  the  occurrence  of  boulders,  on  the  other  hand,  in 
river-deposits  is  generally  an  indication  that  the  bed  of  which  they  form  a  part 
has  been  thoroughly  consolidated  as  a  result  of  the  river-action  which  formed  it; 
and,  also,  because  such  deposits  generally  extend  down  to  rock  or  to  some  com- 
pact material  which  at  the  time  the  deposit  was  made  was  capable  of  resisting 
the  action  of  rapidly  flowing  water. 

Wav6-Action  on  Lakes  and  Along  Coast-Lines  is  constantly  worUng  on 
the  materials  composing  the  beach.  Rock-masses  are  broken  away  from  cli£fs 
and  ground  together,  producing  boulders,  gravel  and  sand.  The  sand,  being 
carried  more  readily  by  the  tidal  currents,  is  deposited  in  the  more  sheltered  loca- 
tions and  forms  beaches,  while  the  larger  rock-masses  remain  near  the  point 
of  origin  in  bass  and  keefs. 

Beds  of  Sand,  Gravel  and  Boulders  deposited  by  the  action  of  waves  on 
the  SHORES  OF  seas  or  lakes  are  not  necessarily  constant  in  character  and  tests 
should  be  made  to  determine  the  character  of  the  material  underlying  such 
beach-formations.  In  large  river-valleys  where  the  general  formation  is 
composed  of  silt  or  other  fine  material  little  reliance  should  be  placed  on  the 
occurrence  of  beds  of  gravel,  even  if  such  beds  extend  over  large  areas.  Tests 
should  be  made  to  determine  that  such  beds  are  not  underlain  by  less  trust- 
worthy materials.  Where  tributary  streams  discharge  into  large  valleys  they 
may  deposit  bars  of  sand,  gravel  and  boulders  on  top  of  the  silt,  peat,  or 
other  materials  formerly  deposited  by  the  main  river.  (See  page  236.)  The 
general  topographical  conditions  should  serve  as  an  indication  of  danger  in  such 
cases. 

Results  of  Chemical  and  Mechanical  Action.  As  a  result  of  the  fort- 
going  brief  description  of  the  agencies  at  work  it  may  be  seen  that  ice,  wa\x 
and  stream-action  alike  tend  to  disrupt  rock-masses  and  to  produce  boulders, 
gravel,  sand  and  finer  materials.  The  ultimate  result  of  the  combination  of 
CHEMICAL  ACTION  and  MECHANICAL  ACTION  is  to  reduce  the  hardest  rocks  to  the 
finest  sand,  the  most  impalpable  clays,  silts  and  muds;  and  the  action  of  wind, 
VfAVZ  and  moving  water  is  to  classify  such  materials  in  deposits  of  grains  of 
uniform  size. 

f.  Materials  Composing  Foundation-Beds 

Classification  and  Definitions.  The  following  list  includes  the  materiab 
which  are  most  frequently  encountered,  with  their  definitions. 

Rock  (solid  rock,  bed-rock,  or  ledge).  Undisturbed  rock-masses  forming  an 
undisturbed  part  of  the  original  rock-formation. 

Decayed  Rock  (rotten  rock).  Sand,  clays  and  other  materials  resulting 
from  the  disintegration  of  rock-masses,  lacking  the  coherent  qualities  but 
occupying  the  space  formerly  occupied  by  the  original  rock. 

Loose  Rock.  Rock-masses  detached  from  the  ledge  of  which  they  originally 
formed  a  part. 

Boulders.  Detached  rock-masses  larger  than  gravel,  generally  rounded  and 
worn  as  a  result  of  having  been  transported  by  water  or  ice  a  considerable  dis- 
tance from  the  ledges  of  which  they  originally  formed  a  part. 

Gravel.  Detached  rock-particles,  generally  water-worn,  rounded  and  inter- 
mediate in  size  between  sand-particles  and  boulders. 

Sand.    Noncoherent  rock-particles  smaller  than  H  in  in  maximum  dimea- 
ion. 
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Clay.  The  material  resultmg  from  the  decomposition  and  hydration  of  feld- 
spathic  rocks,  being  hydzated  silicate  of  alumina,  generally  mixed  with  powdered 
feldspar,  quartz  and  other  materals. 

Hard-Pan*  Any  strongly  coherent  mixture  of  day  or  other  cementing 
material  with  sand,  gravel,  or  boulders. 

Silt.    A  finely  divided  earthy  material  deposited  from  running  water. 

Mud.  Finely  divided  earthy  material  generally  containing  vegetable  matter 
and  deposited  from  still  or  slowly  moving  water. 

Dirt.    Loosely  used  to  describe  any  earthy  material. 

Soil.  Earthy  material  capable  of  supporting  vegetable  life  and  generally 
limited  to  material  containing  decayed  vegetable  or  animal  matter. 

Mould.  Earthy  material  containing  a  large  proportion  of  humus  or  vegetable 
matter. 

Loam.    Earthy  material  containing  a  proportion  of  vegetable  matter. 

Peat.    Compressed  and  partially  carbonized  vegetable  matter« 

7.  Characteristics  of  the  Materials  of  Foundation-Beds 

Solid  Rock,  or,  as  it  is  locally  known,  bed-rock,  or  ledge,  is  proverbially 
a  solid  foundation.  The  harder  rocks,  such  as  granite,  trap,  slate,  sandstone, 
limestone,  etc.,  are  all  capable  of  carrying  the  load  of  any  ordinary  structure. 
The  softer  rod^  among  which  may  be  classed  the  shales,  shaley  slates  and 
certain  mariey  Umestones  and  day  stones,  should  not  be  loaded  with  more  than 
15  tons  per  sq  ft  unless  they  are  tested  for  greater  loads.  In  all  cases  where 
foundations  are  to  be  placed  on  what  is  supposed  to  be  solid  rock,  care  should  be 
taken  to  determine  whether  or  not  the  supposed  solid  consists  of  a  detached 
portion  and,  also,  in  case  the  bedding-planes  of  the  rock  are  inclined,  if  there  is 
danger  from  a  slip  of  the  layer  forming  the  foundation-bed.  (See  pages  139  and 
146  as  to  side-slope  locations.) 

Decayed  Rock.  Certain  igneous  or  metamorphic  rocks  such  as  granites, 
gneisses,  etc.,  frequently  dbintegrate,  forming  so-caUed  rotten  rock  or  decayed 
ROCK.  The  decayed  rock  is  generally  found  in  conformity  with  the  ledge  of 
which  it  originally  formed  a  part.  It  may  retain  the  stratification,  color  and 
markings  of  the  solid  rock,  but  as  a  result  of  the  disintegrating  effect  of  water 
or  other  agents,  it  has  lost  the  solid  character  of  the  original  rode.  When 
struck  with  a  hammer  it  does  not  give  the  characteristic  ringing  soimd  of  solid 
rock.  It  may  be  fairly  compact  and  hard,  or  so  soft  as  to  be  readily  excavated 
with  pick  and  shovel.  The  amount  of  such  disintegrated  rock  overlying  the 
solid  rock  varies  greatly;  in  some  cases  the  removal  of  a  few  inches  will  disclose 
the  solid  rock,  in  other  cases  the  layer  of  decayed  rock  may  be  many  feet  in  thick- 
ness. Test-borings  in  rotten  rock  give  samples  similar  to  the  samples  from  solid 
rock;  so  that  it  frequently  happens  that  while  the  foundations  are  planned  for 
solid  rock  the  excavations  disclose  a  thick  layer  of  rotten  rock.  In  such  cases, 
if  it  is  impracticable  to  carry  the  footings  down  to  solid  rock,  it  may  be  necessary 
to  increase  the  size  of  the  footings  or  t6  adopt  some  other  expedient. 

Loose  Rock.  Where  a  rock-mass  detached  from  the  ledge  of  which  it  orig- 
inally formed  a  part  is  encountered  it  must  not  be  loaded  in  excess  of  the  safe 
capadty  of  the  material  by  which  it  is  surrounded.  If  the  voids  between  ad- 
joining pieces  of  loose  rock  arc  completely  filled  in  with  hard-pan,  compact 
gravel«  sand,  or  day,  the  loading  may  be  the  same  as  for  the  filling-!n  matertaU 
but  caxe  should  be  taken  to  determine  that  no  voids  exist.    In  natural  roca- 
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fills,  as  in  artificial  rock-fiUs,  it  may  happen  that  lai^e  voids  exist  between  the 
rock-Diaases,  forming  passageways  lor  streams  of  water,  in  which  case  there  b 
extreme  danger  of  settlements. 

Boulders,  Gravel  and  Sand.  Boulders  are  rodc-masses  which  have  been 
transported  by  water  or  ice-action.  Boulders  are  sometimes  found  dissemin- 
ated through  sand  and  clay  and  in  such  cases  the  load  should  be  limited  by  the 
safe  load  of  the  material  in  which  they  are  found.  At  other  times  boulders  are 
foimd  in  beds,  packed  closely  together,  with  the  interstices  filled  in  with  gravel* 
sand,  or  clay.  In  such  cases  it  is  usually  safe  to  assume  that  no  further  con- 
solidation of  the  mass  is  likely  to  take  place.  If  the  bed  of  boulders  extends  to 
rock,  they  will  safely  sustain  any  load  which  will  not  crush  them. 

Gravel.  The  name  gravel  is  given  to  rock-partides  larger  than  sand  and 
smaller  than  the  rock^masses  known  as  boulders.  If  compact,  and  if  no 
underlying  bed  of  poorer  material  exists,  gravel  forms  a  most  desirable  founda- 
tion-bed, equal  to  sand  or  boulders  in  supporting  power  and  not  as  Hable  to 
be  disturbed  by  adjoining  excavations  or  pumping  operations.  If  cemented 
it  may  partake  of  the  quality  of  hard-pan  or  rock'  Care,  however,  should  be 
taken  to  determine  whether  or  not  the  bed  of  gravel  has  been  deposited  over  a 
layer  of  silt  or  quicksand.  It  is  possible  for  this  dangerous  condition  to  exist. 
(See  page  X34.) 

Sand.  Sand  is  composed  of  comminuted  rock-material.  As  quartz  is  the 
most  abundant  rock-mineral  and  as  its  hardness  and  insolubility  make  it  highly 
resistant  to  disintegrating  action,  it  will  be  found  to  be  the  prindpal  constituent 
of  most  deposits  of  sand  or  sandy  material.  Grains  of  mica,  feldspar,  garnet 
and  other  minerals  are  frequently  found.  Sand  is  described  as  being  fike, 
MEDIUM,  or  COARSE,  according  to  the  siae  of  the  grains  of  which  it  is  composed. 

Coarse  Sand  may  contain  particles  of  gravel,  but  after  eliminating  all 
particles  which  will  not  pass  a  screen  with  4  meshes  to  the  inch  it  will  be  found 
that  a  large  proportion  of  the  remaining  material  is  too  coarse  to  pass  a  40-me5h 
sieve. 

Fine  Sand,  on  the  other  hand,  may  contain  no  particles  which  will  not  pass 
•A  20-mesh  sieve,  and  a  considerable  proportion  which  will  pass  a  lOo-mesh  sieve. 

Very  Fine  Sand  is  frequently  mistaken  for  clay  and,  indeed,  generally  does 
contain  some  clay,  as  clay  generally  contains  fine  sand. 

Uniform  Sand  is  sand  in  which  there  is  relativdy  a  small  variation  in  the 
size  of  the  particles. 

Balanced  Sand  is  sand  in  which  the  size  of  the  particles  varies  from  large  to 
small  and  in  which  there  is  no  great  difference  in  the  numbers  of  particles  of 
each  size. 

Clean  Sand  contains  no  clay  or  loam,  but  a  pure  sand  containing  a  large  per- 
centage of  fine  particles  is  often  considered  to  be  not  clean. 

Sharp  Sand  is  clean  sand  containing  coarse,  angular  grains.  When  firmly 
grasped  in  the  hand  it  gives  a  note,  due  to  the  particles  slipping  over  each  other. 
Sharp  sand  is  generally  esteemed  for  use  in  mortar,  although  it  requires  more 
cement  to  fill  the  voids  and,  in  the  writer's  opinion,  is  not  as  desirable  as  a  clean, 
rounded  sand. 

Rounded  or  Buckshot  Sand  is  composed  of  rounded  grains  not  cemented 
together. 

Quicksand.  This  term  is  popularly  used  to  describe  any  fine  sand,  or  mix- 
ture of  fine  sand  and  clay,  which,  when  wet,  forms  a  soft,  unstable  material 
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In  the  pcHMilar  mind  quicksand  is  suppoted  to  have  some  msrsterious  and  pecuKar 
qualities  which  result  in  a  tendency  to  flow  like  watee  and  to  suck  in  animate 
and  inanimate  objects.  These  manifestations  are  connected  with  various 
theories  as  to  the  composition  of  quicksand,  some  persons  insisting  that  quick- 
sand must  contain  flakes  of  mica  or  some  slippery  mineral,  others  that  the 
paitides  must  be  extremely  fine  or  spherical  in  shape,  while  others  contend 
that  there  must  be  a  certain  proportion  of  fine  clay  with  the  sand.  The  fact 
is  that  any  uncemented  sand,  v^en  subjected  to  the  action  of  moving  water, 
will  move  and  that  any  sand  moving  as  the  result  of  the  action  of  water  becomes 
a  quicksand.  The  finer  the  sand  the  more  readily  it  is  affected  by  a  current  of 
water,  so  that  fine  sands  are  more  troublesome  than  coarse  sands.  A  coarse 
sand,  having  large  voids,  permits  the  flow  of  a  certain  amount  of  water  through 
them;  if  this  flow  has  not  sufficient  velocity  to  disturb  the  particles  of  the  sand, 
the  sand  can  be  drained  without  moving  it.  In  a  fine  sand,  having  very  small 
voids,  a  similar  flow  of  water  will  cause  the  whole  mass  to  move  and  there  is 
great  difficulty  in  draining  it  without  producing  a  current  sufficient  to  cause  it 
to  move  or  flow. 

Excavations  in  Qnieksand  are  made  difficult  by  the  tendency  of  the  sand 
forming  the  sides  of  the  excavation  to  flow  into  the  excavation;  and  even  if  the 
sdes  of  the  excavation  are  protected,  it  not  infrequently  happ>ens  that  the 
bottom  of  the  excavation  will  lift,  that  is,  there  will  be  a  movement  of  material 
from  points  outside  of  the  line  into  the  excavation,  the  movement  in  general 
following  a  curved  line,  and  carrying  the  sand,  imder  the  protected  side  walls 
of  the  excavation.  In  such  cases  some  advantage  may  be  gained  by  surround- 
ing the  excavation  with  driven  wells  and  draining  the  soil  by  continued  pumping 
through  sand;  in  other  cases,  wooden  or  steel  sheeting  may  be  driven  to  a  point 
below  the  depth  to  wluch  the  excavation  is  to  be  carried,  or  to  some  underlying 
layer  of  imixrvious  material,  in  which  case  the  sheeting  will  act  as  a  coffer-dam 
to  cut  off  the  flow  of  material.  Such  sheeting,  however,  must  be  practically 
watertight,  as  extremely  fine  sand,  when  in  the  condition  of  quicksand,  will 
flow  through  very  small  apertures. 

Quicksand  as  a  Fonn<lation-Bed  is  objectionable  on  accoimt  of  the  danger 
of  its  moving  or  flowing,  in  case  it  finds  any  outlet  such  as  would  be  afforded  by 
an  adjoining  excavation.  Cases  are  known  where  excavations  have  permitted 
the  escape  of  quicksand  and  resulted  in  the  settlement  of  buildings  at  a  very 
considerable  distance.  Such  settlements  have  occurred  not  only  when  the 
footings  themselves  rested  on  quicksand,  but  also  when  they  were  on  a  stratum 
of  coarse  sand,  gravel  or  clay  of  good  quality  which  rested  on  an  imderlying 
stratum  of  quicksand. 

Pockets  of  Quicksand.  It  frequently  happens  that  pockets  of  fine  sand  are 
found  in  deposits  of  mixed  character.  Where  such  pockets  are  small  in  extent 
the  fine  sand  may  be  removed  and  the  spaces  filled  with  concrete.  Where  the 
pockets  are  larger  it  may  be  necessary  to  carry  piers  through  them  to  a  better 
ioundation<bed,  to  drive  piles,  or  to  resort  to  other  expedients. 

Fine  Diy  Sand  is  readily  converted  into  quicksand  by  the  addition  of  water, 
which  fact  should  be  carefully  borne  in  mind  in  considering  the  load  on  fine  sand, 
as  a  material  which  in  dry  weather  is  apparently  safe,  may  be,  in  wet  weather, 
an  extremely  dangerous  one.  It  is  frequently  stated  that  confined  quicksand 
b  a  perfectly  reliable  material  on  which  to  found  a  building.  While  this,  as  a 
theory,  cannot  be  amtroverted.  it  Is  a  dangerous  assumption  to  act  on  because 
of  the  impossibility  of  providing  that  the  fine  sand  shall  be  always  confined. 

Variatloa  in  tha  Sixe  «f  Oialas  of  Sand.  The  accompanying  diagram 
'^ig.  1)  shows  graphically  the  results  of  sieve-tests  on  characteristic  .sand? 
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The  dash-line  curve  (i)  is  an  average,  giving  the  results  of  sicve-tests  on  9ever2l 
so-called  quicksands;  the  full-line  curve  (2)  gives  the  result  of  ueve^tests  on  a 
natural  sand  which  would  be  classed  as  a  good  building  sand;  the  dot-and-dash 
curve  (3)  gives  the  result  of  sieve-tests  on  a  fine  beach  sand  remarkable- for  the 
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Fig.  1.    Graphical  Illustratioii  of  Results  of  Sieve-tests  on  Sands 

untformity  of  the  size  of  its  grains.  For  purposes  of  comparison  and  in  order 
to  show  the  variation  in  sands  which  appear  to  be  substantially  the  same,  the 
dotted  curve  (4)  has  been  added.  This  shows  the  result  of  tests  on  a  bank  sand 
apparently  as  coarse  as  sand  (2),  but  containing  a  much  larger  percentage  of 
fine  particles  between  0.015  and  0.0055  in  in  diameter.  Fine  sand  frequently 
contains  a  considerable  proportion  of  clay.  A  chemical  analysis  of  a  so-called 
QUICKSAND  from  the  down-town  section  of  New  York  City,  reported  on  to  the 
writer  by  Dr.  C.  F.  McKenna,  is  as  follows: 

Mark:  "Commercial  Cable" 

Silica 73.76% 

Alumina  and  oxide  of  iron 18. 53% 

Lime ". 1 .60% 

Magnesia x  .48% 

Loss  on  ignition 2. 36% 

A  rational  analysis  shows  the  following  composition: 

Quartz,  as  given 39-38% 

Clay  and  mica,  as  given 23 .94% 

Feldspathic  detritus 36.68% 

On  the  other  hand,  a  sample  of  extremely  fine  sand  from  Michigan,  of  which 
75%  passed  a  200-mesh  sieve,  appears  to  be  absolutely  pure  quartz. 

Clay.  When  pure,  clay  consists  of  hydrated  silica  of  alumina,  the  product 
of  decomposition  of  feldspar.  Ordinarily,  various  impurities  are  mixed  with  the 
clay,  so  that,  in  general,  clay  may  be  considered  a  mixture  of  hydrated  silica 
of  alumina  with  other  finely  divided  minerals.  Mixtures  of  clay  and  sand  are 
found,  varying  from  beds  of  nearly  pure  clay  to  beds  of  nearly  pure  sand,  and 
no  definite  classification  can  be  made. 

The  Effect  of  Molitore  on  Clay.  Clay  as  generally  found  in  excavations 
is  in  a  plastic  condition  due  to  the  presence  of  moisture,  the  amount  of  water 
present  varying  greatly.  On  drying,  the  clay  shrinks  in  volume  and  loses  its 
plasticity,  becoming  a  firm  and  coherent  mass  resembling  in  consistency  a  sun- 
dried  brick.    Large  masses  of  clay  are  liable  to  crack  into  a  number  of  small 
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fragments  during  the  process  of  drying,  as  the  resxilt  of  the  shrinkage  in  volume. 
When  these  lumps  are  crushed  or  ground  the  day  becomes  an  extremely  fine 
or  impalpable  powder.  The  loss  in  volume  due  to  the  change  in  the  condition 
of  the  clay  from  a  moist,  plastic  state  to  a  thoroughly  air-dried  condition  may 
amount  to  from  io%  to  20%  of  the  original  volume.  Compact,  moist  clay  is 
imperxious  to  water  in  the  sense  that  water  cannot  pass  through  it  as  it  would 
through  porous  sand;  but  when  clay  is  exposed  to  water  the  clay  gradually 
absorbs  the  water,  so  that  eventually  the  entire  mass  becomes  saturated  and 
softened  by  the  water. 

Clay  as  a  Foundation-Bed.  Clay  is  not  a  reliable  material  on  which  to 
found  a  building;  first,  because  of  the  plasticity  of  the  clay  when  wet,  and 
secondly,  because  of  its  tendency  to  shkink  on  losing  its  contained  moisture. 
The  plasticity  of  clay  increases  with  the  percentage  of  contained  water,  so  that 
a  firm,  hard  clay  may  be  converted  into  a  liquid  puddle  by  being  agitated  in  the 
presence  of  a  sufficient  amount  of  water.  The  plasticity  is  also  increased  by 
pressure,  as  is  shown  by  the  action  of  clay  in  a  brick-machine.  Clay,  in  a  founda- 
tion-bed under  moderate  pressure  imposed  on  it  by  the  footings  of  a  structure, 
frequently  develops  this  qualtty  of  PLAsncrrY,  the  clay  moving  out  from  be- 
neath the  footing  and  causing  serious  settlements  and  displacements  of  the 
footings.  This  movement  of  the  day  may  be  a  local  movement,  as  referred  to 
each  footing,  in  which  case  the  day  flows  from  beneath  the  footing  laterally 
toward  the  side  and  then  upward,  causing  the  surface  of  the  adjacent  ma- 
terial to  rise  and  to  form  so-called  btjlges  or  waves.  If  this  motion  is  uniform 
from  the  center  toward  the  sides,  the  footing  may  settle  vertically,  but  more 
frequently  the  movement  will  not  be  sjrmmetrical  and  the  footing  will  settle 
more  on  one  side  than  on  the  other.  Such  movements  of  the  clay  may  be  re- 
duced or  prevented  in  some  cases  by  the  simple  device  of  loading  the  surround- 
ing soil,  as,  for  example,  by  a  c»ncrete  floor. 

Movements  of  Clay  Foundation-Beds.  The  movement  of  the  day  may 
be  on  a  larger  scale,  amounting  to  a  general  flow  of  the  clay  underlying  the 
entire  building  toward  some  point  where  the  pressure  on  the  clay  is  less  than 
the  pressure  resulting  from  the  load  of  the  building.  Such  general  movements 
arc  more  likely  to  happen  if  the  building  is  located  on  the  side  of  a  hill,  so  that 
the  clay  finds  some  outlet  at  a  point  below  the  level  of  the  footings.  It  fre- 
quently happens  that  adjoining  excavations  cause  settlements  to  buildings  at  a 
considerable  distance,  by  affording  an  outlet  to  a  bed  of  clay.  As  noted  else- 
where (pages  135  and  146),  beds  of  clay  resting  on  inclined  strata  of  rock  or 
other  material  are  liable  to  move  downward,  sometimes  with  a  slow,  almost 
imperceptible  movement,  and  at  other  times  forming  landslides  of  greater  ot 
less  magnitude. 

Protection  of  Clay  Foundation-Beds.  Where  the  foundation-bed  is  clay 
or  sand  with  a  considerable  amount  of  clay,  it  is  advisable  to  protect  it  from 
water-action,  so  far  as  b  possible,  by  a  system  of  drains  surrounding  the  site 
of  the  building  and  by  diverting  the  surface-water  from  the  building.  Care 
should  be  taken  in  backfilling  around  estsnor  walls  to  prevent  any  accumula- 
tion of  water  which  might  affect  the  material  imder  the  footing.  The  neglect 
of  such  precaution  has  frequently  resulted  in  serious  settlements  during,  or 
immediatdy  after,  construction. 

Mud,  Silt,  Peat  and  Other  Unstable  Materials.  When  the  site  of  a 
structure  is  in  a  marsh  or  on  materials  which  are  not  capable  of  affording  a 
safe  foundation,  the  only  alternative  is  to  resort  to  the  use  of  wooden  piles, 
concrete  piles,  or  piers  sunk  to  an  underlying  and  firmer  strata.    Such  special 
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coDBtnictions  will  be  deacribed  under  SubdivisioDS  2j,  aS  and  39,  which  consider 
wooden  piles,  concrete  piles  and  piecs  sunk  l^  the  coffer-dam  or  caisson 
methods. 

Fnied  Ground.  All  artificial  fills  and  some  natural  fills  are  liable  to  a  more 
or  less  imiform  but  continuous  settlement  or  shrinkage  due  to  the  gradual  con- 
solidation  of  the  material  of  which  the  fill  is  composed.  Where  the  fill  is  of  sofid 
rcKk  this  consolidation  may  amount  to  little,  but  where  the  fill  is  of  earth,  and 
especially  where  it  is  of  mixed  materials,  the  shrinkage  will  not  only  be  large  in 
amount  but  will  continue  for  a  very  long  period.  For  example,  where  dirt 
has  been  thrown  on  top  of  a  rock-fill  each  rain-storm  will  wash  some  of  the  dirt 
into  the  voids  in  the  rock-fiU,  and  this  action  will  be  continuous  until  all  of 
the  voids  are  filled  in.  Any  vegetable  matter,  or  other  matter  liable  to  decay 
and  shrinkage  in  volume,  will  increase  the  total  shrinkage  of  the  mass.  Cer* 
tain  natural  deposits,  such  as  beds  cf  peat  or  soils  containing  vegetable  matter, 
are  apt  to  shrink  in  volume  from  the  same  causes.  Wlien  it  is  necessary  to 
found  a  building  on  such  material  it  is  inevitable  that  the  footings  will  settle 
with  the  mass,  notwithstanding  that  the  unit  load  on  the  foundation-bed  is  so 
small  as  to  be  negligible.  In  such  cases  the  settlements  may  be  vertical  and 
uniform;  but  if  the  depth  of  the  fill  under  one  part  of  the  building  is  greater 
than  the  depth  under  another  part,  the  settlements  will  not  be  uniform,  as  the 
shrinkage  in  the  fill  will,  in  general,  be  in  proportion  to  the  depth  of  the  filL 
No  important  building  should  be  founded  on  such  material  and,  wherever 
possible,  the  footings  should  be  carried  down  through  the  filled-in  material  to 
some  more  reliable  underlying  stratum. 

8.  Allowable  Loads  on  Materials  of  Foundation-Beds 

General  Considerations.  Owing  to  the  infinite  number  of  variations  in  the 
materials  encountered  and  the  conditions  affecting  the  reliability  cf  such  mate- 
rials, no  general  or  definite  rule  can  be  given,  and  every  case  should  be  carefully 
investigated  before  determining  the  allowable  unit  load  on  the  foundation-bed. 
If  the  material  and  conditions  are  uniform  over  the  entire  site  of  tbe  building 
a  uniform  unit  load  may  be  used,  but  in  practice  it  is  frequently  found  that 
entirely  different  conditions  exl&t  under  different  portions  of  the  same  building 
and  in  such  cases  great  care  must  be  exercised  in  determining  the  unit  loads. 
For  instance,  one  section  of  a  building  may  rest  on  rock  and  another  section  on 
a  light  compressible  soil  or  on  a  clay  of  doubtful  stability.  In  such  cases  the 
unit  load  on  the  compressible  soil  or  on  the  clay  must  be  reduced  as  much  as 
possible  so  as  to  reduce  the  differences  in  settlements  between  the  two  sections 
of  the  building  to  a  minimum.  If  the  entire  building  were  on  a  compressible 
soil  a  very  considerable  settlement  might  be  allowable,  provided  it  was  uniform ; 
but  in  this  particular  case  it  is  known  beforehand  that  the  part  of  the  buildins 
on  rock  will  not  settle  at  all  and  that  any  settlements  of  other  parts  of  the 
building  must  be  considered  as  unequal  settlements,  and,  as  such,  liable  to  pro- 
duce cracks  and  distortions  in  the  building.  It  is  also  important  to  remember 
that  a  certain  unit  load  on  compressible  soil  may  be  safe,  in  that  the  soil  will 
ultimately  safely  support  that  load;  but  the  use  of  that  load  would  nevertheless 
be  inadvisable  on  accomit  of  the  excessive  settlements.  In  this  connection  it 
may  be  said  that  a  considerable  settlement,  if  uniform,  in  a  detached  buildins 
may  be  a  matter  of  no  importance;  but  that  where  a  building  is  to  be  con- 
structed in  contact  with  adjoining  buildings  or  where  additions  are  to  be  made 
to  an  existing  building,  the  tetal  amount  of  settlement  becomes  a  matter  of 
prime  importance.    These  and  other  considerations,  such  as  the  character  of 
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the  pR^iosed  building  and  of  the  nuterial  composing  it,  should  be  home  in 
mind  in  selecting  the  unit  load  for  any  given  foundation-bed,  irrespective  of  the 
allowed  pressure  as  given  by  building  codes  or  by  examples  quoted  in  this  chapter. 

Safe  Loads  on  Rock.  The  safe  unit  load  on  rock  may  often  amount  to 
more  than  the  crushing  strength  of  brickwork  or  stone  masonry,  and  in  nearly 
all  cases  any  material  worthy  of  the  name  of  rock  is  capable  of  supporting  from 
25  to  30  tons  per  sq  ft. 

Safa  Loads  on  Sand,  Gravel  and  Boulders.  When  compact  and  con- 
tmcd  laterally  these  materials  are  capable  of  supporting  10  tons  per  sq  ft  with- 
out appreciable  settlement.  It  rarely  happens,  however,  that  it  is  advisable  to 
load  such  materials  with  more  than  5  tons  per  square  foot 

Safe  Loads  on  Loose  Sand.  By  loose  sand  is  meant  sand  which  has 
not  been  thoroughly  compacted  and  which  may  settle  by  its  own  weight  inde- 
pendently of  a  superimposed  load.  All  such  materiak  should  be  tested  and 
the  unit  load  reduced  in  accordance  with  the  result  of  such  tests. 

Loads  on  Fine  Sand  or  Quicksand.  It  is  probable  that  fine  sand,  if 
absolutely  confined,  will  sustain  as  heavy  a  load  as  coarse  sand,  but  in  view  of 
the  fact  that  if  afforded  the  slightest  opportunity  it  is  liable  to  lateral  displace 
ment,  it  is  inadvisable  to  found  any  structure  on  sudi  material.  When  it  is 
imperative  to  place  the  footings  on  such  material  the  unit  load  should  be  reduced 
as  much  as  possible  and  preferably  to  less  than  2  tons  per  sq  ft,  and  great  care 
should  be  taken  to  connect  all  footings  with  a  continuous  layer  of  concrete  so 
as  to  prevent  any  flow  of  material  into  the  cellar-excavation.  Care  should 
be  taken,  also,  that  any  sumps,  pump-pits,  drainage-arrangements  and  sewer- 
connections  for  the  building  do  not  permit  the  escape  of  any  quicksand.. 

Safe  Loads  on  Hard-pan  and  certain  cemented  sands  partaking  of  the 
nature  of  haid-pan  may  approximate  rock  in  hardneas  and  reliability.  Such 
materials,  however,  are  liable  to  soften  if  exposed  to  water.  If  these  materials, 
when  uncovered,  arc  dry,  experiments  should  be  made  to  determine  how  they 
behave  when  wet,  and  il  the  level  of  the  water  in  the  ground  is  liable  to  change 
so  as  to  reach  the  layer  of  hard-pan,  the  load  shouki  be  cocrespondingly  reduced. 
Cemented  hard-pan  containing  gravel  has  been  frequently  loaded  with  more 
than  10  tons  per  sq  ft.  Caie  shouki  be  taken,  however,  to  determine  that 
the  layer  of  hard-pan  is  continuous  to  a  solid  substratum,  as  it  frequently  h^spens 
that  layers  of  hard-pan  and  fine  sand  or  clay  are  deposited  alternately. 

Safe  Loada  on  Clay.  Ordinaiy  clay  should  not  be  loaded  with  more  than 
3  tons  per  sq  ft.  If  soft  and  plastic,  a  load  of  a  tons  per  sq  ft  may  produce 
inadmissible  settlements.  Clay  with  so  large  a  percentage  of  sand  that  it  loses 
its  pUsddty  has  been  loaded  with  from  4  to  6  tons  per  sq  ft  without  undue 
settlements,  and  sand  or  gravel  containing  sufficient  day  to  act  as  a  cementing 
materia]  will  partake  of  the  qualities  of  hard-pan.  In  general,  however,  clay 
is  the  most  dangerous  of  all  the  materials  on  which  structures  are  founded  and 
the  unit  load  should  be  reduced  to  a  minimum  and  every  precaution  taken  to 
prevent  the  flow  of  material.  Undue  reliance  should  not  be  placed  upon  load- 
ing-tests of  clayey  soils.  It  is  probable  that  a  loading  on  a  large  area  which 
will  produce  a  movement  of  the  day  will  on  a  small  area  have  no  effect,  so  that 
it  is  unsafe  to  rely  upon  the  results  of  a  test-load  applied  to  an  area  smaller  than 
the  actual  supporting  areas  to  be  used.  From  llxe  experience  gained  in  the 
construction  of  large  buildings  in  Chicago  which  were  floated  on  clay,  the 
allowable  unit  load  has  been  generally  reduced  to  2  tons  per  sq  ft  and,  in 
the  writer's  experience,  a  toad  of  less  than  2  ton!  per  sq  ft  on  clay  has  pro- 
diiced  settlements  varying  from  nothing  to  x  a  in. 
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t.  Unit  Loads  on  Fo«ndation-Beds  AUowed  by  Building  Codes 

Variations  in  Building  Codes.  Table  I  gives  an  outline  of  the  requlFementa 
of  different  cities  as  to  the  allowable  unit  loads  on  different  materials,  ai 
contained  in  their  respective  building  codes  or  regitlations.  While  the 
allowed  loads  given  may  in  some  cases  be  based  upon  actual  experience  in  the 
respective  localities,  it  is  more  likely  that  they  are  based  upon  the  individual 
experience  of  the  authors  of  the  codes,  or  are  copied  from  other  codes.  The 
architect  should,  therefore,  not  place  too  much  reliance  on  the  unit  loads  allowed 
by  the  codes,  but  should  investigate  each  case  and  determine  for  himself  the 
proper  allowance  to  be  made- 
Special  Requirements  of  Some  Building  Codes.*  The  Boston  code  pro^ 
vides  that  "the  footing  shall  not  overload  the  material  on  which  it  rests." 

The  New  Orleans  code  limits  the  maximum  load  to  i  400  lb  per  sq  ft,  the  entire 
city  bdng  on  an  alluvial-delta  formation. 

The  Buffalo  code  limits  the  load  on  soil  tosH  tons  per  sq  ft;  if  the  soil  is  otheC 
than  hard  clay  or  gravel  the  supporting  areas  "shall  be  extended  as  directed." 
The  Cincinnati  code  limits  the  load  on  soils  interior  to  those  listed,  to  i  toq 
per  sq  ft. 

!••  Investigation  of  the  Site 

Genersl  Considerations.  To  determine  the  character  of  the  materials  which 
will  be  encountered  at  the  level  of  a  foundation-bed,  the  architect  should  first 
get  as  definite  information  as  possible  from  others  as  to  their  experience  in  mak- 
ing excavations  and  erecting  buildings  in  that  vicinity.  In  some  localities  the 
subsoil  conditions  are  uniform  over  large  areas,  while  in  other  localities  imf>or- 
tant  variations  may  occur  within  the  limits  of  a  city  lot.  Abrupt  changes  in 
surface-topography,  changes  in  the  character  of  the  surface-soil  or  in  the  native 
vegetation,  proximity  to  old  or  existing  water-courses  are  suggestive  of  sub^ 
surface  irregularities.  In  such  cases,  and  in  all  cases  where  there  is  any  doubt 
as  to  subsurface  conditions,  a  sufficient  number  of  exploratoiy  borings  or  t«t- 
pits  should  be  made  to  determine  the  facts.  This  exploratory  work  should  go 
below  the  level  of  the  proposed  footings,  should  determine  the  ground-water 
level  and  insure  that  no  unsuspected  layer  of  quicksand  or  other  unsuitable 
material  underlies  the  foundation-bed.  The  methods  in  use  for  such  explora- 
tions are  as  follows: 

Testing  in  an  Open  Pit.  For  shallow  work  an  open  pit  is  the  most  sat- 
isfactory method  as  it  allows  actual  inspection  of  the  undisturbed  material  over  a 
considerable  area.  If  the  excavation  is  in  firm  material,  no  sheet-piling  or  other 
protection  may  be  required;  but  if  in  flowing  material,  or  if  carried  deeper 
than  adjoining  footings,  timber  sheeting  or  steel  sheeting  should  be  employed. 
If  the  excavation  is  carried  no  deeper  than  the  proposed  footing-level,  the  under* 
lying  material  should  be  tested  by  one  of  the  methods  hereinafter  described. 

Testing  with  Steel  Bars.  A  steel  bar  with  a  pointed  end  or  a  steel  pipe 
provided  with  a  steel  point  is  driven  to  the  required  depth  by  a  maul  or  by  a 
falling  weight.  While  no  samples  can  be  obtained  by  this  crude  method,  it 
may  determine  the  ground- water  level,  and  a  little  practice  will  enable  one  to 
distinguish  sandy  from  clayey  soils  by  the  sound  given  out  when  the  bar  is 
twisted.  The  difficulty  of  driving  is  a  rough  index  of  the  degree  of  the  com- 
pressibility of  the  soil.  It  should  be  remembered,  however,  that  any  dry 
material  will  afford  considerable  resistance  to  the  bar  and  that  a  small  boulder 
will  stop  it;  so  that  not  much  reliance  can  be  placed  on  a  report  that  the  bar 

DROVE  BARD  Or  that  it  REACHED  ROCK. 

*  As  codes  change,  quotadoos  must  be  verified. 
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Testing  with  Post-Hole  Diggers.  For  shallow  explorations  in  easily  ex* 
cavated  material,  the  ordinary  post-hole  digger  used  for  fence-posts,  or  the 
longer  and  larger  ones  used  for  telegraph-poles,  can  be  used  to  depths  of  fxDin 
6  to  8  ft. 

Testing  with  Augers.  In  clay  or  amilar  material  a  single  or  double-twist 
carpenter's  auger  welded  to  a  long  rod,  or  the  so-called  pod-auger  may  give 
satisfactory  samples.  In  gravel  or  loose  and  sandy  material,  the  sides  of  the 
hole  fall  in,  dogging  the  operation  and  destroying  the  samples. 

Testing  by  Dry-Pipe  Borings.  A  pod-auger  or  the  above-described 
carpenter's  auger  can  be  used  inside  a  casing-pipe.  The  pipe  should  be 
driven  so  as  to  keep  close  to  the  bottom  of  the  hole  made  by  the  auger.  The 
pipe  prevents  the  material  falling  from  the  sides  of  the  hole  and  the  auger  ex- 
cavates and  loosens  the  material  ahead  of  the  pipe  and  facilitates  driving.  The 
above  methods  are  not  generally  successful  for  deep  holes  or  where  gravel, 
boulders  or  compact  material  interferes  with  driving  the  pipe. 

Testing  with  Wash-Pipes.  For  test-borings  over  lo  ft  in  depth  the  method 
in  most  frequent  use  is  the  wash-pipe  method.  In  this  method  a  wrought-iroa 
or  steel  pipe  known  as  the  casing-pipe  or  drive-pipe  is  driven  into  the  earth  in 
much  the  same  way  as  in  the  dry-pipe  method,  but  the  driving  of  the  pipe  is 
facilitated  by  the  use  of  a  jet  of  water.  The  lower  end  of  the  casing-i^pe  is 
provided  with  a  hollow  shoe  or  reinforcement,  slightly  larger  in  outside  diameter 
than  the  casing.  This  serves  to  protect  the  pipe  from  injury  in  driving  through 
gravel  or  hard-pan,  and  forms  a  hole  slightly  larger  than  the  diameter  of  the 
casing.  The  upper  end  of  the  drive-pipe  is  protected  from  injury  by  an  annular 
drive-head  which  has  a  threaded  part  fitting  the  thread  on  the  caaing^pipe  and 
a  central  hole  to  admit  the  jet-pipe.  The  jet^pipe  is  small  enough  to  permit 
it  to  freely  enter  the  casing-pipe.  The  lower  end  is  contracted  so  as  to  produce 
a  jet-action.  The  upper  end  is  connected  with  a  water-supply  which  must  be 
under  considerable  pressure.  The  driving-mechanism  consists  of  a  cast-iron 
weight  with  a  central  vertical  hole  large  enough  to  admit  the  wash-pipe,  and 
stationary  verticals  supporting  a  block-and-fall  and  an  arrangement  which 
releases  the  weight  when  it  has  reached  a  predetermined  height.  With  this 
arrangement,  water  is  continuously  pumped  through  the  jet^pipe,  the  length  of 
which  is  regulated  so  that  the  jet-action  loosens  the  material  immediately  below 
or  ahead  of  the  casing.  Some  of  the  jetting  water  returns  to  the  surface  out- 
side of  the  casing  and  thus  lubricates  the  surface  in  contact  with  the  outside 
material.  Another  part  of  the  water  returns  to  the  surface  in  the  annular 
space  between  the  wash-pipe  and  the  casing,  carrying  with  it  particles  of  the 
material  loosened  by  the  jet.  As  the  jet  loosens  and  washes  away  the  material 
immediately  below  the  casing,  the  latter  is  driven  deeper  by  repeated  blows  of 
the  ram,  the  driving  and  washing  being  carried  on  at  the  same  time.  The 
operation  is  thus  continuous  until  the  top  of  the  casing  comes  close  to  the  sur- 
face of  the  ground,  when  the  hammer  drive-head  and  hose-connection  are  re- 
moved to  permit  additional  lengths  of  pipe  to  be  added  to  the  casing  and  wash- 
pipes,  after  which  the  hose-connection,  drive-head  and  hammer  are  replaced 
and  the  operation  is  r^umed. 

Borings  can  be  made  by  this  method  to  great  depths  in  sand,  clay  or  ot\i& 
suitable  material.  Samples  of  the  material  encountered  are  obtained  by  settle- 
ment from  the  water  returning  between  the  jet-pipe  and  wash-pipe.  These 
samples  are  not  accurate  samples  as  the  water  separates  the  materials.  The 
finer  particles  do  not  settle  readily  and  the  large  and  heavy  particles  may  not 
be  brought  up  at  all.  It  is  e\ident  that  such  samples  do  not  give  any  index 
as  to  the  solidity  of  the  oiiginal  deposits.    If  Uuqge  gravel,  hard-pan  or  boulders 
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are  encountered  there  wiH  be  great  difficulty  in  lordng  the  cafling  past  such 
obstnidions.  In  such  cases  a  drilz^jloo  is  sometimes  substituted  for  the  jet 
and  the  obstruction  brolten  up  into  small  pieces  or  pushed  to  one  side;  but  in 
either  case  it  is  difficult  to  get  any  sample  or  real  indicaCion  of  the  character 
of  the  obstruction.  If  solid  rock  or  large  boulders  are  encountered,  no  further 
progres  can  be  made  with  the  casing  and  no  sample  can  be  obtained  by  this 
method.  Resort  must  then  be  had  to  one  of  the  core-boring  methods  described 
hereafter,  to  determine  the  character  of  the  obstruction  encountered. 

Testing  by  Core-Borings.  These  borings  can  be  made  through  rock  or 
boulders  and  accurate  samples  obtained.  In  all  core^boring  methods  the  hole 
is  made  by  rotating  a  pipe-like  tool  which  makes  an  annular  cut  in  the  rock 
and  leaves  a  cylindrical  core  which  is  afterwards  detached  and  brought  to  the 
surface  by  a  gripping^tool  called  the  C0RE*LirTER.  The  cutting  is  done  in 
difierent  ways. 

Dinmond  Bits  are  annular  rings  fitted  on  the  lower  end  of  the  hoUow  pipe 
used  as  the  rotating  drilUrod  and  furnished  with  a  number  of  small  diamonds 
arranged  so  as  to  form  cutting-edges,  which,  when  rotated  in  contact  with  the 
rock,  gradually  wear  away  the  required  annular  space.  The  diamonds  employed 
are  known  as  sort,  black  diamonds,  or  carbons,  and  their  only  resemblance 
to  the  stones  used  by  jewelers  is  the  necessary  hardness.  The  carbons  are 
skillfully  secured  in  a  soft  metal  bed,  in  sockets  drilled  in  the  bit,  and  they  pro* 
ject  bdow  the  bit  and  also  sufficiently  inside  and  outside  to  insure  the  cutting 
of  a  groove  large  enough  to  provide  clearance  for  the  bit  and  the  attached  drill 
rod  or  pipe. 

Shot-Drills.  The  same  result  is  arrived  at  by  the  sh€»t-drill  keihod,  by 
which  particles  of  chilled  cast  iron  called  shot  are  used  as  the  abrasive  or  cutting- 
agent.  The  shot  is  poured  loose  into  the  hole  and  forced  against  the  rock  by 
the  rotating  bit. 

Efficiency  of  Drill-Methods.  Both  of  the  drill-methods  mentioned  are  ex- 
pensive, but  as  they  are  the  only  methods  which  will  give  an  accurate  sample 
in  rock,  one  or  the  other  must  be  employed  where  the  accurate  determination 
of  rock  is  necessary.  If  the  core  corresponds  to  the  known  underlying  rock- 
formation  and  the  rock  is  continuous  for  a  length  of  from  8  to  30  ft,  it  is  safe 
to  assume  that  solid  rock  has  been  reached.  If,  however,  the  core  is  of  differ- 
ent rock  from  the  known  underlying  formation,  the  probability  is  that  a  boulder 
has  been  encountered.  If  the  core  is  not  continuous  it  may  indicate  that 
there  are  seams  in  the  rock  or  that  there  are  detached  rock-masses.  The  above- 
described  methods  arc  used  after  the  overlying  earth  has  been  penetrated  by 
one  of  the  pipe-sinking  methods  previoiisly  described. 

The  Results  of  Pipe-Borings  are  frequently  misleading  and  misinterpreted, 
and  great  care  should  be  taken  to  compare  the  samples  with  samples  obtained 
from  other  borings  where  the  exact  character  of  the  materials  tested  is  known. 

IL  Loading-Tests 

General  Considerations.  Loading-tests  of  the  materials  forming  the  foun- 
dation-bed are  made  to  assist  in  determlalng  its  safe  bearing  cax>adty.  It  is  not 
known  to  what  extent  the  supporting  power  of  a  given  soil  varies  ¥nth  the  area 
subjected  to  the  unit  load,  and  tests  on  small  areas  are  not  a  safe  guide  for  the 
safe  load  on  large  areas.  On  account  of  the  expense  involved,  tests  on  large 
areas  are  rarely  made,  the  usual  test  being  on  an  area  of  about  i  sq  ft.  The 
test  shoukl  be  made  on  an  undisturbed  portion  of  the  foundation*bed,  leveled 
to  receive  the  test-load,  and  for  a  space  around  the  area  tested*  so  that  th^ 
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adjoining  material  is  not  reinforced  or  simcRARGED  l^  a  bank  of  unexcavated 
material.  The  load  should  be  applied  with  the  least  possible  jar  or  movement 
of  the  surface  in  contact  with  the  material  of  the  foundation-bed. 

EjcpUmatioii  of  Methods.  A  convenient  arrangement  for  this  purpKKe 
consists  of  a  vertical  timber  or  post  carrying  a  platform  to  receive  the  test-load, 
and  having  four  horizontal  gujrs  at  the  top  to  keep  the  post  in  a  vertical  position. 
The  bottom  of  the  post,  forming  the  loading-area  should  be  approximately  x  2  by 
12  in  and  its  exact  area  should  be  known.  The  platform,  sufficiently  strong 
to  support  the  load  to  be  applied,  should  be  concentric  with  the  post  and  as 
dose  to  the  bottom  of  the  post  as  practicable.  The  load  may  be  pig  iron,  cement 
or  sand  in  bags,  or  any  other  convenient  material.  The  guys  should  be  not  less 
than  four  in  number,  should  be  attached  to  the  top  of  the  post  and  should  lead 
horizontally  so  as  not  to  pull  up  or  down  on  it.  Levels  should  be  read  to  a 
point  on  the  post  above  or  below  the  load,  as  may  be  most  convenient.  The 
loaa  should  be  applied  gradually  and  with  the  least  possible  jar.  care  being  taken, 
also,  to  keep  the  loading  uniform  on  opposite  sides  of  the  p3st,  which  should  be 
always  vertical.  Levels  should  be  taken  at  frequent  intervals  during  the  applica- 
tion of  the  load.  Tjie  Ipvel  observed  when  the  platform  is  first  in  position  may 
be  taken  as  zero  and  successive  settlements  referred  to  it.  When  Che  proposed 
unit  load  has  been  re^hed,  no  additional  load  should  be  added  until  no  further 
settlement  is  observed.  After  this,  first  50  and  later  100%  overload  may  be 
added  and  the  total  and  periodic  settlements  observed.  If  the  settlement  under 
a  test-load  of  twice  the  proposed  load  is  not  excessive,  the  test  is  considered  satis- 
factory. 

ti.  Topographical  and  Special  Conditioni 

Excavations  over  Inclined  Strata.  In  case  the  site  of  a  proposed  building 
is  on  a  slope,  and  especially  if  the  slope  is  steep,  there  may  be  danger  from  a 
slip  of  the  material  forming  the  foundation-bed.  (See,  also,  page  135.)  This 
may  occur  if  there  is  an  inclined  plane  of  separation  between  layers  of  the  under- 
lying rock,  or  between  the. rock-surface  and  the  material  overlying  the  rock, 
or  if  inclined  strata  or  beds  of  clay  occur  below  the  foundation-bed.  Slips  in 
such  locations  are  the  more  likely  to  occur  if  water  is  present,  as  the  water 
increases  the  weight  of  the  soil  and  also  reduces  the  coefficient  of  friction 
against  sliding.  Such  conditions  are  frequently  indicated  by  the  appearance  of 
springs  or  springy  ground  below  the  site.  Where  the  base  of  the  slope  reaches 
a  stream  or  river  there  may  be  danger  from  the  washing  away  of  banks  which 
have  been  supporting  the  side  slopes  of  the  valley.  In  the  case  of  deep  valleys 
with  steep  clay  banks,  or  in  any  location  where  landslides  have  been  known  to 
occur,  great  care  should  be  taken  to  extend  the  footings  to  a  bed  that  will  not 
be  affected  by  any  landslide.  It  sometimes  happens  that  there  is  a  slow,  con- 
tinuous and  general  movement  of  the  material  forming  the  side  slope  of  a  valley 
toward  the  center  of  the  valley;  but  such  conditions  are  rare,  fortunately,  as,  in 
general,  no  adequate  protection  is  possible.  In  certain  limestone  formations 
there  is  danger  from  natural  caves  formed  in  the  limestone  by  the  action  of 
water. 

Excavations  Near  Navigable  Waters.  When  buildings  are  located  near 
navigable  waters,  it  not  infrequently  happens  that  dredging-operations  at  a 
considerable  distance  induce  a  flow  of  fine  sand  or  day  from  strata  underljring 
the  adjoining  banks.  This  has  occurred  where  the  existence  of  such  strata 
was  not  suspected.  This  danger  is  espedally  to  be  guarded  against  in  marshy 
localities  adjoining  waters  which  are,  or  may  be.  used  as  navigable  streams,  or 
in  locations  near  the  water-front  where  it  is  likely  that  docks  will  be  constructed 
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1>«iiULge  from  Adjoining  Bzcarationt.  Common  and  statute  laws  make 
general  provision  for  the  protection  of  property-owners  a^nst  damage  result- 
ing from  the  acts  of  others  in  making  such  excavations;  but  an  owner  has  usu- 
ally DO  control  over  such  openitions,  whether  on  adjoining  propertieii  or  streets* 
and  in  general  will  prefer  the  assurance  of  safety  to  the  possibility  of  damage 
to  has  building  and  the  expense  and  uncertainty  of  a  lawsuit.  While  it  is  not 
alwa3rs  possible  to  guard  fully  against  the  effects  of  adjoining  excavations,  and 
while  the  expense  of  so  doing  b  not  always  justifiable,  due  consideration  should 
be  given  to  the  matter.    The  following  suggestions,  thereforei  may  be  of  value. 

DopCh  of  Adjoining  ExcaTations.  Footings  adjacent  to  property-Knes 
or  situated  where  there  is  a  probability  of  future  additions  to  a  building,  or 
footings  of  a  building  which  adjoins  property  liable  to  become  the  site  of  building- 
operations,  should  go  down  at  least  as  deep  as  the  maximum  [xobable  depth  of 
the  adjacent  work.  In  estimating  these  probabilities,  the  character  of  the  loca- 
tion should  be  taken  into  account.  In  medium-priced  residential  sections 
footings  arc  rarely  carried  much  deeper  than  lo  ft,  a  sufficient  depth  for  a  cellar 
of  medium  height  below  grade.  In  high-priced  residential  sections  it  b  not  un- 
usual to  have  both  a  basement  and  a  cellar,  in  which  case  a  depth  of  cellar 
below  grade  up  to  20  ft  may  be  expected.  Cellars  for  residences  are  rarely 
carried  below  xo  ft,  if  in  reaching  that  depth  the  excavation  goes  below  the 
water-level.  In  fact,  a  high  water-level  discourages  deep  excavation,  not  only 
on  account  of  the  increased  difficulty  and  expense  of  excavation  but  also  on 
account  of  the  expense  of  waterproofing.  In  business  sections,  especially  in 
sections  of  high  ground-rents,  there  is  an  increasing  tendency  toward  deep 
cellars*  especially  in  boiler-roomSf^  where  clear  heights  of  20  ft  and  over  are  de- 
sirable for  modem  water-tube  boilers.  The  basements  are  frequently  rentable 
at  high  figures  for  restaurants,  vaults,  stores,  etc.,  so  that  in  many  instances  the 
entire  mechanical  equipment  of  the  building  is  housed  below  the  basement  in  a 
subbasement  and  boiler-pit,  the  excavation  for  which  extends  down  at  least 
30  ft  and  in  special  cases  60  ft  below  the  curb;  and  this  notwithstanding  the 
fact  that  the  water-level  may  be  only  from  10  to  20  ft  below  the  curb. 

Sewera  and  Trenchea  aa  Affecting  Foundationa.  In  cities  and  towns 
consideration  should  be  given  to  the  possibility  of  the  construction  of  trenches 
in  the  streets.  For  the  majority  of  localities  it  will  be  sufficient  to  consider 
the  probable  depth  of  a  sewer  of  the  proper  depth  to  serve  the  street.  In  other 
localities  it  will  be  necessary  to  consider  the  broader  question  as  to  the  proba- 
bility of  deeper  excavations  for  trunk  sewers,  subways,  etc.  As  such  cortstruc- 
tions  are  controlled  by  broad  topographical  considerations,  no  general  rules  can 
be  given  and  the  local  city  engineer  should  be  consulted. 

Foundationa  Kear  Mines,  Shafts,  Wells,  Etc.  In  mining-districts  local 
authorities  should  be  consulted  as  to  danger  from  the  caving  of  old  mine- 
workings.  No  adequate  provision  can  be  made  in  the  foundation  against 
such  widespread  caving  or  subsidence  as  may  result  from  mining-operations. 
In  some  cases,  successive  falls  of  rock-fragments  from  the  roof  may  gradually 
fill  the  voids  left  by  the  mining-operations,  as  the  loosely  piled  fragments  of  the 
roof  will  occupy  more  space  as  fill  than  they  did  as  part  of  the  solid  roof-mass. 
It  sometimes  happens  that  where  the  original  working  is  deep,  progressive 
falling  of  the  roof  fills  all  voids,  and  no  surface-settlements  result.  In  other 
cases  the  overburden  may  settle  as  a  solid  mass,  causing  a  settlement  at  the 
surface  equal  to  the  thickness  of  the  old  working.  Precautionary  measures  may 
involve  the  filling  in  of  the  workings,  a  subject  outside  the  limits  of  this  chapter. 
In  the  case  of  an  important  building  a  local  mining  engineer  should  be  consulted 
or,  if  pr^Mble,  the  k)cation  of  the  building  changed  to  a  safer  site.    MnnN< 
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BHAITS,  DEEP  WEIX8,   SEAFTS  FOE  TUNSEU.  CtC.,  may  CBlUe  dbtUltlMIOeS  of 

the  soil,  but  in  such  cases  the  settJement  is  gencniUy  concentnted  around  the 
shaft  or  well,  and  buildings  at  a  reasonable  distance  are  slightly  affected,  if  at  alL 

Poundatioiifl  Near  Tuimels  and  Trenches  for  Railroadt  and  Subwaya. 

In  large  cities  the  necessities  of  transportation  are  increasingly  calling  for  con- 
struction of  underground  railroads,  tttnnels  and  subways.  Such  constructions 
are  generally  planned  to  follow  streets.  Railroad  tunnels  for  trunk  lines  can 
be  expected  to  follow  direct  lines  to  centrally  located  stations  or  terminals  along 
routes  which  avoid,  as  far  as  possible,  difficulties  of  construction,  condemnation 
of  real  estate  and  damage  to  high-priced  properties.  The  depth  of  excavation 
will  generally  be  as  shallow  as  practicable.  Where  the  tunnel  has  to  dip  to  pass 
underneath  some  obstruction,  the  approachrgrades  will  probably  be  at  the  max- 
imum  or  limiting  grade  of  the  particular  section. 

Relation  of  Subways  to  Foundations  of  the  Most  Important  Build- 
ings. In  suBWAY-coNSTRUcnoK  for  rapid-transit  passenger  service,  the  lines 
can  be  operated  on  sharper  curves  and  with  steeper  grades  than  would  be  used 
in  the  case  of  a  trunk-tine  railroad.  This  permits  the  lines  to  follow  closely 
the  tines  of  the  city  streets.  For  traffic-considerations  the  locations  will,  in 
general,  follow  the  principal  arteries  of  surface  traffic,  and  stations  will,  in  gen- 
eral, be  located  at  intersections  of  important  streets,  where  there  is  the  greatest 
congestion  of  population.  As  such  conditions  arc  caused  by  the  existence  of 
trade-centers,  and  call  for  the  construction  of  high  buildings,  it  may  readily  be 
seen  that  the  heaviest  and  most  important  buildings  are  most  tikely  to  have 
their  foundations  affected  by  the  construction  of  a  subway  in  their  immediate 
vicinity.  Where  there  is  reason  to  apprehend  the  construction  of  such  sub- 
ways or  TUNNELS,  information  should  be  sought  as  to  the  probable  depth  of 
the  excavation,  the  depth  at  which  water  is  encountered,  the  character  of  the 
material,  the  probable  width  of  the  construction  as  affecting  the  use  of  sidewalk 
vaults,  and  the  method  to  be  employed  in  making  excavations.  Wliere  the 
excavations  for  such  tunnels  and  subways  have  been  carried  below  the  levels 
of  the  footings  of  adjoining  buildings,  as  in  Baltimore,  Boston,  Brooklyn,  Chicago 
and  New  York  City,  buildings  along  the  routes  have  been  seriously  affected. 
Such  results  have  not  been  timited  to  any  particular  methods  used  in  the  con- 
struction of  the  tunnels,  as  even  where  the  excavations  were  whoUy,  or  partly, 
in  rock,  serious  damage  has  been  done. 

13.  Loads  Coming  on  the  Footings 

The  Loads  to  be  Considered  in  the  design  of  the  footings  of  a  structure 
are: 

(I)  The  Dead  Loads,  or  the  loads  due  to  the  actual  weight  of  the  completed 
structure,  ready  for  occupancy. 

(a)  The  Live  Loads,  or  the  loads  due  to  the  occupancy  of  the  building  and  also 
to  the  weight  of  snow  on  the  roof. 

(3)  The  Wind-Loads,  or  the  vertical  components  of  stresses  in  the  structure, 
produced  by  wind-pressure. 

(x)  The  Dead  I«oad.  The  dead  load  of  any  structure  can  be  accurately 
calculated.  If  the  structure  is  properly  designed  the  part  of  the  dead  load 
supported  by  each  element  of  the  toundation  can  be  definitely  stated.  The  total 
dead  load  becomes  effective  as  soon  as  the  buikUng  is  completed,  and  remains 
constant  thereafter  unless  additions  or  alterations  are  made  to  or  in  the  struc- 
ture. 
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(2)  TIm  Iiv«  Load*  The  Kve  load  of  axqr  structure  is  the  sum  of  the  roof- 
fakdft  sad  floor-loads.  In  dfnigaing  the  roof  and  floors  the  calculations  for 
ssagfh  are  baaed  on  an  assumed  unit  load  which  should  be  the  msTiinum  load, 
GQsbtent  with  the  probable  use  of  the  structure,  to  which  any  portion  of  the 
rjof  or  floor  may  ever  be  subjected.  The  assumed  live  load  is,  therefore,  prob- 
*:^J  s^eattx  than  the  average  load  for  the  entire  area  of  a  floor  or  the  entire 
VA  (A  the  roof.  Moreover,  as  it  b  improbable  that  conditions  of  maximum 
luidlag  will  ever  occur  simultaneously  on  the  roof  and  on  all  of  the  several 
&>3r5»  it  is  probable  that  the  maximum  load  on  the  footings  will  be  less  than  the 
son  of  maximum  loads  on  the  roof  and  on  the  several  floors. 

The  ifti»^«i«m  lire  Load  for  an  unloaded  building  is  zero. 

Tbe  Actoal  live  Load  will  vary  from  zero  to  a  maximum,  which  maximnm 
vJ  gcoerally  be  leas  than  the  total  assumed  live  load. 

Ikt  Rati*  of  the  Probable  Mawmnm  Live  Load  to  the  Asanmed  Live  Load 
imes  in  diflcrent  buildings,  so  that  no  table  or  general  rule  can  be  given. 

Tkc  Fkob«blo  Maiimmt  Lhr«  Load.  As  it  is  important  to  know,  approxi- 
CAUly  at  least,  the  maximum  live  loads  to  which  the  footings  will  be  subjected, 
Kid  u  thb  '****^"*"'"  may  be  only  a  fraction  of  the  assimied  live  loads,  the 
11  Jutect  should  make  a  careful  study  of  tbe  conditions  of  loading  to  which  the 
Udding  will  probably  be  subjected  and  estimate  the  probable  maximum  live 
"Ad  for  the  entire  building. 

Data  for  Batimating  Lava  Loada.  (See,  also,  Chapter  XXI,  pages  718 
''721.)  In  estimating  the  probable  maximum  live  loads  for  different  uses,  the 
*■  Joving  notes  may  be  oi  value.  In  certain  buildings  the  assumed  unit  load- 
"-i  <m  the  roof  and  on  parts  of  each  floor  may  be  reached  at  various  times, 

ut  it  is  miiikely  that  the  maximum  loading  of  all  parts  of  the  building  will 
uxor  at  the  aaase  time.  In  buildinga  of  many  stories  the  probability  of  having 
'MTimnm  loads  on  all  of  the  floors  at  the  same  time  decreases  as  the  number 


Ortbmrj  Booatfcold  and  Oflica  yurukiue  wdghs  from  5  to  xo  lb  per  sq  ft  of 
^e  occupied.  While  safes,  bookcases  or  fiUng-cases  may  produce  local  load- 
r-«s  of  from  xo  to  100  ib  per  sq  f t,  the  average  load  on  office-floors  rarely  reaches 
» lb  per  sq  ft 

Keotfeaees,  Apartments  axid  Parts  of  Hotels  not  used  for  public  assemblies 
are  rardy  loaded  with  more  than  5  lb  per  sq  ft  of  floor-area. 

Retail  and  Wholesale  Storea  require  a  large  percentage  of  the  floor-area  for 
tiie  ose  of  salespeople  and  customeis,  and  not  over  50%  of  the  floor-area  is  used 
for  the  storage  of  stock.  In  estimating  the  weight  of  miscellaneous  stocks,  an 
smage  between  tbe  lightest  and  heaviest  classes  should  be  taken  for  the  weight 
per  cubic  foot,  and  also,  in  figuring  the  total  space  occupied  by  stock,  an  average 
'hoaid  be  taken  between  the  maximum  and  minimum  amount  of  stock  carried. 
In  KETAIL  osY-oooos  STORES  the  floor-k)ad  for  the  entire  building  may  amount 
to  not  more*  than  35  lb  per  sq  ft,  but  in  wholesale  stores,  and  especially  in 
roccfy  and  hardware  stores,  the  aversge  load  may  greatly  exceed  this  figure. 

la  Weiteiiops,  Loft-BoildintB  and  BaOdlngs  for  Manttfacturing,  the  actual 
^e  loads  will,  of  course,  vary  with  the  dass  of  material  handled  and  the  weight 
of  the  madunery  used,  and  no  general  estimate  can  be  made.  Where  the  char- 
acter of  the  occupancy  to  be  expected  is  known  it  is  possible  to  make  a  dose 
apfiroxiniation  of  the  weights  of  machinery,  fixtures  and  average  stock  on  each 
floor. 

^tarefcaiisfi.  In  buildings  used,  in  whole  or  in  part,  for  storage  pxtrposeS 
s  floor  may  be  used  for  light,  bulky  materials  which,  when  stowed  so  as  to  leave 
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gingways  and  working-spaces,  will  give  a  resultant  load  much  below  the  a: 
sumed  load.  On  the  other  hand,  the  heaviest  materials  may  be  compactl 
piled  from  floor  to  ceiling  in  defiance  of  building  regulations,  ported  notices  aa 
common  sense.  Raw  materials  or  crated  or  baled  materials  can  be  packe 
closer  than  miscellaneous  articles,  and  are  therefore  liable  to  increase  the  loaci 

The  Ratio  of  the  Total  Probable  Maximum  live  Load  to  the  Total  Assume 
Live  Load  having  been  determined  for  the  entire  building,  the  probable  maximur 
live  load  for  any  element  of  the  footing  may  be  readily  obtained  by  muhiplyiq 
the  assumed  or  calculated  live  load  for  that  element  by  this  ratio. 

(3)  The  Wind-Load  is  generally  calculated  on  the  assiunption  that  the  wini 
may  exert  a  uniform  pressure,  frequently  taken  at  30  lb  per  sq  ft,  on  the  entiri 
external  area  of  any  side  of  the  building.  This  assumption  makes  no  deductioi 
for  the  protecting  influences  of  adjoining  buildings.  In  a  building  of  any  size  ii 
is  improbable  that  the  maximum  pressure  will  be  reached  over  the  entire  exposec 
area  at  the  same  instant  of  time,  and  consequently,  if  the  assumed  pressun 
represents  the  maximum  pressure,  the  average,  at  any  time,  will  be  less  thai 
the  calculated  total. 

General  Effect  of  Wind-Pressure.  The  horizontal  pressure  of  the  wind  tend; 
to  increase  the  load  on  footings  on  the  leaward  side  of  the  building  and  to  de- 
crease the  load  on  footings  on  the  windward  side.  In  many  buildings  diaj^ona. 
bradng,  called  wind-bradng,  or  other  special  construction,  is  used  to  pre\'ent 
the  building  from  being  deformed  by  the  wind-pressure  and  to  convert  the  hori- 
zontal stresses  due  to  the  wind-pressure  into  vertical  components,  acting  alonij 
defined  lines  of  support,  that  is,  into  either  uplifts  or  loads  on  certain  walLs 
piers  or  columns.  Where  the  uplift  on  any  element  of  the  structure  b  less  thai 
the  dead  load  on  the  same  element,  the  uplift  is  ignored.  Where  the  vertical 
component  increases  the  compression  in  any  element  it  is  called  the  wna>-ix>  ad  o 
THAT  ELEMENT  of  construction  and  on  the  corresponding  footing.  The  design 
is  generally  based  upon  concentrating  all  of  the  wind-load  on  certain  external 
footings.  If,  on  account  of  the  general  rigidity  of  the  building,  or  on  account  d 
any  other  reason,  the  wind-stresses  reach  footings  not  designed  to  receive  wind- 
loads,  the  amounts  figured  on  the  external  footings  will  be  reduced  correspond 
ingly.  It  is  probable  that  the  maximum  effect  of  the  wind  results  from  a  serie 
of  impulses  of  short  duration  and  that  the  effect  of  such  pulsations  may  U 
partially  overcome  by  the  inertia  and  elasticity  of  the  buildings;  so  that  tU 
resultant  load  reaching  the  footing  may  be  only  a  part  of  the  theoretical  load  foi 
the  instant  during  which  the  maximum  pressure  is  exerted.  (See,  also.  Chaptci 
XXIX,  Wind-Bracing  of  Tall  Buildings.) 

The  Probable  Mazimam  ^nd-Load  acting  on  the  footing  is,  therefore,  less 
than  the  theoretical  load  due  to  the  maximum  wind-pressure.  If  the  assumtK^ 
wind-load  represents  approximately  the  maximum  wind-pressure,  as  recorded 
by  a  wind-gauge,  it  would  appear  safe  to  assume  that  only  50%  of  the  assumd 
wind-load  would  act  to  produce  a  settlement  in  the  footings  of*  a  building 
Some  authors  recommend  that  in  proportioning  footings  all  wind-loads  ix 
ignored;  but  this,  especially  in  the  case  of  high  and  narrow  buildings,  is  mani- 
festly improper.  The  minimum  wind-load  is  negative,  being  actually  an  uplift 
from  which  the  load  may  vary  to  the  maximum,  but  the  maximum  will  be 
reached  only  at  rare  intervals  and  will  endure  for  a  short  period  only. 

The  ComUned  Whid-Load  and  Live  Load.  It  b  improbable  that  the  mazr- 
mum  wind-load  and  the  maximum  live  load  will  occur  at  the  same  time,  which 
consideration  should  be  borne  in  mind  when  the  estimate  is  being  made  aa  to 
the  effective  wind-load. 
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14.  Amtmed  Lo«ds  Sp«dfled  by  Bulldiiig  Codes* 

Table  II.    Requirements  of  BoBding  Codes  for  Assumed  Loads  for  Office- 
Building 

—  -  -         -  ■-— ^  -        - 


City 


Atlanta,  Ga.. 


Boston.  Mass. 


Buffalo.  N.  y. 


Minneapolis*  Minn. 


Richmond,  Va.*.  . 
St.  Louis,  Mo.*. . . 


St.  Paul.  Minn. 


Cincinnati,  O. 


Cliicago.in. 


New  York  City*.. . 


Cleveland.  O. 


Requirements 


Live  load.  75  lb  per  sq  ft  above  xst  floor;  150  lb  per  sq  ft  on 

xst  floor 
Footings  designed  for  dead  load  and  60%  of  live  load  and 

wind»load 

Live  load .  zoo  lb  per  sq  ft .  Wind-load .  30  lb  per  sq  ft  where 
erected  in  open  spaces;  in  btiilt-up  districts,  25  lb  at  the 

'  loth  story,  2\i  lb  more  for  each  succeeding  upper  story,, 
up  to  a  masimtun  of  35  lb  to  the  14th  story  and  above 

Live  load.  Tolb  per  sq  ft.  Wind-load,  jo  lb  per  sq  ft.  Foun- 
dations designed  for  the  acting  average  loads  in  the  com- 
pleted and  occupied  building  and  not  the  theoretical  or 
occasional  loads 

Live  load,  75  lb  per  sq  ft  above  the  first  floor;  lOo  lb  for  first 
floor.  Wind-locul.  30  lb  per  sq  ft.  Roof  and  top  floor,  full 
live  load.  For  each  succeeding  lower  floor,  a  reduction 
of  i%  until  50^  is  reached,  such  reduction  being  used  for 
the  remaining  floors 

Foundations  designed  for  60%  of  the  live  load 

Live  load,  70  lb  per  sq  ft;  first  floor,  150  lb.  Loads  carried 
by  the  soil,  total  dead  load  and  10  lb  per  sq  ft  of  all  the 
floor-area.    Wind-load,  30  lb  per  sq  ft 

Live  load.  60  lb  per  sq  ft  above  the  first  floor.  First  floor. 
X35  lb.  Wind-load.  30  lb.  Roof  and  top  floor,  full  load; 
for  each  lower  floor,  a  reduction  <^  5%  until  50%  of  the  full 
live  load  is  reached,  when  such  reduced  load  shall  be  used 
for  the  remaining  floors.  Footings  designed  for  dead  load 
and  live  load 

Live  load,  50  lb  per  sq  ft  above  first  floor;  100  lb  for  first 
floor.  Live  load  reduced  by  s%  for  each  floor  below  the 
top  until  ao%  is  reached,  when  such  reduced  loads  shall 
be  used  for  remaining  floors.  Wind-load,  20  lb  per  sq  ft 
above  surrxnmding  buildings 

Live  load,  50  lb  per  sq  ft.  50%  of  the  live  load  used  for 
piles.  Piers  designed  for  Ss%  of  live  load  on  top  floor 
and  reduced  by  5%  for  each  lower  floor  until  50%  is 
reached,  when  such  reduced  loads  shall  be  used  for  the 
remaining  floors.    Wind-load  20  lb  per  sq  ft 

Footings  designed  for  60%  of  the  live  load 

Live  load  60  lb  per  sq  ft  in  offices  proper,  xoo  lb  per  sq  ft  in 
halls,  lobbies,  etc.  Footings  for  walls  designed  for  50% 
of  live  load.  FriMMtanding  columns  designed  for  80% 
of  xoo4b  load  and  75%  of  60-lb  load.  Wind-load  30  lb  per 
sq  ft;  for  free-standing  structures  in  built-up  districts 
25  lb  per  sq  ft  at  the  loth  story  and  2Vi  lb  less  for  each 
lower  story,  and  2\i  lb  more  for  each  higher  story,  until 
35  lb  is  reached  


•  Codes  ate  constantly  changing.    Richmond's  new  code  gives  floor-loads;  St.  Louis 
las  changed  tome  values;   New  York  City's  new  code  gives  floor-load  values  different 
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Redttction  in  Amunad  Lpddi.  The  buildiag  codes  of  various  cities  ooai 
tain  rules  governing  the  assumptions  to  be  made  as  to  live  loads  and  wind-load^ 
and  tl^ese  rules  generally  provide  for  some  reduction  in  tse  assuiCEd  load^ 
Generally,  it  will  be  found  possible  to  meet  these  lequirements  and  at  the  sam^ 
time  arrange  for  the  proper  proportioning  of  the  supporting  areas.  Table  l£ 
page  151,  gives  briefly  the  requirements  of  the  builduig  codes  of  several  cities,  «i 
to  assumed  loads  for  oflice-buildings. 

15.  Proportioning  the  Supporting  Areas  for  Equal  Settlement 

The  Minimum  Aress  of  Support.  The  actual  dead  loads  and  the  assum^ 
live  loads  and  wind-loads  for  each  linear  foot  of  wall  and  for  each  column,  pict 
or  other  supporting  element  of  the  building  down  to  the  level  of  the  footingi 
having  been  calculated,  a  foundation-plan  shoiild  be  prepared  giving  the  amousl 
and  center  of  action  of  all  loads.  For  safety  under  the  worst  possible  combuu 
tion  of  loads,  each  footing  should  be  ample  to  support  the  total  of  the  dead  load^ 
live  loads  and  wind-loads  coming  on  it  The  lUNiMUif  areas  of  support  fo 
any  footing  are  obtained  by  dividing  the  total  of  the  dead  loads,  live  loads  ad 
wind-loads  by  the  safe  supporting  power  of  the  foundation-bed.  If  th 
foundation-bed  is  rock,  or  can  be  considered  as  incompressible  under  the  unil 
load,  the  minimum  areas  so  obtained  may  be  used  for  the  footings.  On  com 
pressible  materials,  or  generally  on  all  materials  other  than  rock,  the  use  0 
these  minimum  areas  will  not  result  in  uniform  settlements  owing  to  the  i^c 
that  the  actual  live  loads  and  wind-loads  are  not  consistent  with  the  assumed 
live  loads  and  wind-loads. 

The  Actual  Loads  on  the  Footings.  In  accordance  with  what  has  ben 
previously  said,  let  us  assume  that  the  dead  load  is  constant,  and  that  for  i 
building  under  consideration  the  probable  maximum  live  load  is  50%  of  th 
assumed  live  load,  that  the  probable  maximum  wind-load  is  40%  of  the  assumH 
wind*Ioad,  and  that  on  the  completion  of  the  building,  for  a  short  period,  tta 
live  loads  and  wind-loads  reduce  to  zero.  The  actual  loads  on  the  vooting) 
would  then  be: 

(i)  Upon  completion  of  the  building,  the  dead  load  only; 

(2)  Under  the  maximum  load  due  to  occupancy  and  to  snow  on  the  rooi 

the  dead  load  plus  50%  of  the  assumed  live  load; 

(3)  Wlien  loaded  as  in  (2)  and  subject,  in  addition,  to  the  maximum  prob 

able  wind-action, 
(a)  The  footings  on  the  Icaward  side  of  the  building  will  sustain  the  tota 

dead  load,  plus  50%  of  the  assumed  live  load,  plus  40%  of  the  as 

sumed  wind-load; 
(jb)  The  footings  on  the  windward  side  of  a  building  will  sustain  the  tota 

dead  load,  plus  50%  of  the  assumed  live  load,  minus  40%  of  the  as 

sumed  uplift; 
(c)  Other  footings  will  support  the  total  dead  bad,  plus  50%  of  the  as 

sumed  live  load,  plus  zero  wind-load; 

(4)  Intermediate  conditions  as  to  live  loads  and  wind-loads  will  produa 

loadyigs  intermediate  between  (i)  and  (3). 

Variations  in  Unit  Loads  on  Foundation-Beds.  With  such  known  variat 
tions  it  is,  therefore,  impossible  to  proportion  the  supporting  areas  so  that  th< 
unit  load  on  the  foundation-bed  shall  be  uniform  at  all  times.  If  the  support- 
ing areas  are  proportioned  in  the  ratio  of  the  dead  load  only,  the  building,  on 
completion,  and  before  occupancy,  will  uniformly  load  the  supporting  areas, 
and  at  that  time  all  of  the  footings  should  show  equal  aettlemeuts;  but  subset 
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qamtbr.  wfaca  the  supporting  vea*  have  been  subjected  to  the  full  effects  of  the 
&ve  beds  and  wixid-loads,  certain  supporting  areas,  having  a  high  percentage 
A  Irve  loads,  or  of  live  loads  and  wind>loada,  will  be  subject  to  a  higher  unit 
cdd.  and  the  corresponding  footings  will  consequently  settle  more  than  other 
kudngs  supporting  a  low  percentage  of  live  loads,  or  live  loads  and  wind- 
kads. 


Hoo-Uiiifoniiity  in  Footing-Settlainenta.  If,  on  the  other  hand,  the  sup- 
penning  areas  are  proportioned  on  the  basis  of  the  dead  loads,  plus  the  maximum 
-^'C  loads,  i^us  the  maximum  wind-loads,  even  if  the  maximum  loads  are  the 

^iOBABIX  ACTUAL  MAXIMUM  LOADS,  and  UOt  the  FICTITIOUS  ASSUMED  LOADS,  it  is 

brvitable  that  upon  the  completion  of  the  building  and  before  occupancy,  the 
s^jfiocting  areas  having  a  lower  percentage  of  live  loads  and  wind-loads  will 
live  a  higher  unit  load,  and  the  corresponding  footings  will  have  settled  more 
iiuo  other  footing  supporting  a  high  percentage  of  live  loads  and  wind-loads. 
i-)Q  this  baab,  the  footings  will  not  come  to  a  uniform  settlement  until  they 
tuxt  been  subjected  to  the  maximum  live  loads  and  wind-loads. 

Arbttrary  Rules  for  Proportioning  Supporting  Areas.  Various  Aasr- 
TkAVS  RULES  have  been  recommended  for  the  proportioning  of  the  supporting 
was  to  secure  equal  settlements.  These  rules  generally  provide  for  a  reduc- 
tion in  the  assumed  live  loads  and  wind-loads,  but  do  not  take  into  consideration 
the  fact  that  a  large  proportion  of  the  total  settlement  of  certain  footings  may 
taJke  place  subsequently  to  the  completion  of  the  building  and  after  other  foot- 
iasa  may  have  reached  practically  their  full  settlement. 

P^tiiMifff  Rule  for  Proportioning  Supporting  Areas.  The  rule  herein- 
aner  recommended  provides  not  only  for  a  reduction  of  the  assumed  loads  on 
1  more  rational  basis,  but  also  for  the  proportioning  of  the  footings  for  the  mean 
kad.  instead  of  for  the  ultimate  load,  and  it  is  believed  that  the  resulting  settle- 
sxots  will  be  as  neariy  uniform  as  possible.  The  rule  is  based  on  the  propor- 
t»ning  of  the  footings  in  accordance  with  the  loads  which  will  act  on  the 
kjotings  at  the  time  when  all  of  the  dead  loads  and  one-half  of  the  probable 
mairimnm  live  loads  and  wind-loads  exist.  The  reason  for  taking  one-half  of 
the  probable  maximum  wind-loads  and  live  loads  is  that  these  loads  vary  from 
tero  to  a  mazunum,  the  avenge  being  one-half  of  the  maximum. 

Provision  for  Variations  in  Losdsl  On  the  completion  of  the  building 
tci  before  the  live  loads  or  wind-loads  have  gone  on  the  footings,  the  settle- 
moits  will  not  be  uniform,  because  areas  designed  for  a  high  percentage  of  live 
t-aiis  and  wind-loads  will  have  much  less  than  their  average  load  and  will  there- 
hrt  have  settled  less  than  footings  having  a  low  percentage  of  live  loads  and  wind- 
bads.  When  these  same  footings  have  been  subjected  to  the  maximum  probable 
Eve  loads  and  wind-loads,  the  settlements  will  again  be  unequal,  because  the 
areas  have  been  proportioned  for  only  one-half  of  the  probable  maximtun  live 
loads  and  wind-loads;  but  the  footings  which  originally  were  the  highest  will 
sow  be  the  lowest.  The  inevitable  movement  due  to  the  variation  in  the  live 
loads  and  wind-loads  will  be  equally  divided,  one-half  of  the  settlement  being 
required  to  bring  the  footing  to  the  level  of  a  footing  having  the  dead  loads  only, 
and  the  other  half  of  the  settlement  carrying  it  an  equal  distance  below  the  same 
footing.  In  other  words,  the  method  provides  for  the  least  possible  variation 
6etween  footings  having  different  proportions  of  live  loads  and  wind-loads. 

The  Msan  Lo«d«  For  lack  of  a  better  name,  the  loads  taken  for  the  pro- 
portioning of  the  footings,  consisting  of  the  total  dead  loads,  one-half  of  the 
probable  maximum  live  loads  and  one-half  of  the  probable  wind-loads  coming 
on  each  lootings  will  be  called  the  msan  load* 
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The  Mean  Unit  Load.  The  areas  wiO  be  made  such  that  the  load  on  the 
foundatioQ-bed  due  to  the  mean  loads  wiH  be  uniform,  and  this  uoiform  load 
which,  in  general,  will  be  considerably  less  than  the  allowable  unit  load  on  the 
foundation-bed  will  be  called  the  uean  uiaT  load. 

llie  Minimum  Unit  Load.  The  necessity  for  providing  for  the  worst 
possible  condition  of  loading  is  satisfied  if  the  supporting  area  for  all  footing 
is  sufficiently  large  to  support  the  total  of  the  dead  loads  and  the  assumed  live 
loads  and  wind-loads  at  the  allowable  unit  pressure.  The  resulting  areas  of 
support  are  the  minimum  areas,  and  any  change  in  these  areas  necessao'  to 
make  them  proportionate  to  the  mean  loads  must  be  effected  by  increasing  some 
areas  rather  than  by  diminishing  any.  Any  mean  unit  load  which  would  give, 
when  divided  into  the  mean  loads,  areas,  all  of  which  would  be  larger  than  the 
minimum  areas,  would  serve  as  the  mean  unit  load,  but  it  is  more  economical 
to  determine  the  lowest  possible  mean  unit  load  which,  when  applied  to 
the  mean  loads,  will  give  the  least  possible  increase  of  the  axeas.  TMs  can  be 
done  by  determining  which  one  of  the  minimum  areas  carries  the  least  mean 
LOAD  PER  SQUARE  TOOT.  This  area  may  be  selected  by  calculating  the  mean 
load  on  each  of  the  minimum  areas,  or  more  simply,  by  comparing  the  table 
of  assumed  loads  and  a  table  giving  the  mean  loads,  and  noting  which  footing 
has  the  largest  percentage  of  reduction  between  the  assumed  load  and  the 
mean  load.  The  resulting  mean  load  on  this  footing  will  be  the  minikum  unit 
LOAD  which  can  be  used  as  a  mean  unit  load. 

The  Method  Reduced  to  Rule.  The  method  can  be  reduced  to  rule  as 
follows: 

(i)  Prepare  a  table  giving  in  vertical  columns  or  table-divisions  for  each 
footing,  the  dead  loads,  the  assumed  live  loads,  the  assumed  wind-loads  and 
the  total  of  these  three  loads.    This  table  is  called  the  table  of  assumed  loads. 

(2)  Prepare  a  similar  table  giving  the  dead  loads,  one-half  of  the  maximum 
probable  live  loads,  one-half  the  maximum  probable  wind-loads  and  the  total 
of  these  three  loads.    This  table  will  be  called  the  table  of  mean  loads. 

(3)  By  a  comparison  of  the  two  tables,  find  the  supporting  area  which  has 
suffered  the  greatest  percentage  of  reduction  between  the  total  assumed  loads 
and  the  total  mean  loads  and  find  the  unit  load  resulting  from  the  mean  load  on 
this  area.    This  unit  load  will  be  called  the  mean  unit  load. 

(4)  Divide  the  total  mean  load  as  given  in  the  table  of  mean  loads  for  each 
footing  by  the  mean  unit  load.  The  result  will  be  the  required  area  of  sup- 
port. 

Short  Method  for  Determining  the  Mean  Unit  Load.  From  the  fore- 
going it  follows  that  the  mean  unit  load  can  be  obtained  more  directly  by  the  fol- 
lowing rule.  Find  the  supporting  area  which  has  suffered  the  largest  percentajte 
of  reduction  between  the  total  assumed  load  and  the  total  mean  load  and  multi- 
ply the  allowable  unit  load  on  the  foundation-bed  by  the  ratio  obtained  by 
dividing  the  total  mean  load  by  the  total  assumed  load. 

niQstrative  Example.  The  following  example  is  figured  out  more  fully  than 
is  necessary  in  practice  in  order  to  fully  explain  the  method  and  also  to  compare 
the  method  with  other  methods  frequently  used  and  recommended.  Ordinarily 
the  wind-loads  on  a  building  of  the  size  and  t)n[>e  assumed  in  the  example  would  be 
ignored,  but  they  have  been  considered  here  to  make  the  example  complete 

A  factory-building  (Fig.  2)  is  to  have  four  floors  above  the  basement,  each 
capable  of  supporting  an  assumed  unit  load  of  200  lb  per  sq  ft.  The  bad  on 
the  flat  roof  is  assumed  at  50  lb  per  sq  ft.  The  horizontal  wind-pressure  is  as- 
sumed as  a  uniform  pressure  of  40  lb  per  sq  ft,  on  the  sides  AB  and  CD  only. 
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Tbe  verticsl  component  of  the  wind-preasme  is  to  be  taken  care  of  by  the  foot- 
ings of  the  side  walls.  There  is  also  an  interior  self-supporting  chimney  and 
ventilating  shaft  which  is  protected  from  the  wind  and  which  carries  no  floors 
loads. 

The  foundation-bed  is  a  uniform,  sandy  material  which  is  expected  to  compress 
uniformly  and  at  the  rate  of  H  in  per  ton  of  load  per  sq  ft  of  supporting  area. 
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PLAN  SECTION 

Fig.  2.    Foundation-plan  and  Section  of  Factory-building 


The  MAXtsHTii  UNIT  LOAD  on  the  foundation-bed  is  taken  at  4  tons,  correspond^ 
ing  to  a  settlement  of  2  in  for  the  assumed  load.  The  calculated  dead  loads  of 
the  building,  including  all  construction  down  to  the  level  of  the  footings,  the 
summation  of  the  assumed  live  loads  and  the  vertical  components  of  the  assumed 
wind-loads  are  given  in  Table  III. 


Table  m.    Dead  Loads  and  Aaauned  Live  and  lUnnd-Loads 


I      Element  of  footing 

Division  i, 
dead  loads 
only, 
lb 

Division  2, 

assumed 

live  loads, 

lb 

Division  3, 

assumed 

wind-loads, 

lb 

Division  4, 
total  dead, 

live  and 

wind-loads, 

lb 

Side  walls  per  Hn  ft ... . 

Columns  x  and  5 

Column*  3.  3  and  4 

Chimney 

14  000 
137500 

90000 
320000 

8400 
X60000 
340000 

3000 

34  400 
297500 
430000 
320000 

Tiblxnhimnt  are  called  divisioos  to  avoid  ooofuskMi  with  building-columns. 
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A  cureful  study  of  the  probi&leloiclmg  of  the  buildiiig  shows  that  the  maximnm 
live  loads  at  any  one  time  wiU  not  exceed  60%  of  the  total  assumed  live  loads, 
and  that  the  maximtim  wind-loads  will  be  leas  than  50%  of  the  aisinnfri  wind^ 
loads,  for  the  reason  that  the  assumed  wind-pressure  is  based  upon  the  highest 
recorded  pressure  on  a  limited  area  in  an  exposed  situation,  whereas  the  pri>- 
posed  building  will  be  in  a  sheltered  situation.  Having,  therefore,  determined 
the  probable  maximum  live  loads  and  wind-loads  at  60%  and  50%  respectively 
of  the  assumed  loads,  the  so-called  mean  loads,  corresponding  to  loads  half-way 
between  the  minimum  and  maximum  loads,  will  be  one-half  of  the  probable 
maximum  loads,  or  60%  X  H  "  30%  of  the  assumed  live  loads  and  50%  X  }  ^ 
•"25%  of  the  assumed  wind-loads.  Table  IV  gives  the  dead  loads  and  the 
mean  live  loads  and  wind-loads  separately,  and  the  total  of  the  dead  loads  and 
mean  loads,  which  total  is  to  be  used  in  proportioning  the  areas  for  least  varia- 
tion in  settlement.    This  is  known  as  the  total  mean  load. 

Table  IV.    Dead  Loads,  Mean  live  and  Wind-Loads  and  Tote!  Dead  and 

Mean  Loads 


Element  of  footing 

Division  s, 

dead  loads, 

tmchanged, 

lb 

Division  6, 
one-half  of 
60%  of  as- 
sumed live 
loads,  lb 

Division  7. 
one-half  of 
50%  of  as- 
sumed wind- 
loads,  lb 

Division  8. 

total  mean 

loads,  lb 

Side  walls  per  lin  ft 

Columns  i  and  s 

Columns  2,  3  and  4.-. . 
Chimney 

14000 
137  soo 

90000 
320000 

2520 

48000 

102000 

500 

17  020 
185  500 

192  000       ' 

320  000 

Table-columns  are  called  divisions  to  avoid  confusion  with  building-columns. 


Comparing  the  two  tables  it  will  be  seen  that  the  interior  columns  of  the 
building,  columns  2,  3  and  4,  had  originally  the  largest  percentage  of  live  loads 
(no  wind-loads) ,  and  have  consequently  suffered  the  greatest  reduction  in  the 
amount  of  total  load.  The  minimimi  areas  of  support  for  columns  2,  3  and  4, 
and  also  for  the  other  elements  of  the  footings,  are  obtained  by  dividing  the 
total  assumed  loads  given  in  division  4,  Table  III,  by  8000,  the  allowable 
unit  load  in  pounds  on  the  foundation-bed.  The  resulting  areas  are  given  in 
division  9,  Table  V.  No  reduction  can  be  made  in  these  areas  without  exceed- 
ing the  limitation  that  the  most  disadvantageous  combinations  of  loading,  how- 
ever improbable,  shall  not  exceed  the  safe  unit  load.  The  adjustment  of  the 
areas  to  the  probable  mean  loading,  as  given  in  Table  IV,  the  table  of  mean 
loads,  must  be  accomplished  solely  by  increasing  the  sizes  of  certain  footings. 

If  we  divide  the  total  mean  loads  in  division  8,  Table  IV,  by  the  minimum 
areas  given  in  division  9,  Table  V,  we  will  get  the  mean  load  per  square  foot 
on  the  minimum  areas  for  each  element  of  the  footing.  The  results  given  in 
division  xo.  Table  V,  show  that  the  mean  load  for  columns  2,  3  and  4  is  only 
3  568  lb  per  sq  ft,  while  under  the  chimney  the  load  is  8  000  lb  per  sq  ft.  As 
no  reduction  in  area  is  permissible  it  is  necessary  to  increase  the  footings  imder 
the  chimney,  side  walls  and  columns  i  and  5  until  the  mean  unit  load  corre- 
sponds to  the  mean  unit  load  for  columns  2,  3  and  5.  This  is  done  by  dividing 
the  mean  loads  given  in  division  8,  Table  IV,  by  3  568,  the  mean  unit  load  as 


Proportioning  the  Suppoftiog  Areas  for  Equal  Settlement     157 

determined  for  ophmms  2,  3  and  4.    The  resulting  areas  are  given  in  division 
IX,  Table  V,  and  are  the  areas  wiiich  should  be  used. 

The  method  of  calculation  can  be  shortened  and  reduced  to  a  rule  as  foUoiv& 
Compare  Table  IV,  the  table  of  mean  loads,  with  Table  III,  the  table  of  assumed 
loads,  and  find  the  element  of  support  which  has  suffered  the  highest  percentage 
of  reduction  between  the  total  assumed  load  and  the  total  mean  load,  and  note 
the  corresponding  minimum  area  of  support  at  the  allowable  unit  load  on  the 
foundatton-'bed.  Divide  the  mean  load  for  the  Same  element  of  support  by 
the  number  of  square  feet  in  the  minimum  area  of  support.  The  result  will  be 
the  unit  load  for  mean  settlement.  Then  divide  the  mean  loads  for  each  ele- 
ment of  support  by  the  mean  unit  load.  The  results  will  be  the  required  areas 
as  given  in  Table  V. 


Table  V.    Mean  Loads  on  Minimum  Areas  and  Areas  for  Mean  Loads 


Element  of  footing 

Division  9, 

minimum 
areas, 
sqft 

Division  lo. 

mean  loads  on 

minimum 

areas, 
lb  per  «q  ft 

Division  11, 

areas  for  mean 

loads, 

sqft 

'   Side  walla  per  lin  ft 

305 
37.2 
53.8 
40.0 

5580 
4  936 
3568 
8  000 

1 

4.7 
51-9 
538 

89.7 

i   Cc^umns  i  and  S 

t   Colnmns  a,  3  and  4 

i   Chimney 

Tabte-cotumns  are  colled  divisions  to  avoid  confusion  with  building-columns. 

Or  the  mean  unit  load  may  be  determined  by  multiplying  the  allowable  unit 
load  by  the  ratio  obtained  by  dividing  the  mean  load  for  the  element  of  sup- 
port having  suffered  the  highest  percentage  of  reduction  by  the  assumed  load 
for  the  same  dement. 

Resulting  Settlements.  The  following  Tables  VT,  VII  and  VIII  show  the 
comparative  settlements  which  may  be  expected  if  the  supporting  areas  are 
proportioned  in  accordance  with  different  assumptions  as  to  load.  In  all  the 
tables  it  is  assumed  that  the  foundation-bed  will  settle  yi  in  per  ton  o(  load 
per  square  foot,  and  that  the  total  assumed  load  will  never  load  the  foundation- 
bed  in  excess  of  4  tons  per  sq  ft. 

In  Table  VI  the  footings  are  proportioned  in  the  ratio  of  the  dead  loads  only. 

In  Table  VH  the  footings  are  proportioned  in  the  ratio  of  the  total  assumed 

LOADS. 

In  Table  VIII  the  footings  are  proportioned  in  the  ratio  of  the  uean  loads. 

In  each  table,  divuion  i  gives  the  dead  load  coming  on  the  footings  on  the 
completion  of  the  building.  Division  2  gives  the  load  coming  on  the  footings 
when  the  building  is  subjected  to  the  maximum  probable  live  loads  and  wind- 
loads.  Division  3  gives  the  supporting  areas  in  accordance  with  the  assumed 
loading.  Division  4  gives  the  settlements  for  the  unloaded  biulding.  Divi- 
sion 5  gives  the  settlement  after  the  addition  of  the  maximum  probable  live 
loads  and  wind-loads. 

Explanation  of  Table  VI.  The  method  of  proportioning  the  areas  in  the 
ratio  of  dead  loads  only,  as  recommended  by  C.  C.  Schneider*  may,  in  the  form 
of  a  rule,  be  stated  as  follows: 

*  See  article  on  tbe  Structunl  Deslga  of  Bufldlngs,  Trans.  Am.  Soc.  C.  E.,  voL  54* 
June  1905. 
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Compare  the  table-diviston  of  dead  loads,  Table  VI,  with  the  division  of 
assumed  live  loads,  find  the  dement  of  support  which  has  the  highest  perQenta^e 
of  live  loads  to  dead  loads,  and  note  the  corresponding  minimum  area  of  sunlit 
at  the  allowable  unit  load  on  the  foundation-bed.  Divide  the  dead  load  for 
the  same  element  of  support  by  the  number  of  square  feet  in  this  minimum  area 
of  support,  and  the  result  will  be  the  unit  load  due  to  the  dead  load  only.  Then 
divide  the  dead  loads  for  all  other  elements  of  support  by  this  unit  load,  and 
the  results  will  be  the  areas  required.  Thus,  in  TafaJe  VI,  it  is  seen  by  referring 
to  Table  III  that  columns  2,  3  and  4  have  the  greatest  percentage  of  live  load 
to  dead  load,  and  their  minimum  area  of  support,  as  in  Table  V,  is  53.8  sq  ft 
Then,  90  000  -f-  53.8  -  i  675  lb,  the  unit  load  due  to  the  dead  load  only.  The 
area  for  columns  z  and  5  is  237  500  +  i  675  i-  8a.i  sq  ft.  The  process  is  simi- 
lar for  the  other  elements. 

Table  VL    Footings  Proportioned  in  the  Ratio  of  the  Dead  Loads  Only 


Probable  settlement  where  supporting  areas  are  proportioned  in  the  ratio  of 

dead  loads  only 


Element  of  footing 


Side  walls  per  lin  ft 
Columns  i  and  $•  -  ■ 
Columns  a,  3  and  4 
Chimney 


Division  x 


Dead  loads 

only, 

lb 


14000 
137  500 

90  000 

320000 


Division  2 


Maximum 

probable 

loads, 

lb 


20040 
233500 
294000 

320  oco 


Division  3  Division  4 


Areas, 

sq  ft 


8.3 

82.  z 

S3.8 

191.  o 


Division  s  1 


Settlements 


Empty, 
in 


0.42 
0.42 
0.42 
0.42 


Maximum  variation,  empty. 
Maximum  variation,  loaded, 


0.00 


Loaded, 
in 


0.60 
0.71 
1.36 
0.42 


0.94 


Table-columns  are  called  divisions  to  avoid  confusion  with  building-columns. 


The  calculations  for  settlements  are  readily  made,  when  the  amount  of  com- 
pressibility of  the  foundation-bed  is  known,  by  multiplying  the  unit  load  on  the 
foundation-bed  of  each  element  of  support  by  the  amount  of  compressibility  of 
the  foundation-bed  per  unit  of  load.  Thus,  in  the  above  example  the  amount 
of  compressibility  is  given  as  V&  in  per  ton.  In  Table  VI  the  unit  loads,  due  to 
dead  loads  for  each  element  of  support,  are  the  same,  or  i  675  lb  -  0.838  tons 
per  sq  ft,  which,  multiplied  by  }-i  -  0.42  in.  Similarly,  the  unit  loads  due  to 
maximum  probable  loads  for  each  element  of  support  are  determined,  and  these 
loads,  in  tons,  multiplied  by  one-half,  give  the  settlements  in  inches  as  given  in 
division  5  of  Table  VI. 

Explanation  of  Table  VII.  The  areas  given  in  Table  \TI  are  obtained  by 
dividing  the  total  maximum  dead  loads,  live  loads  and  wind-loads  (Table  III) 
by  the  allowed  unit,  8  000  lb  per  sq  ft,  and  are  the  minimum  areas  given  in  Tabic 
V.  The  settlements  for  the  loaded  building  are  based  on  the  maximum  probable 
loads  as  given  in  division  2  of  Table  VII. 
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Probable  settlement  where  supporting  areas  are  proportioned  in  the  ratio  of 

total  assumed  loads 

Element  of  footing 

Division  X 

Division  2 

Division  3 

1 
Division  4  Division « 

Dead  loads 

only. 

lb 

Maximum 

probable 

loads, 

lb 

Areas, 

sqft 

Settlements 

Empty, 
in 

Loaded, 
in 

Side  walls  per  lin  ft 

Columns  i  and  5 

Columns  2.  3  and  4 

Chimney , . . , . , . , . . 

X4000 
137500 

90000 
330000 

30040 
333500 
394000 
330  oco 

30S 
37  3 
53.8 
40.0 

X.15 
0.93 
0.43 
3.00 

X.64 
1.57 
x.36 
3.00 

Maximum  variation,  em 

otv. 

1.S8 

•■ 

Maximum  variation,  lofl-ded 

0.64 

Table<olumns  are  called  divisima  to  avoid  confusion  with  building-columns. 
TaUe  Vm.    Footings  Proportioned  in  the  Ratio  of  the  Mean  Loads 


Probable  settlement  where  supporting  areas  are  proportioned  in  the  ratio  of 

total  mean  loads 


1 

1 
1 

1 

Division! 

Division  2 

Division  3 

Division  4 

Division . 

(      Element  of  footing 

Dead  loads 
only, 

lb 

Maximum 

probable 

loads, 

lb 

Areas, 
sqft 

• 

Settlements 

1 

Empty, 
in 

Loaded, 
in 

1 

,   Side  walls  per  lin  ft 

Columns  x  and  5 

j   Columns  3,  3  and  4 

Chimney 

14000 
137500 

90000 
330000 

30040 
333500 
294000 
330000 

4.7 

5X.9 
53.8 

89.7 

0.74 
0.66 

0.43 
0.89 

I.c6 
X.12 
x.36 
0.89 

1 

,    Maximum  variation,  em 

1   Maximum  variation,  loa 

1 

ipty 

0.47 

ded 

0.47 

Tafaie-<olumns  axe  called  divisions  to  avoid  confusion  with  buildmg<oluran». 

EzpUnatioB  of  Table  Vm.  The  areas  in  Table  VIII  are  obtained  1 
already  explaioed  and  as  given  in  division  xi.  Table  \\  and  the  methods  use 
in  determining  the  settlements  are  similar  to  those  used  for  the  precedii 
tables.  In  Table  VIII  it  will  be  noted  that  columns  2,  3  and  4  have  a  settl 
mcnt  of  x.36—  0.43  ■>  0.94  in,  as  a  result  of  the  addition  of  the  live  loads  ai 
wind-loads.  Half  of  this  settlement  is  required  to  bring  these  footings  down 
the  level  of  the  chimney-footing,  and  the  other  half  of  the  settlement  brin 
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them  below  the  chiomey-fooUiig.  There  U  ao  way  to  preveot  this  settlement 
of  0.94  in,  but  its  effect  on  the  building  is  reduced  to  a  minimum  by  having  the 
settlement  of  the  footings  of  columns  2,  s  and  4  start  above  the  chimney-footing 
and  finish  below  it.  The  chimney-footing  does  not  change  its  elevation  after 
the  completion  of  the  building,  and  compared  with  it,  the  variation  in  level  of 
the  other  footings  is  the  minimum.  In  their  mean  position,  half-way  in  their 
movement,  these  other  footings  will  be  at  the  same  level  as  the  chinmey-footing. 

It.  Determiniag  the  Supportiiig  Atmb 

General  Requirements.  In  laying  out  the  areas  op  sxtpport  for  any  struc- 
ture it  should  be  borne  in  mind,  as  previously  explained,  that  (i)  the  total  of 
the  dead  loads,  assumed  live  loads  and  assumed  wind-loads  should  not  load  the 
foundation-bed  in  excess  of  the  allowable  load  on  it;  (2)  when  the  foundation- 
bed  is  compressible  the  areas  of  support  should  be  calculatt^d  by  the  method  uf 
mean  loads;  and  (3)  the  center  of  gravity  of  the  supporting  area  should  coincide 
with  the  center  of  action  of  the  load  to  be  supported.  To  these  may  be  added 
a  further  condition  that  (4)  economy  wiU  be  furthered  by  keeping  the  support- 
ing areas  simple  in  outline  and  by  arranging  each  area  as  compactly  as  possible 
around  the  center  of  the  load  to  be  supported. 

(i)  The  first  condition  is  necessary  in  order  to  provide  that  no  possible  con- 
dition of  loading  will  exceed  the  allowable  pressure  on  the  foundation-bed. 

(2)  The  second  condition  proviries  for  making  the  settlements  of  different 
footings  as  nearly  equal  as  possible. 

(3)  The  third  condition  provide  that  the  settlements  of  each  footing  shall 
be  uniform,  that  is,  that  the  footing  shall  not  settle  out  of  level. 

(4)  The  fourth  condition  provides  for  economy  in  design  in  the  footing  itself 
and  for  economy  in  making  the  excavation  for  the  footing,  especially  in  the  case 
of  deep  excavations  requiring  sheathing  for  the  protection  of  their  sides. 

In  the  case  of  a  free-standing  structure,  the  total  load  of  which  is  not  in  excess 
of  the  supporting  capacity  of  the  entire  area  of  the  building  at  the  safe  unit 
load  on  the  foundation-bed,  it  will  generally  be  possible  to  arrange  simple  sup- 
porting areas  whose  centers  will  correspond  with  the  centers  of  the  loads.  The 
disposition  of  such  areas  is  considered  in  succeeding  paragraphs  in  the  discus- 
sions of  Concentric  Loading.  In  buildings  having  restricted  sites,  where 
walls  or  columns  arj  placed  close  to  adjoining  property-lines,  it  will  frequently 
be  impossible  to  arrange  for  simple  concentric  loadings  and  necessary  to  use 
offset  footings,  cantilevers  or  other  devices  to  transfer  the  loads  to  supporting 
areas  located  on  the  property.  Such  supporting  areas  are  discussed  in  succeed- 
ing paragraphs  relating  to  Eccentric  Footings. 

Footings  with  s  Concentric  Load.  In  order  to  have  the  load  on  the 
foundation-bed  uniform  under  a  tooting  it  is  necessary  that  the  center  of  grav- 
ity of  the  supporting  area  should  coincide  with  the  center  of  graxity  of  the  load, 
otherwise  the  area  is  said  to  be  eccentrically  loadld  and  the  resulting  load 
on  the  foundation-bed  will  not  be  uniform.  Any  variation  in  the  loading  of  a 
compressible  foundation-bed  under  a  footing  will  result  in  an  unequal  settlement 
of  the  footing  and  this  in  turn  w^ill  result  in  unequal  stresses  in  the  wall,  pier,  or 
column  supported  by  the  area. 

Wall-Footings  with  Concentric  Load.  In  the  case  of  a  wall,  the  footing 
should  project  an  equal  distance  on  each  side  so  that  the  center  of  gravity  of 
the  supporting  area  will  coincide  with  the  center  of  gravity  of  the  wall  and  of 
the  loads  transmitted  by  the  wall.  The  width  of  the  supporting  area  should 
vary  with  the  load  on  the  wall,  irrespectively  of  any  change  in  the  thickness  of 
the  wall 
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his  9t^  FootbM;  for  a  Coae«atrie  Itolatod  I#oa4.    Ik  the  c«je  of  a  imriE  gon- 

by  havi2{3E3nxATSZ>  load,  aa*  lot  example,  a  load  from  a  oqlckn  or  piejk,  the  footing 

imneyiiX49iay  be  cacuLAS,  squaas,  lifiCXAMOUtjyt  or  iskeouiae  in  outiSne,  but  the 

ievatios  sdeoter  of  gravity  of  the  area  must  coincide  witb  the  center  of  gravity  of  the  load. 

ion  in  irerheoreticaJly  the  oxcuias  shape  gives  the  most  economical  footing,  as  the 

'•way  in  'supporting  areas  extend  radially  the  least  possible  distance  from  the  center  or 

oioey-fa^^is  of  the  load.    Where  deep  excavation  is  necessaiy  the  circular  form  may 

^d  itself  to  an  economical  method  of  excavation,  as,  for  example*  when  cyiio- 

irical  piers  are  sunk  by  the  pneumatic  method  or  by  dredging.    In  general, 

i^wever,  for  ordinaiy  footings  the  kectanculab  form  is  preferable,  in  that  it 

for  anyitf^^  itself  to  an  economical  arrangement  of  grillage-beams.    The  square  is 

the  tiBjjjg  jjjjjg^  ecx>nomjcal  rectangle  as  the  sum  of 
I  not  l(»i|ije   bending   movements   in   the  griUage  and      -^.A     Proyerty.Ltoe 
s  ^<^un*^^4x)lsters  is  reduced  to  a  minimum. 

ouW  ak:    ^^^f^^^^  Supporting  Areas.    When  the 

.  Kg  ^ supporting  area  for  an  isolated  load  cannot  be 

Th    uar^        ^  drde  or  a  square,  for  example,  when 

Iv  L'uJ^^  '**^°*"  ^'  ^^  °"^*  ^^^^^  *^^*'^^P  ^°  *'^"    fig-    3.      Elongated    Supporting 
•'     ^  foining  pcopeity-line  or  interfere  with  an  ad-  Area.    Concentric  Load 

Tic  ^^^^   supporting  area,   the   necessaiy  area 

P°*^"!j  may  frequently  be  made  sectancitjiti  in  fonn,  as  ABDC  (Fig.  3),  ha\ing  a 

^^^i  xf^'^'*^^  ^  twice  the  -distance  a  between  the  center  of  the  load  O  and  the 

0^  ^"limiting  Hne  AB. 

The  rgqirircd  length  /  equals  the  required  area  divided  by  w  and  the  area 

foouflg  ^|jioi,]([  be  centered  on  O,  that  is,  h  must  equal  /«. 

footias^    ComUaAiions  of  Simple  Areas.    Two  Adjacent  Isolated  Areas.    Wlien 

JQ  i\g^)oining  supporting  areas  overlap  or  when,  for  other  reasons,  it  is  desirable  to 
• .        COMBINE  ADJACENT  FOOTINGS,  the  best  arrangement  may  be  obtained  as  follows: 

.  jq  j^gJRnowing  the  supporting  area  required  for  each  of  two  adjacent  concentrated 
h  >  safe  c^^^  ^^^  ^c  distance  between  the  centers  of  the  loads,  the  sum  of  the  two 

•  ^(^eas  should  be  divided  by  twice  the  distance  between  the  load-centers.  The 
l^j.  ^.quotient  will  be  the  width  or  the  dimension  of  the  required  rectangle  of  sui> 

.  jj^>-,port  taken  at  right-angles  to  the  line  connecting  the  load-centers;  and  the 
..  ^'Other  dimension  of  the  rectangle  will  be  twice  the  distance  between  the  load- 
1^ ,  V^.^centers.  The  center  of  the  area  should  be  placed  so  as  to*coindde  with  the 
{-  ^center  of  gravity  of  the  two  loads,  when  it  will  be  found  that  each  load  will 
'^^^be  concentric  with  its  own  area  of  support.  Where  a  row  of  columns  requires 
.^"l^areas  which  nearly  overlap,  the  combination  ojt  the  abeas  frequently  results  in 
^^       economy  in  excavation  and  form-work. 

^  00 :    Supporting  Ares  for  s  Concentrated  Lend  in  the  Line  of  s  Wall. 

^f  p  If  one  or  more  concentrated  loads  are  carried  in  the  Hne  of  a  wall  the  additional 
^^^^],-i6UFFORTTNG  AREAS  required  for  such  concentrated  load  may  be  provided  in 
"yjfjngfc.either  of  two  ways. 
adin^^     (i)  If  the  concentrated  loads  rest  on  the  wall,  as,  for  example,  when  the  wall 

^]^  supports  the  ends  of  girders  and  when  the  conditions  are  such  that  the  con- 
~M  ^  centrated  loads  are  distributed  along  given  lengths  of  it,  then,  all  that  U  neces- 
^  '      saxy  is  to  increase  the  width  of  the  footing  for  the  given  lengths  sufficiently  to 


.^provide  for  the  total  of  the  uniformly  distributed  and  concentrated  loads. 
^^^  J     (x)  If  a  concentrated  load  is  on  the  center  line  of  the  wall  but  cannot  be  dis- 
^^j  tributed  by  the  wall,  as  when  a  considerable  load  is  carried  by  a  pier  or  column 

^  to  the  level  of  the  footings,  then  one-half  the  additional  area  for  the  concentrated 
^^  ^ '.load  should  be  placed  on  either  side  of  the  wall-footing,  so  that  a  line  connecting 
lidc^  tlie  centers  of  the  two  areas  will  pass  through  the  center  of  the  load.    In  genera^ 
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Fig.  4.  Square  Supporting 
Area.  Wall  and  CoDcentric 
lac^ted  Load 


k  1ft  desirable  that  the  additional  areaa*  tog«ther  with  the  area  for  tlie  wall  iyn 
between  them,  sboiild  appboxihate  a  squase.  Knowing  the  width  of  tk 
footing  required  to  support  the  wall  and  the  additional  area  required  to  auppoi 

the  concentrated  load,  the  length  of  the  aide  of  tk 
required  square  can  be  detennined  by  the  faUowii 
formula  (Fig.  4): 

Let  V  «  the  width  of  the  footing; 

A  —  the  area  required  to  support  the  conce: 

trated  load; 
/«  the  side  of  the  square  which  will  suppo! 
a  length  of  wall  equal  to  /,  and  a): 
provide  an  additional  area  equal  to  A 
Then 

y-^w  +  vTTTi^ 

Sopportisg  Area  for  Concentrated  Load  not  in  the  Center  Line  of 
Wall.  The  same  additional  supporting  area  is  required  for  this  as  for  a  co: 
centrated  load  on  the  center  line  of  a  wall,  but  the  total  area  must  be  divitk 
unequally  between  the  two  sides  of  the  wall-footing, 
the  larger  portion  being  placed  on  the  side  of  the 
eccentric  load.  The  simplest  way  to  determine  the 
bcation  of  the  supporting  areas  for  this  combination 
is  to  determine  the  size  of  the  required  square  as  if 
the  concentrated  load  were  concentric  with  the  center 
line  of  the  wall.  The  next  step  is  to  calculate  the 
load  due  to  the  wall  for  the  length  of  this  square  and 
determine  the  location  of  the  center  of  gravity  of  the 
combined  loads,  that  is,  the  center  of  gravity  of  this 
tvall-Icad  and  the  concentrated  load.  The  center  of  the  supporting  area  is  the 
placed  concentrically  with  the  center  of  gravity  of  the  combined  loads.  I 
Fig.  5  let 

w  *  the  required  width  of  the  wall-footing; 
O  -  the  concentrated  load; 

A  "-  the  area  required  for  the  sui^;x)rt  of  the  concentrated  load.    The 
as  before,  the  length  of  the  side  of  the  required  square  will  be 

The  center  of  gravity  of  the  wall-load  contained  between  the  lines  AD  in 
BC  is  at  g,  and  the  amount  of  the  load  is  evidently  the  load  per  foot  multiplie 

by  the  distance  AB^f.  Knowing  the  position  an 
amount  of  the  loads  at  0  and  g,  the  center  of  gra\-it 
of  the  combined  loads  is  detemiined«  say  at  Cm  TU 
fixes  the  center  for  the  square. 

Supporting  Area  for  a  Concentrated  Load  o 
the  End  of  a  Wall.     A  somewhat  different  treatmci 
is  required  for  this,  but  the  supporting  area  raay  b 
p.     .     c  c       -f     ^><^^  determined  as  follows  (Fig.  6):    Knowing   \)i 

S'g  Area.^uSated*Kad   ^^^^  ^  ^  '***  footing  required  for  the  support  of  th 
on  End  of  Wall  ^^'^  ^^  additional  area  required  for  the  ooncentrate 

load  O  and  the  distance  P  from  the  center  of  the  concer 
trated  load  from  the  end  of  the  wall,  proceed  in  this  way.  Determine  the  squai 
whose  area  corresponds  to  the  sum  of  the  areas  required  for  the  support  c 
the  concentrated  load  and  for  a  length  of  wall  equal  to  twice  the  projection  r<  t)i 
vail  beyoad  the  center  of  the  concentrated  load.    Plot  this  square  A  BCD  on  u 


Fig.  5.  Square  SupportiB 
Area.  Wall  and  Eccn 
trie  Isolated  Load 
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"-hnsdatlan-iilui  nud  ako  the  total  >m  leqmKgd  lor  tlie  mpfiart  of  tbe  waQ. 

^  Tbc  K]u«Te  ABCD  includta  an  sm  suffident  foe  the  aappoTl  of  the  conccntnited 

li  4Dad  aiid  for  a  section  of  the  wall  EFGH  CDitespoodinK  to  b  length  of  mil  equal 

-"to  twice  the  [«ojection  p,  multiplwd  by  the  width  of  the  footing.    It  is  evident 

.^jlhai  the  area  KEHk  is  loaded  botb  by  tlw  wall  and  the  concentrated  load;   in 

ntber  words,  that  the  square  A  BCD  is  too  saiall  by  the  amount  ol  the  rectangle 

KEHR.    The  required  tquare  LUXO  will  be  appcorimately  the  square  which 

,  -«iB  contain  the  origiaal  nica  ABCD  plus  the  area  KEHR.  plus  twice  the  area 

JKRQ.    The  ten«tb  of  the  side  Li(  -  MN  will  be  anicoximately  the  length 

'   cf  the  oii^jial  square  plus  one-hall  ol  the  ana  KEHR  divided  by  Ihe  length 

^  of  the  originil  square.    The  resultiag  square  ^wuld  be  moved  from  the  pod- 

~  tkm  ibown  on  the  drawing  so  that  its  center  coiDcidea  with  the  center  of 

gravity  of  the  combined  concentnted  load  and  the  wall-load  back  as  far  as  the 

•quue  goes  oo  the  wall.    A  further  ai^roxiiiuiCiaa  may  be  necessaiy  where 

accuracy  is  required.     The  li""l  result  should  be  that  the  area  of  the  square 

""  LilXO  should  be  suffideot  to  sunwrt  the  concentrated  los'l  0  and  that  portioik 

of  Ihe  waA-load  JFGQ  resting  on  the  square,  and  that  the  center  of  gravity  of 

-  -  the  square  should  coindde  with  the  center  of  gravity  of  the  combined  loads. 

~~  17.  Offtet  FooUnca 

_     SappOTtiiig  Af«M  lux  non-CoDcentiic  Loads.    When  walls,  columns,  or 

1    piers  are  placed  close  to  property-lines  the  required  supporting  areas  cannot 

^  be  placed  concentrically  with  the  loads  without 
DVerlaKiing  the  property- lines.  In  such  cases 
recourse  must  be  had  to  some  method  which  will 

,.  transfer  the  loads  to  supporting  areas  not  con- 
centric with  the  loads.  An  attempt  to  accomplish 
this  result,  the  method  known  as  oitsetttnc  tbb 

^  roorma  has  been  largely  used,  especialiy  for  side 
walls  adjoitung  property-lines.  While  theoreti- 
cally faulty,  if  not  useless,  it  is  indisputable  that 
orrsET  RMtiHGS  have  generally  served  the  pur- 
'  pose  for  which  they  were  dedgned.    In  the  typical 

1    construction  a  cellar  wall  rests  on  a  course  of  con-    ' 
Crete  or  of  Bat  stones  forming  a  footing  course 
considerably  wider  than  the  wall,  the  projection 
bdng, entirely  on  one  ddeof  the  wall.    The  load    . 
■cting  on  one  side  of  the  center  of  the  tooting 

■    loads  the  supporting  area  unequally.    The  vary.    Fig,  7,    Offset  Footb(.    Vsry- 

-  DIG  LOAD  on  the  supporting  area  can  be  calculated       "*  FRSMre  oa  Foondatioo- 
•E  Ibllows:    In  Fg.  7  let  ""l 

n*  -  the  total  load  per  unit  of  length  coming  on  the  supporting  area; 
>'^  U—  the  eccentricity  ol  load,  that  is,  the  distance  between  the  center  ot 

■:  the  load  and  the  center  of  the  supporting  area; 

£~  the  width  oi  the  footing  -  the  width  of  the  supporting  area-  AB; 
£■—  the  unit  load,  or  pressure  on  the  foundation-bed  at  A,  the  edge  of 
the  footing  neatest  the  load; 
t~  JTi'  the  unit  load,  or  pressure  on  the  foundatioiv-bed  at  B,  the  edge  ot 

the  looting  farthest  from  the  load; 
y  —  any  ordinate,  from  A  lo  8. 
Then  tbc  avibaoe  raESSDSE  on  the  loundation-bed  will  evidently  be  W/L. 
.  The  prtMtu*  Kt  ^,  tbt  «dge  nearest  to  the  point  of  appUcadon  of  the  load,  will 
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be  ATi a  WfL  (x+  6  VlV)^  or  the  iMXiUDir  ioad  will  tqual  the  avenge  loi 
plus  six  times  the  avenge  load  mohipEed  by  the  fatio  ol  the  jbcgbnuioi 
divided  by  the  width  of  the  footiag. 

Similariy,  the  pleasure  at  B^  the  edge  farthest  from  the  point  of  apphcatio 
of  the  load,  will  be  iCi*  WJL  (i  *-  6  VlL\  or  the  miniicum  load  equab  ti 
average  load  minus  six  times  the  average  load  multiplied  by  the  ratio  of  ti 
eccentricity  divided  by  the  width  of  the  footing. 

When  the  BCCENTRicrrY  equals  M  the  width,  the  pressure  at  B  becomes  z« 
If  the  eccentridty  exceeds  H  the  width  there  will  be  an  uplift  at  ^,  or  the  foot 
ing  will  have  a  tendency  to  overturn.    This  reUtion  is  generally  expressed  b 

saying  that  to  avoid  an  upward  reaction  the  centi 
line  of  the  load  must  fall  within  the  middle  thb 
of  the  base. 

Load-Diagrams  for  Offset  Footings.    If  in  tl 

diagram  (Fig.  8)  the  figure  ADEC  rvpresents  tb 
load-diagram  on  the  foundation-bed  for  a  width  < 
footing  AD  and  the  load  AC  is  the  maximum  pei 
missible  load,  then  the  area  ADEC  represents  tb 
Fig.  8.  Pressure-diagrams  maximum  support  afforded  by  the  footing  AD.  1 
for  Footings  the  width  Is  increased  Until  the  load  falls  on  the  limi 

of  the  middle  third  or  to  the  width  AB,  then  tb 
load  at  B  is  zero  and  the  support  is  represented  by  the  triangle  ABC,  th 
area  of  which  is  less  than  the  area  ADEC.  Moreover,  if  the  width  ( 
the  footing  is  reduced  until  its  center  is  concentric  with  the  load-center,  tb« 
the  load-diagram  becomes  AFGC,  the  area  of  which  is  greater  than  either  .451 
or  ADEC.  From  the  foregoing  it  is  evident  that  any  advantage  gained  b 
offsetting  the  footing  must  be  obtained  at  the  cost  of  concentrating  the  suppoi 
given  to  the  wall  away  from  the  center  line  of  the  wall. 
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Fig.  9  Fig.  10  Fig.  11  Fig.  12 

Figs.  9, 10  and  11.    Eccentric  Loading  and  Tendencies  to  Failure  Dne  to  OffieC 
Footings:  Fig.  12.    Improved  Type  of  Constnictioa 

Eccentric  Loading  Dao  to  Offset  Footings.  In  Fig.  9,  representing 
simple  case  of  eccentric  loading  due  to  oppset  footings,  the  load  on  ti 
foundation-bed  at  £  is  perhaps  twice  the  average  load  and  at  P  about  see 
\Tnder  these  conditioiis  the  projecting  portion  of  the  footing  may  shear,  as  id 
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ctted,  dong  the  fine  DG,  If  it  does  BOt  shear  and  if  tbeve  is  any  aettiement 
^  to  the  load,  tlie  settlement  will  be  unequal  and  the  footing  coune  will  tend 
to  rotate  into  the  position  shown  in  Fig.  10.  The  entire  load  will  then  be  trans- 
Eitted  through  the  inner  lower  comer  />  of  the  cellar  wall,  lendecing  the  wall 
salable  and  developing  a  tendency  to  move  in  the  direction  H. 

He  cellar  wall  may  successfully  resist  this  tendency  by  its  own  rigidity 
lasted  by  the  first-floor  beams  acting  as  ties  or  by  the  external  resistance 
abided  by  an  abutting  wall  or  bank  of  earth,  or  it  may  partially  or  completely 
^  developing  a  horizontal  crack  as  indicated  in  Fig.  11  at  7. 

la  thb  figure  it  will  be  noted  that  the  base  of  the  wall  itself  is  offset.  This 
a  dooe  to  prevent  the  separate  rotation  of  the  footing  course;  but  this  con- 
*tn!ction  does  not  diminish  the  tendency  to  rotation  of  the  entire  base  of 
tbc  nil  and  to  the  formation  of  a  crack  at  /. 

'^n  improved  type  of  construction  is  illustrated  in  Fig.  12,  in  which  the  floor* 
teams  sre  anchored  into  the  wall  and  the  cellar  wall  has  a  continuous  stepped 
letter  from  the  level  of  the  footing  up  to  the  level  of  the  beams.  The  beams 
l^old  evidently  be  arranged  as  tension-members,  should  run  across  the  build- 
ia^uui  should  be  anchored  in  the  opposite  wall.  While  this  method  may  have 
^<^  effect  it  is  of  doubtful  efficacy  and  shouki  never  be  used  for  picn, 

1&  The  XTse  of  CantUevers  in  Foundations* 

AwBcatJen  of  the  Brindple  of  the  Lever.  The  use  of  the  cantiuever, 
u  trusferring  a  load  to  a  supporting  area  not  concentric  with  the  load,  is  based 
■Ton  the  pkimciple  of  the  lever  and  involves  a  girder  or  cantilever  connecting 
^^  two  loads,  and  a  supporting  area  or  areas  the  center  or  action  of  which 
^  between  the  two  loads.  Part  or  all  of  the  load  on  one  side  counterbalances 
'oe  bad  OQ  the  other  side  of  the  center  of  the  supporting  area. 

Qoitrative  Bziample.  If  an  exterior  column  A  (Fig.  13)  carrying  a  load  of 
« loos  and  requiring  zoo  sq  ft  of  supporting  area,  at  4  tons  per  sq  ft,  the  column- 
^te  bang  18  in  from  a  property -line  PP  which  forms  the  limit  of  the  building 
I«*jt,  it  is  evidently  impractical  to  employ  a  concentric  footing  3  by  33V4  ft  for 
•^  iupport  If,  however,  a  sufficient  counterweight  can  be  found  in  the  shape 
(f  2n  adjacent  interior  oolunm-load,  as  at  3,  the  exterior  load  can  be  trans- 
^^  by  a  girder  or  cantilever  construction  CDEF  to  a  supporting  area  MN 
'yifij  between  the  two  loads,  and  entirely  within  the  limits  of  the  property. 

^  Fig.  13  let  PP  represent  the  property-line,  A  the  center  of  the  load  on 
^^^^ma.  A,  and  B  the  center  of  the  load  on  column  B.  Let  the  load  on  i4  be 
^  tons,  on  B,  aoo  tons  and  the  distance  AB  between  centers,  20  ft.  Assume 
liat  a  rigui  girder  CDEF  supports  and  connects  the  two  colmnns.  If  now  a 
^uam  or  point  of  support  G  is  provided  for  the  girder  at  some  point  between 
"^  ^  ^,  the  load  on  that  point  can  be  readily  determined  from  the  principle 
<>7Taz  LEVER  by  multiplying  the  load  on  A,  400  tons,  by  the  distance  AB, 
^  ^  and  dividing  the  product  by  the  distance  BG^  19  ft;  or,  the  load  on 
G-  400X  20/19  "  4*1  tons-f .  The  area  required  for  the  support  of  this  load, 
*t  4  tons  per  sq  ft,  is  421/4  •-  losM  sq  ft.  The  uplift  at  B,  or  the  part  of  the 
M  B  required  to  counterbalance  the  overhanging  load  A  is,  from  the  principle 
®^thc  lever,  the  product  of  the  load  A  by  the  lever-arm  AG  divided  by  the  lever- 
^  BG.  The  load  on  the  footing  for  B  is  the  difference  between  the  original 
»3d  and  the  uplift;  but  in  view  of  the  possibility  of  a  redu::tion  in  the  load  A, 
*Hich  would  decrease  the  uplift  at  3,  it  is  well  to  provide  for  a  possible  increase 
<s  the  load  B. 

*  Stt,a]ao,  Chapter  XIX,  paflis  678  to  6A>,for  an  exampleof  a  Omtlotiotts  Girder  in 
<^oli^  Foaadalaaa. 
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Determination  of  the  Area  of  Snpport.  In  determimng  the  as£a  o^ 
SUPPORT  for  A,  having  assumed  one  dimension  of  the  supporting  area  to  t^ 
twice  the  distance  GP,  or  say  5  ft,  the  other  dimension  will  be  xosH  sq  ft/5  »  21 
ftHin.    If  the  length  21  ft  \i  in,  as  detennined,  is  found  to  be  excessive,  thq 
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Fig.  13.    Cantilever  Foundation<oDstrucUon 
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the  point  G  must  be  moved  to  the  left  and  the  corresponding  length  of  the  su{ 
porting  area  must  be  determined  as  before.  When  the  length  of  the  supportin 
area  for  the  fulcnmi  of  the  cantilever  is  limited,  so  that  the  length  parallel  t 
the  property-line  is  fixed,  the  width  of  the  area  can  be  determined  experimental 
or  by  the  use  of  the  formula 

in  which 

L  >«  the  distance  between  centers  of  the  two  loads; 
W  -  the  load  nearest  to  the  property-line; 
/  -  the  length  of  the  supporting  area; 
S  "  the  unit  load  on  the  supporting  area;  and 

u  «*  the  distance  between  the  center  of  action  of  the  load  to  hz  cantilevers 
and  the  edge  of  the  supporting  area  nearest  to  the  property-line 

If  the  position  of  the  center  of  gravity  of  the  load  A  combined  with  th 
part  of  the  load  on  B  which  is  borne  by  the  cantilever  is  determined,  it  will  1 
found  to  coincide  with  the  fulcrum  or  point  of  support  G  of  the  cantilever,  thi 
demonstrating  that  the  use  of  the  cantilever  provides  a  means  of  combinil 
two  loads  so  that  their  center  of  gravity  falls  on  the  center  of  a  supporting  an 
not  concentric  with  either  load. 

The  Grillage  Fnlcnun.  Of  course  in  practice  the  xktfe-edge  Ftrucat 
shown  in  the  diagram  is  not  used.  The  bottom  flange  of  the  girder  foraiii 
the  cantilever  rests  on  the  DisTUBimNG  ceillage  directly,  as  is  shown  in  Fig.  h 
which  may  be  considered  a  typical  arrangement. 

The  Girdering-Method  for  Two  Bqual  Loade.  When  it  is  desirable  I 
support  two  or  more  adjacent  concentrated  loads  on  a  single  supporting  an 
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He  mcAod  exiled  OTWosxtKa  it  anployed.  In  the  oue  of  two  concentnted 
lads,  kt  A  mdB  (Fig.  15}  rcpnsent  two  cdIdihiu.  Let  Wi  represent  the  load 
«  A  uid  Wi  repTEunt  the  load  on  B.  Let  D  rtpreaent  the  distance  between 
lie  cxnten  of  the  two  lo«U.  Let  C  itjmaeat  the  center  of  gnvity  of  the  com- 
bmcd  IouIl  Let  r  nptCMUt  the  aUowablc  unit  load  an  the  foundatioa-bed. 
Tb  requited  ana  of  tupfXM  will  be  iWi  -t-  If t}/r.    Thii  area  may  be  of  any 


^^  14.    fatitrhrrrT  FouHlalioa.    GrilU0e  FidcnuQ 

'JBim)  ihape.  provided  that  its  center  of  gravity  coincides  with  the  center  of 
Piiity  ol  the  comtHDcd  loadi  »t  C.  In  general,  however,  the  most  econornicul 
>niiigefaest  mil  remit  when  each  load  b  ai  neaily  as  possible  over  the  center  of 
laniy  of  iu  own  required  area.  If,  liowever,  this  ii  impracticable,  as  for 
'lAJiiFJe.  vhcD  either  cuhimn  is  near  a  praperty^line  or  an  adjoining  footing,  it 
■il^  be  necessaiy  to  distribute  the  loads  of  both  cotumns  over  the  area  lying  be- 
tntn  the  two  cdIuiqds.  In  the  case  of  two  columns  equally  loaded,  as  in 
f«  15,  tlK  diitance  »,  from  the  ceoter  of  column  A  to  the  property-line  FP, 
dctomine*  the  mailmum  allowable  extensioa  beyond  cohimn  A,  Tbe  dlmen- 
aco*  of  the  area  an  obtained  by  ""fci^g  the  length  L  of  the  footing  equal  to 


168 


FouDtktioDs 


Chap.1 


the  distance  D  betwcea  the  columns  pliu  twice  tlM  oRmdoD  i>.    Knowing  A 
length  of  the  nqulttd  am  [be  width  w  is  detominad  by  nmple  divtsoo. 

Ths  Glrdsilni-Method  tor  Two  Unequal  Loadi.  In  the  ase  of  cohinia 
not  ecfually  loided.  the  BDrpoiTTxa  aiei  may  be  a  tkapgzoid,  »  in  Fis.  It 
tbe  center  ot  gravity  i.[  which  must  cvincide  with  the  center  a(  gnvity  ol  Ih 
taada.    Knowing  the  nun  and  dlitanre  apart  of  the  luda  and  the  area  (or  tha 
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■uppcxt,  and  fixing  tbe  total  length  L  of  (he  (ooting  in  accoidance  with  tt 
tcquiiements  that  Iht  looting  shell  not  project  beyond  the  line  PP.  the  widd 
of  the  footing  at  the  small  and  large  end.  a  and  b  respectively,  can  be  detcrmini 
aa  follows:  Let  B  lepresent  the  distance  from  the  unall  end  of  the  ttBpe:.<: 
to  the  cenlei  of  gravity  oi  the  two  loads  and  let  A  repiesent  the  area  ol  ii 
trapezoid.    Then 

b-  UA/L]  X  |(3B//.)-t1 

o-M/L)X|>-(3B/t)) 
4  -  Ko  +  6)/2|  X  Z.    and    o+i-j^/L 
For  practical  reasoDl  tbe  distance  d  should  be  made  as  small  as  possible. 
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Cantilnerliig  an  Kzterioc  WalL  la  the  cmac  ol  s  will  the  some  prmcipla 
pply,  tnit  the  ontilevcfiog  eOact  miut  be  dbciibutod  alDDg  the  length  ol  tbe 
nil.  Thix  cui  be  Kcunplisbed  by  [iJsdiiB  a  girder  under  tbe  wall,  the  girder 
a  turn  lotiDg  on  the  antileva,  or  by  uudc  a  numbcf  of  caatUeveii  arraoged 


FSg.  If.    GinteriDg-nKtbad  ol  FounditloiB.    Two  Uneqiul  Lowb 

In  fan  >hape  and  radiating  from  the  iatcrioi  load-csiler.    In  narraw  buiL^ng* 
the  caotileven  may  nin  Iroin  wall  to  naU. 

Double   CaBtQeTCTlng.     The  consderatiaiu  contralltng  the  design  of  the 
jupporting  iieu  tcquiicd  are  the  same  u  outliticd  in  the  ptecedins  paragraphs. 

U.  Straaiei  la  Footing  Connai 
Sit*  and  Form  of  Footint  CauTiaa.  The  faotiag  caunes  of  dl  w&lls  and 
piers  thould  be  larger  than  the  superinpaied  cunstructiiic  in  ortlet  to  secure 
STABDJTY  ACADIBT  OVERTOunNC  and  to  nduce  the  UMiT  LOAD  on  the  faunda- 
don-bed.  When  the  chaoite  in  nze  is  accomplished  abruptly  as  when  a  wsll 
reata  on  a  grillagt  or  a  slab  of  plain  or  rejoforced  concrete  the  footing  is  called 
a  SFUAD  loontia.    When  the  b«M  of  the  wall  is  Ehkluoed  by  meaiks  of  oOwt 
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oounes  so  that  its  bottom  course  is  subttanlially  m  luge  as  the  foodiig  course 
the  construction  is  known  as  a  stepped  vootdig.  It  is  evident  that  no  hani 
and  fast  line  can  be  drawn  between  the  two  dasses.  Whatever  the  fonn  of  the 
footing  is  it  must  be  strong  enough  to  distribute  the  more  or  less  conoentnLted 
load  coming  on  it,  into  a  unifonn  pressure  or  load  on  the  foundation-bed. 

The  Unit  Loads  of  Footing  Courses.  If  the  load  on  the  upper  surface 
of  a  footing  course  is  uniformly  distributed  the  intensity  of  the  load,  or  in  other 
words  the  unit  load  on  the  footing,  is  obtained  by  dividing  the  total  load  by 
the  area  of  the  base  of  the  wall,  pier,  or  other  construction  at  that  level.  The 
load  on  the  foundation-bed  should  be  uniforuly  distributed  and  in  fact,  if 
the  foundation-bed  is  compressible  and  the  load  concentric  with  the  supporting 
area,  it  may  safely  be  assumed  as  uniform,  since  a  compressible  material  will 
adjust  itself  until  the  loading  at  different  p3ints  is  substantially  uniform.  The 
unit  load  on  the  foundation-bed  is  evidently  the  total  load  divided  by  the  sup- 
porting area.  If  the  area  of  the  footing  course  varies  between  the  top  and  bot- 
tom of  the  footing  the  intensity  of  the  load  will  vaiy,  and  if  uniformly  distributed, 
the  unit  load  at  any  level  is  obtained  by  dividing  the  total  load  by  the  area  ol 
the  footing  at  that  level. 

The  Weight  of  the  Footing  Itself.  This  is  generally  so  small  when  com- 
pared with  the  superimposed  loads  that  it  may  be  ignored  without  serious  error. 

The  Transmitting  of  Loads  by  Footings.  If  we  neglect  the  weifcht  o{ 
the  footing  we  can  consider  the  footing  course  as  transmitting  the  imposed  load 
to  the  foundation-bed  or  as  being  subject  to  two  equal  loads;  one,  the  suput- 
niFOSED  LOAD,  more  or  less  concentrated  on  the  center  line  of  the  footing  and 
acting  downward;  the  other,  the  reaction  due  to  the  loading  of  the  foundation- 
bed,  uniformly  distributed  over  the  supporting  area  and  acting  upward.  These 
loads  or  forces  being  equal  and  opposite  in  direction,  the  stresses  developed  is 
the  footings  are  due  to  the  differences  in  the  distribution  of  these  loads,  and 
the  footing  courses  simply  act  to  convert  concentrated  into  distributed  loads. 

Manner  of  Failure  of  Footings.  A  footing  ma> 
fail  in  several  ways:  (i)  by  shearing;  (2)  by  direct 
crushimg;  <3)  by  spksadiso;  and  (4)  by  bekdinc 
or  rupture. 

B        (i)  Failure  of  Footings  by  Shearing.     This  is 

illustrated  in  Fig.  17,  showing  a  wall  the  weight  oi 
which  has  caused  it  to  shear  along  the  lines  EG 
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Fig.  17.    Failure  of  Footing       '^^  ^^^^  tending  to  cause  shear  is  the  weight  due 
by  Shearing  ^^  ^^  ^"^  ^^  ^^  reaction  of  the  foundation-bed  act* 

ing  on  the  under  side  of  the  section  EFGH.    Since  th« 
load  is  supposed  to  be  uniformly  distributed  this  is  equivalent  to  the  product 
of  the  area  corresponding  to  the  width  CD  minus  the  width  GH  times  the  Icngtt 
of  the  wall  considered,  by  the  unit  loading  on  the  foundation-bed. 
For  a  i-ft  length  of  waU  the  force  causing  shear,  S,  is 

in  which  W^tht  load  due  to  wall  per  foot  of  length  in  pounds; 
/  »  the  width  of  footing; 
w  ••  the  width  of  base  of  waU. 

Or,  nnce 

W/l  i-  l^  -  the  unit  load  on  the  foundation-bed  in  pounds  per  aqnaie  foot 
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Since  CTislD  tenns  of  feet, 'aixlw  alio  must  be  in  feet.  Tbe  reaistance  to  alieu, 
ft,  under  the  conditioru  Dliutrated  in  Fig.  17,  token  for  a  i-(t  length  ft  of  the 
vail,  U  determined  by  the  equatioD 

R-iXdXbXf 
in  wluch  /-  the  safe  raaiMance  oE  th«  material  to  iheat,  id  pounda  pet 

iquBre  inch: 
.    d  —  the  depth  of  the  footing  in  inches;  aiid 
£  -  Ibe  length  of  wall  comidered  —  ii  in. 
Placing  £  -  X,  we  h»vc 

idlif-U(f-w) 
Or,  ainoe  Q  —  ir)/i  •  the  projectioa  of  the  fooliiig 

UP-iii/ 
The  depth  ol  the  footing,  therefore,  must  net  be  lesa  than 

d-UP/ii/ 
in  which  i*  is  in  feet. 

Shoar  la  Foetliici  of  Plan  aiid  Cuhmmi.  FAiLmtE  BY  SHEAR  is  most  Wuiy 
to  occur  in  lootings  lor  pios  and  colunuiB.  The  roRCi  tf-SDWO  to  cause 
SOZAK  15  the  total  load  on  the  column  or  pier  less  the  reaction  of  the  foundation- 
bed  on  the  area  immediately  under  the  column-base.  The  lesislance  oficred  is 
determined  by  multiplying  the  perimeter  of  the  colmnn-base  by  the  depth  of  the 
footing  and  by  the  aJlowable  uniL  shear.  When  the  area  of  the  column-base 
a  small,  the  entire  load  may  be  taken  as  producing  ihear.  When  reinfoiced 
concrete  is  used  for  the  looting,  there  must  be  a  sufficient  number  of  stirrups  to 
take  cire  o[  the  iheai.  (Sec  Chapters  XXIV  and  XXV.)  Wheie  steel  beams 
are  employed  the  cross-section  of  the  beams  must  be  sufficient  to  take  care  of 
the  shear,  otherwise  additional  web-plates  should  be  added,  as  is  explained  in 
Chapters  XV  and  XX. 

(a)  Failnre  of  Footinga  br  Direct  Craihlng.    The  failure  of  footings 
by  DIRECT  ciusHiNQ  of  the  materials  composing  the  footings  rarely,  it  ever, 
occurs.     Where,  however,  the  concentrated  load,  due  to  a  pier  or  column,  is 
distributed  by  beams  or  girders  which  have  thin  webs,  the  webs  may  fail  by 
BL'CILLING.    Such  beims  or  gird- 
ers should  have  their  webs  re- 
inforced by  vertical  BTirruiLKS 
or  by  additional  web-plaieS,  and 
the  spaces  between  the  lieams 
or  girders  shouM  be  filled  with 
concrete  or   giouL    Where  the 
load  transmitted  by  the  column- 
base  eicfed'!  the  safe  unit  load 
on  the  material  of  the  footing 
the  area  o(  the  column-base  may 
be  increased,  or  a  block  of  granite 
may  be  interposed  between  the 
cDDcicte  or  maioniy  fooling  and 

the   base  of    the  columns.     In  ng.  18.    Fallute  of  Footing  by  Spreadlog 

this  case;  howet'cr,  snch  gramte 

blocks  shoukl  be  considoed  as  a  footing  course  and  deigned  to  resist  bend- 
ing, by  formulas  hereinafter  given. 

(3)  FailDre  of  Tootlnti  by  Sffoadlnc.  FaOure  of  the  footings  by  hpbiad- 
nia  may  occur  under  walb  or  iiien,  as  shown  in  Fig.  18,  especially  vb^  th« 
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fouodation-bed  it  of  day  or  other  sriekUog  material,  whick  haa»  under  the  load 
of  the  looting  a  teodeapy  to  vlow  along  the  lines  indicated  by  atrows  in  the 
figure.  This  tendency  should  be  provided  against  by  making  the  bottom  layev 
continuous  and  adequate  to  resist  the  tension.  Vertical  joints,  such  as  axei 
made  in  footings  composed  of  masonry,  are  sources  of  weakness,  and  should  be 
avoided .  The  tendency  to  spread  is  greatest  in  footings  having  a  spread  ^rfaicfa 
is  wide  compared  with  the  width  of  the  superimposed  wall  or  other  constructioo. 
The  writer  knows  of  at  least  one  important  footing  which  has  failed  in  thia  way, 
the  cracks  in  general  following  the  joints  of  the  masonry  substantially  as  shown 
in  Fig.  18. 

(4)  Failure  of  Footixigs  by  Bending  or  Rupture.  A  footing  may  fail  by 
BENDING  or  RUPTURE  as  a  beam  or  girder.  In  the  case  of  a  wall,  if  the  foot- 
ing bends,  as  shown  in  Fig.  19,  the  concentration  of  the  load  on  the  lower  edges 


D  c 

Fig.  19  Fig.  20  Fig.  21 

Figs.  It.  10  and  IL     Faikires  of  FootSngs  by  Bending 

of  the  wall,  as  at  £  and  F  may  cause  the  base  of  the  wall  to  fail.  This  possibility 
should  be  borne  in  mind  in  designing  footings  where  the  load  on  the  wall  ap- 
proaches the  allowable  unit  load  for  the  material  composing  it,  and  espocially 
where  the  width  of  the  footing  is  much  greater  than  its  own  width.  If  the 
footing  fails  by  kupxuRE  the  rupture  may  occur  either  under  the  center  line  of 
the  wall,  as  in  Fig.  20,  or  at  points  close  to  the  outer  edge  of  the  wall  as  in 
Fig.  21.  Fig.  20  illustrates  the  objection  to  using  a  footing  course  composed 
of  masonry  or  stones  which  do  not  extend  the  full  width  of  the  footing.  The 
joints  in  such  construction  prevent  the  footing  course  from  acting  in  tension 
and  the  footing  as  a  whole  from  acting  as  a  beam. 

2t.  Methods  of  Calculating  Bending-Stresses  in  Wall-Footixigs 

Assumptions  Made  in  Determining  Bending-Stresses  in  Footings. 

Two  methods  for  the  calculation  of  the  bending- 
STRESSES  IN  FOOTING  COURSES  are  in  general  use. 
Both  are  based  upon  the  assumption  that  the 
REACTION  of  the  foundation-bed  is  uniform;  but 
the  methods  differ  in  the  assumption  made  as  to 
how  the  footing  course  and  the  base  of  the  super< 

A         El  Tj^  If         b    structure  act.    Ndthcr  assumption  can  be  held  to 

\,  \i »      be  wholly  correct. 

C  \Li_^       D        The  First  Method  of  Determining  Bending- 

Stresses  in  Footings.    This  method  is  based  upon 
the  assimiption  that  the  pressure  of  the  wall  on  the 
footing  is  uniform  over  the  area  and  remains  so  at  all 
times. 
If.  in  Fig.  22,  A  BCD  represents  a  footing  course  supporting  a  centiaUy  located 

vsU  £/^/7.  and  if 
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O 
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Fig.  22.  Bending-Stresses  in 
Footings.    First  Method 
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then 


W  •  the  loBd  of  the  wall  in  pounds  per 
V*  the  width  of  the  wall  in  feet; 

/  -  the  width  of  the  footing  in  fett; 


foot; 


,4  (/  — «)  -  the  projection  AE  oi  FB, 
isd  W/l  »U  ^  the  unit  load  per  square  foot  on  the  foundation-bed. 

CoDsidering  the  forces  acting  on  the  right  of  the  center  line  of  the  wall  for  a 
]-tt  length  of  wall,  it  is  evident  that  the  uplift  on  the  half-footing  OD  will  equal 
':  n  and  that  its  CENTER  OF  ACTION  will  He  half-way  between  O  and  D,  or  at  a 
<i>UiKe  H  /  from  the  center  Hne  00;  and,  similariy,  that  the  load  due  to  one- 
lalf  the  wall  will  be  H  ^  and  that  its  center  of  action  will  be  at  a  distance 

« '£  from  the  center  line  00.    The  resulting  moments  will  be 

aad  as  these  two  moments  act  in  opposite  directions,  the  resultant  moment 
toifiQg  to  produce  bending  in  the  footing  will  be  the  difference  between  the  two, 
^  the  bending  moment  at  the  center  tine  OO  is 

er 

Or,  since 

Wll^V    and    )^  (/- v)  •  Z'.  the  projection, 

L;i2ation  (i)  may  be  written  in  either  of  the  forms 
cr  ifo-HW'P 


(i) 


Tbe  Error  InvolTed  in  this  first  method  is  due  to  the  assumption  that  the 
Fftssure  on  the  upper  jurface  of  the  footing  remains  unifosmly  distributed, 
£3  if  the  base  of  the  wall  acted  as  a  fluid,  in  which  case  the  distribution  of  the 
Mad  would  remain  constant  and  the  formula  would  be  correct.  But  the  base 
d  the  wall  is  not  a  fluid,  but  a  solid  which  will  resist  deforuation.  If,  as  in 
%  19,  the  footing  course  A  BCD  deflects  and  the  base  of  the  wall  is  assumed 
to  be  incompressible,  the  entire  load  of  the  wall  will  be  communicated  to  the 
fuotlog  through  the  edges  E  and  F.  While  such  a  concentration  is,  of  course, 
impossible  (as  the  edges  E  and  F  will  crush  or  com- 
pnss  untfl  a  considerable  area  of  the  base  of  the 
vdl  b  in  contact  with  the  footing)  the  result  is  that 
the  weight  of  the  wall  is  concentrated  near  the  outer 
fudges  of  its  base.  Equation  (i)  gives  results  which 
are  too  large;  but  as  it  errs  on  the  side  of  safety,  it 
is  rcGommended  for  general  use. 

The  Second  Method  of  Deterndning  Bending- 
Stresaes  in  Footings,  also  in  common  use,  takes 
into  consderation  only  the  projecting  portion  of  the 
f'joting  as  follows: 

If  in  Fig.  23  ACBD  represents  a  footing  course 
supporting  a  centrally  located  wall  EFGH,  and  if 
ire  use  the  notation  of  the  preGeding  method,  then,  if  we  assume  that  the 
footing  acts  as  a  tdod  vsam  and  the  projections  AE  and  FB  as  cantilevers 
ngidly  supported  by  the  wall,  and  denote  the  projection  of  the  footing  on  either 


Fig.  23.  Bending-stresses  fa 
Footings.   Second  Method 
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side  of  the  wall  by  P,  the  reactioo  of  the  found»tion«bed  on  this  proiectiQi 
portion  P,  per  unit  length  of  wall,  will  be  PU,  The  center  of  action  of  thij 
force  will  be  at  a  distance  M  P  from  E  or  F  and  its  moment  at  £  or  F  will  hi 

M'PUXHP'ViUP^ 
or,  since 

P^HH-w) 

the  value  of  M  may  be  given  in  the  form 

The  Error  InTolved  in  this  second  method  is  due  to  the  assumption  that  the 
uplift  on  the  projection  P  can  be  resisted  by  the  extreme  outer  edge  of  the  base 
of  the  wall.  If  the  uplift  on  the  projecting  part  is  concentrated  on  the  edge, 
then  the  edge  must  either  compress  or  fail  by  crushing,  which,  in  either  case, 
would  throw  the  center  of  support  for  the  cantilever  back  from  the  edge  of  the 
wall;  and  this  is  contrary  to  the  assumption  used  in  calculating  the  moment. 
This  method  takes  into  consideration  only  the  intensity  of  the  reaction  or  uplift 
and  the  length  of  the  projection,  and  is  known  as  the  projection-method. 

Comparison  of  Results.  Comparing  the  results  of  the  two  methods,  it  wiQ 
be  seen  that  the  load  cannot  act  at  the  two  edges  E  and  P  as  assumed  in  £qua« 
tion  (2),  nor  ordinarily  can  it  be  uniformly  distributed  as  assumed  in  Equation 
(i),  but  that  the  intensity  of  the  load  per  unit  of  area  will  vary,  being  a 
minhtum  at  the  center  and  a  MAxmuif  near  the  edges  of  the  base  of  the  wall. 
The  exact  positions  of  the  centers  of  action  are  afifected  by  various  consider- 
ations which  cannot  be  fully  discussed  in  this  chapter. 

New  Formula  for  Determining  Bending  Moments  in  Footings.     The 

writer  has  devised  a  formula  which  gives  values  for  the  bending  moment  M 
half-way  between  the  values  given  by  Equations  (i)  and  (2),  and  which  closely 
corresponds  to  the  a^umption  that,  considering  the  forces  on  either  side  of  the 
center  of  the  wall,  the  center  of  action  of  the  half-load  of  the  wall  is  at  the 
center  of  the  half- wall,  when  the  projection  equals  zero,  and,  as  the  project  ioo 
increases,  moves  toward  a  position  which  is  two-thirds  of  the  distance  from  the 
center  of  the  wall  to  its  edge.    This  formula  may  be  expftssed  as  follows: 

if-m/(/-w)(/-}'iw)  (3) 

Or,  substituting  the  value  of  U  in  terms  of  W, 

Jfcf  -  H  PT (/- w)  (i  -  w/2/) 

Weight  and  Pressure-Units.  In  practice  W,  the  weight  due  to  the  wall,  is 
generally  given  in  pounds  per  Unear  foot  of  wall,  and  the  allowable  pressure  on 
the  foundation-bed,  while  frequently  given  in  tons  per  square  foot,  should  be 
reduced  to  pounds  per  square  foot. 

The  Required  Width  of  the  Footing  in  feet  is  obtained  by  dividing  the  weij^ht 
of  the  wall  in  pounds  per  linear  foot  of  wall  by  the  allowable  unit  load  on  the 
foundation-bed  expressed  in  pounds  per  square  foot. 

Moment-Units.  The  moment  tending  to  produce  rupture  may  be  calculate* 
in  foot-pounds  or  inch-pounds.  If  in  Equations  (i),  (2)  and  (3)  the  dimensions 
/,  w  and  P  are  in  feet  and  C/  is  in  pounds  per  square  foot,  the  resulting  bending 
moment  will  be  in  foot-pounds  per  linear  foot  of  wall.  As  the  moment  of  resist- 
ance is  generally  stated  in  inch-pounds  it  is  more  convenient  to  have  the  max- 
imum bending  moment  or  moment  of  rxtpture*  in  inch-pounds.  Thus,  for 
Equation  (i) 

*  In  the  flexure-formula  the  moment  of  resistance  is  made  equal  to  the  bendii« 
moment  at  any  cross-Mction  of  the  footing,  and  the  maximtim  bending  mnmrnt  ii 
•ometimei  called  the  moment  of  luptuie. 
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Jf  0n  uch-poimds  per  foot  of  wall)  -  ii  if  in  foot-pound^ 
3T  J/  (in  mcb-poundij  -1iU<i-w)t  d}' 

Equation  U)  in  the  unie  way  bccomca 

U  (b incb-poonda] ~HUV-y)<  tif 

Or.  iians  the  toon  cooveiuenl  (onn, 

if  wc  expnu  the  pnjectian  P  in  incbea,  inctoul  of  in  feet,  we  will  have 

M  fin  inch-poundi  per  foot  of  wsU)  -  Vi«  f/i^ 
Sinubriy,  Eqoatioa  (3)  l>ecomei 

If  Cm  iocb-pouods  pet  foot  of  mil)  -^V  9-vJ){l-iivj).         '  C3)' 
Vntil  Equations  (3)  or  (3}'  are  ntoi*  generally  accepted,  an  aigineer  ot  designer 
will  avtnd  critidsoi  and  be  perfectly  safe  in  using  Equation  <i),  and  in  the  follow- 
ing pages  (be  writa  will  vat  Equationi  (1}  or  (1)'  unless  the  ojQtrary  is  staled. 


RrM.    GnpUcal  CoiBTiufaan  ot  BcDd^  Ifomeati  in  FoDtEngs 

Bmitla.  The  following  ii  an  fiamiito  illustrating  the  applicatioD  ot  lb* 
fOTCgoiiic  fonnuUsi 

A  M-in  *>11  truumits  to  the  footing  41  ooo  lb  per  linear  foot  of  walL  The 
allowable  unit  load  00  the  fouadatioo-bed  ii  3  600  lb  per  aq  ft.  What  ii  tbe 
widtb  and  required  uomeni  01  axsisTAKCE*  of  tbe  fooling? 

a  fi  made  eqtut   to  the  bcndliic 
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Then,  by  Equadoo  <i),  we  have 

if  «  H X  3  600  (iiH  -  2)  iiH -*  50  750  ft-Ib 

If  Equation  (2)  is  used,  we  have 

Jf  -  H X  3  600  (xiM-  a)*-  43 050  ft-Ib 

and  by  Equation  (3) 

M'ViX  3  600  (nH-  a)  (im  -  i)  -  46400  ft-lb 

Comparing  the  results  we  see  that  the  moment  by  Equation  (3)  is  the  average 
of  the  moments  by  Equations  (i)  and  (2). 

Graphical  Comparison  of  Bending  Moments  in  Footings.  Fig.  24  b 
a  graphical  comparison  of  the  moments  for  vaiying  ratios  of  /  to  V'  calculated 
by  Equations  (i),  (2)  and  (3)  on  the  assumption  that 

w  =  the  width  of  wall  ■■  i  ft; 

U  "  the  unit  load  on  the  foundation-bed  »  1 000  lb  per  sq  ft;  and 
r  "  l/w. 

The  load  on  the  wall,  in  pounds,  for  any  value  of  /.  is  1 000  /* 

Comparing  the  curves  of  Equations  (i)  and  (2)  it  will  be  seen  that  the  results 
are  widely  apart,  the  percentage  of  variation  being  highest  in  the  case  of  small 
projections.  When  /  is  less  than  twice  w,  or  in  other  words,  when  the  projection 
is  less  than  one-half  the  width  of  the  wall,  Equation  (2)  gives  moments  less  than 
half  the  moments  given  by  Equation  (i).  Equation  (2)  may  be  used  for  small 
projections.  Equation  (i)  gives  results  which  are  too  large,  especially  where 
the  projections  are  sm  Ul.  Equation  (3),  giving  results  half-way  between  those 
of  Equations  (i)  and  (a)  and  in  accordance  with  a  reasonable  hypothesis,  would 
appear  to  be  preferable,  but  is  not  in  accordance  with  present  practice. 

21.  Bending  Moments  in  Footings  of  Columns  and  Piers 

General  Statement  of  the  Problem.  Fig.  25  represents  in  plan  a  pier  or 
column  resting  on  a  footing  which  projects  on  four  sides.    The  base  of  the 

column  or  pier  is  represented  by  ABCD^  and  the 
footing  and  its  area  of  support  by  EFGH.  That 
part  of  the  footing  included  in  the  areas  MNOP  and 
QRST  can  be  confldered  as  acting  in  the  same  way 
as  projecting  footings  under  a  wall,  but  the  uplift  on 
the  four  comers  EQAiA,  etc.,  on  which  no  superim- 
posed wall-loed  is  imposed,  also  causes  bending 
moments. 

Different  Theories.  There  are  several  theories, 
more  or  less  complicated  and  unsatisfactory,  as  to 
how  tiie  uPLorr  on  the  four  corner-areas  should 
be  determined.  The  discosaioa  of  these  theories 
would  be  out  of  place  in  this  chapter.  In  a  square 
footing,  the  projection  is  not  over  one*half  the  wid^  of  the  supeiimposed 
base,  the  four  comer-areas  will  not  aggregate  over  25%  of  the  total 
area  of  the  footing,  and  it  may  then  be  assumed  that  the  bendhig  moment 
is  the  same  as  if  the  base  of  the  column  or  pier  extended  like  a  wall  across 
the  entire  footing,  as  is  shown  in  Fig.  26.  To  insure  these  conditions,  when  the 
projection  of  the  footing  exceeds  H  w,  and  in  all  cases  when  the  footing  is  not 
Mmogeneous,  aa  when  a  grillage  of  sted  is  used,  the  load  of  the  column  must 
be  distributed  over  the  width  of  the  footing  by  a  oirdee  or.  bolster  or  by  an 
cctension  of  the  column-base.    In  case  the  footing  b  in  several  layen»  cadi 


S         T 

Fig.  25.  Plan  of  Column- 
footing  with  Four  Equal 
Projections 
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layer  most  ertend  the  fuD  width  of  the  underlying'  layer.  Widi'such  construc- 
tion it  is  evident  that  the  beodiag  moment  wiU  be  the  same  as  if  the  gxrdck  or 
BOLSTER  were  a  wall  and  Equation  <x)  will  be  applicable. 

Bending  Mooients  in  Colnmn-PootiAgs*  For  oolomn-footings  Equation 
(i)  can  be  used,  taking  the  total  load  in  place  of  the  load  per  foot,  and  the  cesult 
will  then  be  the  total  bending 


A 

B 

1    : 
1    1 

•    1 

D 


B 


moment. 

BaBUBple.  A  column  carrying 
96  tons  is  to  be  supported  on  a 
square  concrete  slab.  The  cast- 
iron  column4]ase  is  2  ft  square. 
The  allowable  pressure  on  the 
foundation-bed  is  6  tons  per 
sq  It.  What  is  the  maximuic 
BEsaHMG  MOifSiiT  in  the  slab? 

The  area  of  support -96/6-  j^.  2fl.  Column-footing  Treated  Like  WaU-footing 
16  sq  ft  -  4  by  4  ft.  The  pro- 
jection b  Vi  (4  —  2)  -  I  ft,  or  one-half  the  width  of  the  base,  and  by  the  fore- 
going rule  we  can  calculate  the  bending  moment  as  if  the  base  of  the  column 
extended  in  one  direction  across  the  footing.  A^ying  a  convenient  form  of 
Equation  (x) 

if  •  H  X 192  000  lb  (4  -  a) »  48  000  ft-lb»  or  576  000  in-Ib 

The  footing  must  therefore  be  of  sufficient  depth  to  resist  this  bending 
moment 

If  in  this  example  the  allowable  unit  pressure  on  the  foundation-bed  is  2  tons 
in5tead  of  6  tons  per  sq  ft  the  supporting  area  and  the  area  of  the  bottom  con- 
crete footing  course  will  be  96/2  *■  48  sq  ft.  If  the  footing  course  can  be  a 
square  its  dimensions  will  be,  with  sufficient  exactness,  7  by  7  ft.  By  the  rule 
given,  ^ince  the  projection  exceeds  one-half  the  width  of  the  base,  there  should 
be  a  BOLSTER  extending  acroas  the  footing.  The  bolster  will  be,  therefore.  7  ft 
long  and  may  properly  be  composed  of  two  or  more  steel  beams.  The  cast-iron 
base  may  be  dispensed  with,  in  which  case  the  base  of  the  oolunm  will  be  pro> 
vided  with  a  steel  base  or  with  flange-angles.  I«t  us  assume  that  the  column- 
base  is  I  ft  6  in  square  and  the  width  of  the  bolster  2  ft. 

The  bending  moment  in  the  bolster  b  determined,  then,  by  Equation  (1)^ 
using  iM  ft,  the  width  of  the  column-base^  for  v,  and  7  ft,  the  length  of  the 
bolster,  for  /.  ^ 

J/  -  H  X  192  oco  (7  -  iH)  -  132  000  ft-lb  -  1 584  000  in-lb 

The  bending  moment  in  the  slab  is  determined  in  the  same  way  by  Equation  (i), 
using  3  ft,  the  width  of  the  bolster,  for  w,  and  7  ft,  the  length  of  the  slab,  for  /. 

M  ^H  x|i92  ooc  (7  ~  2)  ■>  Z2OO0O  ft-lb  ->  1 440000  in-lb. 

Pootiiigi  Otiier  Than  Square  in  Plan.  In  case  it  is  necessary  to  use  some 
otber  shape  than  a  square  for  the  supporting  area  the  resulting  moments  in 
the  slab  and  bobter  will  vary  from  those  calculated  above.  I!  in  the  foregoing 
example  the  supporting  aita,  for.  any  Ineaseft^  b  matimriky  mide  6  by.^  ft,  giving 
48  sq  ft  as  the  leqviied  area,  and  if  the  bobter  b  parallel  with  the  6-f t  aide,  the 
moment  in  the  bolster  will  be 

M^HX  192 000 (6 -> iH) "•  loSooo ft-lb-  i  396 000 in-lb 

and  the  moment  in  the  slab  will  be, 

J/  «  ^  X  19s  000  (8  —  2)  "  144000  ft-lb  -  X  728000  in-lb 
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or,  the  moment  in  the  bolster  is  less  and  the  moment  In  the  slab  is  greater  than 
in  the  case  o!  the  7  by  7-ft  suiHwrting  area.  If  the  bolster  runs  parallel  with 
the  long  side»  the  momenta  will  be,  for  the  bobter, 

Af-HX  192000(8- iH)- 156000  ft-lb 
and  for  the  slab. 

If  «  H  X  19a  000  (6  -  2)  «  96  000  ft-Ib 

In  footings  having  more  than  two  layers*  each  layer  must  be  investigated 
separately,  using  /  for  the  length  of  the  layer  which  is  being  determined  and  v 
for  the  width  of  the  superimposed  layer. 

Compound  Footings.  In  compound  footings  where,  for  example,  a  wail 
and  a  column  or  two  or  more  columns  are  supported  by  a  single  footing,  or 
where  loads  are  cantilevered,  the  loads  will  in  general  be  distributed  to  the  sup- 
porting area  by  girders  or  cantilevers.  The  shears  and  bending  moments 
of  such  girders  or  cantilevers  must  be  determined  for  each  case  by  the  methods 
used  in  the  calculations  of  beams  and  girders  in  Chapters  XV  and  XX. 

22.  Deiign  of  the  Footings 

Materialf  used  for  Pootiiigs.  To  possess  the  required  strength  the  sapb 
If OMENT  OF  RESISTANCE  of  the  footing  must  be  at  least  equal  to  the  uoicent 
OF  RUPTURE,  calculated  as  explained  in  the  preceding  paragraphs.  Masonry, 
whether  of  brickwork  or  stone,  is  not  generally  suitable  for  any  but  the  li^bt* 
est  buildings,  as  its  tensional  strength  is  low.  Concrete,  plain  or  reinforced, 
or  grillages  of  steel  embedded  in  concrete,  are  generally  employed.  (See  Chap- 
ter III  for  footings  for  light  buildings.) 

Footings  of  Homogeneous  Slabs.  If  the  footing  is  composed  of  a  slab 
OF  HOMOGENEOUS  MATERIA!.,  as  a  block  of  granite  or  other  reliable  building  stooe, 
or  a  single  layer  of  concrete,  the  moment  of  resistance  is,  by  the  well-known 
flexure-formula  for  rectangular  cross-sections,  Mr  ^Hbd^S  (see  Chapters  X, 
XV  and  XVI)  in  which 

<2  •-  the  depth  or  thickness  of  the  footing,  in  indies; 
b  «  the  breadth  of  the  footing,  in  inches; 

S  >■  the  allowable  unit  tensile  stress  of  the  material,  in  pounds  per  square 
inch; 
Mr  *  the  moment  of  resistance. 

Placing  Jf ,  the  moment  of  the  forces  tending  to  cause  rupture,  equal  to  if„ 
for  a  length  of  wall  equal  to  i  foot  we  have 

6  »  12  in 
and  (^  -  H  M/S  (4) 

Substituting  in  Equation  (4)  the  value  for  If  in  inch-pounds  as  detennmed  by 
formulas  (i),  (2)  and  (3)  and  a  value  for  S  as  given  in  the  following  paragraph, 
the  required  depth  d  can  be  determined. 

Safe  Tensional  Strength  for  Materials  in  Footings.  The  values  of  S, 
the  allowable  vmr  tensile  stress,  for  concrete  or  stone  roust  indude  a  high 
factor  of  safety,  as  experiments  show  wide  variations  in  the  tensional  strength 
and  in  the  kodulxts  of  rupture  or  flexural  strcnotb  of  such  materiak 
The  following  values  for  5  in  pounds  per  square  inch  indude  a  factor  of  safety 
of  from  8  to  10  and  should  not  be  exceeded.  (See,  also»  Table  III,  page  6a8» 
':hapter  XVI.) 
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5  in  Dm  per  aq  in 

For  bridcwoik  or  masonry  in  lime  mortar from  o  to   xo 

For  brickwork  or  masomy  in  cement  mortar from  lo  to   40 

For  concrete,  1:3:6 from  15  to   as 

For  concrete,  i  :  aH  :  5 from  20  to   40 

For  concrete,  i  :  a  :  4 from  30  to   so 

For  sandstone  or  limestone  in  monolithic  blocks from  75  to  130 

For  granite  in  monolithic  blocks from  100  to  aso 

Example  of  Concrete-Footing  Design.  Concrete  Cast  as  a  Unit.  A  concrete 
footing  course  4  ft  wide  supports  a  wall  2  ft  thick.  The  load  on  the  foundatior>* 
bed  is  a8  000  lb  per  lin  ft  of  wall,  or  7  000  lb  per  sq  fk  Assuming  a  value  for  S 
of  3S  lb  per  sq  in,  what  is  the  required  depth  for  the  concrete  footing  course? 

The  moment  of  rupture  from  one  form  of  Equation  (z)'  is 

M^^WH-w),    or    HXi8ooo(4-a)-8400oin-lb 

Substituting  in  Equation  (4) 

(i* «  ^  X  84  000/33 ""  z  300^    or    ^  «  33  in 

By  Equation  (a)'  the  moment  of  rupture  is 

M^}i4  C^P»-V<4  X7oooXi2Xi2-4aocoin-lb 
and 

<P  -•  W  X  4a  000/35  -  fioOi    or    d  «  a4  in  + 

The  depth  determined  by  Equations  (i)  or  (i)',  as  previously  noted,  errs  on 
the  side  of  safety.  The  result  by  Equations  (2)  or  (2)'  conforms  more  nearly 
with  usual  practice,  and  as  the  projection  b  small  compared  with  the  width  of 
the  wall,  it  may  be  used,  or  an  intermediate  value,  as  determined  by  Equations 
<o)  or  (3)',  may  be  considered  amply  safe. 

Stopped  Footings.  If  the  concrete  footing  is  cast  in  one  uninterrupted 
operation  so  as  to  act  as  a  single  gikdek  for  its  entire  depth,  a  considerable 
saving  of  material  may  be  effected  by  forming  steps, 
as  shown  in  Fig.  27.  If  the  steps  are  of  equal 
height  the  total  projection  should  be  equally  divided 
between  the  steps.  If  the  footing  is  cast  in  several 
layers,  or  if  a  granite  slab  is  superimposed  on  a  bed 
of  concrete,  then  each  layer  must  be  figured  separately 
and  the  width  of  the  superimposed  layer  used  in  place 
of  v,  the  width  of  the  walL 

Cnvtion  in  Design  of  Footings  of  Several 
Layers.  Equation  (a)  should  not  be  used  where 
the  footing  conaista  of  several  layers,  as  the  error 
due  to  the  erroneous  assumption  is  cumulative  and 
would  result  in  a  serious  concentration  on  the  outer 
edges  of  the  upper  layers.  f*     97     r  <;     n^* 

BaaiAe  of   Footinga  of  Screial  Layteta.    In  the  Wall-footing 

case  of  footings  cast  in  separate  layers  the  calculations 

should  be  made  as  follows:  Let  h  ■•  the  length  of  the  footing  having  a 
moment,  M»    From  Equation  (x),  reduced  to  inch-pounds, 

Having  decided  on  the  depth  of  each  layer,  aay  15  in,  and  a  value  of  5,  say 
35  lb,  for  ooncretSi  then,  fnnn  the  flexure-formula,  Af  -  i£r «  H  X  xa  X  xS* 
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^  35  *  15  750  in-lb,  which,  substituted  in  the  above  equation,  will  give  the  value 
of  /i,  or  tha  length  of  the  top  coune.  Having  determined  lu  the  length  of  the 
second  course,  h*  is  found  in  the  same  way,  using  k  for  10,  and  so  on  until  the 
required  width  of  the  footing  is  reached.  The  dimensions  I  and  w  are  to  be 
taken  in  feet. 

Comparison  of  Unit  and  Separate-Layer  Footings,  Footings  made  in 
separate  layers  are  very  uneconomical  in  the  amount  of  material  required,  when 
compared  with  those  cast  in  one  operation.  If  the  footing  in  the  previous 
example  is  designed  on  the  separate-layer  basis  and  the  courses  assumed  to  be 
15  in  thick,  their  lengths  are  as  follows: 

2  M 

/i  -  -77;  +  w  -  1(2  X  IS  750)/ (3  X  28000)1  +  2  -  2.37s  it 


Also 


It  -  2.7s  ft,    /i  -  3.12s  ft,    U  -  350  ^t    and    /,  -  3^75  ft 


As  /(  is  nearly  4  ft,  the  required  length,  it  may  be  made  so  by  increasing  the 
thickness  of  the  bottom  course  to  16  in.  The  total  thickness  of  the  footing  is 
therefore  (4  x  15  in)  -f- 16  in  -  76  in  instead  of  35  in,  as  previously  determined 
by  Equation  (i)  for  the  footing  cast  as  a  unit 
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Fig.  28.    Diagram  Showing  Ratio  of  Projection  to  Depth  of  Footings 

Rnle-of-Thumb    Methods   for   Projections   and   Steps  in  Pootittc>« 

Various  arbitrary  rules  are  in  use  which  purport  to  give  for  diffennt  materials 
of  oonstnictioa  so-called  save  projectioms  for  given  depths  of  footing  or  to 
give  the  safe  ratio  between  the  projection  and  the  depth  of  a  footing.  These 
ndes  ignore  the  fact  that  the  uplift  varies  and  they  are  entirely  unreUable,  al- 
though such  RULES-OF-THVifB  are  often  incorporated  in  the  building  codes  of 
cities.     (See  Chapter  III,  page  224.) 

■sample.    The  safe  projection  for  offsets  in  brickworic  is  frequently  given 
in  building  codes  and  in  text-books  as  3  in  for  a  double  course  of  bricks  or  for 
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ft  deqpth  of  about  5  inches,  the  odrresponduig  latio  beiog  a6.  If  we  essnme  the 
vahie  ol  5  lor  bikkwork  at  so  lb  per  sq  in*  this  offset  will  be  sftfe  when  the  up- 
lift is  Icse  than  a  666  lb  per  sq  ft,  but  not  safe  when  the  uplift  is  over  2  666  lb 
per  sq  ft. 

Ratio  of  Projection  to  Depth  of  Footing.  For  footings  cf  homogeneous 
material,  however,  having  a  small  pfojectioa  and  where  Focmola  (2)  can  be  used 
safidbr>  it  is  possible  to  calcuUte  a  8o<alled  sate  baho  or  rttojEcnos  for  a 
given  unit  load.  From  Equation  (3)'  and  Equatson  (4),  denved  from  the 
formula  for  the  MOMxirr  of  rbsistance  for  beams  of  homogeneous  material  and 
rectangular  qoss  section,  the  following  formula  may  be  derived: 

p/d^V4SS/U  (S) 

in  which  all  dimensions  are  in  inches,  5  in  pounds  per  square  inch,  and  U  in 
pounds  per  square  foot.  The  quantity  p/d  is  the  ratio  of  the  projection  to  the 
depth  of  the  beam  or  footing.  For  a  fi^ven  value  of  5  the  ratio  will  vary  in- 
versely as  the  square  root  of  U. 

The  diagram  (Fig.  28)  shows  curves  for  different  values  of  5  and  U  from  wluch 
the  ratio  of  projection  to  depth  of  footing  may  be  taken.  Thus,  for  a  concrete 
footing  for  which  the  allowable  tmtt  stress,  5,  in  tension  is,  say  30  lb  per  sq 
in,  if  the  load,  U,  on  the  foundation-bed  is  5  000  lb  per  sq  ft,  the  allowable  pro- 
jection will  be  0.69  times  the  depth  of  the  footing  course.  If  the  concrete  is 
1 3  in  thick,  the  aUowable  ofi^t  will  be  8.3  in.  Conversely,  for  a  given  offset, 
say  13  In,  when  the  unit  load  is  3  000  lb  and  5  -  30  lb  as  before,  the  required 
depth  win  be  1.45  times  the  offset. 

a.  Steel  Grillages  in  Fotmdstions* 

Adynntnges  in  the  TTse  of  Steel-Beam  Grillages.  When  it  is  desirable 
to  avoid  the  deep  excavation  required  for  concrete  or  masonry  footings,  and 
when  the  load  of  a  wall  has  to  be  distributed  over  a  wide  area  of  support,  steel 
RAixs  or  STEEL  BEAHS  are  frequently  advantageously  used  to  give  the  required 
moment  of  resistamx  with  a  minimum  of  depth.  Stoel  beams  are  generally 
cheaper  and  preferable  to  rails,  although  seoond^hand  rails  have  frequently  been 
used  as  an  expedient. 

Preparing  the  Bed  and  Setting  the  Beams.  The  foundation-bed  should 
be  first  covered  with  a  layer  of  concrete  not  less  than  6  in  in  thidEneas  and  so 
mixed  and  compacted  as  to  be  as  nearly  impervious  to  moisture  as  possible. 
The  beams  should  be  placed  on  this  layer,  the  upper  surfaces  brought  to  a  line 
and  the  lower  flanges  carefully  grouted  so  as  to  secure  an  even  bearing.  Sub- 
sequently, concrete  should  be  placed  between  and  around  the  beams  so  as  to 
permanently  protect  them. 

Reqnirenients  for  Steel  Grillages.  In  determining  the  number  and  size 
of  the  beams  for  any  given  footing  the  following  points  should  be  con^dered: 

(x)  The  beams  must  resist  the  maxdcuu  bekdikg  moment,  and  thb  without 
undue  DErLEcnoN. 

(2)  The  beams  must  resist  the  shearing-stresses,  the  meeting  of  which 
requirement  ordinarily  provides  against  crushing. 

(3)  Tile  beams  must  not  be  spaced  so  far  apart  that  there  is  danger  of  the 
concrete  filEng  between  the  beams  failing  to  distribitte  the  load. 

(4)  The  beams  must  not  be  spaced  so  near  together  as  to  prevent  the  placing 
of  concrete  between  them.  The  clear  space  between  the  flanges  of  the  top  layer 
should  prrfersbly  be  not  less  than  3  in  and  should  be  somewhat  more  for  the 
lower  layers. 

67S  to  680  lor  an  cxampk  of  a  continuous  girder  in  griUags  fouxuUtion. 


182 


Foundatkms 


Chap.  2 


(5)  Where  the  bending  momekt  is  the  governing  feature,  of  two  beams  of 
equal  weight,  the  deeper  beam  should  be  used.  Thus,  if  the  required  section- 
MODULUs  is  147,  a  20-in  8x.4-lb  beam  might  be  used;  but  a  24-in  79.9-lb  beam 
b  stiffer  and  stronger  in  bending. 

(6)  Where  the  shear  is  the  governing  feature,  of  two  beams  of  equal  weti^ts 
the  smaller  beam  is  the  stronger.  Thus,  the  sbeaking  valtte  of  a  20-m  81.4*!^ 
beam  b  greater  than  that  of  a  34-in  So'lb  beam  and  is  nearly  equivalent  to  that 
of  a  94Hn  90-lb  beam.  However,  on  acoount  of  the  greater  stifiness  of  the 
deeper  beam  it  is  sometimes  advisable  to  use  it  even  though  the  cost  is  increased. 

Spacing  of  Beams  in  Grillage.  Table  DC  gives  the  LDOTtNO  spacing  for 
steel  beams,  based  upon  the  safe  capacity  of  the  concrete  filling  acting  as  1 
beam,  for  loads  of  from  i  to  6  tons  per  sq  ft.  Since,  however,  in  such  smaQ 
spans  there  is  considerable  aschimg  effect,  the  concrete  will  safely  distribute 
the  load  on  larger  spans  than  those  given  in  the  table,  provided  a  suffideat 
number  of  tie-rods  of  proper  size  are  used  to  take  up  the  thrust  of  the  arches. 


Table  IZ.    The  Limiting  Spacing  for  Steel  Beaaa  Used  With  Concrete  Pilliaf 


Depths 

Spacing  of  beams  for  the  foUomng  pressures  per  square 
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of 

beams 
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2  tons 

3  tons 

4  tons 
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in 
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18 
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2         8 
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20 

4 
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2        XX 
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I      10      1 
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4 

9 

3       6 

2       XX 

a       7 

a        4 

a       2     i 

The  Design  of  a  Wall-FootiiLg  of  steel  beams  is  illustrated  by  the  follow- 
ing example:  A  a4-in  wall  carries  42  000  lb  per  lin  ft.  What  should  be  the  sixe 
and  spacing  of  steel  beams  to  distribute  the  load  over  the  foundation-bed  at 
3  600  lb  per  sq  ft?  The  required  width  of  the  footing  is  42  000/3  600  >■  11  ft 
8  in  and  the  bending  moment  by  Equation  (3)  is  556  800  in-lb  per  lin  ft  of 
wall.  The  amount  of  shear,  by  the  formula  given  on  page  1 70,  is  5  —  W  (/  —  tr),  •', 
or  34  800  lb.  As  the  beams  are  in  double  shear  the  single  shear  per  linear  fd't 
of  wall  is  17  400  lb.  The  required  section-modulus  per  linear  foot  of  wall  is  ob- 
tained by  dividing  the  bending  moment  by  the  allowed  fiber-stress  in  the  steel 
or  556  800/16  000  (assumed  fiber-stress)  »  34.8.  By  referring  to  Table  I\', 
page  3SS»  giving  the  section-moduli  of  steel  beams,  we  find  that  a  12-in  3I.8-I1' 
beam  has  a  section-modulus  of  36.  To  satisfy  the  condition  of  bending,  tbt 
beams  must  not  be  spaced  more  than  36/34.8-1.03  ft,  center  to  center.  To 
satisfy  the  condition  of  web-crippling  due  to  direct  compression,  the  unit  com- 
pressive stress  must  not  exceed  the  value  of  St,  Table  II,  page  575,  which. 
for  a  12-in  31.8-lb  beam,  is  13  060  lb  per  sq  in.  The  area  of  the  beam  resistini; 
compression  is  the  length  over  which  the  load  is  distributed,  times  the  web- 
thickness.    Some  authorities  consider  that  the  load  is  distributed  over  a  length 
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equal  to  the  loaded  portion  of  the  beam  plus  one-batf  the  depth  of  the  beam, 
but  in  this  and  the  following  example  the  leogth  of  only  the  loaded  portion  is 
taken.  In  this  case  the  area  is  therefore  24  x  0.35  »  8^  sq  m.  If  the  beams 
are  spaced  z.03  ft  on  centers  the  unit  direct  compression  is  42  000  x  1.03/8.4  « 
5  150  lb,  which  is  well  within  the  allowed  stress  given  by  Table  II,  page  575. 
To  satisfy  the  condition  of  web-crippiing  due  to  shear,  the  shearing-stress  must 
not  exceed  the  value  as  derived  from  the  formula  for  allowable  shear.  (See, 
in  Chapter  XV,  paragraphs  and  foot-notes  relating  to  Buckling  of  Beam-Webs 
and  to  the  illustrative  Example  15  in  that  chapter.)  The  approximate,  allowed, 
unit  shearing  value  may  be  obtained  by  dividing  the  value  of  Sb  (Table  II, 
page  575)  by  the  factor  F,  the  values  of  which  are  given  in  Table  DC  A, 
foUowing.  For  example,  lor  a  12-in  31.8-lb  beam  this  shearing  value  —  13  060/ 
1.65  —  7  915  Ih  per  sq  in.  The  shearing  capacity  of  the  beam  is  obtained  by 
multiplying  this  unit  stress  by  the  depth  of  beam  times  the  web-thickness,  or 
791SX  I2X  0.35  "  33  240  lb,  or  much  more  than  required.  Only  one  of  the 
conditions  of  web-crippling  need  be  considered  by  applying  the  following  rule: 
If  the  shear  divided  by  the  depth  of  the  beam  is  greater  than  the  total  load 
divided  by  the  product  of  tne  distance  (over  which  the  load  is  distributed)  by 
the  factor  F,  investigate  for  shear;  if  otherwise,  investigate  for  direct  compres- 
sioQ.  This  rule  may  also  be  expressed  as  folbws:  According  as  (/  —  w)/l  is  greater 
or  less  than  2  Djw'F,  investigate  for  shear  or  for  compression.  Here  / »  length 
of  beam,  w  >-  loaded  portion  of  beam,  D  -  depth  of  beam,  w'  *  length  of  beam 
over  which  the  load  is  assumed  to  be  distributed  (often  taken  ^w-^V^U)  and 
F  ^  the  factor  for  the  given  beam  obtained  from  Table  IX  A.  All  dimensions 
must  be  taken  in  the  same  unit.  If,  instead  of  the  12-in  beams,  15-in  42.9-lb 
beams,  having  a  section-modulus  of  58.9  are  used,  the  spacing  will  be  58.9/34.8 
»  1.7  ft  nearly,  say  i  ft  8  in.  By  referring  to  Table  IX,  page  182,  it  is  seen 
that  the  ayadng  of  the  beams  is  well  within  the  safe  limit  of  the  concrete  and  no 
tie-rods  are  theoretically  necessary.  It  is  preferable,  however,  to  use  at  least 
ooe  row  of  tie-rods. 

Table  IX  A.    Values  of  Factor  F*  for  Shearing  Values  for  Various  Beams 


r 

Beams 

For  standard- 
weight  beams 

For  heavy- 
weight beams 

la-inbeam 
i5-in  beam 
i8-inbeam 
20-in  beam 
24-inbeam 

1.65 
1.71 
1.76 
1.77 
1. 91 

1.52 
1.50 
158 
1.62 
1.67 

*  The  factors,  P,  which  have  been  deduced  to  be  used  in  connection  with  Sh,  Table  11, 
pages  574-5,  to  give  the  safe  unit  shearing  value  based  on  web-crippling,  will  help  greatly 
in  iavettfgatxMis  of  shears  in  case  tables  of  safe  shears  are  not  obtainable.  It  is  to  be 
noted,  however,  that  the  values  derived  from  the  use  of  F  are  approximate  only,  ss  this 
factor  is  a  little  different  for  every  beam;  and  to  give  its  value  f<M-  every  beam  would 
require  as  much  space  as  complete  tables  of  safe  shears.  The  values  of  F  are  not  given 
for  the  new  sections  of  light  beams  as  they  are  not  usually  good  sections  for  grillages. 
It  may  be  mentioned  that  the  standard  weight  for  each  size  of  beam  for  which  F  is  given 
is  always  the  next  weight  higher  than  the  minimum  weight  given  in  Table  II,  pages  574-5i 
except  for  the  ao^n  beams,  for  which  the  miauattm  weight,  65.4  lb,  is  also  the  staodaid 
weight.  -The  rule  given  above  lor  detcmiiiiiog  whether  web-crippling  based  on  shear  or 
on  dbcct  umiiaashw  Is  the  deiermiDiag  tooditkm  riiminatiw  one  of  the  cakulatwns  to 
be  b)mIb  in  invwtfigating  giillafes. 
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The  Design  of  a  Coltinui'-Footlng  oi  sted  beams  is  tdustrated  by  the 
following  example:  A  column  carries  576  tons.  The  allowable  pressure  oa  the 
foundation-bed  is  3  tons  per  sq  ft.  What  should  be  the  arrangement,  number 
and  size  of  the  steel  beams  composing  the  grillage?  The  required  area  of  sup- 
port «  576/3  »  192  sq  ft.  In  order  to  make  the  problem  as  general  as  possible 
let  it  be  supposed  that  practical  considerations  liinit  the  width  of  the  footing  to 
12  ft.  The  dimensions  of  the  concrete  mat  oil  which  the  lower  layer  oi  beams 
rests  will  be  12  by  16  ft.  By  referring  to  the  diagram  (Fig.  28)  we  find  that  if 
the  mat  is  made  la  in  thick  an  offset  of  6  in  is  permissible.  The  dimensioDs 
of  the  lower  layer  of  beams  will  therefore  be  11  by  15  ft.  A  suitable  grillage  for 
the  given  conditions  may  be  designed  of  two  or  of  three  layers.  If  two  layers 
are  used  the  length  of  the  top  beams  will  be  11  ft.  Assuming  the  column-base 
»  30  in,  the  loaded  portion  ^^  2H  ft,  and  by  Formula  (i),  the  bending  moment  * 
-  H  X  r  152  000  lb  X  (11  -  2^)  X  12  X  H  -  14  688  <xx>  in-lb,  from  which  the 
required  section-modulus  (at  i6ooo-lb  maximum  fiber-stress)  ••918.  By  re- 
ferring to  Table  IV.  Chapter  X,  five  24-in  90-lb  beams  have  a  section-modulus 
of  929  and  consequently  satisfy  the  condition  of  bending.  By  applying  the 
rule  given  in  the  preceding  paragraph  for  the  design  of  a  wall^footing,  to  see  if 
web-crippUng  due  to  shear  or  to  compression  is  to  be  investigated,  (/  —  w)/l » 
0.773  and  2  D/vD^F  -  0.958,  which,  being  greater  than  0.773,  shows  that  the  beams 
should  be  investigated  for  web-crippling  due  to  compression,  by  the  method 
explained  in  the  previous  example.  It  wilt  be  found  that  the  five  24-in  90-lb 
b«ims  abo  satisfy  this  condition  and  will  therefore  be  used*  Their  flange- 
width  is  about  7H  in,  so  they  should  be  spaced  about  9H  in  on  centers,  requir- 
ing the  length  of  the  column-base  to  be  about  3  ft  9  in.  The  cakulation  for 
the  lower  layer  is  similar,  the  length  of  the  beams  being  15  ft  and  the  loaded 
portion,  3  ft  9  in.  It  is  rarely  necessary  to  investigate  the  bwer  layer  for  web- 
crippling,  the  condition  of  bending,  except  for  the  top  layer,  being  usually  the 
governing  feature.  If,  owing  to  OQn<fitions  of  bendiag»  it  is  not  practicable  to 
make  the  beams  of  the  top  layer  sufficiently  long  to  extend  across  the  required 
width  of  the  concrete  mat,  jt  is  then  necessary  to  make  the  grillage  of  three 
layers.  The  calculation  for  a  three-layer  grillage  for  the  same  problem  as  the 
preceding  is  as  follows: 

Calculation  of  the  Top  Layer.  For  wcb-crippUng  due  to  compression, 
X  152  000  lb  -  .Sb  X  w'  X  /  X  n,  where  Sb  *  the  allowable  unit  stress,  w'  •■  the 
length  of  beam  over  which  the  load  is  assumed  to  be  distributed,  /  «  the  web- 
thickness  and  n  >  the  number  of  beams.  Referring  to  Table  II,  Chapter  XV, 
and  assuming  a  20-in  75-lb  beam  to  be  used,  Sb  *  13  660  lb  per  sq  in  and  / » 
0.64X  in.  Taking  w'  -^  30  in  (the  width  of  the  column-base),  13  660  X  30  X 
0.641  "■  262  682  lb  and  the  value  for  five  beams  is  i  313  410  lb,  which  is  more 
than  enough.  But  it  is  found  that  five  20-in  70-lb  beams  would  not  be  suffi- 
dent.  It  will  be  economical  to  make  these  beams  of  the  greatest  length  for  which 
they  will  resist  bending.  The  section-modulus  of  one  beam  is  126.3;  smd  the 
total  Mr^  sx  126.3  X 16  000  (assumed  filier-stress).  This  may  be  determined, 
abo,  by  Formula  (i)  in  which  M  ^  y*  IV P,  From  these  equations  the  projec- 
tion P  ••  35V4  in,  and  the  length  of  the  beams  is  therefore  (2  x.35K)-i-  30  (the 
width  of  the  base)  *  lOoVi  in,  or  approximately  8  ft  4  in.  By  applying  the 
foregoing  rule  to  see  if  web-crippling  due  to  shear  must  be  considered. 
(100-  3o)/ioo-  0.7  which  is  less  than  40/(30  x  1.62)  -  0.82,  and  the  shear 
need  not  be  investigated. 

*  It  Is  to  be  noted  that  the  bending  moment  is  the  same  as  for  a  beam  uniformlT  loaded 
with  576  tons  on  a  spaa  of  8Vi  ft,  {I  —  «),  and  that  the  number  and  sin  of  the  re(]iured 
beams,  as  far  as  bending  b  coaceraed.  may  be  taken  from  the  tables  giving  the  safe  loads 
A  beams.    See  Table  IV,  Chapter  XV. 
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Tbc  wkbh  ol  the  Suwa  ol  tbew  beam*  k  neuly  6H  Is.  m  th>t  th^  should 
be  spaced  InHH  8H  to  9  in,  thus  making  the  cequiied  leDSth  of  column-base 
about  J  ft  6  in. 

Calcnlation  of  tlu  Second  L*j(t.  Snse  the  length  of  the  t<^  layer  is  limited 
to  8  ft  4  in  and  the  width  of  the  iowest  layei  is  11  it,  it  wiil  l>e  necessary  to  hivt 
an  intaraediate  layer.  This 
wUI  cover  the -area  given  by 
the  length  of  beams  of  tbe  top 
layer  and  the  width  al  the 
lower  layer,  or  8  ft  4  Iq  by  11 
ft.  Tbe  beams  will  of  caurse 
be  at  ri^t-angles  lo  those  of 
the  top  layer,  so  their  length 
will  be  1 1  ft,  and  they  are  to 
be  so  spaced  as  not  to  exceed 
8  ft  4  in.  Since  the  width  of 
the  top  coune  a  j^t  ft,  their 
projection  is  (11ft- jM  it)/i 

-  jti  ft.  tlie  amount  of  single         _, 

■         ■  3.7S/1;-      f^ 


59' 


3  lb  and  tlie  bending 

in  -  II  960  000  in-lb.  Using 
16  000  lb  as  the  fiber-stress  the 
required  setlion-modulus  is 
£10.  By  referring  to  Table 
I\:  Chcpter  X.  for  seclion- 
moduli  and  determining  the 
maximum  shear  as  above  ex- 
plained, we  find  that  ten  15-ln 
fto.S-lb  beams  will  hai-e  a  total 
MTtim- modulus  of  Si:,  and 
[hey  will  also  be  ample  for 
shear.  Furthermore,  ten 
iTams  spaced  10  cover  a  width 
of  8  ft  4  in  will  give  a  spacing, 

about  loin,  M'hich  isjullicient. 

to  use  ten  iS-in  54.7-lb  beams. 


Layec.  Taking  the  eflccli^e 
width  of  the  middle  layer  aa 
B  ft,  the  projection  of  the 
beams  is  (ij  ft  -  8  it)/j  -  jii 
It.  Then  smilarly  to  tbe 
abov^  the  sbesr  •■  168  800  lb.         fig,  2t.    Sted-bc 

M  —  itw6oeo  in-lb,  from 
•which  the  iectioo-modulus-7j6,  and  thirteen  is-in  41,9-lb  beam?,  spaced  n 
in  un  centers,  will  be  required,  or  two  is-in  6o.S.lh  beams  and  ten  ij-in  41.(1 
Vjcams  may  be  used.  Increasog  the  spacing  between  the  beams.  In  (his  c 
the  heavy  beams  should  be  placed  nearest  (o  the  center  ol  the  footing.  T 
grillage  is  illustrated  in  Fig.  26. 


n  Grillage  GJumn-Iwling 
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21.  Itefiiforc«d*Coiierete  Footisgt 

Advantages  and  Disadyantages.    Reinforced  concrete  has  in  recent  years 
been  largely  used  for  footings.    The  arguments  in  favor  of  its  use  are: 
(z)  Low  cost  of  the  footing-construction; 

(2)  Reduction  in  the  amount  of  excavation  required, 

(3)  Convenience,  as  compared  with  the  use  of  steel-beam  grillages,  in  that 
the  reinfordng-steel  is  readily  obtainable,  can  be  cut  to  length  on  the  work  and 
handled  without  derricks. 

The  objections  urged  are: 

(i)  Danger  of  defective  workmanship,  as  the  strength  of  the  footing  depends 
upon  the  proper  mixing  and  placing  of  the  concrete,  the  proper  placing  of  the 
reinforcement  and  the  complete  tmion  of  the  con<^rete  with  the  reinforcement. 
The  danger  of  defective  workmanship  is  increased  by  reason  of  the  usual  difficul- 
ties of  fotmdation-work,  in  that  water  and  mud  are  generally  present  and  the 
diffictdty  of  careful  work  and  inspection  is  greater. 

(s)  Danger  of  the  deterioration  of  the  steel  reinforcement  either  by  rusting 
or  by  electrolysis.  This  danger  is  increased  by  the  presence  of  moisture  and  by 
the  relatively  small  cross-section  of  the  reinforcing-bars.  In  this  connection 
it  is  well  to  remember  that  in  reinforced-concrete  girders  as  usually  desij^^ed 
the  concrete  on  the  tension  side  is  stressed  beyond  its  elastic  limit,  as  a  result  of 
which,  numerous  fine  cracks  are  developed  under  the  figured  load. 

Use  of  Reinforced  Concrete  for  Foundations.  From  the  foregoing  it  is 
apparent  that  great  care  should  be  used  in  connection  with  reinforced  concrete 
in  foundations,  espedally  as  any  defect  is  difficult  to  detect  or  repair.  Rein- 
forced concrete  is  used  not  only  for  so-called  mats  or  slabs  but  is  frequently 
used  for  distributing-giroeks,  bolsters  and  even  for  cantilevers.  The 
author's  preference  is  against  reinforced  concrete  for  foundations  for  important 
structures. 

The  Methods  Used  In  Calcnlatfaig  the  Strength  of  Reinforced-Con- 
Crete  Slabs,  Girders,  etc.,  are  explained  in  Chapters  XXIV  and  XXV.    The 

stresses  coming  on  the  reinforced-concrete  construction  are  to  be  determined 
in  the  same  way  as  explained  for  footings  of  other  materials. 

2S.  Timber  Footings  for  Temporary  Buildings 

Timber  Footings.  For  buildings  of  moderate  height  timber  may  be  used 
to  give  the  necessary  spread  to  the  footings,  provided  water  is  always  present. 
The  footings  should  be  built  by  covering  the  bottom  of  the  trenches,  which 
should  be  perfectly  level,  with  2-in  planks  laid  close  together  and  longitudinally 
with  the  wall.  Across  these  planks  heavy  timbers  should  be  laid,  spaced  about 
ij  in  on  centers,  the  size  of  the  timbers  being  proportioned  to  the  transverse 
strers.  On  top  of  these  timbers  again  should  be  spiked  a  floor  of  3-in  planks 
of  the  same  width  as  the  masonry  footings  which  arc  laid  upon  it.  A  section 
of  such  a  footing  is  shown  in  Fig.  30.  All  of  the  timber-work  must  be  kept 
below  low-water  mark,  and  the  space  between  the  transverse  timbers  should  be 
filled  with  sand,  broken  stone,  or  concrete.  The  best  woods  for  such  founda- 
tions are  oak,  long-leaf  yellow  pine  and  Norway  pine.  Many  of  the  old  build- 
ings in  Chicago  rest  on  timber  footings. 

Calculations  for  the  Sizes  of  the  Cross-Timbers.  The  sizes  of  the  trans** 
verse  tunbers  should  be  computed  by  the  following  formula: 

Breadth  m  mcbes — — • 

d*xA 
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IT  npitjeittun  the  bearing  nuHance  of  the  (oundalion-bediniiouadipeTtiiuue 
loot,  p  Ibe  pnijectioa  of  the  tramverae  timbeia  beyond  the  j-in  plankt.  in  feet, 
I  the  distAnca  on  cenlen  of  the  timbets  ia  feel,  ukI  <f  the  Bssumed  depth  of  Ihe 
bnm  in  bx^ies.  A  \s  the  coDStaot  for  itrength.  *  The  values  recommended  for 
it  are  67  for  Ions-leaf  yellow  pine  and  white  oak,  44  for  Norway  pine,  and  J9  tat 
cotnmoD  white  pine  or  spruce,  alt  inocaied  Irom  jo  to  40%  for  tempotary  build- 
inss.     (See  Table  II,  page  e>8.) 


Fif.  10.    Spread  Footbifof  Umber 

Bxam^s.  The  side  walla  of  a  given  building  impose  on  the  foundation  a 
preisure  of  ao  000  lb  pei  Kn  ft;  the  soil  will  only  support,  mthout  excessiv* 
Eetilernnit,  i  ooo  lb  per  sq  ft.  It  is  dedded  for  economy  to  build  the  footings  ai 
shown  in  Fig.  30,  using  long-leaf  yellow-pine  timber.  What  should  be  the  siu 
of  the  transvtrae  timlwrs? 

Solntlaii.  Dividing  the  total  pn«ure  per  linear  foot  by  3  ooo  lb,  wc  have 
10  ft  for  the  width  of  the  foolingi.  The  masoniy  fooliag  we  will  make  of  granite 
or  other  hard  stone,  4  ft  wide,  and  solidly  bedded  on  the  planks  in  Portland, 
cement  mortar.  The  projection  p  of  the  transverse  beams  will  then  be  j  ft 
We  will  space  the  beams  1  j  in  on  centers,  so  that  j  -  i,  and  will  assume  10  in 
fur  the  depth  of  the  beams.    Then,  by  Ibe  foiinuU, 


the  breadth  in  inches  - 


°X9  X 


and  we  should  u»e  4-  by  lo-in  timbers,  spaced  11  In  on  centers.  If  spruce  timber 
were  used  we  should  sut>stltute  55  (or  go,  and  the  result  would  be  6Vj  in.  (See 
note,  page  618,  for  ,4  increaudfrom30t0  40%,) 

FonadatioiW  (or  Tenponur  BonffingS.  Alien  temporary  buildings  are 
to  be  built  on  a  compressible  still,  the  foundations  may.  in  some  puts  of  the 
country,  be  constiutted  more  cheaply  of  timber  than  of  any  other  materia],  and 
in  such  cases  the  durability  of  the  timber  need  not  be  considered,  as  when  it  is 
sa:.Dd  it  will  last  two  or  three  years  in  almost  any  place,  if  thorough  ventiklian 
ia  provided.  The  World's  Fait  buildings  at  Chicago  (iBgj)  were,  as  a  rule, 
supported  on  timber  platforms,  proportioned  so  that  the  maximum  load  on  the 
soil  would  not  exceed  i>i  tons  per  sq  ft.  Only  in  a  few  places  over  iiuq-hol£S 
were  pile  foundations  lucd. 

*  Tbt  values  given  to  the  term  A  of  the  f  ommla  vary  In  difletent  buDdlng  codes. 
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M.  General  Cendltleiie  Affecting  Fonndatlone  and  Pootisga 

General  Considerations.  Where  the  footings  of  a  buUdlng  lest  on  wet  sand, 
or  on  clay,  it  is  important  that  any  movement  of  the  material  formios  the 
foundation-bed  be  prevented  if  possible.  In  many  cases  it  is  advisable  to  con- 
nect all  footings  with  a  concrete  floor  to  prevent  any  upurr  of  the  foundation- 
bed  between  the  footings.  Where  unequal  settlement  is  apprehended  it  is 
inadvisable  to  have  long  columns  firmly  attached  to  the  footings,  as  any  unequal 
settlement  of  the  footings  devdops  a  bending-stress  in  the  column;  such 
bending-stresses,  in  the  case  of  long  columns,  m<>y  become  extremely  serious, 
resulting  possibly  in  the  rupture  or  distortion  of  the  coliunns.  In  such  cases  it 
has  even  been  proposed  to  design  the  bases  of  the  columns  with  ball-and-socket 
joints  which  would  allow  imequal  settlement  of  the  footings  without  distortion 
or  bendmg  of  the  columns.  Such  connections,  however,  could  not  be  generally 
used  because  of  the  necessity  of  bracing  the  structure  against  the  horizontal 
pressure  of  the  wind,  but  they  would  be  entirely  practicable  in  the  case  of  long 
interior  colunms. 

The  Minimum  Depth  of  Footings  is  limited  by  the  depth  of  the  cellar, 
by  the  requirements  of  the  cellar  as  to  whether  part  of  the  footings  can  project 
above  the  cellar-floor  level,  and  by  the  depth  of  the  footing  itself.  The  minimum 
depth  will  be  advantageously  exceeded  if,  by  a  slight  increase  in  depth,  a  material 
capable  of  sustaining  a  higher  unit  load  is  found  on  which  to  rest  the  footings; 
or  if,  as  explained  in  previous  articles  of  this  chapter,  greater  security  is  afforded 
by  locating  the  footing  at  a  greater  depth.  These  considerations  will  influence 
the  design  of  a  footing  and  in  all  cases  should  be  taken  into  consideration.  In 
some  cases  it  may  be  cheaper  to  abandon  the  use  of  a  spr£ad  footing  of  any  type 
and  resort  to  piles  or  icasonry  construction'  going  to  rock  or  to  some  other 
solid  substratum.  Where  there  is  any  question  on  this  point,  careful  comparison 
should  be  made  of  the  advantages  and  costs  of  the  two  methods.  In  general, 
however,  it  wOl  be  cheaper  to  spread  footings  immediately  below  the  cellar- 
excavation  level  than  to  employ  any  of  the  various  deep-foundation  methods. 

Beep  Foundations  are  necessary  when  the  material  at  the  level  at  which 
spread  pootincs  would  ordinarily  be  constructed  is  not  suitable,  or  in  case  it 
is  desirable  for  any  reason  to  carry  the  foundations  of  the  building  down  to  an 
underlying  stratum  of  greater  supporting  power.  Recourse  must  then  be  had 
to  one  or  more  of  the  following  expedients: 

(i)  Wooden  piles; 

(2)  Concrete  piles; 

(3)  Piers  or  walls  constmcted  In  pits  or  trenches,  or  by  other  methods,  and 
going  down  to  the  required  depth  to  reach  a  solid  stratum. 

27.  Wooden-Pile  Foundations 

The  Use  of  Wooden  Piles.  \V1ien  it  is  required  to  build  upon  a  compres- 
sible soil  that  is  constantly  saturated  with  water  and  of  considerable  depth,  the 
most  practicable  method  of  obtaining  a  solid  and  enduring  foundation  for 
buildings  of  moderate  height  is  by  driving  wooden  pil^.  Many  buildings  in 
the  city  of  Boston,  Mass.,  and  several  tall  office-buildings  of  New  York  CSty 
and  Chicago,  rest  on  wooden  piles,  and  they  are  extensively  used  for  supporting 
buildings,  grain-elevators,  etc.,  erected  along  the  water-front  of  coast  and  lake 
cities.  The  durability  of  wooden  piles  in  ground  constantly  saturated  with 
water  is  beyond  question,  as  they  have  been  found  m  a  perfectly  sound  Qoodi- 
tion  after  the  lapse  of  from  six. to  seventeen  centuries. 
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HoBk^al  RaqnlranMnla.  The  l>ws  of  BottoQ  requira  that  wooden  [dies 
shall  be  capped  with  block-granite  levden  or  with  Portlanil-iienient  cooctEle. 
and  that  the  spadng  ihall  not  exceed  3  ft  betwecQ  cenlen.  The  laws  of  Qdogo 
lequire  that  wooden  piles  »ha]l  be  drivea  to  icdt  or  haid-pui  and  capptd  with 
grilUgc  of  timber,  coDcrete,  or  ilecl,  or  a  combination  of  tlirae.  The  laws  of 
New  York  tpcdfy  a  Diinimum  diameter  of  5  inches  and  a  madmum  qiadng  of 
3  feet  between  centers. 

Th«  MMoptnm  I.oBdi  AUowtd  on  Wooden  Pflea  in  various  dlies  are  as 
follows:  Atlanta,  lo  tons;  Philadelphia,  10  Ions ;  BuSaio.  95  tora;  Minneapolis, 
30  Ions;  Richinoad,  35  Ions;  St.  Louis,  as  msjiy  tone  as  the  piles  will  safely 
support:  Chicago,  95  tons;  Louisviile,  10  tona;  St,  Paul,  15  tons;  New  York, 
20  ions:  Portland,  Ore.,  15  tons;  Cleveland,  15  tons.  Most  of  the  above  dties 
alio  Hmil  the  allowed  load  by  Welliniflon'a  formula  which  ia  hereiiuftei  given 
on  page  igj,  tinder  the  heading,  Bearing-Power  of  Piles. 

Kinds  of  Wood  Used  for  Pilea.  Wooden  pBa  ate  made  from  the  trunks 
of  trees  and  should  be  as  suaight  ai  possible  and  not  less  than  s  in  in  diameter 
at  the  small  end  for  light  buildings,  or  8  in  for  heavy  buildings.  The  woods 
generally  nsed  for  |tfles  are  Epnice.  hemlock,  while  pine,  Norway  pine,  long-leaf 
and  short-leaf  yellow  pine,  pitch-pine,  cypress,  Douglu  Gr.  and  occaiionslly  oak, 
hickory,  ebn,  black  gum  and  basswood.  There  does  not  am>ear  to  be  much 
differoice  in  the  woods  as  to 
durability  under  water,  but  the 
tougher  and  stronger  woods  are 
to  be  preferred,  especially  where 
the  piles  are  to  be  driven  to 
hard-pan  and  heavily  loaded. 

Preparing    Woodeii    PDes 
for  Driving.    The  piles  should 


r^''^'^ 


cutting  oS  all  hmbs  dose  to  the 
trunk  and  sawing  the  ends 
square  It  is  probably  better 
to  remove  the   bs^  allhou^ 

the  bark  00,  and  it  a  doubtful  if 
the  bark  makes  much  difierence 
one  way  or  the  other.  For 
driving  in  soft  and  silty  soils, 
erpeiience  has  shown  that  the 
[ales  drive  better  with  a  square 
point.  When  tbe  penetration  is 
less  than  6  in  al  each  blow  the 
top  of  the  pile  should  be  pro- 
tected fnira  BKOOUINC  by  put- 
less  in  diameter  than  the  head  of 
tbe  pile,  and  from  2M  lo  3  in 
wide  l>y  M  in  thick.  The  bead  should  be  chamfered  to  fit  the  ring.  When 
driven  into  (impact  soil,  such  as  sand,  gnvel,  or  stiff  day.  the  point  of 
the  pile  should  be  shod  with  iron  or  steel.  The  method  shown  at  A.  Fig.  31, 
answers  very  wdl  lor  all  but  very  hard  smls,  and  for  these  a  cast  comical  kukt 
about  5  in  in  diameter,  secured  by  a  Iook  DOWBt,  with  a  BINC  around  tbe  end 
of  tlw  pile,  as  diowa  at  B,  makes  the  beM  iboe.    Piles  that  arc  to  be  driven  in  or 
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exposed  to  salt  water  should  be  thoiouglily  impregnafced  frith  creo<ote»  dead  oil, 
or  coal-tar,  or  some  mineral  poison  to  protect  them  from  the  tb&edo  or  sbif- 
WORM,  which  will  completely  honeyaxnb  an  ordinary  pile  in  three  or  four  years. 

Driving  Wooden  Piles  with  the  Drop-Hammer.  The  piles  should  always 
be  driven  to  an  even  bearing,  which  is  determined  by  the  penetratton*  under 
the  last  four  or  five  blows  of  the  hammer.  The  usual  method  of  driving  piles 
for  the  support  of  buildings  is  by  a  succession  of  blows  given  with  a  block  of 
cast  iron  or  steel,  called  the  HAiOfER,  which  slides  up  and  down  between  the 
uprights  of  a  machine  called  a  pile^diuver.  The  machine  is  placed  over  the 
pile,  so  that  the  hammer  descends  fairly  on  its  head,  the  piles  always  being 
driven  with  the  small  end  down.  The  hammer  is  generally  raised  by  steam-power 
and  is  dropped  either  automatically  or  by  hand.  The  usual  weight  of  the 
hammeis  used  for  driving  piles  for  building  foundations  is  from  i  500  to  2  500  lb, 
and  the  fall  varies  from  5  to  20  ft,  the  last  blows  being  given  with  a  short  fail. 
Occasionally,  hammers  weighing  up  to  4  000  pounds  and  over  are  used. 

Driving  Wooden  Piles  with  the  Steam-Hammar.  Steam-hammers* 
are  to  a  considerable  extent  taking  the  place  of  the  ordinary  drop-hammers  in 
large  cities,  as  they  will  drive  many  more  piles  in  a  day,  and  with  less  damage 
to  the  piles.  The  steam-hanmier  delivers  short,  quick  blows,  from  sixty  to 
seventy  to  the  minute,  and  seems  to  jar  the  piles  down,  the  short  interval  be> 
tween  the  blows  not  giving  time  for  the  soil  to  settle  around  them.t  In  driv- 
ing piles  care  should  be  taken  to  keep  them  plumb,  and  when  the  penetration 
becomes  small,  the  fall  should  be  reduced  to  about  5  ft,  the  blows  being  given  in 
rapid  succession.  Whenever  a  pile  refuses  to  sink  under  several  blows,  before 
reaching  the  average  depth,  it  should  be  cut  off  and  another  pile  driven  beside  it. 
When  several  piles  have  been  driven  to  a  depth  of  20  ft  or  more  and  refuse  to 
sink  more  than  H  in  under  five  blows  of  a  x  200-pound  hammer  falling  is  ft,  it 
is  useless  to  try  them  further,  as  the  additional  blows  only  result  in  brooming 
and  crushing  the  heads  and  points  of  the  piles,  and  splitting  and  crushing  the 
intermediate  portions  to  an  unknown  extent. 

Spacing  Wooden  Piles.  Piles  should  be  spaced  not  less  than  2  ft  nor  more 
than  3  ft,  on  centers,  tmless  iron,  wooden,  or  reinforced-ooncrete  grillage  is 
used.  When  long  piles  are  driven  closer  than  2  ft  on  centers  there  is  danger  that 
they  may  force  each  other  up  from  their  solid  bed  on  the  bearing  stratum. 
Driving  the  piles  close  together  also  breaks  up  the  ground  and  diminishes  the 
bearing  power.  When  three  rows  of  piles  are  used  the  most  satisfactory  spac- 
ing  is  2  ft  6  in  on  centers  across  the  trench  and  3  ft  on  centers  longitudinaUy. 
provided  this  number  of  pfles  will  carry  the  weight  of  the  building.  If  they 
will  not,  then  the  piles  must  be  spaced  closer  together  longitudinally,  or  another 
row  of  piles  driven;  but  in  no  case  should  the  piles  be  less  than  1  ft  apart  on 
centers,  unless  driven  by  means  of  a  water- jet.  The  number  of  piles  under  the 
different  portions  of  the  building  should  be  proportioned  to  the  weight  which 
they  are  to  support,  so  that  each  pile  will  receive  very  nearly  the  same  load. 

Capping  Wooden  IHles.  The  tops  of  the  piles  should  invariably  be  cut 
off  at  or  a  little  below  low  water-mark,  otherwise  they  will  soon  commence  to 
decay.  They  should  then  be  capped,  either  with  large  stone  blocks,  or  concrete, 
or  with  timber  or  steel  grillage. 

Oranite  Capping.  Wooden  piles  are  sometimes  capped  with  block-granite 
UVELERS  which  rest  directly  on  the  tops  of  the  piles.    If  the  stone  does  not  fit 

*  See  Table  XI,  paf^e  304. 

t  The  5  000  piles,  averaipng  48  ft  in  net  leagth.  under  the  Chicago  Pott  Office 
driven  with  a  steam-hanuner  we^Khing  4  400  lb  and  delivering  60  blows  per  minute* 
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the  sar&ce  o£  tlie  pfle*  or  a  pile  is  a  little  low,  it  is  wedged  up  with  oak  or  stone 
wedgea.  In  capping  with  stone  a  section  of  the  foundation  should  be  laid  out 
on  the  drawings  showing  the  arrangement  of  the  capping  stones.  A  siagle 
stnoe  may  rest  on  one,  two,  or  three,  but  not  on  four  pUes*  nor  on  three  piles  in 
a  straight  line,  as  in  the  two  last-mentioned 
cases  it  is  practically  impossible  to  make  the 
stones  bear  evenly.  Fig.  32  shows  the  best 
anangement  of  the  capping  for  three  rows  of 
p3es.  Under  dwellings  and  Hght  buildings  the 
piles  are  often  driven  in  two  rows,  staggered,  in 
which  case  each  stone  should  rest  on  three  piles. 
After  the  piles  are  capped,  large  footing  stones, 
extending  in  single  pieces  across  the  wall,  should 
be  laid  in  cement  mocfar  on  the  capping.  Fig. 
33  shows  a  partial  piling-plan,  with  the  arrange- 
ment of  the  capping  stones,  of  the  Boston 
Chamber  of  Commerce  Building.  It  may  be 
seen  that  most  of  the  stones  rest  on  three  piles^ 
and  a  very  few  on  two  piles. 

CoMcret*  Capping.  In  many  buildings  a  veiy 
common  method  of  capping  is  to  excavate  to  a 
d^>th  of  X  ft  bebw  the  tops  of  the  piles  and  i  ft 
outside  of  them  and  to  fill  the  space  thus 
excavated  solid  with  Portland-cem^it  concrete, 
deposited  in  layers  and  well  rammed.  After  the 
oonoete  is  brought  level  with  the  tops  of  the  pig.  33.  stooe  Capping  fa 
piles  additional  layers  axe  deposited  over  the  Three  Rows  of  Wooden  PQcs 
whole  width  of  the  foundation  until  the  concrete 

attains  a  depth  of  18  in  above  the  piles.  On  this  foundatbn  brick  or  stone 
footings  are  laid  as  on  solid  earth.  If  long  bars  of  twisted  steel,  about  H  in 
square  in  cross>section  are  embedded  in  the  concrete  about  3  in  above  the 
tops  of  the  piles,  the  construction  makes,  in  the  opinion  of  the  author,  the  best 
form  of  capping,  the  twisted  bars  giving  great  transverse  strength  to  the  concrete 

Timbw-Grillage  Capping.  The  pile  foundations  of  many  buildings  have 
heavy  timber  grillages  bolted  to  the  tops  of  the  piles  and  stone  or  concrete  foot- 
ings laid  on  top  of  the  grillages.  The  timbers  for  the  griUages  should  be  at  least 
ic  by  10  in  in  cross-section,  and  should  have  sufficient  transverse  strength  to 
sustain  the  load  from  center  to  center  of  piles,  using  a  bw  fiber-stress.  They 
should  be  laid  longitudinally  on  top  of  the  piles  and  fastened  to  them  by  means 
of  DBiFT-BOLTS,  whlch  are  plain  bars  of  iron,  either  round  or  square  in  section, 
and  driven  into  holes  about  20%  smaller  in  section  than  the  bolts  themselves 
Round  or  square  bars  z  in  in  section  are  generally  used,  the  holes  being  bored 
by  a  ^-in  auger  for  the  round  bolts  and  by  a  H-in  auger  for  the  square  bolts. 
The  bolts  should  enter  the  piles  at  least  i  ft.  If  heavy  stone  or  concrete  footings 
are  used  and  the  space  between  the  piles  and  timbers  is  filled  with  concrete  level 
with  the  tops  of  the  timberB»  no  more  timbering  is  required;  but  if  the  lootings 
are  made  of  small  stones  and  no  concrete  is  used,  a  solid  floor  of  cross-timbers, 
at  least  6  in  thick  for  heavy  buildings,  should  be  laid  on  top  of  the  longitudinal 
capping  and  drift-bolted  to  them.  Where  timber  grillage  is  used  it  should,  of 
course,  be  kept  entirely  below  the  lowest  recorded  water-line,  as  otherwise  it 
will  rot  and  allow' the  building  to  settle.  It  has  been  proved  conclusively, 
however*  that  any  kind  of  sound  timber  will  last  practically  forever  if  completely 
immcracd  in  water. 
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The  A4nurt«se*of  Ttmbar  GTfllM*Metl»t  itUeuUrhUtnddlectiuIl! 
bolds  (he  tops  ol  the  piles  ia  plice.  it  alao  teodi  to  diatributc  tbr  pnwun 
ireoly  over  the  pUel,  u  the  tnnivcne  itKngth  of  the  tUnbec  urill  help  to  canj 


Onaiber  uf  CoanteKC  BuBdiiig,  BoMoa,  MtM. 


Jk  load  over  ■  lingle  pile,  which  inr  some  reawn  may  not  ha 
Cipadty  »s  the  others.     Steel  beami,  embedded  in  concrele, 
to  distribute  tbe  weight  over  piles,  but  some  olhei  form 
Kenenll)'  be  employed  at  ias  aptnse  utd  wiLh  equalJy  good  leiultL* 
•  For  >  detcilption  □(  (he  pile  (oundalioia  ud  cupping  ol  the  C)uc*«°  Pat  Office  m 
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Sycdficatknis  for  Wooden-Pfle  Fooodatioiit.  This  contractor  is  to  fnr- 
Dish  asd  drive  the  piles  indicated  oo  sheet  No.  i. 

Tlie  pikt  are  to  be  of  sound  spruce  (hemlock,  king-leaf  yeDow  pine)  perfectly 
stnigbt  from  end  to  end,  trimmed  dose,  and  cut  off  square  to  the  aiis  at  both 

They  axe  to  l>e  not  less  than  6  in  in  diameter  at  the  small  end,  lo  in  at  the 
large  end,  when  cut  off,  and  of  sufficient  length  to  reach  solid  bottom,  the  neces- 
sary length  of  piles  to  be  determined  by  driving  test- piles  in  different  parts  of 
the  foundation. 

All  piles  are  to  be  driven  vertically,  in  the  exact  positions  shown  by  the  plan, 
(intU  they  do  not  move  more  than  5  in  under  the  last  &ve  blows  of  a  hammer 
weighing  2  000  lb  and  falling  20  ft.  All  split  or  shattered  piles  are  to  be  re^ 
moved  if  possible  and  a  good  one  driven  in  place  of  each  imperfect  one.  In 
OSes  where  such  piles  cannot  be  removed  an  additional  pile  is  to  be  driven  for 
each  imperfect  one.  If  the  piles  show  a  tendency  to  brooii,  they  are  to  be 
bound  with  wrought-iron  rings,  2^  in  wide  and  H  in  thick. 

All  piles,  when  driven  to  the  required  depth,  are  to  be  sawed  off  square  for  a 
i>orizonul  hearing  at  the  grade  indicated  on  the  drawings. 

The  Bearing  Power  of  Pilot.  In  regard  to  their  use  for  supporting  build- 
ing ixles  may  be  divided  into  two  classes:  (i)  Those  which  are  driven  to 
kocK  or  HARD-PAN,  that  is,  firm  gravel  or  clay  and  (3)  those  which  do  not 
reach  hard-pan. 

(1)  A  pile  belonging  to  this  class  when  driven  through  a  soil  that  is  sufficiently 
nnn  to  brace  the  pile  at  every  point,  may  be  computed  to  sustain  a  load  equal 
to  the  safe  resistance  to  crushing  on  the  least  cross-section.  If  the  surrounding 
soil  b  plastic  the  bearing  power  of  the  pile  will  be  its  safe  load  computed  as  a 
column,  having  a  length  equal  to  the  length  of  the  pile  when  capped.  Test- 
piles  driven  on  the  site  of  the  Chicago  Public  Library  Building,  through  27  ft 
(^  soft,  plastic  clay,  33  ft  of  tough,  com|>act  clay  and  2  ft  into  hard-pan,  sus- 
tained a  bad  of  50.7  tons  per  pile  for  two  weeks  without  apparent  settlemenL 
There  are  many  instances  where  piles  driven  to  the  depth  of  so  ft  in  hard  clay 
nistain  from  20  to  40  tons,  and  a  few  instances  where  they  sustain  up  to  80  tons 
per  pile. 

(3)  A  pile  belonging  to  this  class  depends  for  its  bearing  power  upon  the 
rBicnoN,  COHESION  and  buoyancy  of  the  soil  into  which  it  is  driven.  The 
safe  load  for  such  piles  is  usually  determined  by  ths  average  penetration  of 
^  pile  uad&  the  last  four  or  five  blows  of  the  hammer.  Several  engineers 
l>ave  formulated  rules  for  determining  the  safe  loads  for  piles  of  this  class,  but 
tiiere  are  so  many  conditions  that  modify  the  amount  of  the  penetration,  and 
its  exact  determination,  and  so  many  varying  conditions  of  driving  and  of 
»il,  that  it  is  considered  impossible  to  formulate  any  rule  that  can  be  considered 
entirely  satisfactory  for  all  the  conditions  under  which  such  piles  are  driven. 

The  Engineering  Kews  Formula.  The  formula  graerally  used  by  engineers 
^vas  derived  by  M.  A.  Wellington,  and  is  often  referred  to  as  the  Engineering 
News  formula: 

The  safe  load  in  tons  -■  2  wk/  (5  -}- 1) 
in  which 

V  "■  the  weight  of  the  hammer  in  tons; 
h  «  the  height  of  fall  of  the  hammer  in  feet; 

5  x  the  penetration  in  inches  under  the  last  blow  or  the  average  under 
the  last  five  blows. 

When  loads  are  based  on  this  formula  the  piles  should  be  driven  until  the  pene- 
tratioo  does  not  exceed  the  limit  assumed,  or  if  this  is  found  to  be  impracticable, 
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new  calculations  must  be  made  baaed  oo  the  smallest  average  penetration  that 
can  be  obtained,  and  a  greater  number  of  piles  used,  lo  localities  where  piling 
is  commonly  used  for  foundations,  the  least  penetration  that  can  be  obtained 
within  practical  limits  of  length  ol  pile  can  generally  be  ascertained  by  observa- 
tion, or  by  consulting  somebody  who  is  experienced  in  driving  piles.  The  longer 
the  pile  the  less,  as  a  rule,  will  be  the  final  set  or  penetration.  Where  there  is  no 
experience  to  guide  one  it  will  be  necessary  to  drive  a  few  piles  to  determine 
the  length  of  pile  required,  or  the  least  set  for  a  given  length  of  pile.  Some 
piles  will  have  to  be  driven  further  than  others  to  bring  them  to  bearings  of 
equal  resistance.  When  the  piles  are  to  be  loaded  to  more  than  50%  of  the 
assumed  safe  load,  the  iinal  set  of  each  pile  should  be  carefully  measured  by  an 
inspector,  the  BaoOM  and  splinters  being  removed  from  the  head  of  the*  pile 
for  the  last  blow. 

Safe  Loads  for  Piles.  Table  X.  computed  by  the  above  formula,  gives  the 
safe  loads  for  different  penetrations,  under  diJcrcnt  falls  of  a  hammer  weighing 
I  ton.  For  a  hammer  op  different  weight  multiply  the  safe  load  in  the  table 
by  the  actual  weight  of  the  hammer  in  tons.  Thus,  for  a  hammer  weighing 
X  000  lb.  the  values  in  the  table  should  be  multiplied  by  H  and  for  a  i  soo-Ib 
hammer,  by  $(• 

TaUe  Z.    Safe  Loads  in  Tons  for  PUes 

For  hammer  wcishing  z  ton 
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of  pile  in 
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Example  of  Computationa  for  Pile  Foundation.  Suppose  that  from  the 
observations  of  the  pile-driving  for  an  adjacent  building  it  is  found  that  piles 
driven  from  20  to  30  ft  take  a  set  of  i  in  under  a  1  200-lb  hammer  falling  2c  ft, 
and  that  additional  blows  result  in  about  the  same  set. 

From  Table  X  we  find  that  the  safe  load  for  a  fall  of  20  ft  and  a  penetra- 
tion of  I  in  is  20  tons..  Multiplying  by  the  weight  of  the  hammer  in  tons.  0.6, 
we  have  12  tons  as  the  safe  load  per  pile.  Suppose  that  the  total  load  on  i 
!in  ft  of  footing  is  13  tons.  As  we  must  have  at  least  two  rows  of  piles,  and 
each  two  piles  will  support  24  tons,  it  follows  that  the  spacing  of  the  piles 
bngitudinally  should  be  24/13  -  i  ft  10  in.  As  this  is  too  close,  we  should  use 
three  rows  of  piles,  spaced  2  ft  apart  laterally,  and  the  longitudinal  q>adng 
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iRxud  then  be  36/13  —  a  ft  9  in.  The  width  of  the  capping  would  be  about 
5  ft.  If  the  load  on  the  piles  under  the  interior  columns,  for  example,  is  105  .S 
tons,  this,  divided  by  1 2,  the  safe  load  for  one  pile,  gives  nine  piles,  or  three  rows 
of  three  piles  each,  which  should  be  spaced  2  ft  6  in  apart,  each  way. 

Some  Actual  Loads  on  Wooden  Piles.  The  foHowmg  examples  of  the 
actual  loads  supported  by  piles,  under  well-known  buildings,  and  of  loads  which 
pfles  have  borne  for  a  short  time  without  settlement,  should  be  of  value  when 
designing  pile  foundations. 

BosTOK.  At  the  Southern  Railroad  Station  three  piles  were  loaded  with 
about  60  tons  of  pig  iron,  20  tons  per  pile,  without  settlement.  The  allowed 
bad  was  10  tons  per  pile. 

Piles  12  in  in  diameter  at  the  butt  and  6  in  at  the  point,  driven  31  ft  into  hard, 
blue  day  near  Haymarket  Square,  failed  to  show  movement  under  30  tons, 
the  ultimate  k)ad  being  probably  60  tons.*  Other  piles  driven  17.9  ft  sustained 
a  load  0/31  tons  each.  The  average  penetration  under  the  last  ten  blows  of  a 
X  710-Ib  hammer  falling  from  9  to  12  ft  varied  from  0.4  to  0.95  in  per  blow  for 
fifteen  piles. 

Piles  25  ft  long  under  the  Chamber  of  Conunerce  Building  penetrated  about 
3  in  under  the  last  blow  of  a  2  ooo-lb  hammer  falling  about  15  ft. 

Chicago.  In  the  Public  library  Building  the  piles  were  proportioned  to 
30  tons  each  and  were  tested  to  50.7  tons  without  settlement. 

In  the  Schiller  Building  the  estimated  load  was  55  tons  per  pile;  the  building 
settled  from  xV^  to  2H  in. 

In  the  Passenger  Station  of  the  Northern  Pacific  Railroad,  at  Harrison  Street, 
pies  50  ft  long  were  designed  to  carry  25  tons  each  and  did  so  without  per- 
ceptible settlement. 

The  Art  Institute  Building,  parts  of  the  Stock  Exchange  Building  and  also 
a  large  number  of  warehouses  and  other  buildings  on  the  banks  of  the  river 
rest  on  piles. 

New  York  City.  The  Ivins  (Park  Row)  Building  is  supported  by  about 
3  500  x4-in  spruce  piles,  arranged  in  clusters  of  fifty  or  sixty,  for  single  columns, 
and  a  cmresponding  number  under  piers  supporting  two  or  more  columns. 
The  piles  were  driven  to  refusal  of  x  in  under  a  20-ft  fall  of  a  2  ooo-lb  hammer. 
The  material  b  fine,  dense  sand  to  a  depth  of  over  90  ft.  But  few  piles  could  be 
driven  more  than  15  or  20  ft.    The  average  maximum  load  per  pile  is  9  tons-f 

The  American  Tract  Society's  Building  is  supported  on  piles. 

Bsooia,yN.  Piles  under  the  Government  Graving  Dock,  driven  32  ft,  on 
the  average,  into  fine  sand  mixed  with  fine  mica  and  a  little  vegetable  loam,  are 
supposed  to  sustain  from  xo  to  xs  tons  each. 

New  Orleans.  Piles  driven  from  25  to  40  ft  into  a  soft  alluvial  soil  carry 
safely  from  is  to  25  tons,  with  a  factor  of  safety  of  from  6  to  8.t 

The  Cost  of  Driving  Wooden  Pfles.  §  The  cost  of  driving  piles  naturally  varies 
with  the  character  of  the  soil,  and  the  conditions  under  which  they  are  driven. 

New  York  Crrv.  A  2  500-lb  drop-hammer  drove  4  piles  per  day  of  xo  hours, 
with  a  steam-hanuner,  13  piles  per  day  were  driven,  for  the  same  foundation. 
The  piles  were  70  ft  long.  8  in  in  diam  at  the  point  and  15  in  at  the  head. 

The  average  cost  of  driving  800  piles  with  the  steam-hammer  was  $2  each.  In 
New  York  Harbor  i  800  piles  were  driven  by  a  steam-hammer,  from  24  to  26  ft 
into  gravel  aiKi  hard-pan,  at  a  cost  of  8^  cts  each. 

*  Horace  J.  Howe,  American  Architect,  Jane  it.  1898. 

t  For  a  description  of  thb  foundation,  see  the  Engineering  Record  of  July  23,  1898. 

X  W.  M.  Pattoo. 

{  These  prices  are  now  (1920)  considerably  higher. 
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CincAGO.  Forty  Norway-pine  piles  were  driven  by  a  firm  of  contractora 
15  ft  deep  every  ten  hours  at  a  cost,  for  driving,  of  55  cts  each.  Another  firm 
drove  from  60  to  65  piles,  each  4s  ft  long  and  15  ft  deep,  into  hard  sand  each  day 
at  a  cost  of  about  30  cts  each.    In  both  cases  steam-hanmiers  were  used.* 

Boston.  Spruce  piles  from  30  to  45  ft  long  cost  from  S5  to  $5,  in  place. 
Long-leaf  yellow  pine  piles,  as  long  as  70  ft,  cost  about  $15  apiece  for  the  piles 
themselves,  and  $2  or  more  each  for  the  driving.  Oak  piles  from  40  to  50  ft 
long  cost  from  $8  to  $zo  each,  in  place.t 

Some  Other  References  to  Wooden  POes  and  POe-Drivlng.  A  very 
valuable  paper  on  "  Some  Instances  of  Piles  and  Pile-Driving,  New  and  Old,  *' 
by  Horace  J.  Howe,  was  published  in  the  American  Architect  and  Building  News, 
commencing  June  ix,  1898.  The  paper  records  a  great  many  tests  and  gives 
several  formulas  and  many  experiences  of  distinguished  engineers.  Fart  I  of 
Building  Construction  and  Superintendence,  by  F.  E.  Kidder,  gives  additional 
information  in  regard  to  pile  foundations  and  experiments  on  the  bearing  power 
of  piles.  Much  valuable  information  on  piles  is  given  in  ''A  Practical  Tineatise 
on  Foimdations, "  by  W.  M.  Patton.  The  recent  Engineers'  Handbooks,  also, 
should  be  consulted  for  additional  data. 

i88.  Concrete-Pile  Foondetiont 

Durability  of  Wooden  and  Concrete  Piles.  Concrete  piles,  either  plain 
or  reinforced,  possess  many  advantages  over  wooden  piles  and,  in  general,  can 
be  used  in  all  places  where  wooden  piles  can  be  driven.  Concrete  piles,  com- 
pared with  wooden  piles,  have  primarily  the  advantage  of  greater  pericanence. 
Timber  piles,  kept  constantly  wet  and  protected  from  the  action  of  the  teredo 
or  other  destructive  influences,  may  be  practically  everlasting,  but  cannot  be 
counted  upon  above  water  level;  whereas  concrete  piles  should  be  proof  against 
all  deteriorating  actions,  whether  wet  or  dry,  except  the  action  of  freezing  on 
wet  concrete. 

Strength  of  Wooden  and  Concrete  Piles.  Concrete  piles  without  rein- 
forcement, if  made  of  good  concrete,  should  have  nearly  the  same  crushiko 
STRENGTH  per  square  inch  as  ordinary  yellow-pine  piles,  and  with  properly 
placed  reinforcement  concrete  piles  should  have  a  much  higher  crushing  strength 
per  square  inch  than  timber  piles.  Moreover,  timber  piles  do  not  have  mn- 
FORM  CROSS-SECTIONS.  For  instance,  a  slender  timber  pile  40  ft  in  length  and 
12  in  in  diameter  at  the  butt,  is  probably  not  over  6  in  in  diameter  at  the  point. 
In  direct  compression  the  load  on  a  point-bearing  pile  of  the  above  dimensions 
is  limited  to  the  safe  load  on  the  point  of  the  pile,  where  it  is  6  in  in  diameter; 
and  a  cylindrical  concrete  pile,  12  in  in  diameter  and  under  similar  conditions, 
will  have  a  cross-section  of  113  sq  in  at  all  points,  compared  with  the  cross- 
section  of  28  sq  in  at  the  point  of  the  timber  pile.  Moreover,  if  we  consider 
both  piles  as  long  columns,  it  must  be  borne  in  mind  that  a  timber  pile  may  not 
be  straight  and  that  it  may,  therefore,  be  subject  to  stresses  and  deformations 
due  to  ECCENTRIC  LOADING,  whlch  are  avoided  in  a  straight,  concrete  pile. 

Reinforced-Concrete  Piles.  In  practice  concrete  piles  are  generally  rein- 
forced, and  if  a  pile  is  to  be  considered  as  a  long  column  the  reinforcement  may 
be  increased  at  the  center,  so  as  to  provide  for  stresses  due  to  handling  and  to 
its  acting  as  a  long  column.  The  concrete  piles  may  be  formed  complete, 
above  ground,  in  which  case  they  may  be  straight  or  tapered,  with  square,  dr- 
eular  or  other  cross-sections.    The  reinforcement  may  oonast  of  a  number  of 

•  American  Architect,  June  4, 1898,  page  t8. 

t  George  B.  Francis,  in  American  Architect,  July  33,  1898. 
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vertical  rods  genendly  dbposed  BjrmmetrictUy  around  the  axis  of  the  pile.  The 
vertical  rods  should  be  connected  by  horisontal  wiring  or  by  spiral  reinforoement. 
As  before  stated,  tbe  reinforcement  may  be  increased  at  the  central  section  so 
as  to  provide  against  stresses  due  to  the  use  of  the  pile  as  a  long  oolumn,  in 
which  case  the  additional  reinforoement  should  be  placed  near  tbe  periphery 
of  the  cross-sectbn. 

Types  of  Concrete-Pile  Reinforcement.  There  are  many  types  op  kein- 
roscxMEKT,  one  method  even  employing  a  woven-wire  fabric  which  is  laid  out 
flat  on  a  table  and  covered  with  a  thin  layer  of  concrete,  the  entire  mat  comprising 
tbe  wire  fabric  and  the  concrete  being  then  rolled  into  a  solid  cylindrical  form 
which,  when  set,  forms  the  finished  pile.  The  concrete  piles  may  be  lOUiEO  in 
KACE  by  any  one  of  several  different  methods. 

Tho  Rnymond  System  of  Concrete  Piling.  In  this  system  of  concrete 
piling  a  pernoanent  form  is  provided  for  each  pile.  The  Raymond  system 
consists  of  a  collapsible  steel  mandrel  or  core,  tapering  from  8  in  in  diameter 
at  the  point  at  the  rate  of  0.4  in  per  foot  in  length,  until  in  a  length  of  37  ft 
the  diameter  equals  33. a  in.  Upon  this  expanded  mandrel  or  core  is  placed 
a  spirally  reinforced  sheet-metal  shell,  the  reinforcement  of  which  is  grooved 
into  the  metal  on  3 -in  centers  the  entire  length  of  the  core  or  pile.  This  rein- 
forcement imparts  rigidity  and  stiffness  to  the  shell,  renders  *c  capable  of  with' 
standing  very  severe  soil-pressure  and  prevents  admixture  of  foreign  substances 
into  the  green  concrete.  The  combined  mandrel  and  shell  is  driven  into  the 
ground  to  a  proper  refusal;  the  mandrel  is  then  collapsed  and  withdrawn  from 
the  shell,  leaving  the  shell  i)ermanently  in  the  ground;  and  the  interior  of  the 
shell  or  form  is  then  inspected,  and  when  perfect  from  tip  to  top,  is  filled  with 
green  concrete.  Thus  the  pile  is  completed.  The  extreme  taper  of  the  shell, 
combined  with  the  friction  between  the  shell  and  the  surrounding  soil,  increases 
the  carrying  capacity  of  the  pile.  The  safe  load  on  a  Raymond  pile  varies 
from  25  to  30  tons. 

The  Simplex  Method  of  Forming  Concrete  PUes  in  Place.  The  Simplex 
Method  differs  from  the  Raymond  method  and  may  be  briefly  described  as 
follows:  A  steel  pipe,  generally  cylindrical  in  form,  of  the  required-  size  and 
length  and  fitted  with  a  detachable  cast-iron  conical  driving-point,  is  driven  into 
the  ground  to  the  required  depth;  the  pipe  is  then  partially  filled  with  concrete. 
A  paston-like  plunger,  smaller  in  diameter  than  the  inside  diameter  of  the 
pipe,  is  then  placed  on  the  concrete  and  tbe  pipe  is  partially  withdrawn,  leaving 
the  driving-point  and  part  of  the  superimposed  concrete  in  the  ground.  This 
operation  is  repeated  until  the  pile  is  built  up  to  the  required  height.  In  cer< 
tain  materials,  instead  of  using  a  detachable  driving-point,  the  driving-point 
consists  of  two  jaws  hinged  to  the  lower  end  of  the  pipe,  so  arranged  that  while 
during  the  driving  they  form  a  driving-point,  when  the  pipe  is  withdrawn  they 
open  and  form  an  extension  of  the  cylindrical  pipe.  In  other  words,  the  jaws 
are  formed  of  steel  plates  previously  bent  to  the  same  radius  as  the  radius  of 
the  pipe  and  so  hinged  that  when  they  are  in  their  open-position  the  plates 
forming  the  jaws  constitute  an  extension  of  the  cylindrical  surface  of  the  pipe. 
It  is  evident  that  plain  reinfordng-bars  can  be  placed  in  position  before  concrete 
is  put  into  the  pipe. 

Caution  for  Concrete  Piles  Bnllt  in  Place.  Care  should  be  taken  in  design- 
ing and  placing  the  reinforcing  for  all  concrete  piles  built  in  place,  that  the 
subsequent  pladng  of  the  concrete  does  not  throw  the  reinforcement  out  of 
position  and  that  all  voids  between  the  reinforcement  and  the  shell  are  com- 
pletely filled. 
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The  Pedettal  Pile  is  designed  to  give  an  enlarged  CROSS-SEcnoN  at  the 
base  of  the  pile.  The  method  is  similar  to  that  of  the  Raymond  method,  the 
increase  in  ctiameter  being  obtained  as  follows:  After  the  pipe  has  been  driveD, 
the  driving-core  is  withdrawn  and  the  pipe  partially  filled  with  concrete.  Then 
the  concrete  in  the  pipe  is  rammed,  fcM'cing  the  concrete  out  of  the  pipe  and  com- 
pressing the  material  below  the  pipe,  so  that  the  concrete  is  forced  into  the  soil. 
A  repetition  of  this  operation  results  in  forming  a  base  or  mtshjioom  below  the 
pipe  larger  in  diameter  than  the  diameter  of  the  pipe.  Finally  the  pipe  is  with- 
drawn, the  filling  and  ranmiing-operations  continuing  meanwhile,  until  the  pile 
is  carried  up  to  the  required  height. 

Composite  Piles.  Protected  piles,  for  use  in  localities  where  the  teredo 
a£fects  the  life  of  timber  piles  uiKier  water,  are  composed  of  timber  piles  with 
concrete  coatings  held  in  px)6ition  by  steel  reinforcements  in  the  shape  of  expanded 
metal  or  wire  netting..  Such  piles  are  to  be  considered  as  timber  piles  rather 
than  as  concrete  piles. 

Timber  Piles  with  Concrete  Caps.  In  some  localities  where  the  permanent 
water-level  is  considerably  below  the  level  of  the  required  excavation,  timber 
piles  have  been  driven  with  a  follower,  the  follower  consisting  of  a  steel  pipe 
or  cylindrical  shell.  When  the  head  of  the  pile  is  driven  to  a  safe  distance 
below  low  water  the  pipe-follower  is  filled  with  concrete  and  withdrawn, 
leaving  the  concrete  pier  resting  on  a  timber  pile.  This  composite  pile  would 
appear  to  possess  the  advantage  of  combining  the  cheapness  of  a  timber  pile 
below  the  water-level  with  the  permanency  of  a  concrete  pile  above  the  water- 
level.  Great  care,  however,  should  be  used  in  adopting  this  method  on  account 
of  the  difficulty  of  securing  proper  connection  between  the  concrete  and  the 
wooden  pile. 

The  Methods  need  in  DrlTlng  Bnflt-np  Piles  are  practically  the  same 
as  are  used  in  driving  wooden  piles,  except  that  a  cushion  of  wood,  rope,  or 
other  material  is  placed  on  the  head  of  the  pile  to  be  driven  to  cushion  the  blow 
of  the  hammer.  Steam-driven  or  air-driven  reciprocating  hammers  are  pref- 
erable to  the  ordinary  drop-hammers.  In  stiff  materials  the  use  of  a  water- 
jet  is  advisable  and,  in  fact,  in  many  cases  indispensable.  In  lifting  concrete 
piles  use  is  made  of  a  special  sling  which  is  attached  to  a  pile  at  two  points,  each 
point  one-quarter  of  the  length  of  the  pile  from  the  end.  The  sling  should  have 
a  spreader  so  that  the  stress  due  to  the  oblique  pull  of  the  chain-sling  is 
taken  up  by  the  spreader  rather  than  by  the  pile. 

The  Casting  of  Concrete  Piles.  G)ncrete  piles  should  be  cast  in  one 
piece  by  a  continuous  operation  so  that  there  will  be  no  plane  of  weakness 
formed  between  partially  set  concrete  and  fresh  concrete.  They  may  be  cast 
either  in  a  vertical  position,  in  forms,  or  in  a  horizontal  position.  Square-sec- 
tion concrete  piles  have  been  cast  in  a  horizontal  position  and  side-forms,  only» 
used,  the  previously  cast  concrete  pile,  protected  by  paper,  forming  the  bottom 
form.  In  some  cases,  where  it  is  intended  to  use  a  water-jet  in  sinking  a  pile, 
the  latter  is  cast  around  an  iron  pipe  which  is  afterwards  used  for  the  water- 
jet.  In  general,  however,  this  is  dispensed  with  and  an  external  detachable 
pipe  used  for  the  water-jet. 

Incidental  Advantages  of  Concrete  Piles.  In  many  cases,  where  concrete 
piles  are  more  expensive  than  timber  piles,  the  saving  in  excavation  and  foot- 
ings more  than  offsets  the  increased  a)st.  For  example,  if  the  excavation  for 
the  cellar  of  a  building  does  not  go  down  to  water-level,  the  use  of  timber  piles 
will  necessitate  excavating  down  to  a  point  below  water-level  in  order  that  the 
piles  may  be  cut  off  low  enough  to  keep  their  heads  always  weL    Concrete 
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pOcs,  honrever,  can  be  driven  from  the  level  of  the  bottom  of  the  cellar-excava- 
tion, and  this  additional  excavation  and  the  necessary  construction  between 
the  excavation^level  and  the  level  of  the  cut-off  for  the  timber  piles  thus  avoided. 
Moreover,  as  one  concrete  pOe  may  have  a  stTPPomiNG  towem  equal  to  the 
supportini^  power  of  four  wooden  piles,  the  size  of  the  footings  will  be  much 
smaller  with  concrete  piles  than  with  wooden  piles. 

Comparison  of  Wooden  and  Concrete  Piles  under  Piers.  The  footings 
for  a  a^umn  or  pier  24  in  sq  in  section,  requiring  for  its  support,  say,  sixteen 
wooden  piles,  spaced  2  ft  6  in  from  center  to  center,  will  be,  allowing  for  slight 
inequalities  in  driving,  approximately*  10  ft  square,  the  projections  being  4  ft 
beyond  the  size  of  the  base-  Such  a  footing  will  ordinarily  require  a  steel 
grillage  or  reinforced-concrete  base,  or,  if  made  of  ordinary  concrete,  will  be  of 
very  considerable  depth;  whereas,  if  four  concrete  piles,  placed  3  ft  from  center 
to  center,  are  used,  instead  of  wooden  (Mies,  the  area  of  the  base  will  be  a  little 
over  4  ft  square  and  the  projection  will  be  only  i  ft.  A  suitable  footing  would 
consst  of  a  reinforced-concrete  cap  not  over  2  ft  in  thickness.  The  saving  in 
cost  of  excavation,  concrete  and  steel  in  the  footing  is  all  in  favor  of  the  use 
of  concrete  piles. 

Concrete  PUes  under  Weill.  In  the  case  of  a  continuous  wall,  where  the 
load  per  linear  foot  of  wall  is  not  great,  a  single  row  of  concrete  piles  is  often 
sufficient  to  support  the  weight  of  the  wall.  In  such  cases,  the  piles  should 
not  be  placed  in  straight  lines  but  should  be  staggered,  and  a  sufficient  footing 
should  be  constructed  connecting  the  heads  of  the  piles,  so  as  to  aHord  stability 
to  the  wall. 

The  Method  Employed  in  Calculating  Reinforcement  for  Concrete 

Piles  is  the  same  as  that  employed  in  calculating  ordinary  rdnforced-concrete 
columns,  the  only  difference  being  that  where  a  pile  is  not  point-bearing,  but  is 
dependent  on  the  surrounding  material  for  its  support,  it  need  not  be  considered 
as  a  LONG  coLuiffN.  Point-bearing  piles  deriving  their  support  from  some 
solid  material  on  which  their  lower  extremity  rests»  must  be  considered  as  long 
COLUMNS,  on  the  assumption  that  the  material  surrounding  the  piles  may  fail 
to  support  them.  In  the  case  of  VRicnoN-PiUES,  depending  for  their  support 
upon  the  surrounding  material,  this  assumption  cannot  be  made,  as  any  failure 
of  the  material  will  involve  a  settlement  of  the  pile.  It  should  be  borne  in  mind 
that  any  structure  supported  on  piles  supported  by  skin-friction  is  dependent 
for  its  stability  upon  the  continued  supporting  power  of  the  material  surround- 
ing the  piles.  In  many  cases  buildings  resting  00  piles  driven  into  soft  ground 
have  settled  as  the  result  of  the  consolidation  and  settlement  of  the  material 
surrounding  the  piles^  notwithstanding  the  fact  that  the  piles  when  driven  were 
amply  able  to  support  the  loads  for  which  they  were  designed. 

Iron-Pipe  Piles  with  Concrete  or  Reinforced-Concrete  Filling  have  been 
used  in  place  of  wooden  or  concrete  piles,  especially  in  underpinning-work. 
The  objection  to  the  use  of  such  piles  is  that  the  iron  pipe  forming  the  external 
shell  may  rust,  in  which  case  the  strength  of  the  pile  is  reduced  to  the  strength 
of  the  concrete  filling  and  the  reinforcement  contained  therein.  The  writer 
believes  that  they  should  not  be  used  for  permanent  woric. 

Loftde  Allowed  on  Concrete  Piles.  The  building  laws  of  most  dties 
allow  on  concrete  piles  from  350  to  500  lb  per  sq  in  on  the  concrete  plus  from 
6  000  to  7  500  lb  per  ^  in  on  the  vertical  reinforcement.  On  this  statement 
it  would  appear  possible  to  design  a  short  concrete  pile  12  in  square,  on  which 
the  allowed  load  would  be  loc  tons,  and  it  is  possible  that  such  a  pile,  tested 
as  a  8BORT  COLUMN,  would  develop  in  a  testing-machine  a  strength  justifying 
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the  use  of  such  construction;  but,  bearing  in  mind  that  the  character  of  the 
support  for  the  base  of  such  a  column  is  underground  and  cannot  be  inspected, 
and  bearing  in  mind  also  the  uncertainties  attending  tlie  manufacture  of  the 
pile,  it  is  evident  that  it  would  be  improper  to  load  a  pile  to  this  extent  in  practice. 
It  would,  however,  be  considered  good  practice  to  load  concrete  piles  up  to  one- 
third  of  a  test-load  applied  to  not  less  than  3%  of  the  [wles  used.  In  ordinary 
practice,  reinforced-concrete  piles  are  loaded  up  to  soo  lb  per  sq  in  of  cross^aec- 
tion. 

2f.  Fottadation  Piers  and  Foundatioii  Walls 

Foundation  Piers  and  Walls  as  distinguished  from  ordinary  ceixaa  piers 
and  WALLS,  extend  from  the  level  of  the  underside  of  the  cellar-floor  to  rock  or 
other  solid  foundation-bed.  (See  page  129,  Subdivision  i,  and  also  Chapter 
III,  pages  228-9.)  ^^  general,  such  piers  and  walls  are  composed  of  concrete 
and  are  of  such  dimensions  that  the  safe  unit  loads  on  the  concrete  forming 
them  are  not  exceeded.  If  the  foundation-bed  is  rock,  compact  hard-pan,  or 
gravel,  there  need  be  little  or  no  enlargement  of  the  base  of  the  pier  or  wall,  as 
the  safe  unit  loads  on  such  natural  foundation-beds  are  generally  equal  to  the 
safe  imit  loads  on  the  concrete  forming  the  body  of  the  pier  or  wall.  The  de^gn 
of  such  piers  and  walls  is  therefore  an  entirely  simple  matter  governed  by  the 
principles  already  outlined,  and  by  certain  considerations  mentioned  hereafter. 

The  Methods  used  in  the  Construction  of  Foundation  Piers  and 
Walls  are,  however,  necessarily  varied  to  suit  different  materials  and  to  meet 
different  conditions  encountered,  and  the  design  of  a  pier  necessarily  differs  with 
different  methods  of  construction.  For  example,  if  the  construction  is  to  be 
executed  by  means  of  the  ordinary  sheet-pzliko  uetrod,  piers  and  walls  will 
have  in  general  rectangular  outlines.  But  if  the  Chicago  method  or  the  pneu- 
iiATic  CAISSON  is  employed,  it  will  generally  be  cheaper  to  use  piers  having  a 
circular  cross-section  and  the  support  for  walls  may  be  a  succession  of  c^'Iinders 
rather  than  continuous  walls.  The  detailing  of  the  concrete  structure  consti- 
tuting the  piers  or  walls  is  simple  after  a  determination  is  made  of  the  methods 
by  which  the  construction  is  to  be  put  in  place.  This  subject  is  discussed  in  the 
following  chapter-subdivision,  Methods  of  Excavating  for  Foundations. 

M.   Methods  of  Excavating  for  Foundations 

Simple  and  Complex  Excavations.  Excavations  in  earth  for  footings  of 
walls  and  piers  may  vary  from  simple  trenches  and  pits  of  the  required  sizes 
and  depths  to  accommodate  the  footings,  up  to  deep  subaqueous  excavations 
requiring  all  the  resources  of  engineering  skill. 

The  Sides  of  BxcsTations.  If  the  earth  is  fmn  and  the  depth  not  excessive 
the  sides  of  the  excavation  may  be  self-supporting,  in  which  case  the  excavation 
may  be  made  the  neat  size  of  the  footing  and  the  sides  of  the  excavation  may 
take  the  place  of  forms  for  the  concrete  deposited  to  form  the  footing.  Where 
the  excavation  is  deep,  and  especially  where  the  earth  is  not  firm,  the  sides  of 
the  excavation  must  be  sloped  or,  if  made  vertical,  must  be  supported  by  bracing 
or  by  some  form  of  sheet-piling.  Where  the  excavation  is  over  8  ft  in  depth  it 
will  generally  be  cheaper  to  support  the  sides  of  the  excavation  than  to  slope 
them.  Where  the  excavation  adjoins  a  property-line  it  will  generally  be  inad* 
visable  to  slope  the  excavation  on  account  of  damage  to  the  adjoining  property, 
and  in  such  cases  it  will  be  necessary  to  use  sheeting,  even  if  sloping  the  earth 
would  be  cheaper. 
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Bracing  in  many  cases  will  serve  to  support  the  sides  of  the  excavation  with- 
out  the  necessity  of  close  sheeting.  The  bracikg  may  consist  simply  of  short 
pieces  of  piank  placed  against  opposite  sides  of  the  excavation  and  held  in 
position  by  horizontal  timber  struts  secured  by  wedges;  or,  espedally  in 
narrow  trenches,  some  form  of 

an   EXTENSIBLE    SEWER-BRACE 

may  be  used.  Fig.  34  repre- 
sents a  usual  form  of  ex- 
tensible BRACE.  Generally, 
however,  the  sides  of  an  ex- 
cavation will  not  stand  with  a 
vertical  face,  even  if  braced  in 
this  manner,  for  any  length  of  Fig.  84.  Extensible  Brace  for  Narrow  Excavations 
time,  and  if  the  material  b     * 

loose  sand  or  soft  clay,  such  bracing  is  entirely  inadequate.  In  such  cases, 
and  in  fact  generally,  some  form  of  continuous  sheet-piling  must  b^ 
employed. 

Ordinary  Wooden  Sheet-Piling  consists  of  a  continuous  line  of  vertical 
planks  held  agaim»t  the  sides  of  the  excavation  by  horizontal  timbers  known  as 
WALES,  waling  or  BREAST-TIMBERS,  these  wales,  or  breast-timbers  being  in  turn 
supported  either  by  cross-braces  extending  across  the  excavation  to  an  oppo- 
site wall  or  side  of  the  excavation,  or  by  inclined  struts  known  as  shores  or 
ptTSHERS,  extending  to  the  bottom  of  the  excavation  where  heels  or  inclined 
platforms  are  sunk  in  the  undisturbed  material  to  afford  points  of  support. 

Earth-Prestiire  on  Sheet-Piling.  The  load  on  the  sheeting  due  to  the 
EARTH-PRESSURE  may  be  calculated  on  the  assumptions  made  for  the  design  of 
retaining-walls,  but  the  thickness  of  the  sheeting  planks,  the  sixes  and  spacing 
of  the  breast-pieces  and  braces,  if  figured  on  this  basis,  will  in  general  exceed  the 
sizes  constantly  used  with  success  and  safety  in  such  work.  The  probable  reason 
for  this  is  that  an  earth  bank,  when  steadied  and  in  part  supported  by  the  sheet- 
ing, does  not,  for  a  considerable  time,  lose  the  cohesion  between  its  particles 
natural  to  most  earth  banks  in  their  original  and  undisturt>ed  state.  Or,  in 
other  words,  under  these  conditions  no  real  angle  of  frtchqn  is  developed  in 
the  earth-mass.  Local  experience  and  practice  should  be  consulted  and  will 
generally  serve  as  a  guide.  Earth  banks  apparently  similar  will,  however,  act 
very  differently  and  no  general  rule  can  be  given.  It  should  be  borne  in  mind 
that  the  earth  composing  a  bank  should  be,  as  far  as  possible,  protected  from 
jar,  from  the  action  of  water  and  from  alternating  freezing  and  thawing;  and 
that  permanent  worit  should  be  completed  as  rapidly  as  possible  so  as  to 
avoid  the  deteriorating  effects  of  time  and  exposure  on  the  structure  of  the 
bank. 

The  Thickness  of  the  Sheeting  Planks  required  may  be  calculated  on  the 
assumption  that  the  earth  bank  is  composed  of  loose  material  having  a  definite 
angle  of  slope  and  coefficient  of  friction;  but  practically,  under  favorable 
conditions,  2-in  planks  may  be  used  for  a  depth  of  drive  of  i6  ft,  3-tn  planks  up 
to  24  ft  and  4-in  planks  up  to  33  ft;  and  timbers,  8  by  12  in,  have  been  driven 
in  favorable  material  to  a  depth  of  over  40  ft. 

Depths  and  Numbers  of  Drives.  Ordinarily  the  depth  to  which  a  plank 
can  be  driven  is  limited  by  its  ability  to  resist  the  shock  due  to  driving,  and  in 
unfavorable  material  a  plank  may  become  shattered  before  it  is  driven  to  the 
above-quoted  depths.  If  the  required  depth  cannot  be  reached  by  the  first  planks 
or  drive,  a  second,  and  sometimes  a  third  and  fourth  set  of  planks  are  employed. 
As  the  breast-pieces  supporting  the  first  line  of  planks  must  remain  in  place. 
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tbe  ptanki  in  the  Mcood  >et  or  ouve  have  to  be  pUoed  inside  of  (be  bnast- 
pieces.  thus  redudnc  the  siie  nl  the  ucavation  by  the  atnauiil  of  the  nccctstn' 
oOaet.  Where  more  than  one  drive  19  requued  tbe  first  drive  should  be  stAitol 
at  a  lulEcient  distance  ouI»de  to  allow  the  pianlu  ioraiiiis  tbe  leoiad  01  the 

second  and  third  drives  to  be  placed  out^de  of  tbe  cequiied  area  lor  tbe  bot- 
tom of  the  excavation. 

Cuttini  and  Flttinf  Sheatiiis  Planka.  The  iheeting  plinlu  may  bt 
SQOAaE-EDCED  whcTe  there  is  no  water  or  fine  loose  sand,  but  where  water 
or  runoioE  sand  is  to  be  excluded  the  planks  should  be  tohgitbd  ano 
OKOOVED.  or  SPLINED.  The  use  o[  tongucd  and  Rrooved  planks  has  the 
ad^tional  advantage  that  the   planks  aie  more  readily  kept  in  line.     It  ii 


usual  to  cut  the  bottom  edge  of  each  plank  on  a  sliuht  angle,  so  [hat  in  driving 
it  is  WEDGED  against  the  pteceding  plank.  The  top  of  each  plank  may  be  5lled 
to  receive  an  iron  dkivinc-Caf;  01,  if  this  is  not  used,  the  upper  comers  of  the 
plank  should  be  cut  o9  so  that  the  etfect  of  the  blows  will  be  concentrated 
along  its  vertical  aiis.  and  the  tendency  of  tbe  plank  to  bfLU,  due  to  a  blow 
on  one  corner,  thus  diminished. 

The  Htatta  Employvd  far  Drlrlng  th*  Sh«etiag  vary  with  tbe  d^tta 
and  tbe  size  of  (he  sheeting.  For  small  jobs  and  for  modeiale  dt^ths  ol 
drive,  tbe  primitive  method  of  dbivihg  by  band  with  ringed  wooden  hauls 
■till  prevails.  For  work  involving  a  considerable  amount  of  driving,  and  in  ail 
cases  for  long  drives,  rOWEB-HAUUEas  driven  either  by  steam  or  compressed  air 
are  preferably  employed.  A  small-siied  power-hammer  (Fig.  35)  resembles  1 
•TEAH-Daiu.  and  may  be  handled  by  two  or  three  men  without  any  special  lilting- 
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appliances.  The  larger  sixes  of  power-bammera  (Figs.  36  and  37)  are  practically 
small,  power,  pfle-driving  hammers  arranged  with  a  special  drivino-head  to 
fit  the  sheeting  employed.  Such  hammers  are  handled  by  dekjucks  or  are 
carried  in  a  frame  similar  to  a  pile-driver  frame.  Ordinary  dkop-hahmers 
are  aom^mes  used,  but  are  not  as  advantageous  as  the  kecipkocating  power- 
HAMMEKS,  as  the  blow  struck  by  the  drop-hammer 
shatters  the  plank,  while  the  frequent  light  blows 
of  the  power-hammer  tend  to  keep  the  planks  and 
the  adjacent  material  in  motion  and  accomplish  the 
required  work  with  less  damage  to  the  sheet-piling. 
The  weights  and  dimensions  of  several  tjrpes  of  pile- 
drivixig  hammers  are  given  in  Table  XI,  page  204. 

Maimer  of  Driving  Sheeting  Piles.  In  prac- 
tice, a  shallow  excavation  is  first  made  to  the 
proper  line  for  the  outside  of  the  sheeting  planks. 
The  top  BREAST-TUCBER  Is  temporarily  secured  in 
place  and  the  lower  end  of  the  planks  placed  be- 
tween this  timber  and  the  bank.  If  the  planks 
are  long,  temporary  top  gthdes  or  stay-braces  are 
arranged  so  as  to  keep  the  planks  vertical  until 
they  have  been  driven  well  into  the  ground  and 
guided  by  the  permanent  breast-pieces.  The 
planits  are  then  driven  as  the  excavation  pro- 
gresses, each  plank  being  driven  a  few  inches  in 
turn.  As  the  driving  goes  on  the  material  under 
the  lower  edge  of  the  planks  is  loosened  with  a 
shovel  or  with  a  crowbar,  the  operation  being  so 
conducted  that  the  planks  are  held  true  to  line. 
The  horizontal  breast-timbers  and  their  braces  are 
placed  in  position  as  the  excavation  progresses. 
If  incfined  braces  are  to  be  used  the  excavation  in 
the  center  is  taken  out  first,  leaving  a  sloping  bank 
against  the  sides  of  the  excavation.  This  permits 
of  the  placing  of  the  inclined  braces  and  of  the 
heels  for  their  points  of  support  before  there  is  any 
danger  to  the  bank.  After  the  first  breast-piece 
and  its  inclined  brace  are  set  in  place,  the  second 
and  subsequent  breast-pieces  and  braces  are  put  in 
as  the  excavation  proceeds. 

Sheet-Piling  for  Bzcavations  Below  Water- 
Leyel.    These    excavations    may    be    made   by 

the  SBKET-pnjNG  METHOD  if  there  is  not  too  much  water  and  if  water  can 
be  drained  out  of  the  material  without  inducing  a  flow  of  sand  or  clay  below 
the  bottom  of  the  sheet-piling.  In  some  cases,  where  unfavorable  conditions 
exist,  but  where  there  is  an  underlying  stratum  of  impervious  material,  it  is 
possible  to  drive  the  sheeting  in  advance  of  the  excavation,  so  that  the  bottom 
of  the  sheeting  makes  a  tight  joint  with  the  impervious  stratum,  cutting  off  the 
flaw  of  water  and  material.  Where  a  considerable  amount  of  water  finds  its 
way  into  the  exeavatioiH  the  water  must  be  led  to  a  sump  or  depression  from 
which  it  b  ejected  by  means  of  a  pump  or  a  steam-syphon.  Where  the  founda- 
tion-bed b  below  water-level  and  the  material  b  sand,  clay,  or  other  material 
which  would  be  softened  by  the  action  of  the  water,  it  should  be  protected  by 
having  the  samp  at  a  consideiable  distance  f fom  the  area  to  be  used  for  tlie  sup- 


Fig.  37.  Laige-size  Poirer- 
hammer  for  Driving  Sheet- 
ing Flanks 
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Warrington  Steam  Pile-Hammers 
Manufactured  by  Vulcan  Iron  Works.  Chicago,  111. 
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Hvy  concrete  jnles 
18"  sq  or  rd  piles 
14"  sq  or  rd  piles 
10"  sq  or  rd  piles 
4"Xia"  sheeting 
3"X  12"  sheeting 


Cram  Steam  Pile-Hammers 
Manufactured  by  A.  F.  Bartlett  &  Co.,  Saginaw.  Mich. 
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Union  Pile- Hammers 
Manufactured  by  Union  Iron  Works,  Hoboken,  N.  J. 
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13 

6U 

14 
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15 
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iH 
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60 

20 

II 
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10 
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I 

20 
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I  400 
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47 

17 

9 

4M 

9 
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8 

100 

I 

17 

4^ 

6 
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40 

14 

8 

3V4 

7 
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5 

60 

h 

14 
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7 

36s 

70 

31 

10 

6 

2^ 

5 

300 

3 

40 

•^4 

10 

3H 

Hvy  concrete  piles  j 
18"  sq  or  rd  piles   | 
14"  sq  or  rd  piles 
10"  sq  or  rd  piles 
6"X  12"  sheeting 
4"X  12"  sheeting 
2"Xia"  sheeting 
i"X6"  sheeting 


Goubert  Steel-Pile  Driving-Hammer 
Manufactured  by  A.  A.  Goubert,  New  York,  N.  Y. 
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17 
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24 
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14 
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IH 

22 

6M 

I 
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4   8 
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10 
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18"  sq  or  rd  piles 
12"  sq  or  rd  piles 
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New  Monarch  Steam  Pile-Hammer 
Manufactured  by  Henry  J.  McCoy  Co.,  New  York,  N.  Y. 
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90 

24 

24 

9 
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35 
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2 
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20 

20 
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20 
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iH 

20 
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3 
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450 

54 

18 

18 

4^4 

7 
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IS 
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I 

18 

8J4 

4 

800 

125 

48 

14 

14 

3W 

6 

250 

ro 

65 

H 

.  .  .  • 

*  .  . 

18"  sq  or  rd  pil^ 

14"  sq  or  rd  piles 

6"X  12"  sheeting 

3^'X  12^^  sheeting 


McKieman-Terry  Pile- Hammers 
Manufactured  by  McKicrnan-Terry  Drill  Co..  New  York.  N.  Y. 
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7500JISOO 
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21 
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35 
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iH 

21 

6H 
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7 
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20 
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lU 

II 
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S4  9 
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15 
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I 

9 

3H 
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10 
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H 

8 
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18*'  sq  or  rd  piles 
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2"X  10^' sheeting 


Ingersoll-Rand  Sheet  Pile- Driver 
Manufactured  by  Ingersoll-Rand  Co.,  New  York,  N.  Y. 
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port  of  the  footing.  This  may  be  accomplished  by  making  the  area  to  be  sheeted 
and  excavated  large  enough  to  accommodatp  the  sump  outside  of  the  support- 
ing area,  or  by  sinking  a  separate  excavation  to  be  used  exclusively  as  a  sump; 
or  the  same  result  may  in  some  cases  be  accomplished  by  the  use  of  drivE' 
\AELLS»  driven  to  a  point  below  the  level  of  the  footing  in  which  continued 
pumping  may  reduce  the  level  of  the  water  to  a  point  below  the  footing.  Care 
also  should  be  taken,  when  the  level  for  the  footing  is  reached,  to  prevent  the 
foundation-bed  from  being  distm^bed  and  softened  hy  vonecessaiy  tramping 
of  worknnen  over  the  surface  of  the  excavation. 

The  foundation-bed  should  be  kit  as  netaiy  as  possible  in  its  original  or 
natural  condition. 

Steel  Sheetiiig  has  been  largely  employed  recently  in  place  of  wooden  sheet- 
ing. It  has  the  advantage  that  it  can  be  driven  in  advance  of  the  excavation, 
thenri)y  reducing  the  hkeKfaood  of  any  flow  of  material  under  the  sheeting.  It 
also  has  the  advantages  of  affording  greats  strength  for  a  given  thickness  of 
sheeting,  of  being  driven  to  a  geeatsr  dspth.  and  in  many  cases  of  being  with- 
drawn and  used  over  again.  As  generally  manufactured,  it  has  the  further 
alvantage  of  bdng interlocking,  so  that  there  is  less  danger  of  its  getting  out 
of  line  ai.d  leaving  openings  between  adjacent  pieces. 

'All  of  these  advantages  have  been  considered  by  eagineers  in  usmg  steel 
instead  of  wooden  sheeting* 

The  Use  of  8ted  Sheeting.  The  fundamental  idea  of  steel  .sheeting  is  not 
new,  as  CAST-noM  6iiE£T>yj]jNG  was  used  in  Eogknd  as  far  back  as  1822  and 
various  combinations  of  steel  plates  have  been  used  in  coffer-dams.  The  general 
use  of  steel  sheeting  started  in  this  country  in  1899  when  Luther  P.  Friestedt 
drove  experimental  interlocking  channel-bar  sections.  Since  that  time  it 
has  come  into  general  use,  and  with  its  aid  many  excavations  have  been  made 
with  STEEL  sheet-piung  which  would  have  been  impracticable  with  timber 
sheeting. 

Earth-Pressure  on  Sfeel  Sheeting.  In  using  sxeel  sqeetino,  it  should 
l)e  borne  in  mind  that  the  earth-pressure  coming  on  the  steel  sheeting  is  the 
same  as  the  earth-pressure  coming  oh  timber  sheeting,  and  the  breast-pieces 
and  braces  should  be  as  strong  as  in  the  case  of  timber  sheeting.  Certain  forms 
or  sections  of  steel  sheeting  offer  considerable  resistance  to  bending  due  to  the 
lateral  earth-pressure.  With  such  forms  the  horizontal  breast-pieces  may  be 
spaced  farther  apart  than  with  ordinary  timber  sheeting  or  steel  sheeting  not 
having  this  property;  but  the  strength  of  the  breast-pieces  and  of  their  braces 
must  be  sufficient  to  take  up  the  entire  load  coming  on  the  sheeting,  irrespective 
of  the  spacing  between  such  breast-pieces,  for  in  case  there  is  a  failure  in  these 
the  entire  sheeting  will  fail. 

Different  Forms  of  Steel  Sheeting.  Various  types  of  steel  sheetino 
are  on  the  market.  In  making  a  selection  between  different  forms  of  sh^ting, 
the  character  of  the  material  to  be  encountered  should  be  borne  in  mind,  as  the 
simpler,  more  compact  sections  wHl  penetrate  hard  or  gravelly  soils  with  less 
danger  of  deformation  than  the  more  complicated  sections  made  up  of  thin 
plates  and  shapes.  The  various  companies  manufacturing  different  forms  of 
sheet-piling  publish  catalogues  containing  data  as  to  the  weight  and  also  giving 
the  properties  of  the  different  sections.  These  catalogues  may  be  obtained  from 
the  nnanufacturers,  but  for  convenience  illustrations  of  some  of  the  principal 
sections,  with  their  dimensions  and  weights  and  other  details,  are  given  in  the 
ioilowing  pages. 

There  are  other  types  of  steel  sheeting  than  those  shown  hi  Figs.  38  to  44. 
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Fig.  38.    Lackawanna  Steel  Sheet-piling 


Lackawaana  Steel  Sbeet-POing  * 

Composition  and  Dimensions  of  Sections 


Sections 

Per  linear  foot, 
lb 

Per  sqxiare  foot, 
lb 

Straight-web.  \i  in  thick 

12.54 

37.187 

42.5 

40.83 

60 

21.5 
3S 
40 
35 

Straight-web.  H  in  thick 

Straight-web.  H  in  thick 

Arched-web.  X4  in  long 

Arched-web.  is  in  long 

48 

This  piling  is  adapted  to  straight  or  circular  work. 

*  Manufactured  by  the  LackawMina  Steel  Company. 
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Fig.  39.    United  States  Steel  Sheet-pfling 

United  SUtM  Stoel  Sheet-Filific  * 
Composition  and  Dimeouoiis  of  SecUcms 


Size 

Web 

in 

b 
in 

h/2 
in 

xaHin.  j8Ib 

H 
H 

9 

I3M 
9H 

9  in,  i6  lb 

This  piling  is  adapted  to  straight  or  circular  work. 

*  Manufactured  by  the  Carnegie  Steel  Company. 


Fig.  40.    Fricstcdt  Tntcfiorking  Channd-tMi  Jfling. 


Friestedt  lateiloddng  Channel-Bar  POing  * 

Composition  and  Dimensions  of  Sections 


I 

Channels 

Zees 

1 

No. 

Description 

*/a. 
in 

t 

In 

Lbs  per  ft 

In 

Lbs  per  ft 

{  — 

■ 
t 

t 

lo  in.  a8  lb 

10 

15 

3WXM 

4.8 

9 

2 

lo  in.  34  lb 

10 

ao 

3WXH 

4.8 

9 

3 

la  in.  34  lb 

la 

ao.5 

3HXH 

8.6 

10^4 

4 

za  in,  39  lb 

xa 

as 

3HXH 

8.6 

loli 

s 

15  in.  39  lb 

15 

33 

4JiXH 

9.a 

X3Vi 

6 

15  in,  45  lb 

15 

•40 

4HXH 

9.a 

izH 

*  Manofactured  by  the  Carnegie  Steel  Company* 
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Fig.  41.    Standard  Sheet-piliag 

Standard  Sheet-Pilinc  * 
Composition  and  Dimensions  of  Sections 


Size. 

• 

Weight  per 

No. 

square  foot. 

A 

B 

C 

D 

in 

lb 

z 

MXS 

35. 0 

12 

3-94 

5 

0.34 

2 

laxs 

36.  as 

12 

3.97 

5 

0.37 

3 

1SX6 

37.20 

IS 

4.75 

6 

0.37 

4 

ISX6 

39. 75 

IS 

4.81 

6 

0.44 

5 

ISX6 

42.25 

15 

4.87 

6 

0.50 

An  interlocking  bar  it  wedged  to  each  beam  at  the  mill  and  the  two  pieces  are  driven 
as  a  unit. 

*  Manufactured  by  the  Jones  &  Laughlin  Steel  Company. 


Fig.  42.    Spring-Lock  Sheet-piling 

Spring-Lock  Sheet-Pilinc* 
Composition  and  Dimensions  of  Sections 


Distance.  A , 

isU  in 

I9V4  in 

23f4in 

^U'in  plate.weight  per  square  foot,  in  pounds . 
H-in  plate,  weight  per  square  foot,  in  pounds. . 

17 
20 

17 

13W 
16 

Plates  may  be  obtained  curved  to  any  radius  for  circtUar  work. 
*  Manufactured  by  the  Mitchell-Tappen  Company. 


f 


1 
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Fig.  43.    Slip-joint  Sheet-piling 


Slip- Joint  Steel  Sheet-Piling  * 

Composition  and  Dimensions  of  Sections 

Distance.  A 

6  in 

9  in 

12  in 

15  in 

No.  14-gauge.  weight  per  square  foot,  in  pounds. 
No.  l6-gauge,  weight  per  square  foot,  in  pounds. 

5.4 
4  3 

5.8 
4.0 

5.7 
3.9 

5.6 

*  Manufafftttted  by  the  Mitcheli^Tappen  Company. 
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Fig.  U.    Wemliager  Sted  Sheet-pOing 

Wwnlisfsr  Slad  Shaet-Piling  * 
GimpositioD  and  Dimeuioas  of  Sections 


No 

Depth  of  cQrragatio& 

Thickness 

Width,  center  to  center  of  lap 

Weight  per  sqtxare  foot  in  pounds 


3 
12 

5 


2 

12 
75 


2 

H 

12 

8.S 


2H 

la* 

12 

8 


H 

12 

9  5 


3H 
H2 
12 

II. s 


2H 

Me 

12 

13. S 


8 


4 

M» 
l8 

IS 


4 

H 

l8 
19 


lo 


4 

Me 
i8 

23  S 


J 


The  dimensions  given  are  in  inches. 

*  Manufactured  by  the  Wemlinger  Steel  Piling  Company. 

The  PoHag-Board  or  Chictgo  Method  is  a  spedal  method  of  excavation 
in  genend  use  in  Chicago  and  in  occasional  use  elsewhere  for  excavations  which 
^  to  a  great  depth  in  day  or  in  other  suitable  material.  It  has  the  advan- 
tage over  the  ordinary  sheet-piling  method  that  the  lining  of  the  excavation  is 
not  driven.  The  method  is  not  generally  used  for  trenches  or  for  square  ex> 
ca\'atioiis  as  a  drcuUur  excavation  is  more  readily  handled.  The  success  of  the 
method  depends  entirely  upon  the  character  of  the  material  to  be  encountered, 
as  the  excavation  is  fiitst  made  and  the  sides  of  the  excavation  afterwards 
supported.  The  method  in  detail  for  a  circular  excavation  for  a  pier-foun- 
dation may  be  described  as  follows: 

(t)  A  circular  excavation  slightly  in  excess  of  the  size  required  for  the  pier 
is  carried  down  to  a  depth  of  5  ft,  great  care  being  takea  to  have  the  sides  of 
the  excavation  vertical  and  true  to  the  cirde. 

(2)  Vertical  planks  called  laggino^pveces,  5  ft  in  length  and  slightly  beveled 
on  their  edges  so  that  each  piece  may  be  considered  as  a  stave  with  radial  joints 
oorrespoodiiig  to  the  siae  of  the  required  drde,  are  set  in  place  against  the  walls 
oi  the  excavatioit.  These  planks  are  held  in  place  by  two  or  more  steel  rings, 
generally  made  in  quadrants,  so  that  they  may  be  conveniently  handled  and 
tioltcd  together.  The  pfauiks  are  wedged  firmly  against  the  walls  of  the  excava- 
tion by  means  of  wooden  wedges  driven  between  the  planks  and  the  icon  rings. 

(3)  As  soon  as  the  first  set  of  lagging  is  complete,  the  excavation  is  carried 
down  for  another  section,  5  ft  in  depth,  and  another  section  of  lagging  is  put  in 
place  and  secured  in  the  same  manner. 

DspA  mad  Chaniotir  of  Bxamalfons  hi  the  PoHng^Board  Method.  In  the 
manner  described  above  the  excavation  may  be  carried  down  for  an  indefinite 
distance^  a  depth  of  100  ft  having  frequently  been  attained.  In  many  cases 
the  bottom  of  the  excavation  is  vkllbd  ovt  to  a  larger  diameter  than  the  ex- 
cavation for  the  main  shaft  of  the  pier  with  the  object  of  redudng  the  k»d  of 
the  foundatk>n-bed  to  a  unit  load  less  than  the  safe  unit  VmA  on  the  main  shaft  of 
the  pier.  This  method  is  not  adapted  for  running  sand  nor  for  clay  that  is  not 
solid  enough  to  stand  with  vertical  sides  during  the  necessary  interval  between 
making  the  excavation  and  pladng  the  lagging.  In  some  cases  where  a  stratum 
of  quicksand  hat  been  encountered,  the  excavation  has  been  carried  past  it 
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by  the  use  of  a  cylindrical  shell  of  steel,  forced  by  jacks  through  it  to  an  under- 
lying impervious  layer  of  clay;  but  in  general  this  method  is  dependent  for  its 
success  upon  a  continuous  body  of  impervious  material. 

The  Open-Caissoa  Method  or  Well-Curb  Method  is  used  for  luers  to  be 
carried  to  a  considerable  depth,  and  has  advantages  over  the  sheet-piling  method 
in  certain  materials.  It  is  a  devdopment  of  the  old  method  used  in  sinking 
masonry  wells  and,  in  its  modem  form,  consists  of  a  structure  which  eventually 
forms  part  of  the  pier  itself  and  which  is  arranged  with  an  open  chamber  at  its 
base  in  which  men  may  excavate  the  material  under  the  structure  and  allow  it 
to  settle  as  the  excavation  proceeds.  It  is  evident  that  a  central  opening  or 
shaft  must  be  left  in  the  structure  to  permit  of  the  passage  of  men  and  material. 

Details  of  the  Open-Caisaon  Method.  In  detail,  the  method  may  be  described 
as  follows:  First  a  curb  or  cuthng-edge  of  timber  or  steel,  following  the  out- 
line of  the  {uer,  is  constructed  on  the  surface  of  the  ground.  The  outer  face 
of  this  curb  is  generally  vertical  and  is  protected  with  a  steel  plate  which  ex- 
tends below  the  main  section  of  the  curb,  so  as  to  form  a  cutting-edge  or  sharp 
downward  projection  serving  to  penetrate  the  soil  slightly  in  advance  of  the 
excavation.  On  this  curb  a  wall  of  timber,  concrete,  or  masonry  is  constructed, 
inside  of  which  the  so-called  working-chamber  affords  room  for  the  workmen 
to  be  employed  in  excavating.  Above  the  working-chamber  the  walls  may  con- 
tinue to  a  height  corresponding  to  the  required  height  of  the  pier,  leaving  the 
central  space  to  be  filled  in  after  the  required  depth  is  reached;  or  a  roof  may 
be  built  over  the  working-chamber  and  the  entire  cross-section  of  the  pier  filled 
with  concrete  or  masonry  excepting  only  a  small  central  opening  large  enou^  to 
accommodate  a  hoisting-tub  or  bucket  and  to  permit  of  the  ingress  and  egress 
of  the  men  employed  in  sinking  the  construction.  In  practice,  the  excavation 
is  started  before  the  pier-structure  is  carried  up  to  its  final  height,  after  wluch 
the  excavation  and  the  building  up  of  the  pier  progresses  simultaneously,  the 
constantly  increasing  weight  of  the  structure  aiding  the  sinking  of  the  pier. 
When  the  excavation  has  reached  rock  or  a  firm  substratum,  further  excava- 
tion is  stopped  and  the  working-chamber  and  the  central  opening  are  packed 
full  of  concrete,  leaving  finally  a  complete  pier-structure  extending  from  the 
rock  to  the  proper  level  to  receive  the  steel  grillage  or  other  construction  com- 
ing on  the  pier. 

Advantages  of  the  Open-Ceiason  Method.  This  method  of  construction  has 
the  advantages  that  the  workmen  at  all  times  are  protected,  that  obstructions. 
such  as  boulders  or  logs,  may  be  removed  from  under  the  cutting-edge,  and 
that  when  rock  is  encountered,  ample  opportunity  is  afforded  for  the  proper 
preparation  of  the  rock-surface  to  receive  the  final  concrete  filling.  If  a  moderate 
amount  of  water  is  encountered,  not  accompanied  by  a  flow  of  material,  it  can 
generally  be  taken  care  of  by  means  of  pumps. 

Dredged  Welle  are  similar  to  the  open  caissons  described  in  the  previous 
paragraphs  and  are  Used  where  large  quantities  of  water  are  encountered.  The 
construction  of  the  piers  is  similar  to  that  of  the  piers  used  in  the  open-caisaoo 
method;  but  the  central  shaft  and  working-chamber  are  designed  to  permit 
of  the  use  of  a  clam-shell  dredge  or  other  form  of  dredge,  and  the  water  is 
allowed  to  rise  to  its  natural  level  in  the  working-chamber  and  shaft.  Thb 
method  can  be  used  to  advantage  when  a  considerable  amount  of  water-bearing 
sand  or  other  material  is  found  overlying  level  rock  or  other  firm  foundation- 
bed.  When  the  dredging  and  the  sinking  of  the  pier-structure  have  been  carried 
down  to  the  hard  underlying  strata  it  is  sometimes  possible  to  pmmp  out  the 
water.  If  this  is  not  practicable  the  bottom  may  be  prepared  by  divers  for  the 
reception  of  the  concrete  filling,  and  the  concrete  may  be  deposited  through  water, 
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care  hang  taken  to  use  some  special  anangement  to  protect  the  concrete  from 
being  injand  by  Iosb  of  its  cement-content,  in  the  process  of  deposition. 

The  WeO-Digger'a  Method  is  also  occasionally  used  in  making  pit-excava- 
tions under  walb  or  in  cramped  locations.  By  this  method  the  sides  of  the 
excavation  are  supported  by  planks  placed  horizontally.  The  method  of  plac- 
ing the  planks  is  as  follows:  A  shallow  excavation,  the  depth  of  a  plank, 
h  made  by  ordinary  methods,  and  a  set,  consisting  of  four  planks  fitting  the 
four  sides  of  the  excavation,  is  secured  in  place.  Before  proceeding  with  the 
general  excavation  of  the  pit  a  trench  is  dug  directly  alongside  and  underneath 
one  of  the  side  planks  of  the  fikst  set.  As  soon  as  this  trench  is  deep  enough  to 
accommodate  the  planks  for  the  second  set,  the  side  of  the  trench  under  the 
plank  already  in  pbioe  is  cut  to  a  vertical  face,  the  plank  placed  in  position  and 
the  loose  earth  temporarily  back-filled  against  it.  As  soon  as  the  four  planks 
forming  the  second  set  have  been  put  in  place  by  this  method,  the  two  side 
planks  are  wedged  against  the  bank,  the  end-planks  being  used  as  struts.  The 
end-planks  are  wedged  into  position  and  nailed  or  cleated  to  the  side  planks 
forming  a  PEESStTRE-aESxsTiNG  mAiiE  supporting  the  side  of  the  excavation. 
A  continuation  of  this  method  enables  the  excavation  to  be  carried  on  indef- 
nitdy.  provided  there  is  no  flow  of  water  or  run  of  material  causing  an  inflow 
of  material  into  the  excavation. 

The  Pneumatic-Caisaon  Method.  Where  piers  or  foundation  walls  have 
to  be  carried  to  a  con^derable  depth  through  water-bearing  materials,  and  espe- 
cially where  large  bodies  of  quicksand  are  encountered,  the  pneuicatic-caisson 
METHOD  must  be  resorted  to.  This  method  is  based  upon  the  principle  of  a 
DivTNG-BEix  and  may  be  briefly  described  as  follows:  The  construction  of  the 
pier  is  similar  to  the  piers  previously  described  as  used  in  the  open-caisson  and 
dredged-well  construction,  except  that  the  working-chamber  and  shaft  are  made 
air-tight  and  connected  with  a  device  called  an  air-lock,  so  that  compressed  air 
may  be  introduced  into  the  working-chamber.  The  object  of  the  compressed 
air  is  to  pfev^t  water  entering  into  the  woridng-chamber.  This  b  accomplished 
in  accordance  with  the  well-known  principle  op  ire  diving-bell  by  having 
the  compressed  air  constantly  kept  at  a  pressure  which  will  counterbalance  the 
water-pressure  at  the  level  of  the  cutting-edge  of  the  working-chamber.  The 
pressure  of  the  air  evidently  must  vary  with  the  depth  of  the  cutting-edge  below 
water-level.  A  column  of  water  i  in  square  in  cross-section  weighs  .43  H  lb  per 
vertical  ft,  and  it  will  therefore  be  counterbalanced  by  an  air-pressure  of  .43  Vi 
lb  per  sq  in  over  the  normal  air-pressure.  If  the  column  of  water-  is  30  ft  in 
height,  it  will  weigh  thirty  times  .43  H  lb,  or  will  be  counterbalanced  by  an  air- 
pressure  of  13  lb  per  sq  in  above  the  atmospheric  pressure. 

The  ^^•*«— — «  Air-Praatofe  kt  the  AMUflMtic  CaiHoa  in  which  men  can  work 
for  short  periods  is  about  43  lb  per  sq  in  above  atmospheric  pressure,  correspond- 
ing to  a  depth  bebw  water-level  of  about  100  ft.  At  this  depth  the  work  is 
carried  on  in  shifts  of  from  two  to  three  hours  duration,  and  great  care  must 
be  ezerdaed  in  coining  out  of  the  air-pressure.  The  physiological  effects  of 
compressed  air  are  often  serious;  pains  in  the  joints,  damage  to  the  ear-drums 
resulting  in  deafness,  and  the  sonalled  caisson-disbase  render  work  at  high 
pressure  extremely  hasardous. 

The  Ah-Lock  Used  in  Cenaertton  irith  the  Pneomatie  Caisson  is  a  device  for 
the  purpose  of  retaining  the  air  in  the  caisson  and  at  the  same  time  permitting 
the  passage  of  men  and  material  in  and  out.  It  consists  essentially  of  a  metallic 
AiR-TiGBT  chamber  or  8HELX.  Connected  to  the  working-chamber  either  directly 
or  to  an  air-ti^t  lining  or  extension  of  the  central  shaft-opening.  This  air- 
chamber  has  two  dpon»  out  at  the  bottom*  opening  downward  into  the  shaft 
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and  the  other  in  the  upper  head  of  the  air-lock  chamber,  aho  opening  dowii- 
wazd  and  affording  a  direct  connection  to  the  open  air.  In  the  operation  of  aa 
air-lock  one  of  these  two  doors  must  at  all  times  be  closed  bo  as  to  prerent  the 
free  escape  of  air  through  the  air-lock.  If  the  bottom  door  is  cloeed,  it  will  be  ^ 
held  firmly  to  its  seat  by  the  uplift  of  the  compressed  air  in  the  shaft,  which  is 
at  all  times  in  direct  communication  with  the  working'Chamber.  If,  under  these 
conditions,  the  upper  door  is  open,  the  interior  of  the  air-lock  will  be  in  direct 
communication  with  the  open  air  and  the  air  contained  in  the  lock  will  evidently 
be  at  atmospheric  pressure.  Workmen  and  materials  may  then  enter  the  air- 
lock. In  order  to  pass  into  the  shaft  and  working-chamber,  it  is  necessary, 
first,  to  close  the  upper  door,  and  secondly,  to  shift  the  so-called  equalizing 
VALVE  and  admit  compressed  air  into  the  space  between  the  two  doors,  until 
the  air-pressure  is  brought  up  to  the  air-pressure  in  the  working-chamber  and 
shaft.  Pressure  on  the  upper  side  of  the  lower  door  will  then  equal  the  piessuie 
on  the  lower  side  and  the  lower  door  may  be  opened,  the  upper  door  being  firmly 
held  against  its  seat  by  the  compressed  air  in  the  air-lock.  As  soon  as  the  lower 
door  opens,  the  men  and  material  may  be  passed  into  the  shaft  and  working- 
chamber.  In  coming  out  the  operations  are  reversed;  men  and  material  enter 
the  air-lock  through  the  open  lower  door,  the  lower  door  is  closed  and  held  tightly 
against  its  seat,  and  the  equalizing  valve  is  shifted,  affording  a  connection  be- 
tween the  interior  of  the  air-lock  and  the  external  air.  The  compressed  air 
escapes  through  the  equalizing  valve,  reducing  the  pressure  in  the  air-lock  to 
atmospheric  pressure,  and  the  upper  door  has  atmospheric  pressure  on  both 
sides  of  it.    It  may  then  be  ox>ened,  giving  free  connection  with  the  outside  air. 

The  Design  of  Pnenaatic  Caieaoasi  The  first  consideration  is,  of  course,  to 
have  the  final  structure  a  permanent  and  sufficient  pier  to  carry  the  load  to  be 
imposed  upon  it.  To  this  end  the  cross-section  of  the  pier  at  all  points  from  top 
to  bottom  shoiild  be  capable  of  cariying  safely  the  maximum  load.  As  the 
cross-section  of  the  pier  is  generally,  in  the  finished  pier,  composed  of  solid  con- 
crete, the  cross-section  will  be  determined  by  the  allowable  load  on  the  concrete. 
For  piers  the  cross-section  will  generally  be  square  or  circular;  for  walls  the 
caisson  will  generally  be  not  less  than  6  ft  in  width,  as  it  is  difficult  to  sink 
caissons  bavbg  a  width  less  than  6  ft.  If  the  caisson  is  to  be  carried  to  solid 
rock,  the  bearing  on  the  rock  need  be  no  larger  than  the  cross-section  of  the 
concrete  pier;  but  if  the  excavation  does  not  go  to  rock,  it  is  frequently  dc^r- 
able  to  BELL  OUT  the  base  of  the  pier  so  as  to  reduce  the  loading  on  the  found.!- 
tion  bed  to  a  unit  load  less  than  that  allowable  on  concrete.  The  operation  ol 
BELUNO  OCT  is  difficult  in  some  materials;  in  a  compact  material  it  can  be  gen- 
erally accomplished  without  serious  difficulty. 

Pien  Sank  by  the  Pnenmatio-CaiHoii  Method  may  be  constructed  of  vajions 
combinations  of  materials.  The  side  walls  and  roof  of  the  working-chambtf 
were  formerly  frequently  constructed  of  timber.  In  many  cases  they  are  now 
formed  of  steel;  but  in  recent  designs  the  working-chamber  is  generally  formed 
of  reinforced  concrete,  the  only  structural  steel  used  being  an  angle  or  a  plate 
and  angle  composing  the  cutting-edge.  The  outside  of  the  caisson  is  preferably 
made  vertical.  The  superimposed  pier  is  generally  of  the  same  size  as  the  work* 
ing-chamber,  at  least  it  is  generally  so  in  piers  sunk  for  buildings* 

A  Typical  Dealgn  for  a  OaisMO  BwBt  ef  Seiaforead  Canerete  is  given  ia  Fig.  45, 
in  which  AB  h  the  angle-iron  and  plate  forming  the  so-called  cuTnNo-Eix;e 
and  C  b  the  woaKiNGK^BAMBER  formed  by  the  side  walls  DE  and  DE  aoU  by 
the  roof  EE.  The  concrete  side  walls  are  reinforced  with  steel  rods  attached  to 
the  cutting-edge,  and  extending  upward  into  the  body  of  the  pier,  and  the  roof 
and  body  of  the  pier  are  rdnforced  to  take  care  of  stresses  due  to  oonstruc* 
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tion  and  ankiiis.  In  building  up  the  working-chamber,  the  intukmi  IOBMS  are 
anuged  so  as  to  sappott  the  concrete  which  makes  the  roof.  These  are  sub- 
sequently removed.  The  exterior  fonns  may  constitute  a  permanent  part  of  the 
sciucture,  m  which  case  they  are  called  a  corYES-DAM,  or  they  ouiy  be  removed 
as  soon  as  the  concrete  has  sufficiently  set  At  the  center  of  the  pier  an  open- 
log  is  left  to  serve  as  the 
SHAiT  or  opening  connecting 
the  working-chamber  with  the 
iui-LOCiL.  Tbe  sides  of  this 
<ipeaing  or  of  the  upper  part 
U  it,  ooiy,  are  lined  with  an 

AU-nCBT    STEEL    SBSUL     To 

tbe  upper  end  of  the  steel 
ihfell  tbe  air-lock  is  connected. 
If  tbe  height  of  the  pier  does 
not  exceed  40  ft  the  construc- 
tiixi  of  it  may  be  completed 
before  the  excavation  is  com- 
menced. Generally,  however^ 
tbe  construction  of  the  pier  is 
rtopped  as  soon  as  tbe  work- 
i:;g-chamber  and  from  5  to  10 
It  of  the  superimposed  pier 
has  been  constructed;  then 
sufficient  excavation  is  done, 
without  the  use  of  compressed 
iir.  to  carry  the  cutting-edgo 
duwn  to  water-level.    This  is 

cJled   DITCHING   THE    CAISSON 

and  L<  done  so  that  tbe  caisson 
vill  have  some  slight  lateral 
support  from  the  soil  before 
tbe  construction  is  carried  up 
high  enough  to  make  it  top- 
heavy.  When  the  entire  pier 
or  the  first  section  is  finished, 
excavation  is  resumed  and  the 
whcJe  structure  is  sunk  as  the 
excavation  progresses,  care  be-  pjg. 
ing  taken  to  remove  any 
r>b«truction  from  beneath  the 

cutting-edge.  During  the  progress  of  sinking  compressed  air  is  conducted  to 
the  working-chamber  through  the  sttpply-pipe  G,  the  excavated  material  being 
hoi'ited  through  the  shaft  P.  The  shaft  F  is  fitted  with  a  ladder  for  the  use 
of  the  workmen. 

I>etBils  of  Caisson-Sinking  and  Filliiig.  In  »nking  the  caisson  and  super- 
imposed pier,  care  must  be  taken  to  maintain  it  in  a  vertical  position.  This 
end  may  be  accomplished  in  large  caissons  by  means  of  the  excavation  itself. 
In  case  one  side  of  the  caisson  is  high  the  excavation  on  that  side  will  be  carried 
somewhat  in  advance  of  the  excavation  on  the  low  side,  and  the  material  under 
tbe  cutting-edge  of  the  high  side  will  be  removed  while  a  bank  of  material  is 
kept  under  the  cutting-edge  of  the  low  side.  These  methods,  however,  are  of 
fittle  avail  when  the  caisson  is  narrow.  In  such  cases  that  part  of  the  caisson 
wfaidi  Is  above  ground  is  hdd  In  position  by  ottides  or  other  devices:  bm  ^ 


Typical 


Form    of 
Caisson 


Reinf creed-concrete 
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frequently  happens  that  the  caisson  in  its  final  condition  is  considerably  out  of 
{ts  correct  location  and  considerably  out  of  plumb.  In  general,  therefore,  tbe 
size  of  tbe  caisson  should  be  made  larger  than  the  minimum  sise  necessary,  in 
order  to  allow  for  errors  in  its  final  location.  When  the  caisson  has  reached  tbe 
required  depth  tbe  foundation-bed  is  prepared  for  the  reception  of  the  concrete 
filling  and  the  working-chamber  filled  with  it,  care  being  taken  that  it  completely 
fills  all  voids  and  is  in  perfect  contact  with  the  roof.  Finally,  the  air-kxrk  and 
the  sted  lining  of  the  shaft  are  removed  and  the  shaft-opening  filled  with  con> 
Crete  to  the  proper  level  to  receive  the  grillage  or  other  construction  forming 
the  base  of  the  column  which  is  to  rest  on  the  caisson. 

The  Height  of  Caisaon-Piers.  The  height  of  a  pier  cannot  be  exactly 
fixed  until  it  is  known  to  what  depth  the  caisson  must  sink  in  order  to  reach 
the  foundation-bed.  If  the  rock  is  found  at  a  greater  depth  than  anticipated, 
additional  height  is  added  to  the  top  of  the  pier  after  the  caisson  is  in  its  final 
position;  but  if,  on  the  other  hand,  the  rock  is  found  unexpectedly  high,  the 
top  of  the  pier  will  have  to  be  cut  off.  If  the  finished  elevation  of  the  pier  is  to 
be  below  the  level  of  the  general  excavation,  it  is  usual  to  extend  the  exterior 
surface  of  the  pier  to  the  required  height  by  means  of  a  temporary  chamber- 
structure  called  a  coffer-dam.  the  height  of  which  corresponds  to  the  depth  of 
the  finished  surface  below  the  level  of  the  general  excavation.  Inside  of  this 
coFFER-DAii  some  STEEL  GRILLAGES  may  Conveniently  be  set. 

The  Freezing  Process  for  Ezcayations.  This  method  has  sometimes 
been  employed  in  making  excavations.  In  this  country  its  use  has  been  limited 
to  one  or  two  mining-shafts,  but  in  Germany  it  has  been  resorted  to  in  making 
excavations  for  building-foundations.  The  method  consists  in  driving  sted 
pipes  into  the  ground.  These  pipes  are  closed  at  the  bottom  and  at  the  t<^ 
are  connected  to  smaller  pipes  through  which  brine,  at  an  extremely  low  tem- 
perature, is  made  to  circulate.  The  refrigerating  effect  results  in  freezing  the 
water  contained  in  the  soil,  converting  quicksand  to  a  frozen  mass  resembling 
soft  sandstone.  When  the  freezing  has  progressed  sufficiently  to  form  a  solid 
wall  or  coffer-dam  around  the  excavation,  the  material  inside  the  frozen  wall 
may  be  excavated.  This  method  has  the  advantage,  theoretically,  of  being 
applicable  to  excavations  of  any  depth.  There  are  many  precautions  necessary, 
and  for  the  present,  at  any  rate,  it  should  only  be  considered  as  a  possibility. 

SI.  Protection  of  Adjoining  Structures 

General  Considerations.  The  coickon  law  provides  that  any  person  mak- 
ing an  excavation  is  responsible  for  resulting  damage  to  adjoining  property. 
Statute  laws  as  embodied  in  the  building  codes  of  different  cities  may  modify 
or  limit  this  responsibility,  but  in  general,  excavations  should  be  made  in  such 
a  manner  as  to  cause  the  least  possible  damage  to  surrounding  property.  Where 
there  are  no  adjoining  structures  it  is  generally  suffident  to  slope  the  sides  of  the 
excavation  so  as  to  prevent  the  sliding  of  material  into  the  excavation,  or,  at 
least,  to  sheet-pile  and  brace  the  sides  of  the  excavation;  but  where  the  excava- 
tion is  to  be  made  alongside  of  an  existing  structure,  and  carried  bdov  the 
footings  of  such  structure,  it  is  necessary  to  take  spedal  measures  for  its  ptx>tec- 
tion.  Such  work  is  described  as  shoring,  underpinning  and  protecto^g  ao- 
joiNiNO  STRUCTURES,  and  may  involve  the  carrying  of  the  weight  of  part  or  all 
of  the  buildings  on  temporary  supports,  the  removal  of  the  oldi  footings  and 
the  construction  of  new  footings  at  lower  devations. 

Shoring.  When  the  excavation  for  the  new  building  does  not  go  much 
bdow  the  adjoining  footings  and  when  the  material  is  fairly  solid,  it  may  suffice 
to  transfer  a  portion  of  the  load  of  the  wall  to  temporary  footings.    Thb  may  be 
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icrotnplidted  by  means  of  heavy  inclined  posts  called  shobes,  arranged  to  act 
IS  iKcuneD  cotmMS  or  btiitts.  Each  Shose  con&iiu  of  a  posi,  tbe  lower 
nxl  of  which  nsu  on  a  PLAifORM,  geneially  consisting  ol  planks  and  timbers 
■rranKcd  so  as  to  form  a  ttniporaiy  iprwl  footing.  This  platiorm  should  be 
placed  at  a  depth  vhidi  will  insure  that  subsequent  operations  will  not  under- 
mirw  it-  The  upper  end  ol  tbe  post  fits  into  a  hole  or  nicbe  cut  into  the  wall 
tu  be  supported.  The  post  itself  may  be  a  timber  with  a  square  cross-section, 
usually  II  by  ii  in,  and  of  (he  required  length.  Provbion  is  made,  between  tbe 
[datfonn  and  the  lower  end  of  the  post,  for  WEOOES  or  jacks,  so  [bat  when 
cprrated  their  lifting  eSect  transfers  part  of  the  weight  ol  the  wsll  from  its 
fuDtioK  to  the  temporary  foundation  or  ptatlorm.  During  this  operation  all 
parts  of  tbe  temporary  structure  are  in  compression  and  brought  into  bearing, 
and  tbe  material  under  the  platform  is  compressed  and  solidi&ed  as  much  as 


Kind*  of  ShoTM.  It  the  SBOBE  is  to  act  preferably  for  ttrriHa  only,  it  is 
kcTit  as  nearly  vertical  as  possible  and  is  known  as  a  urnHc  sHoac.  If  it  is 
to  act  preferably  lo  comtrine  a  boriiontal  fuSbing  action  with  the  lifting 
action,  it  is  placed  at  a  con^erable  angle  from  the  vertical  and  is  then  known 
ai  a  PUSHING  SBOKE  OT  SIEADYINO  SBOKE.  In  arranging  such  shores  ore 
should  be  taken  to  have  tbe  nkhe  cut  close  to  a  floor-level  of  the  building  to  b« 
shored,  as  otherwise  tbe  boriiontal  component  ol  tbe  thrust  of  the  shore:  might 
buckle  tbe  wall. 

Nombcn  and  Sbn  U  S^ma.    Where  a  wait  is  light,  a  number  ol  smaller 
shores  should  be  used  in  preference  to  a  few  large  ones.    Where  a  wall  is  higb, 
two  or    more    shores   of   vari^ng 
kn^tha   may  be  used,  and   these 
may  omveniently  be  [^ced  in  the 
same      vertical     plane    and     rest 


Fig.  48.    Standud 
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^°™-J^  a    KmLm^      '''«■*'-    Standard  Type  ol  Steel  Screw-jack 

JACKS;  or.  wedges  and  jacks  may  be  used  in  comlHnatioa.  Wooden  wedges 
should  be  made  of  hard  wood  and  are  generally  arranged  in  pairs,  both 
wedges  bang  driven  at  the  same  time.  The  lifting  eflea  of  auch  wooden 
wedges  is  powerful,  but  where  a  considerable  settlement  of  the  temporary 
foundation  is  anticipated,  it  la  more  conveoicDt  to  use  screw-jacki,  as  Ih^ 
can  take  up  a  considemble  lettlemeut. 

Uat«rlaU  and  Typei  of  Scraw-Jacka.  The  scaew-jacis  usually  manu- 
factured for  this  purpose  are  made  of  cast  iron  and  have  rough  threads,  with 
too  coarse  a  pitch  to  have  much  hfting  effect.  Screw-jacks  ol  a  belter  kind  arc 
made  of  steel  and  have  a  machine-thread  of  small  pitch.  Such  jacks  can  be 
obtained  capable  of  lifting  wdght*  Dp  to  loa  tons.    Flgi,  M  and  47  repiitent 
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standard  fomu  of  screw-jacks.  When  a  single  screw-jack  is  used  la  connec- 
tion with  a  post  or  shore,  a  hole  to  receive  the  threaded  portion  of  the  jack 
is  bored  in  the  end  of  the  timber  used  for  the  shore,  the  end  being  squared  to 
receive  the  nut.  Such  an  arrangement  is  called  a  pump  and  is  illustrated  in 
Fig.  48.  When  a  lifting  effect  greater  than  that  exerted  by  a  single  jack  b  re- 
quired, the  jacks  are  arranged  in  pairs  in  connection  with  a  short  timber  or  cross- 


Fig.  48.  Pump,  or 
Screw-jack  let  into 
End  oi  Shore 


Fig.    49.     Shore,    Screw-jacks 

bead 


and    Tiiaber    Cxoaa- 


HEAD.  Such  an  arrangement  is  illustrated  in  Fig.  49.  It  has  the  advantage 
that  after  operating  the  jacks,  blocking  and  wedges  can  be  placed  between  the 
platform-tinibers  and  the  cross-head  so  that  the  post  resting  on  the  cross-head 
has  a  direct  and  solid  bearing  on  the  platform.  By  this  method  the  load  of  the 
wall  can  be  thrown  on  the  platform  by  the  jacks  and  after  the  blocking  and  wedg- 
ing is  in  position  the  jacks  can  be  removed. 

Hydraulic  Jacks.  Where  jsxcessively  heavy  loads  are  to  be  lifted,  im»AXTUc 
JACKS  may  be  used  in  place  of  screw-jacks  but  an  objection  to  them  is  that  they 
are  liable  to  slack  back  under  the  load.  While  the  load,  therefore,  should 
not  be  permanently  supported  on  hydraulic  jacks,  they  may  be  used  to  take  the 
load  temporarily  while  the  blocking  and  wedging  are  being  placed  between  the 
cross-head  and  the  temporary  footing.  In  this  way  an  indefinite  number  of 
shores  nuiy  be  set  and  taken  care  of  with  a  single  pair  of  hydraulic  jacks. 

Example  of  Shoring.  Fig.  50  shows  the  method  used  in  shoumo  the  orna- 
mental front  wall  of  a  heavy  building,  advantage  having  been  taken  of  the  nu- 
merous deep  margin-drafts  ^wn  in  the  section.  In  order  to  avoid  the  necessity 
of  cutting  niches  for  the  tops  of  the  shores,  nine  hardwood  blocks,  a,  a,  etc.» 
were  fitted  to  the  margin-draft  grooves  in  the  masonry.  Nine  similar  blocks, 
6,  b,  etc.,  were  gained  into  and  bolted  to  the  vertical  timber  KK,  space  being 
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Fig.  50.    Shoring  an  Onumented  Wall 


left  between  the  a  blocks  and  the  b  blocks  for  adjusting  wedges  w,  to,  etc.  Three 
headpieces,  Ti,  Ti  and  Ti  were  keyed  and  bolted  to  KK  and  transmitted  to  it 
the  upUft  of  the  three  shores,  5*1,  St  and  5«.  Each  shore  had  a  6o-ton  screw-jack 
at  its  base.  Each  shore  is  shown  fitted  with  a  pump  or  detached  exten^on* 
piece  arranged  for  the  screw-jack. 
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Needling.  Needles  or  oisdeks  are  employed  when  port  or  aU  of  the  weight 
of  the  wall  has  to  be  carried,  as  when  the  old  footing  is  to  be  removed  and  the 
wall  UNDERPINNED  or  Carried  down  to  a  new  footing  at  a  greater  depth. 

Example  of  Needling  and  Underpinning.  Fig.  51  represents  a  typical  case  ol 
UNDERPINNING,  the  Several  operations  being  as  follows: 

(z)  The  General  Excavation  is  carried  down  to  within  a  few  inches  of  the 
bottom  of  the  footing  BB  under  the  wall  W. 

(a)  The  Pit  DDDD,  properly  braced  and  protected  by  sheet  piling,  is  sunk 
to  approximately  the  level  of  the  proposed  excavation,  this  pit  being  placed 
at  a  safe  distance  from  the  existing  wall.    In  good  material  it  may  be  safe  to 


Fig.  SI.    WaU-needling  and  Underpinning 


have  this  pit  approach  to  within  a  few  feet  of  the  footing  course  of  the  wall,  but 
in  material  which  is  liable  to  nm  it  should  not  approach  the  wall  closer  than 
its  depth.  No  hard  and  fast  rule  can  be  given,  and  in  every  case  great  care 
should  be  taken  to  prevent  any  movement  of  the  material  from  under  the  ad- 
joining footing. 

(3)  The  Platforms.  On  the  bottom  of  this  pit-excavation,  a  platform  FF 
is  placed,  generally  composed  of  heavy  timbers  resting  on  a  base  of  heavy 
planks,  and  acting  as  a  support  for  the  outer  end  of  the  needle.  During  the 
construction  of  this  pit  a  similar  pit  niay  be  dug  on  the  inside  of  the  wall  to  pro- 
vide for  the  support  of  the  inside  end  of  the  needle;  but  as  this  involves  the 
destruction  of  the  cellar-floor  the  method  of  procedure  inside  the  building  is 
generally  different  from  this.  If  the  material  is  solid  it  is  sometimes  sufficient 
to  place  the  platform  for  the  support  of  the  inside  end  of  the  needle  directl>' 
on  the  cellar-floor  and  at  such  a  distance  from  the  wall  that  the  necessao' 
excavation  for  the  new  footing  will  not  disturb  it;  or  the  platform  may  be 
placed  on  the  cellar-floor  and  a  line  of  sheeting  LL,  properly  braced,  so  placed 
that  the  excavation  can  be  made  for  the  new  footing.  This  is  generally  sufficient 
to  prevent  any  serious  settlement  of  the  temporary  plattorm  tor  die  inside  end 
of  the  needle. 
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Itl  Tb*  IiMWIIiia'  el  fli*  Ht  ■ai«i.  Havinc  imvMled  &  lupport  for  each  end 
HtKKtna^  it  only  icnuio*  to  cut  >  tiole  thraugb  the  vbII,  u  at  ^,  iaxn  the 
icfdte  CC,  put  the  post  and  blockii^  if  JV  under  the  outside  aid  of  the  oecdle, 
jid  the  btocbins  ud  jadu  uoder  the  iniide  ead.  The  post  UN  may  be  htted 
liih  sedfes  as  staowa  at  K,  or  with  one  or  more  screw-jaclu.  The  needle  GC 
my  coosiat  of  one  or  more  heavy  timbers  or  one  or  more  steel  I  beams.  In  any 
ax.  the  toad  lo  come  od  this  needie  should  be  figured  and  iU  strength  made 
nifit  to  salely  support  such  luajl.  As  soon  as  the  weiglit  oC  the  wall  IV  is 
tanifoied  to  the  needles  and  lo  Ihe  temporary  pUtlorms  prepared  to  receive 
he  load,  that  part  of  the  wall  which  is  below  the  needlea  and  all  of  the  (ao>> 
r^  may  be  removed  and  all  al  the  excavation  for  the  ne*  looting  made. 


Flf.  SI.    Needling  a  Bock  WaU 

ItMdHnf  •  Brick  TtD.  Fig.  S2  sbowi  tbe  elevation  of  a  brJck  waO  sup- 
loned  by  heedles.  II  tbe  aeedtet  are  carrying  the  entire  waght  of  the  wall,  it 
s  evident  that  at  the  levd  of  their  upper  surfaces  the  entire  weight  will  be 
ransferred  through  those  parts  of  the  wall  which  are  immediately  above  them, 
ind  that  above  Iheie  points  the  matoial  cUmpoang  tbe  wall  will  coibeL  OUT 
n  both  directions  as  indicated  in  Fig.  63  by  the  heavy  ligiag  lines  AAAAA. 
Ml  ol  the  wall  below  this  line  will  he  supported  simply  by  cooeeion  to  tbe  part 
if  the  wall  above  it.  An  experienced  man  can  determine  Ihe  location  of  this 
ine  by  the  sound  ^vcn  by  the  wall  on  being  struck  by  a  hammer.  All  ol  the 
■all  beta*  this  line  is  BAMODM  and  liable  to  fall  m  soon  as  the  support  given  by 
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Ok  lootins  i>  ronoved.  The  hanging  puti  of  the  mUl  may  be  removed  or  tm- 
Ikendcd  by  rodi  and  chaini  to  tbe  ncedlei.  If  they  are  qqC  ao  Bmpeaded  i 
omct  will  fona  along  the  line  AAAAA. 

Tranalaniiig  the  L«>d  to  th«  Hew  VnderpJiuilDf.  As  »oii  u  the  aew 
footing  haa  been  put  in  place  and  the  new  wall  carried  up  ready  to  receive  the 
old  wall,  provison  must  be  made  For  ieveisinc  the  operation,  that  is,  f-x 
tranaferrtng  Ihc  load  onto  the  new  uadeqHnning  wall  and  fcx>ting.  This  U 
generally  done  by  means  of  a  number  of  OKAinTE  BIOCKS  set  in  pain  between 
the  needles  and  fitted  with  STEEL  wedges.  After  setting  these  blocks,  tbe  space 
between  the  base  of  the  old  wall  and  the  top  o(  the  upper  wedging  block  is  filled 
in  with  brickwork,  the 
mortar  in  the  laat  jixou 
by  ma^ 
m  siATK  driven 
in  so  as  to  wedge  tie 
mortar  between  tbe  bricks. 
This  brickwork  ihould  be 
laid  up  in  Portland-cement 
mortar  so  as  to  reduce  tb* 
time  of  setting.  As  soon 
as  it  is  sufficiently  »eL  the 


wall   0 


(he  r 


As  a  result  o 
quently  happens  that  thii 
fooling  settles,  tbe  load 
being  restored  to  tbe 
needles.  This  necenitatb 
continued  driving  on  tb; 
wedges  until  it  has  reacbeft 
its  final  settlement,  w)u.-b 
will  be  evidenced  by  a  lift- 
ing of  the  wall  sufficient  to 
partially  relieve  the  stre» 
in  tbe  needles  and  by  the 
fact  that  the  wedges  re- 
main tight. 


n*«di*i 


of 


Fig.  J3.    The  Fi^ure-loui  MeUutl  ol  Neet 


■e  weight  of  the 
wall  has  been  tiansferred 
to  the  footing  ojid  the  footing  has  demonstrated  that  it  is  capable  of  sup- 
porting the  wdght  of  the  wall  without  fuither  settlement,  all  of  the  temporary 
work,  including  the  needles,  can  be  removed,  the  needle-holes  bricked  up  anJ 
the  repairs  made  to  the  cellar  of  the  adjoining  building. 

The  Flgure-Four  Hathod  of  NeedUng.  In  lerlain  cases  it  is  impractical 
to  onploy  a  KcaiLE-BtAU  projecting  on  both  sides  oi  the  wall,  as  (or  example 
when  tbe  occupancy  of  the  adjoiiung  buiidiog  b  such  as  to  nuke  it  impractical 
to  have  a  needte-beam  projecting  into  the  odlar  space.  In  such  cases  tbe  so. 
called  ncUKE-roCK  NEeDi.s  has  been  employed  (Fig.  63).  In  thb  cose  tbe 
needle  A  B  acts  as  a  canhlevek.    Part  of  the  load  of  the  wall  is  canied  by  the 
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ndifted  aboie  C  md  taotba  txpul  tw  nttAy  equal  put  U  ourled  by  the  aeedle 
It  B.  the  Denile-beam  AB  bdng  really  balaaced  aa  the  blodt  id. 

Sprinc-Haedlea.  Fig.  S4  shows  a  method  frequently  employed,  knovn  as 
ie  sprntjiG-NEEDLE  uETEOO.  In  tUs  casB  tb*  needle  engages  with  the  wall  to 
:>«  Hippottcd  aad  also  with  an  adjoining  wall.  A  temporary  platform  is  placed 
u  cloae  to  the  waU  to  be  supfiorted.  If,  u  is  practicable.    The  uplHt  erf  tbe 


Fig.  M.    Tbe  SpringiKedle  Metbad  of  Underpiiuiiig 

jack  teoding  to  lift  the  needle-beam  acts  on  both  walls,  but  on  account  ol  its 
bdng  located  nearer  to  the  wall  to  be  liked.  >  large  proportion  of  its  efiect  is 
aerted  thereon. 

Pipei  or  C^lnden  for  Underploiiiag  ve  frequently  used  for  the  support 
of  a  wall  and  have  many  advantages,  as  they  not  only  ^ord  a  support  for  the 
footing  through  the  operaliona  aflccting  the  stability  ol  the  wall,  but  also  form 
a  permanent  support.  The  operation  in  brief  is  as  follows:  A  hole  or  niche  is 
cut  in  the  wall  and  footing  to  be  supported,  of  sufficient  size  to  permit  tbe  intro- 
duction of  a  section  of  steel  pipe,  in  such  manner  that  the  center  of  the  pipe 
will  come  below  the  center  of  the  wall  to  be  supported,  the  height  being  sufBcient 
to  acconunodate  a  section  of  pipe  and  also  the  means  employed  to  drive  it. 
The  pipe  nuy  be  driven  (i)  by  sVDiiAinjc  jacks  or  by  sckew-jacks,  placed 
between  the  top  of  the  ispe  and  the  wall  itself,  as  by  tbe  patented  BaEUCHAtiD 
HEtSOD;  (i)  it  may  be  driven  by  means  lA  a  power -bauuer  driven  either  by 
steam  or  compressed  air;  or  (3)  in  some  cases,  where  the  material  is  fine  sand  or 
clay,  tbe  pipe  may  be  jetted  or  the  jet-method  may  be  used  in  combination 
with  either  jaclu  or  power-hammers.  In  any  case  the  first  section  of  pipe  is 
driven  into  the  ground  and  additional  sections  are  added  until  the  lower  end  of 
the  pipe  encounters  rock  or  aome  material  possessing  sufficient  stability  to  insure 
tbe  required  support,  llie  material  entering  tbe  inpe  is  removed  by  a  water- 
jet  or  by  other  means  and  the  space  filled  with  concrete.  As  soon  as  tbe  con- 
crete has  ta  suffidentty  the  pipe  a  capped  with  a  special  casting  on  which  short 
sted  t  beams  are  arranged  to  distribute  the  support  oi  tlie  pope  over  a  consider- 
able pMt  of  the  base  oil  the  wall  to  be  supported.    These  I  beams  cocteepond 
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to  the  wedgbg  blocks  used  in  the  ocdinaiy  methods  bcfoK  described.  Pro- 
vision is  frequently  made  for  stebi.  wrdges  between  the  cap  and  the  base  of  the 
steel  beam,  but  it  is  generally  found  sufficient  to  thoroughly  grout  in  the  ^pace 
between  the  base  of  the  wall  and  the  steel  beams  after  the  niche  itself  has  bcea 
bricked  up. 

Cylinden  for  Und^rpiiiiiing  Very  Hea^y  Walli.  The  description  In  the 
preceding  paragraph  is  intended  to  cover  the  use  of  pipes  varying  in  size  from 
6  to  2o-in  in  diameter*  according  to  the  load  to  be  carried.  In  the  case  of  exces- 
sively heavy  walls,  cast-ihon  cylinders  are  used  in  place  of  steel  pipes.  The^e 
cylinders  are  arranged  in  sections,  each  section  making  a  water-tight  joint  with 
the  preceding  section,  and  are  generally  used  where  water  is  encountered  and 
where  it  is  necessary  to  carry  down  the  underpinning  to  rock  at  great  depths. 
Under  such  conditions  these  c>'linders  are  sunk  by  the  PNEUiiAiic-CAissaN 
UETBOD.  Such  cylinders  have  been  sunk  to  a  depth  of  70  ft  below  water4evel 
and  have  been  designed  to  carry  as  much  as  400  tsns. 
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MASONET  WALLS.    FOOTINGS  FOB  UGHT  BUILDINGS.* 

CEMENTS  AND  CGNCBETES 

By 
THOMAS  NOLAN 

PROIESSOE  OF   ARCHIIECTtTBAL  CONSTRUCTION,-  umVEKSITY  OF  PENNSYLVANIA 

L  Footings  for  light  Buildings 

Footing  Covrsos  in  Genenl.  f  Every  foundation  or  bearing  wall  overlying 
anything  except  solid  rock  should  rest  on  a  footing  or  base  projecting  beyond 
the  wall  on  each  side.  On  wet  or  very  compressible  soils  these  footings  may  be 
built  of  steel  beams  or  off  reinforced  concrete,  as  described  in  Chapter  II,  but 
on  reasonably  firm  soils  and  for  buildings  of  moderate  »ze  and  weight  the  foot- 
ings are  generally  of  concrete,  stone,  or  brick.  Footings  answer  two  important 
purposes: 

(i)  By  dbtributing  the  w«ght  of  a  structure  over  a  larger  area  of  bearing 
surface,  the  pressure  per  square  foot  on  the  foundation-bed  is  dinunished  and 
the  tendency  to  verti^  settlement  correspondingly  lessened. 

(2)  By  inoeaaing  the  area  of  the  base  of  a  wall,  footings  add  to  its  stability 
and  form  a  protection  against  the  danger  of  the  work  being  thrown  out  of 
plumb  by  any  forces  that  may  act  on  it.  Nearly  every  building  law  requires 
that  every  foundation  wall  or  pier  and  every  cellar  or  basement  wall  or  pier 
shall  have  a  footing  at  least  12  in  wider,  that  is,  6  in  on  each  side,  than  the  thick- 
ness of  the  wait  or  pier,  and  this  may  be  considered  as  the  minimum  projection, 
except  in  rare  instances  where  there  may  be  a  special  reason  for  making  it  less. 
On  firm  soils  and  for  comparatively  light  buildings  a  projection  of  6  in  on  each 
side  of  a  wall  will  generally  reduce  the  unit  pressure,  that  is,  the  pressure  per 
square  foot,  to  the  safe  resistance  of  the  soil,  but  it  is  alwajrs  wise  to  proportion 
the  footings  to  a  uniform  unit  presaure,  as  explained  in  Chapter  11,  Subdivision 
S.  To  have  any  useful  effect,  footings  must  be  well  bedded  and  have  sufficient 
transverse  strength  to  resist  the  upward  reactions  on  the  projections. 

Stone  Footings  for  Walls  with  Ordinary  Loads.  Stone  cellar  walb  and 
basement  walls  generally  have  stone  footings,  although  if  the  walls  are  heavily 
loaded  a  bottom  footing  of  coarse  concrete  is  advisable  under  the  stone  footing. 
If  practicable,  stone  footings  should  consist  of  stones  having  a  width  equal  to 
that  of  the  footing.  If  impracticable  to  obtain  stones  of  this  size,  then  two 
stones  should  be  used,  meeting  under  the  middle  line  of  the  wall.  In  any  event 
each  footing  course  should  extend  inside  of  the  course  above,  a  distance  equal  to 
at  least  one  and  one-half  times  the  projection,  otherwise  the  stones  will  not 
properly  transmit  the  loads  and  reactions  and  the  footing  courses  will  tend  to 
open  at  the  joints,  as  in  Fig.  1. 

*  For  a  oomplete  dlscoaaioii  of  foundations  in  general  and  the  mechanical  principles 
involved  in  their  strength  and  stability,  for  walls,  piers,  etc.,  below  the  basement  or 
cellar  floor,  see  Chapter  11. 

t  For  a  oooapleie  diacuasioo  of  footing  counes  for  hea\'y  buildings  and  of  the  theories 
of  the  ttioiea  developed  in  <^set,  projectihg,  or  cantilever  footings,  see  Chapter  II« 
especially  SubdiviaioBs  27  to  aa. 
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Stone  footings  should  be  of  hard,  strong  and  durable  stones,  always  laid  oo 
their  natural  bed  and  soUdly  bedded  in  mortar.  As  a  general  rule,  for  li^t 
buildings,  and  where  the  loads  per  unit  of  foundation-bed  are  much  less  tbaa 

the  allowable  pressure,  the  thickness  of  each 
course  is  made  about  equal  to  its  projectios 
beyond  the  course  above.  The  most  com- 
ixion  defect  in  laige-Stene  footings  is  that 
the  stones  are  not  properly  bedded,  as  it  is 
more  difficult  to  bed  a  large  stone  than  a 
small  one.  The  stones  should  be  laid  in  a 
thick  bed  of  mortar  and  worked  sidewise  with 
a  bar  until  firmly  settled  in  place. 

Offsets  ia  Masonry  FootinsB.^  The 
projections  of  the  footing  courses    beyond 

the  wall,  or  beyond  the  couises  above,  must 

Fig.  1.  Stone  Footing,  Openings  be  carefully  considered,  whatever  the  ma- 
at  Joints  tenal  of  the  footings.    If  the  projection  of 

the  footing  or  offset  of  the  courses  is  too 

great  for  the  strength  of  the  stone,  brick,  or  concrete,  the  footing  will  crads, 

as  shown  in  Fig.  2.    The  proper  offset  for  each  course  d^)ends  upon  the 

vertical  load,  the  transverse  strength  of  the  material, 

the  resisting  power  of  the  foundation-bed  and  the 

thickness  of  the  course,  f 

Tables  for  Offsets  for  Masonry  Footing 
Courses.!  As  stated  in  Chapter  II,  in  the  discus* 
sion  of  the  design  of  stepped  footings,  there  are 
rule-of-thumb  methods  giving  so<alled  safe  project 
tions  for  given  depths  of  footings  or  giviog  the  ratios 
between  the  projections  and  the  depths  of  the  courses. 
Tables  of  offsets  for  footing  courses  of  different  ma- 
terials have  been  computed  from  the  flexure-formula 
applied  to  the  projecting  footing  courses  considered  as 
CANTILEVER  BEAMS  Uniformly  loaded  by  the  upward  pressures  on  the  under  side. 
Although  these  tables,  so  computed,  are  incorporated  in  some  building  codes, 
they  cannot  be  safely  used  without  numerous  restrictions,  exceptions  and  modi- 
fications, and  hence  they  are,  in  general,  unreliable  and  of  use  only  as  approxi- 
mations. As  these  tables  are  still  inserted  in  engineers'  and  architects'  hand- 
books, the  table  of  offsets  for  masonry  footing  coursesi  in  a  revised  form*  is  re- 
tained in  this  chapter  with  the  recommendation  that  for  footings  of  several 
offsets  it  be  used  with  caution  and  that  for  such  footings  the  methods  explained 
in  Chapter  II  be  used  when  greater  accuracy  of  results  is  required. 

Kotes  Regarding  Use  of  Table  L    The  values  in  Table  I  are  computed 

from  the  formula  l^^d  wSf/wf  which  is  derived  from  the  n.EXURE-FOiiMULA 
for  a  uniformly  loaded  cantilever  beam,  and  slightly  changed  to  make  the 
numerical  coefficient  of  the  second  member  of  the  equation  the  value  shown.f 
In  this  equation,  / «  the  maximum  allowed  offset  of  the  footing  course  in  Inches, 
d  ■«  the  thickness  of  the  footing  course  in  inches,  5y  "■  the  modulus  of  rupture 

*  See  Offset  Footings,  Chapter  11,  especially  Subdivisions  l^  and  a  a. 

t  See  Chapter  II,  Subdivision  23.  for  a  complete  dtscuaaion  of  the  principles  invirfyed 
in  the  design  of  projecting  footings,  ratio  of  projection  to  depth  of  footing,  etc.,  for  homch 
geneous  slabs,  separate-layer  footings,  etc. 

1  See  Chapter  II.  Subdivision  22,  page  180. 

I  See,  also,  formula  in  Chapter  II,  Subdivision  as. 


Fig.   2.    Cracb^in  Footing 
from  Excessive  Offsets 


FoctiBgB  for  Lig^t  fiuMngtt 


Table  I.    Approximate  Values  of  Offsets  for  Masonry  Footing  Coonet  in 

Terms  <A  the  Thickness  of  the  Course 

The  values  axe  computed  wHh  a  factor  of  safety  o£  to. 


Matifrial  of  the  footings 


North  River  Bluestone  (ordinary  run) 

Granite  (average) 

Limestone  (average) 

Sandstone  (average) 

Brickwork  (good  bricks  in  natuxalrcement  mortar, 

X  :  3,  60  days  old) 

Brickwork  (hard>bumed  bricks  in  Portland-cement 

mortar,  i :  3.  60  days  old) 

Concrete  (Portland  cement,  i :  2  : 4,  i  month  old) . 
Concrete  (Portland  cement,  i  :  a  :  4, 6  months  old) 


5,  in 
pounds 

V  in  tons  per 
square  ioot 

per  square 
inch 

0.5 

i.o 

3.0 

3000 
X850 
Z375 
1375 

4  z 
32 
2.8 
a.8 

2.9 

2.2 
2.0 

3.0 

2.0 
X.6 
t.4 
1.4 

12S 

0.8 

0.6 

P.4 

400 
300 
400 

1.6 

X.3 
1.5 

I.I 
09 

X.t 

0.7 
0.6 

0.7 

(f  the  materials  in  pounds  per  square  inch,  w  -•  the  determined  or  assumed 
pressure  on  the  bottom  surface  of  the  footing  course  considered,  in  tons  of  2  000 
b  per  sq  ft,  and/*  the  factor  of  safety  used.  The  taUe  gives  the  values  of  i/d 
or  three  unit  pressures  w.  For  example,  if  w  is  taken  at  2  tons  per  sq  ft,  then 
or  fimestone  or  sandstone  footings  l/d»»  1.4,  and  if  d,  the  thickness  of  the 
ootiog  course,  is  x  2  in,  the  offset  or  projection  should  be  16  or  17  in.  Thg 
ralues  givvn  in  the  table  for  Sf,  the  modulus  of  rupture  for  tbe  matedals,  dttfer 
feiy  sUffaUy  from  those  given  ia  Subdivision  22  of  Chapter  II,  in  Table  I  of 
Thapter  XV  and  in  Table  III  of  Chapter  XVI.  If  results  are  required  based 
ipon  diffemt  fiber^stresses,  upon  a  different  factor  of  safety,  or  upon  different 
>ressures  per  square  foot,  the  formula  may  be  used  instead  of  the  table.  It 
should  always  be  borne  in  mind  that  as  each  footing  course  transmits  the  entire 
weight  of  the  wall  and  its  load,  the  pressure  will  be  greater  per  square  foot  on 
he  upper  courses,  and  that  the  offsets  should  be  made  proportionately  less; 
ind  that  the  values  in  Table  I,  when  applied  to  stone-masonry  footings,  are 
eally  valid  for  the  lower  offset  only,  and  then  only  when  the  footing  is  built 
if  stones  the  thickness  of^which  is  equal  to  the  thickness  of  the  course,  which 
lave  a  projection  of  less  than  half  their  length,  and  which  are  well  bedded  in 
ement  mortar. 

Concrete  Foottngg.*  For  buildings  of  great  weight,  except  the  very  heaviest, 
tnd  especially  for  those  built  on  a  clay  soil,  concrete  generally  makes  the  best 
ooting,  and  it  is  even  preferable  to  and  generally  cheaper  than  large  slabs  of 
tone.  When  the  concrete  is  properly  made  and  used,  it  attains  a  strength 
^uai  to  that  of  most  stones,  and  under  walls,  being  devoid  of  joints,  it  is  like 
I  cGsmtvocs  BEAM,  having  sufficient  strength  to  span  any  soft  spots  that 
lappen  to  be  in  the  foundation-bed.  When  deposited  in  thin  layers  and  well 
anuned,  concrete  becomes  firmly  bedded  on  the  bottom  of  the  trenches,  so  that 
here  is  no  possible  chance  for  settlement  except  that  due  to  the  compression  of 
he  soil. 

*  For  sn  example  of  coacrete-footiag  design,  see  (Chapter  II,  Subdivisioii  li.  ,Poit 
einforced-concrete-footing  design,  see  (Tbaptcr  II,  Subdivision  34.  See,  also,  C3wpt« 
LXV,  paragrspfas  relating  to  footings,  pages  978  to  983. 
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the  Trenches.  For  footings,  concrete  made  with  Portland 
cement  is  preferable,  and  it  should  have  a  thickness  of  at  least  8  in,  even  under 
light  buildings;  and  for  buildings  of  more  than  two  stories,  a  thickness  of  at 
least  12  in.  On  firm  soils,  such  as  hard  clay,  the  trenches  should  be  accurately 
dug  and  trinmied  to  the  exact  width  of  the  footings,  so  that  the  concrete  will 
fill  them.  When  the  foundation-bed  is  of  loose  gravel  or  sand  it  is  generally 
necessaiy  to  set  up  planks  to  confine  the  concrete  and  form  the  sides  of  the 
footings.  These  planks  may  be  held  in  place  by  stakes;  they  should  be  left 
in  place  until  the  concrete  has  become  hard,  which  generally  requires  from  two 
to  four  days,  after  which  they  may  be  pulled  up  and  dirt  filled  in  against  the 
concrete.  The  proportions  and  manner  of  mixing  concrete  are  described  in  the 
latter  part  of  this  chapter. 

Depositing  the  Concrete.  G>ncrete  should  be  used  as  soon  as  mixed  and 
should  always  be  deposited  in  layers,  which  as  a  rule  should  not  exceed  6  in  in 
thickness,  especially  for  the  nrst  layer.  On  small  jobs  where  the  work  is  done 
by  hand  the  concrete  is  usually  carried  to  the  trenches  in  wheel-barrows  and 
dumped  into  the  trenches.  The  height  from  which  the  concrete  is  dumped, 
however,  should  not  exceed  4  ft  above  the  bottom  of  the  trench,  because  when  it 
falls  from  a  greater  height  the  heavy  particles  are  apt  to  separate  from  the 
lighter  ones.  As  soon  as  the  concrete  has  been  deposited  in  the  trenches,  it 
should  be  leveled  off  and  then  tamped  with  a  wooden  ranmier  weighing  about 
30  lb,  until  the  water  in  the  concrete  is  brought  to  the  surface.  Concrete  ahoiUd 
not  be  permitted  to  dry  too  quickly,  and  if  twenty-four  hours  elapse  between 
the  deposits  of  the  successive  layers,  the  top  of  each  layer  should  be  sprinkled 
before  the  next  is  put  in  place.  For  buildings  over  five  stories  high,  it  is  a  good 
idea  to  place  a  stone  footing  course  above  the  concrete  footing,  if  suitable  stones 
(or  the  purpose  can  be  obtained. 

Brick  Footings.  Where  the  foundation  walls  are  of  brick,  the  footings  ax« 
usually  brick  or  concrete.    For  interior  walls  on  dry  ground,  and  in  many 


1  BRICK 


Ti-BRICKS 


Fig.  3.    Brick  Footing.    Watt 
One  Brick  Thick 


Fig.   4.    Brick  Footing.    Wall  One  aiul 
One-half  Bricks  Thick 


localities  for  outside  walls,  brick  footings  are  fully  as  good  as  stone  footings 
provided  good,  hard  bricks  are  used  and  the  footings  are  properly  built.  Biick 
footings  should  always  start  with  a  dottble  couuse  on  the  foundation-bed  and 
then  be  laid  in  single  course  for  ordinary  footings,  the  outside  ot  the  work  being 
laid  all  headers,  as  in  the  accompanying  illustrations,  and  no  course  projecting 
more  than  one-fourth  the  length  of  a  brick  beyond  the  one  above  it,  except  in 
the  case  of  an  8-in  or  9-in  wall.  For  brick  footings  under  high  or  heavily  loaded 
walls,  each  projecting  course  should  be  made  double,  the  header-course  above 
and  the  stretcher-course  bebw.    Figs.  3,  4,  5  and  6  ahow  footings  for  walls 
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mybig  torn  one  biick  to  three  briclu  b  tUckoeia.  The  bricks  mtd  (or  toot- 
ingi  <hoidd  be  the  hudest  vid  souodcst  that  c4d  be  obuined,  ibcnUd  be  laid  ia 
cement  nKKtir  vtd  tboiM  be  either  grouted  or  tboroughly  aliuhed  ap.  lo  that 
nby  ioint  (ball  be  entiidy  filled  *1^  taoitu.  The  writer  favon  caoamio 
lot  bnc:k  footings,  that  is,  the 
uang  at  a  thin  mortal  to  fill  the 
innle  jciuts,  ai  he  has  altrays 
found  that  it  gvei  very  satisfac- 
tory results.  The  bottom  course 
d  the  lootinK  should  always  be 
kid  iq  a  bed  of  rooitar  spread 
on  tbe  bottom  of  the  t  tench 
after  the  latter  has  been  care- 
fully leveled.  All  bricks  laid  in 
■arm  or  dry   weather  should  be 

thoroughly  wet  before  laying,  for,  „^^^^^^_^^^_^^__^_^.^^^ 
if  laid  dry,  they  rob  the  mortar  pig.  j.  Bii±  F^xiting.  Wall  Two  Bridu  TUeh 
of  I  laije  penxntage  of  the  mois- 

luie  it  caatalos,  greatly  weakening  tbe  adhesion  and  strength  of  the  moiUr. 
Careful  attention  should  be  given  to  the  laying  of  the  footing  courses  of 
buildings,  as  upon  them  the  stability  of  the  work  laigely  depends.  If  the 
botiMn  courses  are  not  solidly  bedded,  if  any  rents  or  voids  are  left  in  the 
beds  of  the   masaiuy,  or  if   the  materials  tbonselves  are  unsound  or  badly 


Fig.  I.    Biick  Footing.    WbH  Thiee  BikiM  Thick 

put  togetber,  defects  in  the  supentmcture  are  almost  •nite  to  show  them* 
lelves  sooDer  or  later,  and  almost  always  at  a  period  when  remedial  eSorta  tie 
lifficult  and  expensive. 

tnvertad  ArcbM.*  In  a  few  buildtni{i  in  which  tbe  citemal  walls  an 
livided  ints  pjen  with  wide  openings  between  them,  and  in  which  the  suppoct- 
ag  powc*  erf  tbe  9(»l  i>  not  more  than  i  or  j  tons  per  sq  ft,  it  was  thought  desir- 
ible  to  MHUKCt  tbe  bases  of  the  pieis  by  means  of  ixveettd  akcbes,  for  the  pnr- 
xjse  ot  distributing  tbe  weight  of  the  piers  over  the  whole  length  of  tbe  footings. 
Rumples  of  inverted'aich  lootuigs  are  shown  in  Figs.  7  t  and  8,t  *hich  represent 
especlively  tbe  construction  employed  in  the  Dreiel  Building  in  Philadelphia 

*  For  aa  '""■p''  worked  out  In  hill,  ihowlai  tbe  method  ol  proportioning  bvsted 
jfcbct^  aee  Chapter  III,  Building  Constnictian  and  Snperinlindence,  Fait  1,  Masons' 
VoA.  by  F.  E.  Kkldei. 

t  Fiam  the  EagmecnBg  Racod,  May,  1S99.  and  Nov,;  iSgo. 
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«Bd  the  WotU  Building  in  New  Vta-k  City.    Unl«M  the  pier*  ue  about  eqnallr 

loaded,  however,  il  is  generally  iraposaible  to  distribute  the  nuiabt  evenly,  and 
if  tike  arches  eiteoti  Co  aa  angle  of  the  buildiDKi  the  end-arch  muat  be  provided 
vitb  ties  ol  sufficient  itreofth  to  resitt  the  iHiuet  oi  [he  arch,  as  atbejwisc  ii 
may  push  out  the  earner-pier.  Il  is  usually  belter  to  build  the  [uera  iriUi  srpa- 
nte  footing*,  projectiog  equally  on  all  sides  ol  the  pier,  and  each  propoct^uied 


I 

Rl.  7.    lovtrted-areh  Footlaa.    Qmb)        Fij,    8.    Imwted-arch    Fooling.    Worfd 
3uildiDg,  Philade^bil  Biuiding,  New  Voik 

to  th«  load  supported.  The  intermediate  wall  may  be  supported  by  steel  beams 
or  by  arches.  About  the  only  advantage  over  ordinary  masonry  fcx>tliigs 
possessed  by  inverted  arthes  is  in  the  resulting  shallower  foundations. 

The  following,  relalijui  to  inverted  arches,  is  taken  from  the  New  V'ark  build- 
ing law:  "II,  in  place  of  a  continuous  foundation  wall,  isolated  piers  are  to  be 
built  to  support  the  superstructure,  where  the  nature  of  the  ground  and  the 
character  of  the  building  make  it  necessary,  in  the  opinion  of  the  Commissioner 
of  Buildings  having  jurisdiction,  inverted  an:hes  resting  on  a  proper  bed  oi 
concrete,  both  designed  to  transnut  Tith  safety  the  superimposed  loads,  shall 
be  turned  between  the  piers.  The  thrust  of  the  outer  fHca  shall  be  taken  up 
by  suitable  wiought-iton  or  steel  tods  and  plates."     (Law  of  1906.} 

I.  C«llu  Wall*  ud  BaiemenI  Walla 
Daflnitloaa.  Tbxae  teiml  are  generally  applied  to  walls  which  are  belo* 
the  surface  of  the  ground  or  below  the  water-lable  or  first-Boor  beami, 
which  support  the  superstructure  and  irtiich  go  down  to  the  lOCKDAnoH  wau^ 
properly  so  called.  (See  Chapter  II,  Divisions  i  and  19.)  Walls  whose  chid 
office  is  to  withhold  a  banic  of  earth,  such  as  the  walls  around  areas,  arc  called 
BITAINTNG-WALLS.    (For  retainlng-walls,  see  Chapter  IV,) 

Halerlala  for  Cellar  and  BMement  Wall*.  These  walls  may  be  built  d 
brick,  stone  or  concnrte.  Brick  is  suitable  only  in  very  dry  soib  or  fol  a  party 
wall  with  a  cellar  or  basement  on  each  side  of  it,  Portiand-cehent  cOHCsen 
is  an  excellent  material  lor  foundation  walls,  and  is  being  more  eitensivdy 
used  in  thcii  construction  every  year.  The  concrete  may  be  Glled  in  betmcD 
wooden  forma,  which  hold  it  in  place  until  it  has  set,  or  concrete  blocks  moldol 
•o  ■«  to  form  a  solid  wall  may  be  uiod.    If  idoxxd  cosicaziE  la  used  the  Com 
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shoaki  be  remoTed  as  soon  as  the  concrete  has  set  and  the  waHs  should  be 
sprinkled  once  or  twice  a  day,  if  the  weather  is  dr>^  so  that  the  concrete  will  not 
dry  too  quickly  Good  bard  ledoe-stoke,  especially  if  it  comes  from  the  quarry 
with  flat  beds,  makes  not  only  a  strong  wall  but,  if  well  built,  one  that  will  stand 
the  effects  of  moisture  and  the  pressure  of  the  earth  much  better  than  a  brick 
walL  Between  a  good  stone  wall  and  a  wall  of  Portland-cement  concrete, 
there  is  probably  not  much  choice,  except  perhaps  in  the  matter  of  expense,  the 
relative  cost  of  stonework  and  concrete  varying  in  different  localities.  A  wall 
built  of  soft  stones,  or  stones  that  are  very  irregular  in  shape,  with  no  Bat  surfaces, 
is  greatly  inferior  to  a  concrete  wall,  or  even  to  a  wall  of  good  hard  bricks,  and 
should  be  used  only  for  dwellings  or  light  buildings.  Stone  walls  should  never 
l«  less  than  x8  in  thick,  and  should  be  well  bonded,  with  full  and  three-quarter 
headers,  and  all  spaces  between  the  stones  should  be  filled  solid  with  mortar 
aDd  broken  stones  or  spalls.  The  mortar  for  stonework  should  be  made  of 
cement  and  sharp  and  rather  coarse  sand.  The  outside  walls  of  cellars 
and  basements  should  be  plastered  smooth  on  the  outside  with  i  :  2,  or  x  :  iVi 
cement  mortar,  from  H  to  H  in  thick.  In  heavy-clay  soib  it  is  a  good  idea  to 
BATTER  the  walls  on  the  outside,  making  them  from  6  in  to  i  ft  thicker  at  the 
bottom  than  at  the  top. 

ThickncM  of  Cellar  aad  Basement  Walls.  This  is  usually  governed  by 
that  ol  the  walls  above,  and  also  by  the  depth  of  the  wall.  Nearly  all  building 
regulations  require  that  the  thickness  of  the  cellar  and  basement  wall,  to  the 
depth  of  12  ft  below  the  grade-line,  shall  be  4  in  greater  than  the  thickness  of  the 
will  above  for  brick,  and  8  in  greater  for  stone,  and  that  for  every  additional 
10  ft  or  part  thereof  in  depth,  the  thickness  shall  be  increased  4  in.  In  all  large 
cities  the  thickness  of  the  walls  of  buildings  is  controlled  by  law.  For  buildings 
in  which  the  thickness  of  the  walls  is  not  so  governed,  the  following  table  will 
serve  as  a  guide: 


Table  XL    Thickness  o(  Cellsr  snd  Basement  Walls 


Height  of  building 


Two  stories.. 
Three  stories 
Four  stories. 
Five  stories. 
Six  stories... 


Dwellings,  hotels. 

Warehouses 

etc. 

Brick. 

Stone, 

Brick. 

Stone, 

m 

m 

in 

in 

Z2or  16 

20 

16 

20 

x6 

30 

20 

24 

20 

24 

24 

28 

24 

28 

24 

28 

28 

32 

38 

33 

3.  Walls  of  the  Sttperstructure 

Brick  and  Stone  Walls.  Very  little  is  known  regarding  the  STAsaiTY  of 
walls  of  buildings  beyond  what  has  been  gained  by  practical  experience.  The 
only  stresses  in  any  horizontal  sections  of  such  walls,  which  can  be  determined 
with  any  accuracy,  are  the  direct  weight  of  the  walls  above  and  the  pressure 
due  to  the  floors  and  roof.  In  most  walls,  however,  there  is  a  tendency  to 
BUCKLE*  to  overcome  which  it  is  necessary  to  make  them  thicker  than  would 
be  required  to  resist  the  direct  crushing  stress.  The  resistance  to  6  re  should 
also  be  taken  into  accoimt  in  deciding  upon  the  thickness  of  any  given  w;*^' 
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The  strength  of  a  wall  depends  also  very  much  upon  the  quality  of  the  materials 
used  and  upon  the  way  in  which  the  wall  is  built.  A  wall  bonded  every  la  is 
ia  height;  and  with  every  joint  slushed  full  with  good  rich  mortar,  is  aa  stroog 
as  a  poorly  built  wall  4  in  thicker.  Walls  laid  with  cement  mortar  are  also 
much  stronger  than  those  laid  with  lime  mortar,  and  a  brick  wall  built  with 
bricks  that  have  been  well  wet  just  before  laying  is  very  much  stronger  than  ooe 
built  with  dry  bricks. 

Thickness  of  External  WaUs.  In  nearly  all  the  larger  cities  of  the  country 
the  minimum  thickness  of  the  walls  is  prescribed  by  law  or  ordinan're,  and  as 
these  requirements  are  generally  ample  they  are  commonly  adhered  to  by  archi- 
tects when  designing  brick  buildings.  Table  III  *  gives  the  thickness  of  brick 
walls  required  for  mercantile  buildings  in  representative  cities  of  different 
sections  of  the  United  States,  and  affords  about  as  good  a  guide  as  one  oin 
have,  because  the  values  given,  as  a  rule,  represent  the  judgment  of  well- 
qualified  and  experienced  persons.  Walls  for  dwellings  are  generally  per- 
mitted to  be  4  in  less  in  thickness  than  for  warehouses,  although  in  somt 
cities  little  or  no  distinction  is  made  between  business  blocks  and  dwellings. 

Table  IV  gives  the  thickness  required  for  the  brick  walls  of  dwellings,  tene- 
ments, hotels  and  office-buildings  f  in  Chicago.  The  thickness  given  is  the  mim> 
mum  that  should  be  allowed  for  the  walls  of  such  buildings,  unless  certain 
special  conditions  exist.  For  modifications  for  different  classes  of  buildings  ^ee 
the  building  code.  In  St.  Louis  the  two  upper  stories  of  dwellings  are  required 
to  be  xj  in,  the  next  two  below,  18  in,  the  next  two  22  in,  and  the  next  two  26  ia 
thick. 

In  compiling  Table  III  the  top  of  the  second  floor  was  taken  at  19  ft  abov* 
the  sidewalk,  and  the  height  of  the  other  stories  at  13  ft  4  in,  including  the 
thickness  of  the  floor,  as  the  New  York  and  Boston  Uws  and  the  laws  of  9ome 
other  cities  give  the  height  of  the  walls  in  feet  instead  of  in  stories.  When  the 
height  of  stories  exceeds  these  measurements  the  thickness  of  the  walls  an  seme 
cases  will  have  to  be  increased.  The  Chicago  ordinance  (1916)  specifies  that 
"where  12-in  walls  are  used,  the  story-heights  shall  not  exceed  18  ft,  where  i6-in 
walls  are  used,  the  story-heights  shall  not  exceed  24  ft,  and  where  ao-in  waBs 
.are  used,  the  stoiy-heights  shall  not  exceed  30  ft." 

General  Rule  for  Thickneas  of  WaUs.  Although  there  are  great  differ- 
ences in  the  thickness  given  in  Table  III,  more  indeed  than  there  should  be, 
a  general  rule  might  be  formulated  from  it,  for  mercantile  buildings  o\a 
four  stories  in  height,  which  would  be  somewhat  as  follows: 

For  bricks  equal  to  those  used  in  Boston  or  Chicago,  make  the  thickness  o{ 
the  three  upper  stories  16  in,  of  the  next  three  bebw  20  in,  the  next  three  34  in 
and  the  next  three  28  in.  For  a  poorer  quality  of  material  make  only  the  two 
upper  stories  16  in  thick,  the  next  three  20  in,  and  so  on  down.  In  buildings  lea 
than  five  stories  in  height  the  top  story  may  be  12  in  thick. 

In  determining  the  thickness  of  walls  the  following  general  principles  sbouM 
be  recognized: 

(i)  That  walls  of  warehouses  and  mercantile  buildings  should  be  heavier 
than  those  used  for  living  or  office  purposes. 

*  Since  this  table  was  compiled,  some  prpvisions  of  some  hiws  have  been  changed,  bn 
the  requirements  relatioR  to  the  thicknesses  of  wails  vary  but  little  from  tbocc  gfvt& 
As  building  laws  of  different  cities  are  amended  from  time  to  time,  architects  and  builden 
must  be  fcuided  by  the  code  in  force  in  the  city  in  which  a  building  is  to  he  erected.  Tbe 
table  represents  the  average  requirements  and  is  useful  for  comparative  purposes  and  ss 
■  guide  for  those  building  outside  of  cities,  or  where  no  specbl  building  laws  are  m  forc^ 

t  For  other  than  steel  skeleton  construction. 
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TiMe  UL*    TUckBMi  in  IdcIim  of  Walls  for  Mwouitil*  Building!  mod, 
BxcepC  in  CUcaco,  for  All  BoHdingt  Over  FiTe  Storio*  in  Hvight 


Heii 

(ht  and  location  of  building 

Stories 

**^n 

ISt 

i6 

12 
12 
12 

i8 
13 

17 
13 

20 

i6 
i6 
i6 
i8 
17 
17 
13 

2C 

i6 

20 

i6 

22 
21 

17 
l8 

20 
20 
20 
20 
22 
21 
21 
X8 

24 

24 
20 
20 
26 
26 
2t 
22 

24 

28 
20 
20 
26 
26 
22 

28 
^2 
24 
24 

.)0 

2d 

12 
12 
12 
12 
13 
13 
13 
13 

l6 
i6 

12 
13 
I8 

17 
17 
13 

l6 
i6 
i6 
i6 
IS 
17 
17 
z8 

20 

i6 

20 

i6 

22 

21 

17 
18 

20 
20 
20 
20 
22 
21 
21 
IS 

20 

24 

20 
20 
26 

.3d 

4th 

5th 

6tb 

7th 

8th 

f  Boston 

New  York 

Chicago 

Two 

MinneafMMis 

stories 

St.  Louis 

Denver 

f?«n  Francisco  ... 

New  Orleans 

Boston 

16 
12 
12 
12 
13 
13 
13 
13 

16 
16 
16 
12 
18 
17 
17 
13 

20 
16 
16 
16 
18 
17 
17 
18 

20 

20 

20 
16 
22 
21 

New  Vork 

Chicago 

iiiTve 

Minneapolis 

stories 

St.  Louis 

Denver 

San  FrancBRoo 

N#w  Orl^^ni 

Boston 

16 
12 
12 
12 
13 
13 
13 
13 

20 
16 
16 
12 
18 
17 
17 
13 

20 
20 
16 
16 
18 
17 

New  York 

Chicago  

Four 

Minneapolis 

stories 

?5t.  1/niw 

Denver 

San  Francisco 

New  Orleans 

f  Boston 

•  •      • 

16 
x6 
x6 
12 
13 
13 
13 
13 

20 

i5 
z6 
16 
18 
17 
17 
13 

20 
20 
16 
16 
18 

17 
18 

20 
20 
20 

New  York 

Chicago 

Five 

Minneapolis 

*  •  •  ■ 

■  •  • 

.  •  •  • 

«  •  •  ■ 

stories 

St.  Louis 

Denver 

San  Fnincifioo 

VewOfWfff 

Boston 

.... 

16 
16 
16 
12 
13 
13 
13 
13 

20 
16 
16 
t6 
18 
17 
13 

20 

20 
16 

t6 

18 

17 
18 

New  York  

Chicago 

Six 

Minneapolis 

stories 

St.  Louis 

Denver 

San  Francisco 

17      " 

IS 

20 

24 

20 

20 
22 

18 

20 
20 
20 
16 
23 
21 
18 

20 

24 

20 

Boston 

16 
16 
16 
12 
13 
17 
13 

20 
16 
16 
16 
18 
17 
13 

•  •  •  • 

•  ■  •  • 

•  •   •    • 

•  •   •    • 

■    •   •    • 

•  •  ■  • 

16 
16 
16 

12 

13 

7 
13 

New  York 

t% 

Chicaso 

Seven    . 

Minneapolis 

stories 

St.  IXMV^ 

Denver 

21        2T    1 

New  Orleans 

22 

24 

28 
24 

18 

20 

24 

20 

New  York 

Eight     . 

Minneapcrfis. 

20       20 

20       16 

stones 

St.  Louu 

26       26       22    1    23 

Denver 

30       26   1    21    1    21    ,    21 
2i    ,    22    ;    22        iS    '    iS    1 

K^^w  Orleans 

1 

1 
1 

1 

Sec  paia^raphi  aad  foot-note  oo  pa.e  230. 
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Table  III  (Contisiied).*  ThickaMB  in  IsehM  of  WaUi  for  Mercantile 

Buildings  and,  Except  in  Chiceco,  for  aU  Buildinge  Otot 

FIto  Stories  in  Beisht 


Height  and  location  of 
building 


Nine 
stones 


Boston 

New  York.. 

Chicago 

Minneapolis. 
St.  Louis.. .. 
Denver 


Stories 


I8t 


Ten 
stones 


Boston 

New  York.. 

Chicago 

Minneapolis . 

St.  Louis 

Denver 


Eleven 
stories 


28 
32 
24 
24 

30 
30 

28 

36 
28 
24 
34 
30 


Boston 36 

New  York....;  36 

Chicago 

St.  Louis.... 
Denver 


Twelve 
stories 


28 
34 
30 


Boston 36 

New  York....    40 

Chicago 

St.  Louis.. .. 


28 

34 
Denver |  30 


2d 

3d 

4th 

5th 

6th 

7th 

8th 

9th 

24 

24 

20 

20 

20 

20 

20 

16 

32 

28 

24 

24 

20 

20 

16 

16 

24 

24 

20 

20 

20 

16 

16 

16 

24 

20 

20 

20 

16 

16 

16 

12 

30 

26 

26 

22 

22 

18 

18 

13 

26 

26 

21 

21 

21 

17 

17 

17 

26 

24 

24 

20 

20 

20 

20 

20 

32 

32 

38 

24 

24 

20 

20 

16 

28 

24 

24 

24 

20 

20 

20 

16 

24 

24 

20 

20 

20 

16 

16 

16 

30 

30 

26 

26 

22 

22 

18 

x8 

30 

26 

26 

21 

2Z 

21 

17 

17 

32 

32 

28 

28 

24 

20 

so 

20 

36 

32 

28 

28 

24 

24 

20 

so 

28 

24 

24 

24 

20 

20 

20 

x6 

34 

30 

30 

26 

26 

22 

22 

iS 

30 

26 

26 

26 

21 

21 

21 

17 

36 

32 

32 

28 

28 

24 

20 

20 

36 

36 

32 

32 

28 

24 

24 

ao 

28 

28 

24 

24 

24 

20 

20 

20 

34 

34 

30 

30 

26 

26 

22 

23 

30 

30 

26 

26 

26 

21 

21 

ax 

loth 


ixtb  X2th1 


z6 
16 
16 
12 
13 
17 

20 
16 
16 
x8 
17 

ao 
ao 
x6 
x8 
X7 


x6 
16 
16 
13 
I? 

20 
16 
16 
IS 
17 


16 
16 
x6 
13 
X7 


*  See  footnote  on  psge  230. 

Table  IV.t   Thickness  of  Bndoainc  Walls  for  ReetdaacM,  Tentm^ata. 
Hotels  and  Offlce-Buildings.t   Cnicaco  Building  Ordinance  (19x6) 


Number  of  stories 


Basement  and . 
One-story .... 
Two-story. ,  . . 
Three-story.. . 
Pour-story .  . . 
Five-story. .  . . 

Six-story 

Seven-story. . . 
Eight^tory. . . 
Nine-story.  .  . 
Ten-stor>'. . . . 
Eleven -story.* 
Twelve-story . 


Base- 

Stories 

ment 

1           1 

1 

xst 

2d 

■■ 

,3d 

4th 

sth 

6th 

7th 

8th 

9th 

xoth  xuh  X3th 

xa 

12 

1 

16 

12 

x6 

20 
30 
30 
30 
34 

12 
12 
16 
20 
20 
20 
34 

•        •        • 

•   •    • 

•   ■   • 

•    •    • 

«    •    • 

16 

12 

16 
16 
30 
30 
30 

•   •   • 

•   ■   • 

30 

xa 
16 
16 
20 
20 

34 

16 
16 

34 

16 

24 
34 

16  '  16 

Tfi 

20  1  16  1  16 

16 

*    ■    « 

38 

34 

24 

24 

20  1 

20     20  ,  16 

16 

1*6 

■     •     • 

as 

38 

28 

24 

24 

34    30  ;  ao 

16 

x6 

x6 

38 

38 

28 

24 

24  i 

34 

30     30 

30 

16 

x6 

x6 

33 

38 

28 

1 

28      24   ' 

34 

34     20 

30 

30 

16 

16 

16 

t  These  thicknesses  are  allowed  when  certain  requirements  are  fulfilled  in  r«sard  to 
lengths  of  walls,  hei  :hts  of  storiss,  etc.  For  these  modifying  restrictions  and  for  the 
classifications  of  buildings  in  regard  to  their  uses  the  building  laws  must  be  consulted 
The  table  is  inserted  in  this  form  as  a  useful  general  guide  and  as  an  illustratiotx  of  the 
average  contemporary  practice.  For  modifications  for  different  classes  of  buildiiuK  see 
code.  ' 
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(2)  That  high  stories  a&d  dear  spans  exceeding  25  ft  requiie  thicker 
walls. 

(3)  That  the  length  of  a  wall  is  a  source  of  weakness,  and  that  the  thickness 
should  be  increased  4  in  for  every  25  It  over  loo  or  225  ft  in  length.  In  New 
York  the  thicknesses  given  in  the  table  must  be  increased  for  buildings  exceed- 
ing 105  ft  in  depth  on  the  lot.  In  Western  cities  the  tables  are  compiled  for 
warehouses  las  ft  in  depth,  as  that  is  the  usual  depth  of  bts  in  those 
dties. 

(4)  That  walls  with  over  33%  of  openings  should  be  increased  in  thickness. 

(5)  That  partition  waUs  may  be  4  in  less  in  thickness  than  the  outside  walla 
if  not  over  60  ft  bng,  but  that  no  partition  should  be  less  than  8  in  thick. 

WaUs  Faced  wi^  AaUar.  "  Bearing  walls  faced  with  ashlar  shall  be  at  least 
16  in  thick.  Ashlar  shall  not  be  included  in  reckoning  the  thickness  of  walls 
unless  it  is  either  at  least  S  in  thick  or  alternately  4  in  and  8  in  to  allow  at  least 
a  4-in  bond.  Ashlar  not  having  at  least  a  4-in  bond  in  alternate  courses  must  be 
tied  to  the  backing  by  metal  anchors,  one  to  each  block  3  ft  or  less  long,  and 
two  to  each  block  over  3  ft  long."  ♦ 

Stone  Walla  should  generally  be  4  in  thicker  than  required  for  brick 
walls. 

Hollow  Walla.  Hollow  walls  are  undoubtedly  desirable  for  dwellings,  and 
might  well  be  used  for  other  buildings  not  more  than  four  or  five  stories  in  height, 
on  account  of  the  security  afforded  from  the  weather.  Owing  to  the  fact  that 
they  are  usually  more  expensive  than  solid  walls  and  occupy  more  space,  they 
are  not  very  extensively  used  in  this  country. 

The  Boston  building  bw  requires  that  vaulted  walls  shall  contain,  exclusive 
of  withes,  the  same  amount  of  material  as  is  required  for  solid  walls,  and  the 
masonry  on  the  inside  of  the  air-space  in  walls  over  two  stories  in  height  shall 
be  not  less  than  8  in  thick,  and  the  parts  on  either  side  shall  be  securely  tied 
together  with  ties  not  mote  than  2  ft  apart  in  each  direction. 

Walla  of  Concrete  Blocka,  Blocks  made  of  Portland-cement  concrete,  and 
formed  in  molds,  are  frequently  uaed  for  building  walls  and  partitions  that  are 
comparatively  thin  and  bear  light  loads.  Patents  have  been  taken  out  on 
diderent  forms  of  bbcks  and  on  machines  or  processes  for  making  the  same, 
and  many  buildings  have  been  erected  with  walls  built  of  these  blocks.  Most  oi 
the  blocks  are  molded  so  as  to  form  hollow  walls.  Block  construction  of  this 
kind  has  an  advantage  over  poured  walls,  in  that  the  blocks  are  thoroughly 
seasoned  before  they  are  set  and  hence  no  provision  is  required  for  expansion  or 
contraction.  For  the  thin,  li^t  walb  above  mentioned  the  concrete-block 
construction  i&  better  adapted  than  solid  concrete.  The  expense  of  forms  is 
avoided  and  also  the  tendoicy  to  crack  and  to  leave  an  unsatisfactory  surfs  ce« 
finish.  Concrete  blocks  may  be  substituted  for  any  ordinary  stone  or  brick 
masonry.  BuikUng  laws  usually  require  the  thickness  of  walls  of  hollow  con- 
crete blocks  to  be  not  less  than  that  required  for  brick  walk.  They  should  not 
be  used  in  party  walls.    (See,  also.  Chapter  XXIII,  Subdivision  2.) 

Walla  of  Hollow  TUaa.  Hollow  tiles  are  used  for  the  external  walls  of 
dwellings  and  sometimes  for  factories  in  some  locations  and  under  certain 
restrictions.  For  example,  the  building  laws  (19 13)  of  the  District  of  Columbia 
albw  approved  hollow  tiles,  not  less  than  12  in  in  thickness,  to  be  used  for  the 

*  Boston  Building  Law.  in  force  in  19x5. 
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external  walls  of  dwellings  located  not  less  than  3  ft  from  the  side  or  party  line 
of  the  lot.  The  Philadelphia  laws  do  not  allow  the  use  of  hollow  tiles  for  anj 
external  wall  or  heavy  bearing  partition.  As  far  as  fire^resistance  is  concerned, 
construction  of  hollow  tiles  is,  of  course,  superior  to  wooden  oonstniction,  and  its 
use  is  increasing,  the  outside  walls  being  usually  covered  with  cement  or  stucco, 
although  occasionally  left  with  the  finished  texture  of  the  tile  surface.  The 
reason  hollow  tiles  are  prohibited  by  building  ordinances  for  certain  uses  is 
because  when  heated  and  then  suddenly  cooled  by  water  they  are  apt  to  crack 
from  the  sudden  contraction.  Recent  conflagrations  have  shown  that  liaTd- 
bumed  terra-cotta  will  crack  and  fall  to  pieces  under  severe  heat  alone.  (See, 
also,  Chapter  XXIU,  Subdivision  a.) 

Party  Walls.  There  is  much  diversity  in  building  regulations  regan&jE 
the  thickness  of  party  walls,  although  they  all  agree  in  that  such  walls  should 
never  be  less  than  la  in  thick.  About  one-half  of  the  laws  require  that  party 
walls  shall  be  of  the  same  thickness  as  external  walls;  the  remainder  are  about 
^ually  divided  between  making  the  party  walls  4  in  thicker  or  thinner  than 
for  independent  side  walls.  When  the  walls  are  proportioned  by  the  rule 
pieviously  given  the  author  believes  that  the  thickness  of  the  party  walls  should 
be  increased  4  in  in  each  story.  The  floor-load  on  party  walls  ia  obvk>u^y 
twice  that  on  side  walls,  and  the  necessity  for  thorough  fire-protection  is 
greater  in  the  case  of  party  walls  than  in  other  walls. 

Enclosing  Walls  for  Steel,  Skeleton  Construction.  In  buildings  of  the 
skeleton  type  the  outer  masonry  walls  are  usually  supported  either  in  every 
story  or  every  other  story  by  the  steel  framework,  and  carry  nothing  but  thtir 
own  weight.  Such  walls  may,  therefore,  be  <X)nsidered  as  only  one  or  two 
stories  high,  and  are  usually  made  only  la  in  thick  for  the  whole  height  of  a 
twelve-story  or  fifteen-story  building.  For  skeleton  construction,  the 
Chicago  ordinance  allows  encu)6ING  walls  of  la-in  thickness  for  all  stoiies. 
The  former  New  York  City  code*  required  the  use  of  la-in  enclosing  walls  for  75 
ft  of  the  uppermost  height  thereof,  or  to  the  nearest  tier  of  beams  to  that  measun- 
ment,  and  4  in  additional  thickness  for  every  lower  6o-ft  section  or  to  the  near- 
est tier  of  beams  to  such  vertical  measurement,  dpwn  to  the  tier  of  beams  new- 
est to  the  curb-level.  But,  on  account  of  the  severity  of  some  of  the  require- 
ments as  applied  to  very  high  buildings  of  skeleton  construction,  (»ermissiin 
was  frequently  given  by  the  Commissioners  of  Buildings,  who  were  empowerc  i 
to  modify  the  building  laws  within  certain  limits,  to  reduce  the  thicknesses 
of  certain  walls  for  very  high  buildings,  according  to  the  peculiar  drcumstanoes 
of  each  case,  without  endangering  the  strength  and  safety  of  the  building. 
A  few  of  the  earlier  tall  buildings  were  built  with  self-sustaining  walls, 
starting  from  the  foundation,  while  columns  were  introduced  merely  to  support 
the  floors  and  to  give  additional  stiffness.  "The  World  Building,  New  York 
City,  erected  in  1890,  is  an  extreme  example  of  high-building  construction, 
with  self-sustaining  walls.  The  main  roof  is  191  ft  above  the  street-level 
making  thirteen  nmin  stories,  above  which  is  a  dome  containing  six  stones,  ra 
all,  a  height  of  275  ft  above  the  street.  The  self-sustaining  walls  are  built  c4 
sandstone,  brick  and  terra-cotta,  the  thickness  increasing  from  3  ft  at  the  top 
to  as  much  as  1 1  ft  4  in  near  the  bottom,  where  the  walls  are  offset  to  a  concrete 
footing  15  ft  wide.  The  walls  are  vertical  on  the  outside  faces,  the  thickncs 
being  varied  by  in^de  offsets,  so  that  the  columns  are  recessed  into  the  walls 
at  the  bottom,  but  emerge  and  are  some  distance  clear  of  the  walls  at  the  top.*'t 

*  The  revised  Code,  1916-17,  allows  la-in  curtain  walls  in  skeleton  buildings  the  entin 
htiKht  of  building,  when  supported  on  girders  in  each  story.  This  practice  is  followed 
by  a^  out  fifty  other  cities. 

t  From  Architectural  EogioeeriDg,  by  J.  K.  Freitag. 
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4.    Hfttvfil  Ccmanti  And  Hortan^ 

PropartiM  and  Umb  of  Natural  Cementa.  The  first  hydraulic  cements 
used  in  this  country  were  natural  cements,  manufactured  by  the  calcination 
of  argillaceous  limestone  containing  sufficient  silica,  alumina  and  iron  oxide  to 
confer  hydraulic  properties  when  the  burned  rock  was  pulverized  and  gauged 
with  water.  These  natural  cements  were  very  widely  manufactured  and  used 
until  recent  years,  when  they  have  been  practically  completely  replaced  by 
Portland  cement.  Natural  cements  vary  in  color  from  light  yellow  to  dark 
brown  according  to  the  content  of  oxide  of  iron,  and  in  distinction  to  Portland 
cements  they  are  not  uniform  in  their  composition  or  beha\'ior.  The  chemical 
compodtion  and  physical  characteristics  of  various  natural  cements  vary  within 
wide  UmitA,  not  only  between  cements  manufactured  in  different  mills,  but  be- 
tween the  products  of  the  same  mill  at  different  times.  Natural  cements  set 
more  raincUy  than  Portland  cements  and  pre  slower  in  developing  strength. 
The  production  of  natural  cement  in  the  United  States  for  19 13  was  800000 
barrds,  while  during  the  same  year  the  production  of  Portland  cement  was 
82000000  barrels;  from  which  it  is  seen  that  the  natural-cement  industry  b 
relatively  almost  extinct.  Natural  cement  may  be  used  in  massive  masonry 
where  weight  rather  than  strength  is  the  essential  feature.  It  is  used,  also, 
for  certain  special  purposes,  such  as  in  the  manufacture  of  safes  and  in  certain 
industries  where  a  quick>setting  cement  is  necessary.  Where  economy  is  the 
governing  factor,  a  comparison  may  be  made  between  the  use  of  natural  cement 
and  a  leaner  mixture  of  Portland  cement  that  will  develop  the  same  strength. 

Weight.  The  specifications  of  the  American  Society  for  Testing  Materials 
require  that  a  bog  of  natural  cement  shall  contain  94  lb,  net,  of  cement,  and  that 
each  barrel  of  natural  cement  shall  contain  three  bags  of  this  net  weight. 

Strangth.  A  natural-cement  mortar,  in  order  to  comply  with  the  require- 
ments of  the  standard  specifications  of  the  American  Society  for  Testing  Ma- 
terials, most  show  a  tensile  steengtb,  for  the  neat  cement,  of  at  least  150  lb 
per  sq  in,  when  one  week  old,  and  350  lb  at  the  end  of  28  days;  or,  when  mixed 
with  three  parts  of  standard  Ottawa  sand,  50  lb  at  the  end  of  one  week,  and  las 
lb  at  the  end  of  38  days.  The  strength  of  i  :  3  natural<ement  mortar  is  about 
equal  to  that  of  i  :  4  PoTtland<ement  mortar. 

Proportions  of  ITatural  Cement  and  Sand  for  Mortar  and  Concrete. 

For  mortar  for  nibble-stone  masonwork  and  ordinary  brickwork,  one  part  of 
natural  cement  may  be  mixed  with  three  parts  of  sand,  by  measure. 

Hydranlic  Lime.  A  product  closely  related  to  natural  cement  is  htdrattuc 
lime.  This  is  manufactured  in  the  same  way  as  natural  cement,  but  the  rock 
used  contains  sufficient  lime  to  permit  it  to  slake  like  quicklime.  When  the 
resulting  product  is  pulverized,  it  sets  and  hardens  as  an  hydraulic  cement. 
Hydraulic  limes  are  largely  manufactured  in  Europe,  and  especially  in  France 
and  Belgium,  but  in  the  United  States  they  have  been  manufactured  only  in  ^ 
few  localities.  Thb  is  due  to  the  fact  that  while  rock  of  suitable  composition 
b  widely  found,  the  impurities  are  not  uniformly  distributed  through  it,  but  are 
found  in  layers  or  seams  which  prevent  the  material  from  being  uniformly 
burned.  The  portion  of  the  rock  immediately  adjacent  to  and  including  the 
seam  of  impurities  overbums,  frequently  melting  like  a  slag,  while  the  purer 
portions  consist  simply  of  quicklime;  and  while  the  resulting  mass  slakes  partly, 
the  product  when  pulverized  is  unreliable  as  a  cement. 


*  Prutical  data  idating  to  Ccmenti,  Limes  and  PUsten  were  furnished  the  Editor  by 
the  Cbarln  Warner  Company  of  Wilmingtoo,  Del.  For  Limea  and  Plasters,  see  Part 
III.  pages  IS48  to  XS58- 
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Grappier  Cement  is  a  BV-raoDucr  |>codiK»d  doring  the  calcination  of  sr- 

DfiAULTC  LIME. 

La  Farge  Cement  is  an  imported  non-staining  csAPPiEa  ceuent.    It 
develops  nearly  che  same  strength  as  the  Portland  cements. 

5.    Artificial  Cements  and  Mortars 

The  Artificial  Cements  used  in  the  United  States  include  Portland  cement 
and  Puzzolan  or  slag  cement. 

Portland  Cement.  The  principal  artificial  cement  in  this  country  to-day 
is  Portland  cescent.  It  is  manufactured  from  two  raw  materials  wtuch  are 
ground  to  extreme  fiineness  to  secure  an  intimate  mix  before  burning,  and  it 
is  from  this  fact  that  it  derives  its  name,  artificial  cement.  These  ma- 
terials must  be  so  proportioned  that  in  the  finished  cement,  silica,  alumina,  iron 
oxide  and  lime  will  be  present  in  a  certain  ratio  which  must  be  maiataxned 
within  close  limits.  In  the  Lehigh  Valley  region  of  Pennsylvania,  in  which 
are  located  some  of  the  leading  Portland-cement  milk  of  the  United  States,  the 
raw  materials  used  are  limestone  and  cement-rock.  The  cement-rock  is  an  im- 
pure limestone  carrying  argillaceous  or  clay-matter.  In  order  to  bring  the  lime- 
content  up  to  the  requii^ed  percentage,  it  is  usually  found  necessary  in  this 
region  to  add  limestone.  In  other  districts  the  raw  materials  used  are  lime- 
stone and  clay,  limestone  and  shale,  marl  and  clay  and  also  blast-furnace  slag 
and  limestone.  The  product  from  the  last-mentioned  mixture  should  not  be 
confused  with  the  common  slag  cement  or  Puzzolan  cement,  as  the  slag  is  simply 
used  as  a  raw  material  supplying  silica,  alumina,  iron  oxide  and  Erne;  and  with 
the  exception  of  the  use  of  slag  to  furnish  these  ingredients,  the  process  of  manu- 
facture and  the  properties  are  substantially  the  same  as  for  the  other  PcM^land 
cements.  The  raw  mix  in  a  Portland  cement  mill  is  analyzed  at  most  mills 
several  times  each  hour  to  keep  the  composition  of  the  cement  within  the  proper 
limits.  The  raw  material,  which  is  pulverised  as  fine  as  the  finished  cement.  Is 
bumed  in  rotary  kilns,  the  fuel  used  in  most  instances  being  powdered  coaL 
From  the  kiln  it  issues  in  the  form  of  clinkcr,  the  name  given  to  the  semivit- 
rified  product.  After  cooling,  calcium  sulphate  in  the  form  of  gypsum  k 
added  to  control  the  set  and  the  product  is  pidverized  and  packed  for  shipixienL 
The  manufacture  and  properties  of  Portland  cement  have  been  made  the  subject 
of  careful  study  by  the  American  Society  for  Testing  Materials  and  by  the 
American  Society  of  Civil  Engineers.  The  result  of  this  study  is  embodied  in 
the  standard  specifications  of  the  American  Society  for  Testing  Materials^  ex- 
tracts from  which  are  given  in  the  paragraphs  following.  These  spedficatloos 
furnish  a  reliable  guide  for  the  acceptance  or  rejection  of  any  shipment  of  ce- 
ment and  have  been  very  widely  adopted  by  the  leading  architects  and  engineers 
of  this  country.  These  specifications  do  not  stipulate  that  Portland  cement  shall 
consist  of  any  one  particular  composition,  but  in  this  respect  confine  themselves 
to  the  limitation  of  the  magnesia  (MgO)  and  anhydrous  sulphuric  add  (SOi)  con- 
tent. The  reason  for  this  is  that  with  different  raw  materials  it  is  found  neces- 
sary to  vary  the  composition  of  the  cement  to  obtain  the  correct  physical 
properties  in  the  finished  material.  Different  cements  which  satisfy  the  require- 
ments of  these  standard  specifications  are  generally  considered  satisfactory  ce- 
ments for  \ise,  although  the  composition  of  one  may  vary  in  some  particulais 
from  that  of  another.  The  chemicai.  composition  of  a  good  brand  of  Poet- 
land  cement  is  about  as  follows:  Lime,  62;  silica,  23;  alumina,  8;  and  impurities 
such  as  iron  oxide,  magnesia,  and  sulphuric  add,  7. 

Standard  Speciucations  por  Portland  Cement.*    The  following  est  nuts 

give  the  most  important  requirements  for  Portland  cement: 

*  From  the  Standard  Specifications  and  Tests  for  Portland  Cement,  revised,  2916     (ef- 
fective, Janiiary  i,  19x7),  by  the  American  Society  for  Testing  Materials. 
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(x)  DcFimnON.  FortktMl  cement  is  the  product  obtained  by  finely  pulveriz- 
ing clinker  produced  by  calcining  to  incipient  fusion  an  intittate  and  properly  pnn 
portioned  mixture  of  argillaceous  and  calcareous  materials,  with  no  additions  sub- 
sequent  to  calcination  excepting  water  and  calcined  or  uncalcined  gypsum.  (3) 
Chemicax.  Limits.    The  following  limits  shall  not  be  exceeded: 

Loss  on  ignition,  per  cent 4 .00 

Insoluble  residue,  per  cent o. 85 

Sulphuric  anhydride  (SOi),  per  cent. 3 .00 

Magnesia  (MgO),  per  cent 5 .00 

(3)  Specific  Graxtty.  The  specific  gravity  of  cement  shall  be  not  less  than 
3.10  (3.07  for  white  Portland  cement).  Should  the  test  of  cement  as  received  fall 
below  this  requirement  a  second  test  may  be  made  upon  an  ignited  sample.  The 
specific-gravity  test  will  not  be  made  unless  specifical^  ordered.  (4)  Fineness. 
The  pe«due  on  a  standard  No.  300  sieve  shall  not  exceed  22  per  cent  by  weight. 
( ^)  Soundness.  A  pat  of  neat  cement  shall  remain  firm  and  hard,  and  show  no 
sgns  of  distortion,  cracking,  checking,  or  disintegration  in  the  steam  test  for 
soundness.  (6)  Time  of  Setting.  The  cement  shall  not  develop  initial  set  in 
less  than  45  minutes  when  the  Vicat  needle  Is  used,  or  60  minutes  when  the 
Gilmore  needle  is  used.  Final  set  shall  be  attained  within  10  hours.  (7)  Tensilb 
St&entcth.  The  average  tensile  strength  in  pounds  per  square  inch  of  not  less 
than  three  standard  mortar  briquettes  composed  of  i  part  cement  and  3  parts 
Scandard  sand,  by  weight,  shall  be  equal  to  or  higher  than  the  following: 


Age  at  test, 
days 


Storage  of  briquettes 


7  j  I  day  in  moist  air,   6  days  in  water. 

38  j  I  day  in  moitt  air.  27  dajrs  in  water. 


Tensile 

strength, 

lb  per  sq  in 


200 
300 


(8)  The  average  tensile  strength  of  standard  mortar  at  2S  days  shall  be  higher 
than  the  strength  at  7  days.  (9)  Packages  and  Marking.  The  cement  shall 
be  delivered  in  suitable  bags  or  barrels  with  the  brand  and  name  of  the  manu- 
facturer plainly  marked  thereon,  unless  shipped  in  bulk.  A  bag  shall  contain 
94  lb  net.  A  barrel  shall  contain  376  lb  net.  (10)  Storage.  The  cement  shal! 
be  stored  in  such  a  manner  as  to  permit  easy  access  for  proper  inspection  and 
identification  of  each  shipment,  and  in  a  suitable  weather-tight  building  which 
will  protect  the  cement  from  dampness,  (i  i)  Inspection.  Every  facility  shall 
be  provided  the  purchaser  for  careful  sampling  and  inspection  at  either  the  mill 
or  at  the  site  of  the  work,  as  may  be  specified  by  the  purchaser.  At  least  10  days 
from  the  time  of  sampling  shall  be  allowed  for  the  completion  of  the  7-day  test/ 
and  at  least  31  days  shall  be  aUowed  for  the  completion  of  the  28-day  test.  Th^ 
cement  shall  be  tested  in  accordance  with  the  methods  hereinafter  prescribed; 
The  38-day  test  shall  be  waived  only  when  specifioally  so  ordered.  (la)  RejeC' 
Tioy.  The  cement  may  be  rejected  if  it  fails  to  meet  an>'  of  the  requirements  of 
these  tpcdficatkMis. 

Sections  (i3>  to  (15),  also,  relate  to  Rejection.    (See  comf^te  Specification.) 

I%2tofftii  or  Slag  Cements  are  not  used  extensively  and  never  in  important 
work.  Their  manufacture  and  properties  may  be  briefly  described  as  follows: 
Blast' f*imflcc  basic  slag  is  granulated  by  running  it  in  a  molten  condition  into 
wmtef .  Thk  accomplishes  two  objects.  The  slag  is  broken  up  into  fine  particles 
2md  the  sudden  chilling  enhances  its  hydrauKc  propetties.  These  particles 
are  dried  sad  ground  with  hydrated  Ume^  in  the  proportioh  of  from  15  to  25% 
of  hydrated  lime  and  from  75  to  85%  of  granulated  slag.  Such  cement,  known 
as  SLAG  CEMENT,  is  slow-setting  and  slow-hardening,  and  does  not  develop  as 
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much  strength  as  natural  or  Portland  cement.  Slag  cements  are  chafmcteriaed 
by  their  light  lilac  color,  their  extreme  fineness  and  their  low  specific  gravity. 
They  are  considered  unreliable  for  use  except  for  foundation«work  under  grojod 
where  they  are  not  exposed  to  air  or  running  water. 

StainletB  Cements.  Any  ordinary  Portland  or  natural  cement  will  stain 
limestones,  some  porous  marbles,  some  granites  and  some  other  Ught-cobred 
stones.  The  best  non-staining  material  is  lime,  that  is,  lime  free  from  excess  of 
iron  oxide.  There  are  some  Portland  cements,  however,  which  are  called  non- 
staining  CEMENTS,  and  where  care  is  used  in  their  manufacture  and  they  are 
free  or  comparatively  free  from  iron  oxide,  they  cause  no  trouble.  Among 
the  non-staining  cements  which  have  been  extensively  used  for  masonry  oa 
which  staining  would  be  objectionable,  is  La  Farge  Cement,  before  mentioned. 
It  is  made  at  Teil,  Franc^  is  light-colored  and  contains  a  small  percentage  of 
iron  and  soluble  salts,  l^ere  are  other  non-staining  cements  on  the  market. 
For  setting  stones,  and  in  order  to  retard  the  settinq  of  the  cement  until  the 
stones  are  well  bedded,  i  part  by  volume  of  lime-paste  is  usually  mixed  with 
4  parts  of  the  cement. 

Coat  of  Portland  Cement.*  Portland  cement  can  now  (1915)  be  purchased 
in  this  country  at  prices  ranging  from  90  cents  to  $2.50  per  barrel,  free  on  t>oard 
cars  at  the  mills.  The  cost  of  the  sacks  and  the  freight  are  extra.  The  retail 
price  for  single  barrels  varies  from  about  $a.oo  to  $2.50  per  barrel.  As  a  rule, 
the  cost  of  cement  in  carload  lots  is  about  85  cts  per  bbl  at  the  mills.  An  extra 
charge  of  10  cts  per  bbl  for  bags  is  made  when  the  cement  is  delivered  in  paper 
bags.  The  extra  charge  is  40  cts,  if  delivered  in  cloth,  but  the  mills  refund  this 
40  cts  when  the  bags  are  returned  in  good  condition.  There  is  a  chaige  of  40 
cts  when  the  cement  b  furnished  in  wooden  barrels  and  no  allowance  is  made, 
for  barrels  returned.  It  is  generally  cheaper  in  the  end  to  buy  the  cement  in 
cloth  bags  and  return  the  empty  bags.  For  about  500  miles,  the  freight- 
cha'ges  are  about  40  cts  per  bbl  of  cement,  making  the  total  cost  per  bbl  for 
this  distance  $1.35.  when  purchased  in  cloth  bags  and  when  the  40  cts  per  bag 
are  refunded.  Testing  costs  from  3  to  5  cts  per  bbl,  or  from  $5  to  $6  per 
carload.  Unloading  and  storing  near  the  station  cost  about  3  cts  per  bbl,  and 
about  2  cts  per  bbl  are  usually  added  to  the  costs  to  allow  for  handling  and 
returning  empty  sacks,  and  freight-charges  for  and  damage  to  same.  Teaming 
costs  about  5  cts  per  bbl  per  mile.  The  total  cost,  therefore,  according  to 
these  average  costs,  is  about  $1.38  per  bbl  for  the  cement  ready  for  use  for 
mortar  or  concrete.  (For  Cost  of  Concrete,  see  page  249;  also  foot-note  for  same/. 

Water  Required  in  Mixing  Cement  Mortar.  Good  Portland  cement 
requires  relatively  little  water  to  make  a  good  mortar.  Neat  cement  will  take 
from  20  to  22%  (by  weight)  of  water  to  produce  the  normal  consistency,  a 
quick-setting  cement  requiring  more  water  than  one  that  is  slow-setting.  If  a 
greater  quantity  of  water  is  required,  it  indicates  the  presence  of  an  excess  of 
free  lime.  When  sand  is  mixed  with  cement,  in  the  proportion  of  3  to  i,  not 
more  than  from  9  to  12^2%  (by  weight)  of  water  will  be  required.  Natural 
cements  and  slag  cements  require  more  water  than  do  Portland  cementa.  Too 
much  water  drowns  the  cement,  retards  the  setting  and  weakens  the  mortar. 
Cements  can  also  be  weakened  or  even  spoiled  by  a  de&dency  of  water. 

Portland-Cement  Mortar.  For  first-class  mortar  not  more  than  3  bbl  of 
Band  should  be  added  to  i  bbl  of  cement.  For  rubble  stonework  under  ordinary 
conditions  a  mortar  composed  of  4  parts  of  sand  to  i  of  cement  will  answer  every 
purpose,  and  be  much  stronger  than  lime  mortar.    For  the  top  surface  of  floois 

*  See  foot-note,  page  949. 
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Bad  walks,  from  i  to  i  H  P^rts  of  sand  may  be  mixed  with  i  part  of  cement. 
I  u>  3  PortlandKrement  mortar  has  about  the  same  strength  at  the  end  of  one 
year  as  x  to  i  natural-cement  mortar.  Mortar  made  with  fine  sand  requires  a 
raych  larger  quantity  of.  cement  to  obtain  a  iJFfta  strength  than  mortar  made  with 
Cbane  sand.   (See  page  276  for  ideal  mortar  with  hydrated  lime  for  brickwork.) 

Effects  of  Low  Tempentisres  and  Freezing  on  Cement  Mortare.  The 
rate  of  setting  and  hardening  of  cement  mortar  is  greatly  affected  by  the  temper- 
ztTHc,  and  the  exposure  and  loading  of  new  work  often  depends  upon  the  pre- 
\2iliag  temperature.  The  freezing  of  natural-cement  mortars  should  be  en- 
tirely avoided  as  it  seriously  injures  them.  Although  freezing  greatly  retards 
ihe  hardening  of  Portland-cement  mortars  and  concretes,  it  does  not  appear 
to  injure  them.  Thin  coats  of  mortar,  such  as  plaster,  and  troweled  surfaces 
or  those  on  which  free  moisture  is  formed  should  not  be  applied  in  freezing 
vcather  as  they  are  apt  to  scale.  In  general,  it  is  undesirable  to  work  with 
n-jOTtar  or  concrete  in  freezing  weather,  as  the  difficulties  of  properly  mixing 
«icd  placing  the  materials  are  then  increased;  it  must  be  admitted,  however, 
tiiat  successful  work  with  Portland-cement  mortar  and  concrete  has  been  done 
in  temperatures  considerably  below  freezing. 

The  Effect  of  Salt  in  Mortar.  When  salt  is  added  to  the  water  of  mix- 
tare,  the  freezing-point  b  lowered,  and,  within  certain  limits,  the  freezing  of 
tbe  mortar  or  concrete  is  prevented.  The  ultimate  strength  of  mortar  does  not 
appear  to  be  reduced  when  the  amount  of  salt  does  not  exceed  xo%.  Tetmajer 
gives  the  amount  of  salt  required  to  lower  the  freezing-temperature  as  equal  to 
1%  of  the  weight  of  the  water  per  degree  F.  below  32°.  The  rule  for  the  pro- 
portion of  salt  used  in  the  works  at  Woolwich  Arsenal,  is  said  to  have  been  as 
kjlows:  "Dissolve  i  lb  of  nxk-salt  in  x8  gal  of  water  when  the  temperature  is 
at  32**  F.,  and  add  3  oz  of  salt  for  every  three  degrees  of  lower  temperature." 

Effect  of  Hot  Water  and  of  Soda.  Hot  water  hastens  the  setting  of 
Pjrtlaiid-cemcnt  mortar,  and  2  lb  of  carbonate  of  soda  in  i  gal  of  water,  boiled 
aad  mixed  in  mortar,  hastens  the  setting  and  lessens  the  danger  of  freezing. 

Quantity  of  Mortar  required  for  Masonry  and  Plastering.*  "One  bbl 
cf  Portland  cement  and  3  bbl  of  sand,  thoroughly  and  properly  mixed,  will 
make  3Vi  bbl,  or  12  cu  ft  of  good  strong  mortar.  This  will  be  sufficient  to  lay 
up  1V3  cu  yd  of  rough  stone,  or  about  750  bricks,  with  from  H  to  fi-fn  joints, 
or  cover  125  sq  ft  of  surface,  x  in  thick,  or  250  sq  ft,  \i  in  thick." 

"One  bbl  of  natural  cement  and  2  bbl  of  lime,  mixed  with  about  H  bbl  of 
water,  will  make  8  cu  ft  of  mortar,  sufficient  to  lay  522  common  bricks,  with 
from  M  to  H-in  joints,  or  about  i  cu  yd  of  rough  rubble. " 

For  the  top  coat  of  walks  or  floors,  i  bbl  of  Portland  cement  and  i  of  sand 
will  cover  from  75  to  80  sq  ft,  H  in  thick,  or  from  50  to  56  sq  ft  y*  in  thick. 

One  bbl  of  Portland  cement  and  iH  bbl  of  sand  will  cover  from  no  to  120  sq 
ft  of  floor,  H  in  thick,  or  from  75  to  80  tq  ft,  94  in  thick. 

The  Mixing  of  Mortar.  Mortar  may  be  mixed  by  hand  or  by  mechanical 
mixers,  the  latter  being  preferable  for  the  mixing  of  large  quantities.  When 
tlie  mixing  is  by  hand,  it  should  be  done  on  platforms  made  water-tight  to  pre- 
vent the  loss  of  cement.  The  cement  and  sand  should  be  mixed  dry  in  small 
batches  and  in  the  proportions  required,  the  platform  being  clean.  W^ater  is 
added  and  tbe  whole  mass  remixed  until  it  is  homogeneous  and  leaves  the  mixing 
hoe  clean  when  drawn  out.  Mortar  should  never  be  retempered  after  it  has 
begun  to  set. 

*  These  figures  can  be  considered  as  approximate  only,  as  the  amount  of  mortar  will 
ruy  00  different  jobs. 
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Adhesive  Strength  of  Portland  Cement,  Sol^nr  and  Lead  for  Anclur- 
big  Bolts.*  "  Fourteen  holes  were  drilled  in  a  ledge  of  solid  limestone,  se^en 
o£  them  being  iH  and  seven  i%  in  in  diameter,  and  all  being  3H  ft  deep.  Sorvn 
H  and  seven  x-in  bolts  were  prepared  with  thread  and  nut  on  one  end  and  vith 
the  other  end  plain  but  ragged  for  a  length  of  jH  ft. 

"Four  were  anchored  with  sulphur,  four  with  lead  and  six  with  cencnt. 
mixed  neat.  Half  the  number  of  the  '>4-in  and  i-in  bolts  being  thus  anchored  nith 
each  of  the  three  materials,  all  stood  until  the  cement  was  two  weeks  oid. 
Then  a  lever  was  rigged  and  the  bolts  pulled,  with  the  following  results. 

"  Sulphur:  Three  bolts  out  of  four  developed  their  full  strength  16  000  and 
31  000  lb.  One  x-in  bolt  failed  by  drawing  out,  under  12  000  lb.  head:  Three 
bolts  out  of  four  developed  their  full  strength,  as  above.  One  i-in  boh 
pulled  out,  under  13  000  lb.  Cement:  Five  of  the  bolts  out  of  six  broke  with* 
out  pulling  out.  One  x-in  bolt  began  to  yield  in  the  cement  at  26  000  lb»  but 
sustained  the  load  a  few  seconds  before  it  broke. 

"While  this  experiment  demonstrated  the  superiority  of  cement,  both  as  to 
strength  and  ease  of  application,  it  did  not  give  the  strength  per  square  inch  ot 
area.  To  determine  this,  four  specimens  of  limestone  were  prepared,  each 
lo  in  wide,  18  in  long  and  12  in  thick,  two  of  them  having  i?4-in  holes,  and  two 
of  them  2H-m  holes  drilled  in  them.  Into  the  small  holes  i-in  bolts  were 
cemented,  one  of  them  being  perfectly  plain  round  iron,  and  the  other  having  a 
thread  cut  on  the  portion  which  was  embedded  in  the  cement.  Into  the  iH-in 
holes  were  cemented  2-in  bolts  similarly  treated,  and  the  four  specimens  were 
allowed  to  stand  13  days  before  completing  the  experiment.  At  the  end  of  thb 
time  they  were  put  into  a  standard  tcsting-muchine  and  pulled.  The  plain  i-in 
bolt  began  to  srield  at  20000  lb  and  the  threaded  one  at  21  000  lb.  The  3-in 
plain  bolt  began  to  yield  at  34  000  lb  and  the  threaded  one  at  32  000  lb.  the 
force  in  all  cases  being  very  slowly  applied.  The  pump  was  then  run  at  a  greater 
speed,  and  the  stones  holding  the  2-in  bolts  split  at  67  000  lb  in  the  case  of  the 
smooth  one  and  at  50  000  lb  in  the  case  of  the  threaded  one. 

"It  is  thus  seen  that  for  anchoring  bolts  in  stone,  cement  is  more  reliable, 
stronger  and  easier  of  application  than  either  lead  or  sulphur,  and  that  its  re- 
sistance is  from  400  to  500  lb  per  sq  in  of  surface  exposed.  It  is  also  a  well- 
ascertained  fact  that  it  preserves  iron  rather  than  corrodes  it.  The  cement 
used  throyghout  the  experiment  was  an  English  Portland  cement. " 

€.  Concrete  t 

Properties  and  Uses  of  Concrete.^  There  is  probably  no  material  that  is 
so  enduring  or  better  adapted  for  foundations,  walks  and  basement  floors,  etc^ 
than  cement  concrete,  and  for  certain  classes  of  buildings  it  is  used  with  ad- 
vantage for  the  walls,  floors  and  interior  supports.  There  are  now  thousands  of 
buildings  in  this  and  other  countries  in  which  all  of  the  structural  portions  are 
formed  of  reinforced  concrete,  and  the  use  of  Portland<ement  concrete  for  a 

*  The  test  of  these  materiaU  b  reported  in  the  American  Architect,  page  105.  vol 
xziv. 

t  The  subject  of  concrete  in  general,  including  plain  or  maas-concrete  and  reinforced 
concrete,  b  to^ay  so  important,  and  the  available  data  so  vast  in  amount  that  only  those 
brief  statements  of  general  principles  and  of  the  best  cn$tineering  practice  that  are  the  moA 
important  for  the  architect  and  builder  to  know  can  be  included  in  a  handtxxA  of  this 
kind.  For  fall  treatments  of  the  subject,  the  readers  are  referred  to  the  numerous  recent 
treatises,  tests,  proceedings  of  engineering  societies,  etc. 

t  For  reinforced  Concrete,  see  Chapter  XXIV;  for  Concrete  Foundations,  Chapter  11; 
for  Retnforced-Concrete  Factory  Construction,  Chapter  XXV;  and  for  Strength  of  Cos- 
Tete,  Chapter  V.    See,  also.  Chapter  XXIII,  pages  817  and  843. 
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great  variety  of  purposes  is  rapidly  extending,  due  to  the  reduced  price  of 
Portland  cement,  and  to  a  better  apprectatioa  and  understanding  of  its  proper^ 
\ks  and  merits.  Concrete  may  be  defined  as  an  artificial  stone,  made  by 
Baiting  cement,  water  and  what  is  called  an  aggregate,  consisting  of  small  and 
br^  particles  of  sand  or  screenings  and  gravel  or  broken  stone;  and  when 
Q3de  with  good  Portland  cement,  in  proper  proportions,  it  becomes  so  hard 
ud  strong  that  when  pieces  of  it  are  broken,  the  line  of  fracture  often  passes 
tbrougfa  the  particles  of  stone,  showing  that  the  adhesion  of  the  cement  to  the 
su.«e  is  greater  than  the  cohesive  strength  of  the  stone  itself. 

Tbe  Aggregates.*  "  Extreme  care  should  be  exercised  in  selecting  the  aggre- 
ptes  for  mortar  and  concrete,  and  careful  tests  made  of  the  materials  for  the 
purpose  of  determining  their  qualities  and  the  grading  necessary  to  secure 
Buimum  density  or  a  minimum  percentage  of  voids.  A  convenient  coefficient 
d  density  is  the  ratio  of  the  sum  of  the  volumes  of  materials  contained  in  a 
3Bit  volume  to  the  total  imit  volume.     (See,  also,  pages  908  and  909.) 

"  (x)  Fine  AggregatM  should  consist  of  sand,  crushed  stone,  or  gravel  screen- 
ings, snded  from  fine  to  coarse  and  passing  when  dry  a  screen  having  H-in  diam 
i^;  it  preferably  should  be  of  siliceous  material,  and  should  be  clean,  coarse, 
^  from  dust,  soft  particles,  vegetable  loam  or  other  deleterious  matter,  and 
^  more  than  6%  should  pass  a  sieve  having  xoo  meshes  per  tin  in.  Fine  aggre- 
nts  should  always  be  tested.  Fine  aggregates  should  be  of  such  quality 
iiat  mortar  composed  of  one  part  Portland  cement  and  three  parts  fine  aggre- 
t^te  by  weight  when  made  into  briquettes  will  show  a  tensile  strength  at  least 
eq^ial  to  the  strength  of  i  :  3  mortar  of  the  same  consistency  made  with  the 
laoe  cement  and  standard  Ottawa  sand.  This  is  a  natural  sand  obtained  at 
OiUwa,  m.,  passing  a  screen  having  20  meshes  and  retained  on  a  screen  having 
jc  mesbes  per  lin  in.  It  is  prepared  and  furnished  by  the  Ottawa  Silica  Com- 
ity, for  2  cts  per  lb,  free  on  board  cars,  at  Ottawa,  III.,  under  the  direction  of 
l^e  Special  Committee  on  Uniform  Tests  of  Cement  oC  the  American  Society 
^  Civil  Engineers.  If  the  aggregate  be  of  poorer  quality  the  proportion  of 
cement  should  be  increased  in  the  mortar  to  secure  the  desired  strength.  If 
^  streogth  developed  by  the  aggregate  in  the  i  :  3  mortar  is  less  than  70%  of 
^  strength  of  the  Ottawa-sand  mortar,  the  material  should  be  rejected.  To 
tvoid  the  removal  of  any  coating  on  the  grains,  which  may  affect  the  strength, 
^  sands  should  not  be  dried  before  being  made  into  mortar,  but  should  con- 
^  natural  moisture.  The  percentage  of  moisture  may  be  determined  upon  a 
^rate  sample  for  correcting  weight.  From  10  to  40%  more  water  may  be 
'Mred  in  mixing  bank  or  artificial  sands  than  for  standard  Ottawa  sand  to 
pnxiuce  the  same  consbtency. 

"  (3)  CeaiM  AcsregatM  should  consbt  of  crushed  stone  or  gravel  which  is 
''^oed  on  a  screen  having  H^in  diam  holes  and  graded  from  the  smallest  to 
^  lugtst  particles;  they  should  be  clean,  hard,  durable  and  free  from  all 
^^^sterious  matter.  Aggregates  containing  dust  and  soft,  flat  or  elongated 
P>ticles  ahoukl  be  excluded  from  important  structtures." 

Any  kmd  of  stone  is  suitable  for  the  coarse  aggregate  which  has  such  strength 
^t  the  strength  of  the  concrete  is  not  limited  by  the  strength  of  the  stone. 
^^t  strength  n  of  little  advantage  beyond  this  minimum.  The  stones  gener^ 
%  cmpbyed  are  granites,  traps  and  limestones.    Shales  and  sandstones  of 

*  Moat  of  the  matter  of  this  paragraph,  and  of  following  paragraphs  relating  to  concrete, 
Qxaists  of  data  and  conclusions  formulated  by  the  joint  committees  of  the  Am.  Soc.  C.  £., 
•^n.  Soc.  for  Test.  Mats.,  Am.  Ry.  Eng.  and  Maint.  of  Way  Asso.,  and  Aaso.  of  Am. 
^'^''^hiid  Cement  Manfxs.  In  regard  to  Aggregates,  etc..  see,  also,  the  same  subjects  in 
^^'^^  XXIV.  pages  906  and  909,  and  foot-notes  on  page  908  in  that  chapter. 
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deficient  strength  should  be  tested  before  use.  Screened  gravel  generally  makes 
a  good  coarse  aggregate.  "  The  maximum  size  of  the  coarse  aggregate  is  governed 
by  the  character  of  the  construction.  For  reinforced  concrete  and  for  sma.ll 
c&asscs  of  uhreinforced  concrete,  the  aggregate  must  be  SDiall  enough  to  produce 
with  the  mortar  a  homogeneous  concrete  of  viscous  consistency  which  will  pass 
readily  between  and  easily  surround  the  reinforcement  and  fill  all  parts  of  the 
forms.  For  concrete  in  large  masses  the  size  of  the  ooane  aggregate  may  be 
inaeased,  as  a  large  aggregate  produces  a  stronger  concrete  than  a  fine  one, 
although  it  should  be  noted  that  the  danger  of  separation  from  the  mortar 
becomes  greater  as  the  size  of  the  coarse  aggr^ate  inaeases. " 

The  use  to  be  made  of  the  concrete  determines  the  maximum  size  of  the  coarse 
aggregate.  When  used  in  mass-concrete  construction,  such  as  heavy  walls, 
the  maximum  size  may  run  up  to  2^i  and  3  in  with  good  results.  For  reinforced 
work  and  thin  walls,  however,  it  is  necessary  to  reduce  the  maximum  size  to  i 
in  or  less.  It  has  been  found  that  the  following  are  the  maximum  sizes  for  the 
coarse  aggregate  of  plain  or  mass-concrete  in  the  best  practice:  for  foundations, 
2v^  in;  for  abutments,  2  in;  for  arch-rings,  iV4  in;  and  for  copings,  thin  walls^ 
etc.,  X  in. 

"Cinder  concrete  should  not  be  used  for  relnforced<oncrete  structures.  It 
may  be  allowable  in  mass  for  veiy  light  loads  or  for  fire-protection  purposes. 
The  cinders  used  should  be  composed  of  hard,  clean,  vitreous  clinkers,  free  from 
sulphides,  unbumed  coal,  or  ashes.    (See,  also,  page  909.) 

"  Water  for  Miziag  Concrete.  The  water  used  in  mixing  concrete  should 
be  free  from  oil,  acid,  alkalies,  or  oiganic  matter. " 

Preparing  and  Placing  Mortar  and  Concrete.  '*  (x)  Proportioas.*  The 
materiab  to  be  used  in  concrete  should  be  carefully  selected,  of  uniform  quality, 
and  proportioned  with  a  view  to  securing  as  nearly  as  possible  a  maximum 
density. 

"(a)  Unit  of  Measure.  The  unit  of  measure  should  be  the  cubic  foot.  A 
bag  of  cement,  containing  94  lb,  net,  should  be  considered  the  equivalent  of  i 
cu  ft.  The  measurement  of  the  fine  and  coarse  aggregates  should  be  by  loose 
volume. 

"(b)  Relation  of  Fine  and  Coarse  Aggregates.  The  fine  and  coarse  aggre- 
gates should  be  used  in  such  relative  proportions  as  will  insure  maximum  den- 
sity. In  unimportant  work  it  is  sufficient  to  do  this  by  individual  judgment, 
using  correspondingly  higher  proportions  of  cement;  for  important  work  these 
proportions  should  be  carefully  determined  by  density-experiments  and  the 
sizing  of  the  fine  and  coarse  aggregates  should  be  uniformly  maintained  or  the 
proportions  changed  to  meet  the  varying  sizes. 

"(c)  Relation  of  Cement  and  Aggregates.  For  reinforoed'Concrete  con- 
struction, one  part  of  cement  to  a  total  of  six  parts  of  fine  and  coarse  aggre- 
gates, measured  separately,  should  generally  be  used.  For  columns,  richer 
mixtures  are  generally  preferable,  and  in  massive  masonry  or  rubble  concrete 
a  mixture  of  x  :  9  or  even  i  :  la  may  be  used.  These  proportions  should  be 
determined  by  the  strength  or  the  wearing-qualities  required  in  the  constnic- 
tjon  at  the  critical  period  of  its  use.  Experienced  judgment  based  on  individual 
observation  and  tests  of  similar  conditbns  in  similar  localities  is  an  excellent 
guide  as  to  the  proper  proportions  for  any  particular  case.  For  all  important 
construction,  advance  tests  should  be  made  of  concrete,  of  the  materials,  pro- 
portions and  consistency  to  be  used  in  the  work.  These  tests  should  be  made 
under  laboratory  conditions  to  obtain  uniformity  in  mixing,  proportioning  and 

*  See,  also,  in  Chapter  XXIV,  paragraphs  relating  to  these  subjects  on  page  9x0, 
and  loOw-DOte  relating  to  the  same,  on  page  908  of  that  chapter. 
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Haagt,  and  m  case  tlie  results  do  not  ooofonn  to  the  Kqairements  of  the  work, 
issngates  of  a  better  quality  should  be  chosea  or  richer  proportions  used  to 
obtain  the  desired  results." 

Professor  Tumeaure  of  the  University  of  Wisconsin  gives  the  following  as 
the  proportions  of  cement,  sand  and  coane  aggregate  generally  used  for  various 
dasKSof  work: 

For  reinforced  columns  and  structural  parts 

requixing  extra  strength from  i:  i  :  a  to  i  :  iH  :$ 

For  buildings,  thin  walls,  reinforced  concrete, 

tanks  and  impervious  construction from  i  :  3  : 4  to  x  :  aH  *•  4H 

For  structures  requiring  great  strength  rather 

than  mass from  i  :  sH  :  5  to  i  :  3  : 6 

For  structures    requiring   mass   rather   than 

strength,  foundations,  etc from  i  :  3  : 6  to  i  :  4  : 8 

"(a)  i*y*i«g  Concrete.  The  ingredients  of  concrete  should  be  thoroughly 
Bued  and  the  mixing  ^ould  continue  until  the  cement  is  uniformly  distributed 
tad  the  mass  is  uniform  in  color  and  homogeneous.  As  the  maximum  density 
aad  greatest  strength  of  a  given  mixture  depend  largely  on  thorough  and  com- 
"Me  mixing,  it  is  essential  that  the  work  of  mixing  should  receive  special  atten- 
tbo  and  care.  Inasmuch  as  it  is  difficult  to  determine,  by  visual  inspection, 
vbetbcr  the  concrete  is  unifonnly  mixed,  especially  where  limestone  or  aggre- 
pxa  having  the  color  of  cement  are  used,  it  b  essential  that  the  mixing  should 
occupy  a  definite  period  of  time.  The  minimum  time  will  depend  on  whether 
tbe  mixing  b  done  by  machine  or  hand. 

**{z)  Measuring  Ingredients.  Methods  of  measurement  of  the  proportions 
of  the  vaxious  ingredients  should  be  used  which  will  secure  separate  and  uni- 
knn  measurements  of  cement,  fine  aggregate,  coarse  aggregate  and  water  at 
U  times. 

"(b)  Machine-Mixing.  When  the  conditions  will  permit,  a  machine-mixei 
of  a  type  which  insures  the  uniform  proportbning  of  the  materiab  throughout 
tbe  mass  should  be  used,  as  a  more  uniform  consistency  can  be  thus  obtained. 
Tltt  mixing  should  continue  for  a  minimum  time  of  at  least  one  minute  after 
>H  the  ingredients  are  assembled  in  the  mixer. 

''(c)  Hacd*Mixing.  When  it  b  necessary  to  mix  by  hand,  the  mixing  should 
be  on  a  water-tight  platform  and  especial  precautions  should  be  taken  to  turn 
ill  the  ingredients  together  at  least  six  times  and  until  they  are  homogeneous  in 
appeannce  and  color." 

"The  most  satisfactory  method  *  of  mixing  concrete  by  hand  b  to  first  prepare 
ior  the  mixing  of  the  materiab,  a  tight  floor  of  planks,  or,  better  still,  of  sheet 
iroQ  with  the  edges  turned  up  about  a  in.  Upon  thb  platform  should  first  be 
spread  the  sand,  and  upon  thb  the  cement.  The  two  should  then  be  thoroughly 
ad  immediately  mixed  by  means  of  shoveb  or  hoes  until  of  an  even  color. 
Enoi^  water  should  be  added  to  make  a  thin  mortar  which  b  then  spread 
ijiain.  The  gravel,  if  used,  should  then  be  added,  and  then  the  broken  stone. 
Orave)  and  stone  should  be  first  thoroughly  wet,  if  originally  dry.  The  mass 
stkould  be  turned  until  all  the  ingredients  are  thoroughly  incorporated  and  all 
the  stone  and  gravel  covered  with  mortar,  thb  requiring  from  four  to  six  tum> 
iagi." 

''(d)  Consistency.  The  materiab  should  be  mixed  wet  enough  to  result  in  & 
ooQcrete  of  such  a  conabtency  that  it  will  flow  into  the  forms  and  about  the  metal 
nBoforccmeiit  when  used,  and  which,  at  the  same  time,  can  be  conveyed  fxonk 

*  Thb  paxagiaph  bcondeoaed  Irom  sevwal  recent  spccificstioM, 
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the  mixer  to  the  forms  without  lepantion  of  the  coarse  aggregate  from  ik 
mortar. 

"(e)  Retempering.  Mortar  or  concrete  should  not  be  remixed  with  vatci 
after  it  has  partly  set." 

(3)  Plaefaig  Concrete,  "(a)  Methods.  Concrete  after  the  completion  f* 
the  mixing  should  be  handled  rapidly,  and  in  as  small  masses  as  is  practicib> 
from  the  place  of  mixing  to  the  place  of  final  deposit,  and  under  no  drcum 
stances  should  concrete  be  used  that  has  partly  set.  A  siow-setting  cemm 
should  be  used  when  a  long  time  is  likely  to  occur  between  mixing  and  pladng 
Concrete  should  be  deposited  in  such  a  manner  as  will  permit  the  moat  thorou;:] 
compacting,  such  as  can  be  obtained  by  working  with  a  straight  shovel  or  slicixu 
tool  kept  moving  up  and  down  until  all  the  ingredients  have  settled  in  thcl: 
proper  places  by  gravity  and  the  surplus  water  has  been  forced  to  the  surface 
Special  care  should  be  exercised  to  prevent  the  formation  of  laitance,*  whki 
hardens  very  slowly  and  forms  a  poor  surface  on  which  to  deposit  fresh  concrete 
All  LAITANCE  should  be  removed.  When  suspended  work  is  resumed,  con 
Crete  previously  placed  should  be  roughened,  thoroughly  cleansed  of  foreigi 
material  and  laitance,  thoroughly  wetted  and  then  slushed  with  a  mortar  con 
(dsting  of  one  part  Portland  cement  and  not  more  than  two  parts  fine  aggregate 
The  faces  of  concrete  exposed  to  premature  drying  should  be  kept  wet  for  1 
period  of  at  least  seven  days. " 

"<b)  Mixing  and  Depositing  Concrete  in  Freezing  Weather.  Concrete 
should  not  be  mixed  or  deposited  at  a  freezing  temperature,  unless  special  pn 
cautions  are  taken  to  avoid  the  use  of  materials  covered  with  ice-crystals  ui 
containing  frost,  and  to  provide  means  to  prevent  the  concrete  from  freezini 
after  being  placed  in  position  and  until  it  has  thorouglily  hardened.  As  tb 
coarse  aggregate  forms  the  greater  portion  of  the  concrete,  it  is  particularly 
important  that  this  nmterial  be  heated  to  well  above  the  freedng^point. 

"(c)  Rubble  Concrete.  Where  the  concrete  is  to  be  deposited  in  massi\i 
work,  its  value  may  be  improved  and  its  cost  materially  reduced  by  the  use  0 
dean  stones  thoroughly  embedded  in  the  concrete  and  as  near  together  as  ? 
possible  while  still  entirely  surrounded  by  concrete. 

"  (d)  Depositing  Concrete  Under  Water.  In  pladng  concrete  under  water  i 
is  essential  to  maintain  still  water  at  the  place  of  deposit.  The  use  of  ntcuzES. 
properly  de»gned  and  operated,  is  a  satisfactory  method  of  pladng  coacrtti 
through  water.  The  concrete  should  be  mixed  very  wet  (more  so  than  b  nc 
dinarily  permissible)  so  that  it  will  flow  readily  through  the  tremies  and  int< 
the  places  with  practically  a  level  surface.  The  coarse  aggregate  should  b 
smaller  than  ordinarily  used,  and  never  more  than  i  in  in  diameter.  The  use  c 
gravel  facilitates  mixing  and  assists  the  flow  of  concrete  through  the  tremid 
The  mouth  of  the  tremie  should  be  buried  in  the  concrete  so  that  it  is  at  al 
times  entirely  sealed  and  the  surrounding  water  prevented  from  fordng  itsd 
into  the  tremie;  the  concrete  will  then  discharge  without  coming  in  oontac 
with  the  water.  The  tremie  should  be  suspended  so  that  it  can  be  lowers 
quickly  when  it  b  necessary  either  to  choke  off  or  prevent  a  too  rapid  flow;  th 


*  Laitance  is  a  whitbh,  gelatinous  substance  of  about  tbe  same  composition  as  cenm 
but  with  Utile  tendency  to  harden.  It  accompanies  a  disintegration  of  some  of  tt 
cement  from  tbe  surface  of  concrete  which  is  exposed  to  the  action  of  water  in  whirls  t 
is  deposited.  Tbe  concrete  is  thus  weakened  and  the  laitance.  also,  weakens  the  bos 
between  oM  and  new  material  and  should  be  removed  before  fresh  coocreCe  h  pbced. 

t  A  tremie  Is  a  roond  or  square  box  or  tube  of  wood  or  plate  iron  open  at  the  top  aa 
boCtDRLr  The  diameter  vahca  from  13  to  24  in.  The  tremie  rests  in  tbe  deposited  om 
Crete,  extends  above  the  water-level  and  is  kept  full  of  concrete,  which  escapes  ml  d 
bottom  as  the  Mhe  Is-shiffsd  over  the  iuilsot. 
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btnal  flow  sbouU  preferably  be  not  over  15  ft.  The  flow  should  be  continuoiB 
b  order  to  produce  a  monoUthic  mass  and  to  prevent  the  formation  of  laitance 
in  the  interior.  In  large  structures  it  -may  be  necessary  to  divide  the  mass  of 
oncrete  into  several  small  compartments  or  units,  filling  one  at  a  time.  With 
proper  care  it  is  possible  in  this  manner  to  obtain  as  good  results  under  water  as 
X  tlie  air." 

Fomia  for  Concrete.  "Forms  should  be  substantial  and  unyielding,  so  that 
:be  concrete  wiU  conform  to  the  designed  dimensions  and  contours,  and  should 
l«e  tight  in  order  to  prevent  the  leakage  of  mortar.  The  time  for  removal  of  forms 
?  one  of  the  most  important  considerations  in  the  erection  of  a  structure  of  con- 
'iTrte  or  reinforced  concrete.  Care  should  be  taken  to  inspect  the  concrete  and 
sacCTtain  its  hardness  before  remoxnttg  the  forms.  So  many  conditions  affect 
the  hardc^ng  of  concrete,  that  the  proper  time  for  the  removal  of  the  forms 
s^uid  be  dedded  by  some  competent  and  responsible  person,  especially  where 
the  atmospheric  conditions  are  unfavorable.  It  may  be  stated,  in  a  general 
nay,  that  forms  should  remain  in  place  longer  for  reinforced  concrete  than  for 
plain  or  massive  concrete,  and  that  the  forms  for  floors,  beams  and  similar  hori- 
scrotal  structures  should  remain  in  place  much  longer  than  for  vertical  walls. 
Vlnen  the  concrete  gives  a  distinctive  ring  under  the  blow  of  a  hammer,  it  is 
gtoerally  an  indication  that  it  has  hardened  sufficiently  to  permit  the  removal 
vi  the  forms  with  safety.  If,  however,  the  temperature  is  such  that  there  is 
any  possibility  that  the  concrete  is  frozen,  this  test  is  not  a  safe  reliance,  as 
frozen  concrete  may  appear  to  be  very  hard. " 

Sfarinkftge  of  Concrete  and  Temperature-Changes.  ''Shrinkage  of  con- 
crete, due  to  hardening  and  contraction  from  temperature-changes,  causes 
tracks,  the  size  of  which  depends  on  the  extent  of  the  mass.  The  resulting 
stresses  are  important  in  monolithic  construction  and  should  be  considered  care- 
f jUy  by  the  designer;  they  cannot  be  counteracted  successfully,  but  the  effects 
oin  be  minimized.  Large  cracks  produced  by  quick  hardening  or  wide  ranges 
(A  temperature  can  be  broken  up  to  some  extent  into  small  cracks  by  placing 
mnfOTcement  in  the  concrete;  in  long  continuous  lengths  of  concrete,  it  is 
better  to  provide  shrinkage-joints  at  points  in  the  structm-e  where  they  will  do 
fittle  or  no  harm.  Reinforcement  is  of  assistance  and  permits  longer  distances 
between  shrinkage-joints  than  when  no  reinforcement  is  used.  Small  masses  or 
iMn  bodies  of  concrete  should  not  be  joined  to  larger  or  thicker  masses  without 
providing  for  shrinkage  at  such  points.  Fillets  similar  to  those  used  in  metal 
castJngBy  but  of  larger  dimensions,  for  gradually  reducing  from  the  thicker  to 
the  thimier  body,  axe  of  advantage.  Shrinkage^racks  are  likely  to  occur  at 
points  where  fresh  concrete  is  joined  to  that  which  is  set,  and  hence  in  placing 
the  concrete,  construction-joints  should  be  made  on  horizontal  and  vertical 
hues,  and,  if  possible,  at  points  where  joints  would  naturally  occur  in  dimen- 
sbn-stone  masonry." 

Effeet  of  Heat  on  Concrete  Fireprooflng.*  "The  actual  flre-tests  of 
OTncrete  and  reinforced  concrete  have  been  limited,  but  experience,  together 
with  the  results  of  tests  thus  far  made,  indicates  that  concrete,  on  account  of 
its  low  rate  of  heat-conductivity  and  the  fact  that  it  is  incombustible,  may  be 
nsed  safely  for  fireproofing  purposes.  The  dehydration  of  concrete  probably 
begins  at  about  500*  F.  and  is  completed  at  about  900°  F.;  but  experience  indi- 
cates that  the  volatilization  of  the  water  absorbs  heat  from. the  surrounding  mass, 
which,  together  with  the  resistance  of  the  air-cells,  tends  to  increase  the  heat- 
resistaace  of  the  concrete,  so  that  the  process  of  dehydration  is  very  much  re- 

*  See.  also.  CJMipler  XXIfl,  p«st-ax7- 
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tarded.  The  concrete  that  is  actually  affected  by  fire  remains  in  position  and 
affords  protection  to  the  concrete  beneath  it.  The  thiclcness  of  the  protective 
coating  required  depends  on  the  probable  duration  of  a  fire  which  is  lilcely  to 
occur  in  the  structure  and  should  be  based  on  the  rate  of  heat-conductivity. 
The  question  of  the  conductivity  of  concrete  is  one  which  requires  further  study 
and  investigation  before  a  definite  rate  for  different  classes  of  concrete  can  be 
fully  established.  However,  for  ordinary  conditions  it  is  recommended  that 
the  metal  in  girders  and  columns  be  protected  by  a  minimum  of  a  in  of  con- 
crete; that  the  metal  in  beams  be  protected  by  a  minimum  of  iVi  in  of  concrete, 
and  the  metal  in  floor-slabs  be  protected  by  a  minimum  of  x  in  of  concrete. 
It  is  recommended  that  in  monolithic  concrete  columns,  the  concrete  to  a  depth 
of  xH  in  be  considered  as  protective  covering  and  not  included  in  the  effective 
section.  It  is  recommended  that  the  comers  of  columns,  girders  and  beams  be 
beveled  or  rounded,  as  a  sharp  comer  b  more  seriously  affected  by  fire  than  a 
round  one. " 

Waterproofing  Concrete.  ''Many  expedients  have  been  used  to  render 
concrete  impervious  to  water  under  normal  conditions,  and  also  under  pressure- 
conditions  that  exist  in  reservoirs,  dams  and  conduits  of  various  kinds.  Expe- 
lience  shows,  however,  that  where  mortar  or  concrete  is  proportioned  to  obtain 
the  greatest  practicable  density  and  is  mixed  to  a  rather  wet  consistency,  the 
resulting  mortar  or  concrete  is  impervious  under  moderate  pressure.  A  con- 
crete of  dry  consistency  is  more  or  less  pervious  to  water,  and  compounds  of 
various  kinds  have  been  mixed  with  the  concrete,  or  applied  as  a  wash  to  the 
surface  for  the  purpose  of  making  it  water-tight.  Many  of  these  compounds 
are  of  but  temporary  value,  and  in  time  lose  their  power  of  imparting  impennc- 
ability  to  the  concrete.  In  the  case  of  subways,  long  retaining-walls  and  reser- 
voirs, provided  the  concrete  itself  is  impervious,  cracks  inay  be  so  reduced  by 
horizontal  and  vertical  reinforcement  properly  proportioned  and  located,  that 
they  are  too  minute  to  permit  leakage  or  are  soon  closed  by  infiltration  of  silt. 
Coal-tar  preparations  applied  either  as  a  mastic  or  as  a  coating  on  felt  or  cloth- 
fabric  are  used  for  waterproofing,  and  should  be  proof  against  injury  by  liquids 
or  gases.  For  retaining-walls  and  similar  walls  in  direct  contact  with  the 
earth,  the  application  of  one  or  two  coatings  of  hot  coal-tar  pitch  to  the  thor- 
oughly dried  surface  of  concrete  is  an  efficient  method  of  preventing  the  pene- 
tration of  moisture  from  the  earth. "  (See,  also.  Waterproofing  for  Founda- 
tions, Part  III. 

Surf ace-Finiah  of  Concrete.  "  Concrete  is  a  material  of  an  individual  type 
and  should  not  be  used  in  imitation  of  other  structural  materials.  One  of  the 
important  problems  connected  with  its  use  is  the  character  of  the  finish  of 
exposed  surfaces.  The  finish  of  the  surface  should  be  determined  before  the 
concrete  is  placed,  and  the  work  conducted  so  as  to  make  possible  the  finish 
desired.  For  many  forms  of  construction  the  natural  surface  of  the  concrete 
is  unobjectionable;  but  frequently  the  marks  of  the  boards  and  the  flat,  dead 
surface  are  displeasing,  thus  making  some  special  treatment  desirable.  A 
treatment  of  the  surface  either  by  scrubbing  it  while  green  or  by  tooling  it  after 
it  is  hard,  which  removes  the  film  of  mortar  and  brings  the  aggregates  of  the 
concrete  into  relief,  is  frequently  used  to  remove  the  form-markings,  break  the 
monotonous  appearance  of  the  surface,  and  make  it  more  pleasing.  The  plaster- 
ing of  surfaces  should  be  avoided,  for  even  if  carefully  done,  the  plaster  is  likely 
to  peel  off  under  the  action  of  frost  or  temperature-changes. " 

Design  of  Massiye  Concrete.  "  In  the  design  of  massive  or  plain  concrete, 
no  account  should  be  taken  of  the  tensile  strength  of  the  material,  and  sections 
should  usually  be  proportioned,  so  as  to  avoid  tensile  stresses,  except  in  slight 
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uDounts.  to  resist  indirect  stresses.  This  will  generally  be  accomplished,  in 
the  cose  of  rectangular  shapes,  if  the  line  of  pressure  is  kept  within  the  middle 
tiiird  of  the  section,  but  in  very  large  structures*  such  as  high  masonry  dams,  a 
more  exact  analysis  may  be  required.  Structures  of  massive  concrete  are  able 
tu  resist  unbalanced  lateral  forces  by  reason  of  their  weight;  hence  the  element 
d  weight  rather  than  strength  often  determines  the  design.  A  relatively  cheap 
.1:^  weak  concrete,  therefore,  will  often  be  suitable  for  massive  concrete  struc- 
turesw  It  is  desirable  generally  to  provide  joints  at  intervals  to  localise  the 
cdect  of  contraction.  Massive  concrete  is  suitable  for  dams,  retaining-walls, 
uid  piers  and  short  columns  in  which  the  ratio  of  length  to  least  width  b  rela- 
tively small.  Cnder  ordinary  conditions  this  ratio  should  not  exceed  six.  It 
is  also  suitable  for  arches  of  moderate  span,  where  the  conditions  as  to  founda- 
tions are  favorable." 

QoantitiM  of  Materials  Required  per  Cubic  Yard  of  Coucrete.*  The 
fcllowini^  tables  give  the  quantities  of  Portland  cement  required  to  make  i  cu  yd 
01  mortar  and  the  quantities  of  cement,  sand  and  stone  required  to  make  x  cu 
yd  of  cQOcrete.    They  are  based  upon  formulas  deduced  by  Halbert  P.  Gillette. 


Barrels  of  Portlaiid  Cement  per  Cubic  Tard  ol  Mortar 
Voids  in  sand,  35%.  x  bbl  cf  cement  yielding  3.65  cu  ft  of  cement  paste 


Proportion  of  cement  to 
■and 


Barrel  specified  to  be  3^5  cu  ft 
Barrel  specified  to  be  3.8  cu  ft 
Barrel  specified  to  be  4.0  cu  ft 
Barrel  specified  to  be  4.4  en  ft 

Cubic  yard  of  sand  per  cu 
yd  of  mortar 


X  to  I 

itoxVi 

X  toa 

xtoaVi 

bbl 

bbl 

bbl 

bbl 

4  aa 

3  49 

2-97 

2.57 

4  09 

333 

a«x 

a. 45 

4.00 

3.34 

2.73 

a. 36 

381 

3.07 

a. 57 

a  a7 

06 

0.7 

0.8 

0.9 

Barreb  of  Portland  Cement  per  CuUfr  Yard  of  Mortar 
Voids  in  sand.  abTc*  >  hbl  of  cement  yielding  3.4  cu  ft  of  cement  paste 


Proportion  of  cement  to 
1                       sand 

X  to  X 

I  to  iH 

I  toa 

I  to  2^2 

I  to  3 

X  to4 

1 

Barrel  specified  to  be  3-5  cu  ft 

Barrel  specified  to  be  3-8  cu  ft 

Barrel  specified  to  be  4-0  cu  ft 

;  Barrel  specified  to  be  4.4  cu  ft 

bbl 

4.6a 
4.32 
4.19 
3  94 

bbl 

3.80 
3.61 
3.46 
3  34 

bbl 

3.25 
3.X0 
3.00 
a. 90 

bbl 

a.84 
a. 72 
2.64 
2  57 

bbl 

2.35 
a.x6 
a. OS 
1.86 

bbl 

x.76 
1. 6a 

1.54 
1.40 

Cubic  irard  of  sand  per  cu 

0.6 

0.8 

09 

1.0 

x.o 

x.o 

"In  using  these  tables  remember  that  the  proportion  of  cement  to  sand  is 
}>Y  volume  and  not  by  weight.  If  the  specifications  state  that  a  barrel  of  cement 
shall   be  considered  to  hold  4  cu  ft,  for  example,  and  that  the  mortar  shall  be 

*  Quoted,  by  permiaBion,  from  the  Handbook  of  Cost  Data  for  Contractors  and  En- 
pncen.  by  Halbert  P.  Gillette,  published  by  The  Myron  C.  Clark  Publishing  Company, 
Chicago.  111.  See  1914  revised  edition,  pages  538  to  540.  This  handbook  contains  com- 
plete and  voluminous  data  on  quantities,  costs,  etc.,  of  building  materials  and  operations. 
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I  part  cement  to  2  parts  sand,  then  z  bbl  of  cement  is  mixed  with  8  cix  ft  of  sand, 
regardless  of  what  is  the  actual  size  of  the  barret,  and  regardless  of  how  much 
cement  paste  can  be  made  with  a  barrel  of  cement.  If  the  specifications  fail  to 
state  what  the  size  of  a  barrel  will  be,  then  the  contractor  is  left  to  guess. 

*'If  the  specifications  call  for  proportions  by  weight,  assume  a  Portland  ce- 
ment barrel  to  contain  380  lb  of  cement,  and  test  the  actual  weight  of  a  cubic 
foot  of  the  sand  to  be  used.  Sand  varies  extremely  in  weight,  due  both  to  the 
variation  in  the  per  cent  of  voids,  and  to  the  variation  in  the  kind  of  minerals 
of  which  the  sand  is  composed.  A  quartz  sand  having  35%  voids  weighs  107  lb 
per  cu  ft;  but  a  quartz  sand  having  45%  voids  weighs  only  91  lb  per  cu  ft.  If 
the  weight  of  the  sand  must  be  guessed  at,  assume  100  lb  per  cu  ft.  If  the 
specifications  require  a  mixture  of  i  part  of  cement  to  2  parts  of  sand,  by  weight, 
we  will  have  380  lb  (or  i  bbl)  of  cement  mixed  with  2  times  380,  or  760  lb  of 
sand;  and  if  the  sand  weighs  90  lb  per  oi  ft,  we  shall  have  760  divided  by  90,  or 
8.44  cu  ft  of  sand  to  every  barrel  of  cement.  In  order  to  use  the  tables  above 
given,  we  may  specify  our  own  size  of  barrel;  let  us  say  4  cu  ft;  then,  8.44  divided 
by  4  gives  2.1 1  parts  of  sand  by  volume  to  i  part  of  cement.  Without  material 
error  we  may  call  this  a  i  to  2  mortar,  and  use  the  tables,  remembering  that  our 
barrel  is  now  *  specified  to  be'  4  cu  ft.  If  we  have  a  brand  of  cement  that  yields 
3.4  cu  ft  of  paste  per  bbl  and  sand  having  45%  voids,  we  find  that  approximately 
3  bbl  of  cement  per  cu  yd  of  mortar  will  be  required. 

*'It  should  be  evident  from  the  foregoing  discussions  that  no  table  can  be 
made,  and  no  rule  can  be  formulated  that  will  yield  accurate  results  unless  the 
brand  of  cement  is  tested  and  the  percentage  of  voids  in  the  sand  determined. 
This  being  so,  the  sensible  plan  is  to  use  the  tables  merely  as  a  rough  guide, 
and,  where  the  quantity  of  cement  to  be  used  is  very  large,  to  make  a  few  batches 
of  mortar,  using  the  available  brands  of  cement  and  sand  in  the  proportions 
specified.  Ten  dollars  spent  in  this  way  may  save  a  thousand,  even  on  a  com- 
paratively small  job,  by  showing  what  cement  and  sand  to  select.' 
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Ingredients  in  One  Cubic  Yard  of  Concrete  * 

Sand-voids,  40%;  stone-voids,  45%;  Portland-cement  barrel  yielding  3.65  cu  ft 

paste.    Barrel  specified  to  be  3-8  cu  ft 


L 


Proportions  by  volume 

Barrels  cement  per  cu  yd 
concrete 

Cubic  yard  sand  per  cu  yd 
concrete 

Cubic  yard  stone  per  cu  yd 
concrete 


1:2:4 

I  12  IS 

1:2:6 

riiM'.s 

1:2^:6 

1.46 

X.30 

1. 18 

x.t3 

1. 00 

0.41 

0.36 

0  33 

0.40 

0.3s 

0.82 

0.90 

x.oo 

0.80 

0.84 

1:3:4 


1. 25 
0-53 

0.71 


Proportions  by  volume 

Barrels  cement  per  cu  yd 

concrete 

I   Cubic  yard  sand  per  cu  yd 

\      concrete r 

I   Cubic  yard  stone  per  cu  yd 
concrete 


I  :3:5 

1:3:6 

1:3:7 

1:4:7 

1:4:8 

1.13 

I. OS 

0.96 

0.82 

0.77 

0.48 

0.44 

0.40 

0.46 

0.43 

0.80 

0.88 

0.93 

0.80 

0.86 

I  :4  :9 


0.73 
0.41 
0.92 


*  Thb  table  is  to  be  used  where  cement  is  measured  packed  in  the  barrel,  for  tba 
•rdinary  barrd  holds  3.8  cu  ft. 
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It  wiU  be  seen  that  the  above  table  can  be  condensed  into  the  following: 
**  Rule.  Add  together  the  number  of  parts  and  divide  this  sum  into  ten,  the 
quotient  wiU  be,  approximately,  the  number  of  barrels  of  cement  per  cubic  yard. 
'*  Thus  for  a  I  :  a  :  5  concrete,  the  sum  of  the  parts  is  z  plus  2  plus  5,  which  is 
S:  then  xo  divided  by  8  is  1.25  bbl,  which  is  approximately  equal  to  the  z.30  bb) 
given  in  the  table.  Neither  this  rule  nor  this  table  is  applicable  if  a  different 
sixe  of  cement'barrel  is  specified,  or  H  the  voids  in  the  sand  or  stone  differ  mate* 
rially  from  40%  and  45%  respectively.  There  are  such  innumerable  com- 
binations of  varying  voids,  and  varying  sizes  of  barrels,  that  the  author  does 
cot  deem  it  worth  while  to  give  other  tables. ' 


» 


Ingredients  in  One  CvUc  Taid  of  Concrete  * 

Sand-voids,  40%;  ■tone-voids,  45%;  Portland-cement  barrel  yiddkig  5.6s  cu  ft  of 

paste.    Barrel  specified  to  be  4.4  cu  ft 


Proportions  by  volume 

Barrels  cement  per  cu  yd 
concrete 

Cubic  yard  sand  per  cu  yd 
concrete 

Cubic  yard  stone  per  cu  yd 
concrete 


1:2:4 

1:2:5 

1 :3  :6 

i:2W;5 

1:2^:6 

I  :3:4 

1.30 

z.x6 

x.oo 

1.07 

• 

0.96 

X.06 

0.42 

0.38 

0.33 

0.44 

0.40 

053 

0.84 

0.95 

1.00 

0.86 

0.9s 

0.7X 

Pvoportions  by  volvune 


Barrels  cement  per  cu  yd 
concrete 

Cubic  yard  sand  per  cu  yd 
concrete 

Cubic  yard  stone  per  cu  yd 
concrete 


x:3'S 

1 :3:6 

1:3:7 

1  :4:7 

X  :4:8 

0.96 

0.90 

0.82 

0.7s 

o.tt 

0.47 

0.44 

0.40 

0.49 

0.44 

0.78 

0.88 

0.93 

0.86 

0.88 

1:4:9 


0.64 
C.42 

0.95 


Cost  of  CoBcrete.t  (For  Cost  of  Cement,  see  page  238.)  The  average 
cost  of  sand  may  bi  taken  at  30  cts  per  cu  yd  to  cover  (Ugging  and  loading,  but 
when  washed  or  screened  the  cost  averages  between  40  and  55  cts  per  cu  yd. 
Hauling  and  frrtght-chaf^es  generally  raise  the  cost  of  sand,  ready  to  unload  at 
the  site,  to  from  90  cts  to  $1.10  per  cu  yd,  and  about  15  cts  per  yd  additional 
must  be  added,  if  unloaded  from  cars.  Gravel  costs  from  $1.20  to  $1.40  per  cu 
yd,  unloaded  at  the  job,  and  crushed  stone  from  $1.45  to  $1.60.  These  prices 
are,  of  course,  average  prices  only,  and  include  moderate-haul  teaming  and  un- 
loading. For  hand-mixing  and  placing  of  soft  concrete,  and  spreading  without 
any  raiuning,  the  labor-cost  varies  from  90  cts  to  $1.30  per  cu  yd.  This  is 
for  handling  in  barrows  materials  that  are  conveniently  at  hand.  This  cost 
will  be  much  higher  for  dry  concrete,  and  hand-mixing  costs  may  reach  $2  or 
$3  per  cu  yd.  For  macKine-minng  alone  and  with  machines  taking  four  bags 
to  the  batch,  the  cost  of  mixing  may  be  even  as  low  as  50  or  60  cts  per  cu  yd. 
For  placing  alone,  the  cost  is  about  7s  cts  per  cu  yd;  this  includes  wheeling  the 
concrete,  dumping  it  in  place  and  spreading  and  spading  it  into  forms.  This 
cost  could  be  almost  doubled  where  unusual  care  had  to  i>e  exerdsed  to  obtain 
a  good  surface  and  where  there  was  an  extra  amount  of  spading.     The  costs 

*  This  table  b  to  be  aaed  when  the  cement  is  measored  looee,  after  dumping  it  into 
a  box,  for  under  «ucb  conditions  a  barrel  of  ceroeot  yields  4>4  cu  ft  of  loose  cement. 

t  War-condltions  changed  many  costs.  Values  given  are  retained  temporarflv  for  pur- 
poses of  comparison. 
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are  reduced  For  heaivy  mass-contrete,  and  have  been  as  low  as  50  or  60  cts  per 
cu  yd  for  machine-mixing  and  i^adng  together,  by  mixer  and  derrick  or  by 
tracks  and^cars.  The  foliowifig  approximate  schedule  *  of  labor-costs  for  mix- 
ing and  placing  concrete  is  given  by  L.  H.  Allen  of  the  Abertliaw  Construc- 
tion Company,  in  Professor  Hoot's  excellent  treatise: 

For  footings $x  .50  per  cu  yd 

For  flojr-slabs  not  exceeding  4V2  in  in  thickness ....  Si  .60  per  cu  yd 

For  floor-slabs  exceeding  5  in  in  thickness $1 .00  per  cu  yd 

For  columns  and  thin  walls Si  .50  per  cu  yd 

For  walls  exceeding  18  in  in  thickness Si  .00  per  cu  yd 

For  dams  and  thick  retainiog-walls. So.  70  per  cu  yd 

For  the  unit  cost  due  to  the  cost  of  the  tools,  plant  and  supplies,  $1  may  be 
taken  as  an  average  for  jobs 'requiring  from  4  000  to  xoooo  cu  yd  of  concrete. 
It  varies,  of  course,  with  the  character  and  magnitude  of  the  work.  The  cost 
for  this  item  is  reduced  in  larger  jobs,  falling  to  80  or  even  70  cts  per  cu  yd; 
and  it  is  increased  in  operations  of  less  magnitude  to  from  Si  to  Si. 50  per  cu  yd, 
for,  say,  3  000  cu  yd  of  concrete.  When  the  amount  of  concrete  required  b  as 
small  as  600  or  700  cu  yd,  hand-mixing  is  generally  more  economical  than 
machine-mixing.  Mr.  Allen  summarizes  *  the  cost  of  x  cu  yd  of  concrete  for  a 
building  requiring  5  000  cu  yd  of  reinforced-concrete  work  in  floors  and  columns 
as  follows,  the  cost  of  forms  and  steel  and  finishing  of  the  surface  not  being 
included: 

Cement,  iH  bbl,  at  S1.38  per  bbl. Sa.30 

Sand,  M  cu  yd,  at  Sx  per  cu  yd o. 50 

Stone,  X .35  tons,  at  Sx-40  per  ton x .89 

Labor,  per  cu  yd i  .35 

Plant,  per  cu  yd i  .00 

Total,  per  cu  yd S7.04 

In  this  summary  the  exact  theoretical  proportions  or  quantities  of  cement, 
sand  and  stone  required  for  x  cu  yd  of  concrete,  and  deduced  from  formulas, 
are  not  adhered  to,  the  author  stating  that  the  exact  theoretical  propoftions  are 
the  net  quantities  of  the  materials  determined  by  careful  experiment,  that 
"conditions  on  actual  conistructioti  work  do  not  approach  those  of  laboratory 
work  and  that  there  is  always  a  considerable  waste  of  cement,  sand  and  stone. " 
In  view  of  these  facts,  he  states  that,  "when  estimating  quantities,  it  is  not  safe 
to  allow  less  than  the  following  amounts  of  cement  for  different  proportions 
of  mix: 

I :  iH  :  3  mix 3 .00  bbl  per  cu  yd 

1:2     :  4  mix 1 .66  bbl  per  cu  yd 

I  :  2Vi  :  5  mix i .  40  bbl  per  cu  yd 

1:3      :  6  mix x .  20  bbl  per  cu  yd  " 

It  is  castomary  to  allow  H  cu  yd  of  sand  and  x  cu  yd  of  crushed  stone,  to 
x  cu  yd  of  concrete,  and  to  estimate  the  weight  of  crushed  stone  at  100  lb  per 
cuft. 

The  Weight  of  Concrete  varies  from  ixo  to  155  lb  per  cu  ft,  according  to 
the  material  used.  Concrete  of  the  usual  proportioi»  weighs  from  140  to  150  lb 
per  cu  ft.  Trap-rock  concrete  weighs  from  148  to  155;  limestone  or  gravd 
concrete,  from  142  to  148;  and  cinder  concrete  from  80  to  x  15  lb  per  cu  ft. 

*  Rmnforcbd  Concrete  Construction,  by  George  A.  Hool,  McGraw-Hill  Book  C^mpuji 
New  York. 


Conccete  251 

The  StTMicth  of  Concrete.    See  Chapter  V. 

Barlier  Bxunplei  of  Portland-Cement  Concrete.  From  the  foregoing  it 
is  seen  that  for  foundation- work  Unday,  maas^oncrete  varies  in  proportions 
from  ai:3:6toai:4:8  mix.  Some  of  the  earlier  examples  are  added  for 
<x>mparison. 

Foundations  of  the  United  States  Naval  Observatory,  Georgetown,  D.  C* 
X  part  cement,  iH  sand,  3  gravel,  5  broken  stone,  (x  bU  of  cement,  380  lb, 
noade  i.t8  yd  of  concrete.) 

Foundations  of  the  Cathedral  of  St.  John  the  Divine,  New  York:  i  part 
Portland  cement,  2  parts  sand,  3  parts  quartz  gravel  of  pieces  from  zH  to  2  in 
in  diameter.    (17  000  bbl  of  cement  made  11 000  yd  of  concrete.) 

Manhattan  Life  Insurance  Building,  New  York,  filling  of  caissons:  z  part 
Alsen  Portland  cement,  2  parts  sand,  4  parts  broken  stone. 

Johnston  Building  (15  stories),  New  York,  filling  of  caissons:  x  part  Portland 
cement,  3  parts  sand,  7  parts  stone,  finished  on  top  for  brickwork  with  x  part 
cement  and  3  parts  gravel. 

Professor  Baker  states  that  the  concrete  foundations  under  the  Washington 
Monument  were  made  of  i  part  Portland  cement,  2  parts  sand,  3  parts  gravel 
and  4  parts  broken  stone,  and  that  this  mixture  stood,  when  six  months  old,  a 
load  of  2  OQO  lb  per  sq  in,  or  144  tons  per  sq  f  t. 


252 


Retaining- WaUs,  Bnast-Walb  and  Vault-Walls       Chap.  4 


CHAPTER  IV 

BETAINING-WALLS,  BKEAST-WALLS  AND 

VAULT'WALLS 

By  / 

GRENVILLE  TEMPLE  SNELLING 

IfEIIBER  OF  AMERICAN  INSTITUTE  OF  ARCHITECTS 

1.   Mechanical  Principles  Inyolved 

General  Principles.  Before  discussing  more  in  detail  the  problems  relating 
to  masonry  structures,  in  which,  if  improperly  constructed,  a  tendency  to  slide 
or  overturn  on  their  bases  may  be  developed,  a  familiarity  with  what  are  known 
as  the  THEOREM  OF  FRICTION  and  the  theorem  of  the  middle  third  will  be 
of  assistance  in  comprehending  the  methods  indicated  for  rendering  such  struc- 
tures stable. 

Theorem  of  Friction.  If  a  body  rests  on  an  inclined  plane  it  will  remain 
stationary  until  the  angle  <^,  that  the  plane  maices  with   the  horizontal. 


Fig.  I 


Fig.  3  k. 


Fig.  4 


Figs.  1,  2,  3  and  4.    Body  on  Inclined  Plane.    Graphical  Representation  of  Forces 

becomes  so  great  that  the  frictiov  developed  between  the  surfaces  of  the  body 
and  the  plane  is  no  longer  sufficient  to  prevent  the  body  from  sliding  down 
the  plane  (Fig.  1). 

Assume  the  body  HI  J  resting  on  the  plane  EP.    The  weight,  W,  of  this  body 
is  shown  graphically  by  the  line  AB,  applied  at  its  center  of  gravity  A  (Fig.  2). 


Mechasical  Prindples  Involved 


253 


this  weight  can  be  resolved  into  two  oompmnefit  forces,  one,  AC,  normal  to  the 
inclioed  plane  and  the  other,  AD^  parallel  to  it.  It  is  the  parallel  or  tangential 
force  which  tends  to  pull  the  body  down  the  plane  and  which  is  resisted  by  the 
trictioii  developed  between  the  two  surfaces.  The  friction  de\'eloped  between 
any  two  surfaces  in  contact  depends  upon  the  nature  of  the  materials  of  which 
they  are  composed  and  the  intensity  of  the  forces  pressing  them  together;  and 
it  resists  the  tendency  to  slid^  only  up.  to  a  certain  point.  As  the  angle  0, 
which  the  inclined  plane  makes  with  the  horizontal,  increases,  the  tangentiak 
component  T,  of  the  weight  W,  increases,  until  it  becomes  greater  than  the 
frictlooal  resistance,  and  the  body  moves  down  the  plane  (Fig.  3).    From 


N 


r->H'6in<^ 
Wcoi4»»    or,    r-A^tan^ 


There  is  evidently  a  position  of  the  plane,  intermediate  between  the  positions 
shown  in  Figs.  1  and  3,  in  which  the  component  force  T  is  just  balanced  by  the 
friction  and  in  which  the  body  remains  at  rest  although  just  on  the  point  of 
sliding  (Fig.  4).  If  the  angle  which  the  inclined  plane  makes  with  the  hori- 
zontal, at  the  moment  when  the  body  is  just  about  to  slide,  be  designated  by  <p, 
the  friction  developed  between  the  two  surfaces  will  be  equal  to  N  tan  0.  since, 
when  the  angle  of  inclination  of  the  plane  to  the  horizontal  is  0,  the  tangential 
component  of  the  weight  just  balances  the  friction.  From  the  equation  T^  N 
tan^  it  is  evident  that  the  friction  is  directly  proportional  to  N  and  to  tan^. 
Tan  ^  is  then  known  as  the  coefucient  of  friction  and  ^  as  the  angle  of 
S£POS£.  or,  in  the  case  of  stone  surfaces,  it  is  often  known  as  the  angle  or 
FiacnoN. 

The  following  Table  I  gives  the  average  values  of  these  constants  as  deter* 
mined  by  experiment. 


Table  I.   CoeffldentB  and  Angles  of  Friction 


Kind  of  surface 


I 


Granite,  limestone  and  marble: 

Soft  dreised  upon  soft  dressed 

Hard  drosed  upon  hard  dressed 

Hard  dressed  upon  soft  dressed 

Stone,  brick- or  concrete: 

Masonry  upon  masonry 

Masonry  upon  wood  (with  the  grain) . 

Masonry  upon  wood  (across  the  grain) 

Masonry  upon  dry  clay 

Masonry  upon  wet  or  moist  clay 

Masonr>'  upon  sand 

Masonry  upon  gravel 

Soft  stone  upon  steel  or  iron 

Hard  stone  upon  steel  or  iron 


Coefficient  of 

Angle  of 

friction,  tan  ^ 

friction.  0 

0.70 

35° 

00' 

o.SS 

38 

so 

0.65 

33 

00 

0  65 

33 

00 

0.60 

31 

00 

0.50 

a6 

40 

c.so 

36 

40 

0.33 

18 

20 

0.40 

21 

SO 

0.60 

31 

cx> 

0.40 

31 

so 

0.30 

x6 

40 

In  this  discussioa  only  the  weight  AB  (Figs.  2,  8  and  4),  of  the  body  has  been 
oonsideted;  but  the  body  might  be  iubjected  to  the  action  of  other  forces  be- 
sides the  force  of  gravity,  in  whidi  case  these  other  forces  would  be  .combined 
with  the  weight  in  order  to  find  the  resultant  this  resultant  being  again  resolved 
into  a  tangential  and  a  normal  component.    Since  the  angle  BAC'is  equal  to  the 
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angle  FEG  (Figs.  2,  3  and  4),  given  a  oeitain  nonnal  preasure  exerted  by  the 
body  on  the  plane,  the  amount  of  the  tangential  pressure  T  depeods  upoo  the 
angle  FEG.  The  problem  in  actual  practice  reduces  itself  to  so  arranging  the 
conditions  that  no  matter  what  the  position  of  the  plane  may  be,  the  angle  ^, 
which  the  resultant  W^  makes  with  the  normal  N,  to  the  plane,  will  not  be  greater 
than  the  angle  or  friction  or  repose. 

Theorem  of  the  Middle  Third.  When  any  surface  is  subjected  to  pres- 
sure from  the  action  of  any  force  or  forces,  this  total  pressure  may  be  con- 
sidered as  a  SYSTEM  OF  AN  INFINITE  NUMBER  OF  PARALLEL  FORCES,  equal   OT 

unequal  in  intensity.  These  forces  will  have  a  resultant,  whose  magnitude, 
DIRECTION  and  point  of  appucation  can  be  determined,  either  gra|;^ically.  or 
by  moments,  as  explained  in  Chapter  VI.  The  determination  of  these  three 
elements  of  this  resultant  force  may  at  times  become  of  the  utmost  inaport:>nce 
to  the  engineer. 

Pressure  of  this  nature  is  technically  known  as  the  stress  to  which  the  sur- 
face in  question  is  subjected.  (See  Chapter  I.)  When  the  intensity  of  a 
STRESS  is  not  the  same  at  different  points  of  a  surface,  it  is  called  a  varying 
STRESS,  while  if,  on  the  contrary,  its  intensity  remains  the  same  at  every  point 
of  the  surface,  it  is  called  a  uniform  stress. 

When  a  stress  varies  it  may  do  so  in  one  or  two  wasrs.  It  may  vary  uni-» 
FORMLY,  that  is  to  say,  in  a  uniform  manner,  following  some  definite  law  of 
variation,  so  that,  knowing  this  law,  its  intensity  may  be  determined  for  any 
given  point  of  the  surface;  or  non-uniformly,  following  no  law.  When  a 
stress  varies  in  the  former  manner  it  is  called  a  uniformly  varying  stress 
This  is  the  case  most  frequently  met  with  in  engineering  problems. 


Bamiltent  of  tb« 


Fig.  5.    Resultant  within  Middle  Third 


Fig.  6.    Resultant  at  Middle  Third 


In  dealing  with  isolated  forces,  such  as  concentrated  loads  on  a  beam,  we 
are  usually  interested  in  determining  the  magnitude  and  point  of  appucation 
of  the  RESULTANT  of  these  forces.  When,  however,  the  question  is  one  of  stress, 
or  of  an  unlimited  number  of  forces,  the  problem  that  usually  presents  istelf 
is  one  in  which  the  resultant  is  known,  in  magnitude,  direction  and  point  of 
application,  and  in  which  it  is  required  to  determine  the  distribution  of  the 
stress  to  which  the  surface  is  subjected.  Or,  in  actual  practice,  it  is  required 
to  so  arrange  the  parts  of  the  structure  that  this  resultant  shall  have  such  a  mag- 
nitude, direction  and  point  of  application  that  the  stress  to  which  the  surface 
under  consideration  is  subjected  shall  not  exceed  certain  limits  of  safety, 
determined  beforehand  by  experience.  For  example,  when  the  resultant  of  a 
known  amount  of  pressure  or  stress  acts  at  the  center  of  gravity  of  the  sur- 
face subjected  to  the  stress,  this  stress  is  uniformly  distributed  over  tbt 


width  from   the  othR-  edge,  tlie  stni 

TEKsirv  at   the  edge  futhot  from 

the    poukt    <rf    application   of   the 

le&altznt  is  zebo  and  *t  the  other 

edge  a  maxiul-ii  or  twice  the  average 

stresa.     When,    however,   the  total 

■mount  of  tbe  itren  ranajning  the 

Bme,    the    point  ot   appUaition  of 

the  resultant  is  at  a  greater  dislauce 

from  one  edge  tlun  two-thirdi  th« 

total  width  of  the  surface,  a  certaia 

pan  of  the  surface  adjacoit  to  tbe 

edge  furthest  from  the  resDltant  is 

subjected  to  a  sisKSs  or  A  oovTKABV 

KAifKE     to    that   distributed   o 

the  rest  of  the  ana;   that  is  to  tay,  \(  the  atresa  to  which  the  major  part  o(  the 

surface  is  subject  is  a  COhhessive  stress,  tbe  stress  acting  oa  the  remainder  c^ 

tbe  surface  is  a  tbnulb  Kress.     The  sttenes  in  a  surface  reMUing  from  tbrM 

diSerent  poutiom  of  the  reaultaot  force  may  be  illustrated  giapfaioliy,  as  sfaowa 

is  Figs.  &,6a[id7.    (See,  also,  Chapter XXXI,  pages  1215  aod  1134) 

1.  Retaining-VaUa 
DoflniUona.  A  RetainihO'Wall  is  a  wall  built  to  renst  the  pressure  o' 
earth,  sand,  or  other  filling  or  backing  deposited  behind  it  alter  it  is  built,  as 
distinguished  from  a  bmast-wau,  or  face-wall,  which  is  a  simitar  structure 
built  to  prevent  tbe  fall  of  earth  which  is  in  its  undisturbed,  natural  position, 
but  from  which  part  lias  been  excavated,  leaving  a  vertical  or  inclined  face.  Fig. 
b  is  an  UluitratioD  of  the  two  kinds  of  mil. 


Fig.  7.    Kesultant  beyond  Uiddle  Third 


RctsiBins-nll  sad  Bieut-wall 


Thaotiaa  of  Retaining- Walla.  A  great  deal  has  been  written  on  the  thboM 
or  aiTAiMlHC-WALU,  and  many  theories,  involving  eLat>oiate  calculatimis  for 
det^minirig  tlie  cohjuoatk  PBaaauasB  in  tlie  earth-backing  tieliind  tbe  wall, 
have  been  developed  fw  computing  the  theust  which  a  tiank  of  earth  eierts 
against  such  a  wall,  and  lor  determining  the  rOBM  of  wall  wliich  offas  the  great- 
est resstanee  with  the  least  amount  of  matetial.  There  are  so  many  condi- 
tions, however,  upon  which  the  Iliruat  eierted  by  the  backing  depends,  such  as 
the  cohesion  of  the  earth,  the  dcyneas  of  tbe  material,  the  mode  of  backing  up 
the  wall,  etc.,  that  in  practice  it  is  impossible  to  determine  tbe  exact  thrust  which 
will  be  exerted  against  a  wall  of  a  given  h^ght.  It  is  necoiary,  therefore.  In 
deigning  retaining- walls,  to  be-guided  by  experience  rather  Ibsn  by  theory. 
As  the  (heocia  of  retaiiUog-walli  are  10  vague  and  ansatisfactory,  we  shall  not 
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include  any  in  this  work,  but  offer,  rather,  such  suggestions,  rules  and  cautions 
as  have  been  established  by  practice  and  experience.  A  oonstruction  sug- 
gested from  empirical  data,  which  has  been  found  to  work  well  in  practice;  for 
determining  the  thrust  of  the  earth-backing  and  the  dimensions  of  the 
WALL  to  properly  resist  this  thrust,  is  given  on  page  257. 

In  designing  a  retaining-wall  the  backing  aa  well  as  the  wall  itself  must  be 
carefully  considered.  The  tendency  of  the  backing  to  slip  is  very  much 
less  when  the  material  b  in  a  dry  state  than  when  it  is  saturated  with  water, 
and  hence  every  precaution  should  be  taken  to  secure  good  drainage.  Besides 
surface-drainage,  there  should  be  openings  left  in  the  wall  for  the  water  which 
may  accumulate  behind  it  to  escape. 

The  manner  in  which  the  material  is  filled  against  the  wall,  aho,  affects  the 
stability  of  the  backing.  If  the  ground  is  made  irregular,  with  steppings,  as 
shown  in  Fig.  8,  and  the  earth  well  rammed  in  layers  inclined  Dowst  from 
the  wall,  the  pressure  will  be  very  trifling,  provided  that  attention  is  CHiid  to 
drainage.  If,  on  the  other  hand,  the  earth  is  tipped  in  the  usual  manner,  in 
layers  sloping  down  towards  the  wall,  almost  the  full  pressure  of  the  earth 
will  be  exerted  against  it,  and  it  must  be  made  strong  enough  to  withstand 
such  pressure. 

Slopes  of  Rapow  and  Angles  of  Repose.  Cases  may  occur  in  practice  in 
which  the  conditions  are  not  such  as  are  shown  in  Fig.  8^  which  shows  only  a 
limited  amount  of  fill  or  new  material  put  in  behind  the  wall  on  top  erf  the 
original  slope  of  the  grade;  cases  in  which,  on  the  contrary,  the  wall  has  been 
built  on  the  natural  surface  of  the  ground  with  a  view  to  creating  an  entirely 
new  terrace  or  embankment  and  where  all  the  material  back  of  the  wall  is  new. 

All  of  this  material  does  not  beat  upon  the  wall  and  tend  to  overturn  it,  for 
sand  or  loose  earth  taken  from  an  excavation  and  deposited  on  the  surface  of 
the  ground  does  not  spread  itself  out  like  a  liquid  but  piles  up  in  a  mound.  This 
PIUNG  UP  is  due  to  the  friction  developed  between  the  separate  particles  as 
they  slide  one  over  the  other  while  being  dumped.  This  phenomenon  is  observed 
in  the  action  of  any  solid  material  broken  up  into  separate  particles;  and  although 
the  slope  of  the  sides  of  such  a  mound  varies  with  different  materials,  it  is, 
in  general,  the  same  for  the  same  material.  The  angle  of  this  slope  is  known  as 
the  ANGLE  OF  natural  SLOPE  of  the  material.  This  angle  for  the  materials  gen- 
eraUy  used  for  fill  is  given  in  the  following  Table  II. 

Table  n.    Slopes  of  Repose,  Angles  of  Repose  and  Weights  of  Loose 

Materials 


Kind  of  earth 


Sand,  clean 

Sand  and  clay 

Clay,  dry 

Clay.  damp,  plastic... 

Gravel .  clean 

Gravel  and  clay 

Gravel,  sand  and  clay 

Soil ;... 

Soft  rotten  rock 

Hard  rotten  rock 

Bituniinous  cindcxs. . 
Anthracite  a&hes 


Slope  of 

Angle  of 

W 

eight  in 

repose* 

repose 

lb 

per  cu  ft  1 

1.5  toi 

33* 

4X' 

90 

l.33tol 

36 

53 

100 

l.33toz 

.16 

53 

xoo 

2         tOl 

^ 

34 

xoo 

z.33tol 

36 

53 

100 

1.33  to  I 

36 

53 

xoo 

1.33  to  I 

36 

53 

xoo 

1  33  to  1 

36 

53 

xoo 

x.33tol 

36 

53 

XIO 

I       tox 

45 

00 

100 

t       to  I 

45 

00 

fis 

X       tox 

45 

00 

30 

The  slope  is  that  of  horizontal  to  vertical  projection. 
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PrsBSorea  on  Retalnisig* Walls.  Evea  under  the  conditions  shown  in  Fig.  8^ 
xily  a  part  of  the  fiUed-in  material  will  exert  a  pressure  on  the  walL  It  would 
be  natural  to  suppose  that  the  part  of  the  fill  exerting  pressure  on  the  wall 
would  be  determined  by  the  angle  or  maturai.  sxjOpe,  ail  material  from  a 
natural  horizontal  grade  up  to  this  angle  being  able  to  take  care  of  itself,  and 
an  the  material  above  the  angle  needing  the  wall  to  hold  it  in  place.  Experi- 
ment allows  that  this  is  not  strictly  true,  for  as  the  earth  settles  into  place  certain 
forces  of  inteknal  ELAsncrry  and  tendencies  toward  a  state  of  equiubriuii 
come  into  play  creating  internal  stresses  which  produce  the  con/ugate 
PRESSURES  already  referred  to.  The  exact  determination  of  these  internal 
STRESSES  demands  relatively  complicated  calculations  which  would  be  out  of 
place  in  a  book  of  this  character.  The  construction  given  )n  the  foUowing 
paragraphs  for  determining  the  slope  op  the  cleavage-plane,  between  that 
part  of  the  backing  which  sustains  itself  and  the  triangular  fill  which  actually 
bears  on  the  wall,  is  sufficiently  accurate,  however,  for  all  practical  purposes. 

The  Slope  of  the  Cleayage-Plane.  Tb3  following  construction  (Figs.  9 
and  10),  based  upon  empirical  data,  for  determining  first,  the  prism  or  eartr 


Tig.  9.    Method  of  Determining  the  Prism  of  Earth 

wluch  exerts  pressure  on  the  back  of  the  wall  and  secondly,  the  proper  ixiien- 
siONS  for  the  wall,  has  been  found  to  work  well  in  practice,  when  certain  neces- 
sary precautions  aiv  taken.  These  include  proper  drainage  behind  the  wall, 
proper  ramming  of  the  fill  and  efficient  bracino  of  the  wall  during  its  construc- 
tion. 

In  the  calculations  to  determine  the  pressure  of  the  earth  and  the  wei^t  of 
the  wall,  a  slice  i  ft  thick  is  first  considered.  Then  the  area  of  the  triangle 
ABE  is  proportional  to  the  volume  and  weight  of  the  slice  of  earth  causing 
pccsMire  on  the  wall,  and  as  the  area  of  the  cross-section  of  the  wall  is  propor- 
tional to  the  vohime  and  weight  of  the  slice  of  the  wall  itself. 

To  determine  the  prism  or  earth  which  exerts  pressure  against  the  back  of 
the  wall,  decide  first  upon  the  batter  to  be  given  to  the  back  of  the  wall.  In 
this  case  it  made  8o*  with  the  horiaontal,  an  angle  slightly  greater  than  that 
advised  by  Trautwine.  Dnw  BH  (Fig.  9),  making  an  angle  ABH,  equal  to 
2  ^,  with  the  back  of  the  wall;  continue  this  line  until  it  meets  at  H  the  slope 
of  the  surface  of  the  earth  bade  of  the  wall,  prolonged.  From  A,  the  top  of  the 
wall,  draw  AJ  parallel  to  BF  the  natural  slope  of  the  fill.  This  has  been  taken 
at  35*,  as  a  fair  average  value.  Erect  a  perpendicular  from  the  middle  of  JB, 
rad  with  any  point,  O,  as  a  center,  on  this  perpendicular,  describe  an  arc  passing 


/ 
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through  7  and  B.  Draw  HO  and  Msect  it,  and  with  C  as  a  center  ind  OC  as 
a  radius,  describe  the  arc  cutting  the  arc  JKB  at  K*  Again,  with  a  nuliua  HK 
and  with  H  as  center,  describe  the  arc  KL,  and  finally,  from  L,  draw  LE  parallel 
CO  J  A.    The  intersection  of  this  line  with  the  surface  of  the  ground  locates  the 


^a«H 


Fig.  10.    Method  of  Detennmiag  Dimensions  of  Retainlng-wall 


point  E.  The  line  BE  is  the  line  of  the  cleavaob-flame  which  separates  the 
part  of  the  backing  which  bears  against  the  wall  from  the  part  which  exerts  no 
lateral  pressure. 

Having  found  the  ducensions  op  the  voluick  of  earth,  the  thrust  of  whiob 
must  be  resisted  by  the  wall,  the  next  step  is  to  determine  what  the  dimbmsions 
or  TBB  WALL  should  be  to  properly  resist  this  thrust  Usually  one  or  two  tiiab 
are  necessary  before  the  proper  solution  of  the  problem  is  found.  In  the  ex- 
ample given,  a  preliminary  trial  was  made  with  a  thickness  at  the  base  of  4  ft 
This  construction  is  shown  with  the  green  lines  (Fig.  10). 

After  drawing  the  triangle  representing  the  base  of  the  pusm  or  ba&th,  find 
its  center  of  gravity,  G  (Chap.  VI).  From  this  point  draw  two  nonnals,  one  to 
the  back  of  the  wall  and  the  other  to  the  line  of  the  cleavage-planb.  Draw 
the  two  lines,  GM  and  GN,  making  angles  0  with  these  normals.  Lay  off  ver- 
KlcaBy  from  the  center  of  gravity,  at  any  convoiient  scale  of  so  many  wcpmtt 
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kches  to  the  fincmr  inch,  the  area  of  the  triangle  of  the  base  of  the  prism,  the 
iiea.  as  alrea4y  explained,  being  proportional  to  the  volume  of  the  prism  and 
its  Wright.  Resolve  this  wctght*Une  along  the  two  lines  GM  and  GN  (Chap. 
VI).  This  will  give  the  magnitude  and  Di&EcnoN  of  the  th&ust  or  pressure 
d  the  earth  against  the  wall.  Apply  this  pressure  at  a  point  on  the  badi  of  the 
w&U  Qiie>thixd  of  the  distance  from  the  bottom,  as  shown  by  the  arrow.  This 
is  the  foroe  which  may  tend  to  ovEKTimN  the  wall  and  which  tends  to  make  it 
sun£  along  the  base.    (See  Fig.  6.) 

To  resist  these  overturning  and  slidino-izndsnczes,  the  weight  of  the  wall 
Combined  with  the  pressure  of  the  earth  behind  it  should  produce  a  resultant 
which  satisfies  the  following  conditions.  First,  its  magnitude  should  not 
be  great  enough  to  cause  a  unit  pressure  on  the  foundation-bed  greater  than 
it  can  safely  bear;  secondly,  it  should  pass  within  the  middle  third  of  the  base 
so  that  the  stress  over  the  entire  area  of  the  base  will  be  a  compressive  stzess; 
and  thirdly,  it  should  make  an  angle  with  a  normal  to  the  plane  of  the  founda- 
tion-bed not  greater  than  the  angle  of  friction  between  the  stone,  brickwork, 
concrete,  or  other  masonry  of  the  footings  and  the  sand,  clay,  or  rock  of  the  foun- 
dation-bed. 

In  order  to  determine  these  conditions,  the  center  of  gravity  of  the  cross- 
section  of  the  wall  must  be  deter.iained  and  a  vertical  line  drawn  through  this 
point  until  it  intersects  the  line  of  the  earth-thrust  produced.  It  is  at  this 
intersection  of  the  unes  of  action  of  the  two  forces  that  their  resultant 
acts.  To  find  the  center  of  gravity  of  the  cross-section  of  the  wall,  the  method 
of  dividing  the  trapezoid  into  two  triangles  has  been  followed,  the  center  of 
pavity  of  each  triangle  being  found  and  these  two  points  being  joined  by  a  line. 
The  intersection  of  this  line  with  the  median  line  drawn  between  the  base  and 
the  top  of  the  wall  is  the  center  of  gravity  of  the  trapezoid.  In  this  example, 
for  convenience,  the  scale  used  for  the  composition  of  the  forces  of  the  pressure 
^  the  earth  and  the  weight  of  the  wall  is  one^half  the  scale  used  for  the 
resolution  of  the  forces  representing  the  weight  of  the  earth-prism. 

In  the  first  trial,  shown  by  the  green  lines,  the  first  and  third  conditions  neces* 
s&ry  to  insure  stability  are  fulfilled;  but  the  second  is  not,  the  resultant  pass« 
iog  outside  the  middle  third  of  the  base.  This  indicates,  theoretically,  a 
flight  tensile  stress  or  a  tendency  for  the  jomts  at  the  back  of  the  wall  to  open. 
Another  trial,  therefore,  is  shown  with  the  red  lines,  the  thickness  of  the  wall 
being  increased  as  shown  by  the  rectangle  CC'D'D,  In  this  second  trial  the 
height  or  the  wall  is  necessarily  increased  while  the  earth-thrust  remains 
the  same.  As  in  this  case  the  resultant  passes  within  the  middle  third,  it  is 
concluded  that  a  wall  of  these  dimensions,  5  ft  base  by  10  ft  height  and  with 
an  80*  batter,  will  be  safe  and  will  properly  resist  the  thrust  of  the  earth- 
backing. 

Details  of  Constnictiofi.  Retaining-walls  are  generally  built  with  a  batter- 
ing, that  is,  a  sloping  face,  as  walls  of  this  form  are  the  strongest  for  a  given 
amount  of  material;  and  if  the  courses  are  xncliked  down  towards  the  back,  the 
tendency  to  slide  on  each  other  will  be  resisted,  and  it  will  not  be  necessary  to 
depend  upon  the  adhesion  of  the  mortar.  The  importanoe  of  making  the  resist- 
ance independent  of  the  adhesion  of  the  mortar  is  obviously  very  great,  as  it 
would  otherwise  be  necessary  to  delay  the  backing  up  of  the  wall  until  the  mortar 
bad  thoroughly  set,  which  mig^t  require  several  months. 

In  brickwork  it  is  advisable  to  let  every  third  or  fourth  course  below  the  frost- 
line  project  an  inch  or  two.  This  increases  the  friction  of  the  earth  against 
the  back  and  causes  the  resultant  of  the  forces  acring  behind  the  wall  to  become 
more  nearly  vertical,  and  to  fall  farther  within  the  base,  increasing  the  sUbility 
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It  aba  conduKi  (a  itrength  to  nuke  the  counes  of  varying  ho^ti  throuKboot 
the  thickness  of  the  wall,  and  to  have  wnie  of  the  stones,  espedaily  tfaoae  near 
the  back,  suffidratly  high  to  extend  through  two  or  three  counts.  By  thi> 
means  the  whole  masoniy  becomei  more  eflectually  interlocked  or  bonded 
together  ta  one  ma»  and  is  less  liable  to  bulge.  The  couraes  of  muoniy  an 
often  laid  with  thdr  beds  sloping  in,  as  in  Fig.  15,  to  overcome  the  taiOeacr 
<tf  the  courMS  to  slide  on  each  other. 
Where  the  ground  freezes  to  a  great  depth,  the  back  of  the  wall  should  be 
for  three  or  (our  feet  bdow  iti  top  surface,  as  at  OC  (Fig.  11), 


the  hold  of  the  Iroat  aad 


Fig.  11.    Reuuung.wall 


and  this  slope  should  b 
prevent  diiplacement. 

Fig).  12,  13,  14  and  15  show  the  approximate  BJ 
AREAS  of  walls  of  diSereat  shapes  that  would  be  required  to  resist  the  pressure 
o!  a  bank  of  earth  ii  ft  high.  The  first  three  eumplea  are  calculated  to  — «ist 
the  nuximum  thrust  of  wet  earth,  while  the  last  shows 
ihe  modi&ed  form  usually  adiq>tad  in  practice. 

ITotei  on  the  TMchnaia  of 

Rctaining-Walli.    As  has  been 

stated,  about  the  only   practical 

rules  for  retaining-walls   are  the 

empiriral  rules  based    upon   ex- 
perience and  tests.    Trautwine* 

gives  the  following  Table  III  for 

the   thickness    at    the    base   of 

vertical    retaining-walls    with    a 

■and    backing    deposited    in  the 

usual  Danner.    The  first  colun 
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-     -  'on"'^,  "•«  vertical  height  CD       ^,„  ^^  g,^,,^ 

(Fig.  16)  of  the  earth  as  compared 


wall  with  Stepped 


with  the  vertical  height  of  Ihe 
wall,  AB.  Tie  latter  is  assumed  to  be  i.  so  that  Ihe  table  b^ios  with  a 
backing  of  the  same  height  as  the  wall.  These  vertical  walls  may  be  battered 
to  any  extent  not  exceeding  ili  in  to  i  ft,  or  i  in  3,  without  iOecting  thdr 
■tabitity  and  without  increaring  Ihe  base. 

If  the  wall  la  built  as  in  Fig.  17.  with  the  ground  pradlcally  levei  with  the 

top.  the  top  of  the  wall  should  be  not  less  than  18  in  thick,  and  the  thiduMascs 

at  a,  a,  etc.,  just  above  each  step,  should  be  from  one-third  to  two-fiftba  of  the 

*  Tlu  GvQ  Engloect's  Pocket-Book,  John  C.  Ttautwiiw. 


Total  hachtDl  the  eutb 

Wall  d  cut 

WnlT  of  nibble  Dt 

Wall  of  Kood. 

annpucd  with  tbe  t>ci«hl 
gi  the  w»U»b{.v«  pound 

bna.  (ood  inanu 

dry  rubble 

oiS 

0.40 

o.so 

O.ST 

4« 

19 

o;«4 

o:,* 

o.«6 

1.6 

' 

55 

o^So 

o.Ct 

5B 

0.63 

«0 

0.65 

Hi 

o.6t 

6j 

0.V8 

< 

«4 

069 

65 

e66 

1                 ccmor. 

o«8 

0-73 

O.gj 

facight  from  the  top  of  the  wall  to  each  of  these  levels.  If  the  earth  is  banked 
above  the  top  of  the  wall,  the  thjckaessa  should  be  incrcaied  u  indicated  by 
the  table  given  above.  It  built  upon  ground  that  is  aflected  by  frost  or  lur- 
fice-i»teT.  the  footings  should  be  carried  sufficiently  below  the  surface  of  the 
ground  at  tbe  base  to  insure  against  heaving  or  setthog. 


Fig,  17,  Betaining-wall  with  Stepped 


RriafoTcsd-Coiicrete  RBtaiiiing.~Walli.    With  the  constantly  incrfasing 
use  of  aiiNFoaciD  concritb  for  various  purposes,  there  has  come,  also,  the 
of  retainhig-walls   in  this   material.    Figs.   18,'  19*  and  20' 
'    thne   dcagm  by   A.    L.    Johuon   for   retaining-walb    to    satisfy   the 
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«iiks  5,  n  nd  lo  ft  taish.  The  mil  ihovn  in  Tig.  20  h 
TdnfoTced  at  inteivali  with  codhtebfokts.  The  i™U»  themidva  ta  Fig*.  13 
utd  ig  act  u  CAiniuvSK  bbahs.  Tho  footihos,  in  lU  three  cuo,  arc 
■ubjecced   to  two  principal  extental   [area,   the   renltaut  ot  the  fcmMing 


-I. 


Upward  pressure  o(  the  foundation-bed  and  the  resultant  of  the  down- 
ward pressures  of  the  6M.  In  Fig.  20  the  coping  act)  a^i  a  Beam  fixed  at 
BOTH  ENDS,  With  a  9|un  equal  to  the  distance  between  the  caunleriorti. 
and  loaded  wilh  the  proper  proportion  o(  the  lnad  due  to  the  pressuie  trf 
the  fill  behind  the  wall  and  tiansmitled  to  the  coping  by  the  wall.  The  wall 
itielf  in  this  case  acts  as  a  rLOOa-SLAB  supported  on  all  four  sides  and  subjected 
to  an  approiimalely  evenly  distributed  load.  The  counteriotta  are  in  teuiion. 
The  HAXIUL'U  BENDING  uouENTS  foc  these  various  cases  can  be  detennioed 
(Chapter  DC)  and  the  necessary  dimensions  and  aEiMFoacEHENT  to  be  pro- 
ruled  debded  by  the  riOes  given  in  Chapter  XXIV, 

1.  Bruil-Walli 

Bteaat-Walla.  Where  (he  ground  to  be  lupponed  is  firm,  and  the  strata  are 
horizontal,  the  office  uf  a  breast-wau.  (Fig.  81  is  more  to  protect  than  to  sustain 
the  earth.  It  should  be  borne  in  mind  that  a  trifling  force  sLilfuUy  applied  to  un- 
broken ground  will  keep  in  its  place  a  mass  of  material,  which,  if  once  allowed  lo 
CDDve.  would  cniih  ■  heavy  wall.    Great  care,  therefore,  should  be  taken  not  to 


apcH  the  newiy  opeaed  ground  to  the  inflBtme  of  *ir  tad  nter  loaf  than  I* 
nquuite  Cor  souod  work,  uid  to  uroid  leaving  cbe  ■-""'«'  ipaice  for  motkni 
betwaca  the  back  at  Che  wall  and  the  gnnind.  The  strength  of  i  bieast-watl  mUit 
be  pmtnctioiutdy  ineieaaBd  when  the  strata  to  be  supported  indine  down 


Fig.  M.    RdaCDKtd-coBOtte  RctaloIng-nU  oith  Caanterfofti  ud  Apraa 

toward*  the  wall;  where  they  iodine  down  (rom  it,  the  wall  need  be  little  moM 
than  B  iHtN  tMXia  to  protect  the  ground  from  disintegratioo.  The  preserva- 
tion of  the  HATT7KA1.  DKAiHAOG  is  ooe  of  the  most  iniportant  points  to  be 
atlraded  to  in  the  election  of  breast'walls,  as  upon  this  thdr  stability  in  k 
grcBt  meaiure  depends.  No  rule  can  be  given  (or  the  best  way  to  do  this;  it 
b  a  matter  for  attentive  consideratton  in  eadi  particular  case. 

i.  Vanlt-Walla 
VaDlt-TnlU.  In  Urge  dties  it  is  customary  to  utilize  the  space  under  the 
ndewalk  lor  storage  or  other  puiposes.  This  necessitates  a  wail  s.t  the  curb- 
line  to  hold  iMck  the  earth  and  the  street-prosures  and  also  the  weight  of  the 
sidewalk.  Where  piscticahle  the  space  should  be  divided  by  partition-walls 
about  evsy  lo  ft.  and  when  ttiis  is  done  the  outer  wall  may  be  advantageously 
built  of  hard  bricks  in  the  formol  arches,  u  shown  in  Fig.  21.    lie  tsicxKSsa 
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oi  tbe  vdi  ihotild  be  >t  leut  i6  in  [«  m  depth  of  9  ft  and  the  Kise  of  the 

•ich  boa  uke-eigbth  to  one-sixth  of  tbe  ipon.  If  partition!  are  not  practi- 
oble,  each  >idnu1k-baiii  nay 
be  supported  by  a  heavy  I-tieam 
column,  with  either  flat  or  ses- 
mental  arches  between,  of  either 
brick  or  concrete.  Fig.  22  • 
shows  a  detail  of  the  outer  walls 
of  the  vault  under  the  sidewalk 
around  the  Singer  building,  New 
York  City.  These  walls  consist 
of  a  core  formed  by  two-ring 
brick  arches  with  vertical  axes, 
built  between  llie  flanges  of 
8-in  vertical  sted  I  beams 
spaced  about  5  ft  apart  aod 
bedded  at  (he  bottom  in  a  con- 
crete fooling.  Their  tops  are 
braced  laterally  by  the  eidewalk-bcams. 
e  segmental,  with  a  lise  of  about  6  in. 


and  are  built  up  solid  ig: 
wall  is  built  inside  agair 
moltal  air-chambers  in  fr< 


111  of  Singer  BuildiDf ,  Nev  V«k  City 
m  8-in  outside  face-wall,     A  4-in  p 


Frocn  Tlte  EofiDeerinf  R« 
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CHAPTER  V 

STRENGTH  OF  BEICKS,  STONE,  MASS-CONCRETE  AND 

MASONRY 

By 
THOMAS  NOLAN 

PKOFESSOR  OF  ARCHnECTtJRAL  CONSTRUCTION,   UNIVERSITY  OF  PENNSYLVANIA 

U   Crushing  Strength  of  Stonework,  Brickwork*  Bricks,  etc. 

Stresses  in  Masonry.  By  the  term  strbngtb  of  masonry  is  generally 
meant  its  resistance  to  a  direct  compressive  force  or  load,  and  this  is  the  only 
direct  stress  to  which  masonry  should  be  subjected.  Stone  lintels  and  footings 
may  be  subjected  to  a  transverse  or  bending  stress,  but  they  can  hardly  be 
included  in  the  term  masonry,  as  they  consist  of  single  pieces.  There  are  also 
tendencies  to  bend  and  to  split  apart  in  brick  walls  and  piers,  as  they  are  usually 
high  in  pcoportion  to  their  lateral  dimensions,  but  the  stresses  thus  developed 
cannot  be  accurately  determined  and  should  be  avoided  as  much  as  possible. 
It  is  impossible  to  Ex  values  for  the  strength  of  brickwork  or  stonework  with 
an>-thing  like  the  exactness  possible  for  wooden  or  steel  members,  for  the  reason 
that  there  is  not  only  a  great  variation  in  the  strength  of  different  kinds  of 
bnck  and  stone,  even  when  taken  from  the  same  kiln  or  quarry,  but  the  strength 
f^  walls  and  piers  is  also  greatly  affected  by  the  kind  and  quality  of  the  mortar 
used,  the  way  in  which  the  work  is  built  and  bonded,  and  the  amount  of  moisture 
in  the  materials  when  they  are  laid.  All  that  can  be  done,  therefore,  is  to  give 
values  which  will  be  safe  for  the  different  kinds  of  masonry  built  in  the  usual 
manner. 

Working  CompressiTe  Strength  of  Masonry.  The  building  laws  of  most 
of  the  larger  cities  of  this  country  specify  the  maximum  loads  per  square  foot 
allowed  to  be  placed  upon  different  kinds  of  masonry,  and  these  laws  must  govern 
the  architects  in  such  cities.  When  there  is  no  restriction  of  this  kind.  Table  I 
gives  a  pretty  good  idea  of  the  maximum'  loads  which  it  is  safe  to  put  upon  the 
different  kinds  of  work  mentioned.  Table  II  gives  the  maximum  safe  loads 
specified  in  the  building  laws  of  several  cities,  and  the  remaining  tables  of  the 
chapter  give  records  of  numerous  tests  made  to  determine  the  ultimate  com- 
pressive strengths  of  various  kinds  of  bricks,  building  stones,  mortacs  and  con- 
cretes, and  are  of  value  in  determining  the  safe  loads  for  special  cases.  In 
determining  the  safe  compressive  resistance  of  masonry  from  tests  on  the  ulti- 
mate compressive  strength  of  work  of  the  same  kind,  a  factor  of  safety  of  at 
least  xo  should  be  allowed  for  piers  and  30  for  arches. 

Table  L    Safe  Woriring  Loads  for  Masonry 
Brickwork  in  Walls  or  Piers 


Red  bricks  in  lime  mortar 

Red  bricks  in  hydraulic-lime  mortar 

Red  bricks  in  natural -cement  mortir.  1:3 

Arch  or  pressed  bricks  in  lime  mortar 

Arch  or  pressed  bricks  in  natural-cement  mortar 

Arch  or  pressed  brirks  in  Portland-cement  mortar .... 


Tods  per  square  foot 
Eastern       Western 

7 

■  •  • 

5 

6 

10 

8 

8 

6 

12 

9 

IS 

12H 
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Piers  exceeding  in  height  six  times  their  least  lateral  dimensions  should  be 
increased  4  in  in  lateral  dimensions  for  each  additional  6  ft. 

Stonework  , 

Tons  per 
square  fo^t 

Rubble  walls,  irregular  stones 3 

Rubble  walls,  coursed,  soft  stone 2H 

Rubble  walls,  coursed,  hard  stone 5  to  x6 

Dimension-stone,  squared,  in  cement  mortar:* 

Sandstone  and  limestone 10  to  20 

Gnnite. 30  to  40 

Dressed  stone,  with  H-in  dressed  joints,  in  Portland-cement  mortar:  * 

Granite 60 

Marble  or  limestone,  be?t 40 

Sandstone 30 

The  height  of  columns  should  not  exceed  eight  times  the  least  diameter,  unless 
the  least  diameter  is  sufficiently  greaur  than  necessary  for  the  strength  of  the 
material  used. 

Concrete  t 

Portland-cement  mortar,  i  :  8,  6  months,  10  tons;  i  year,  15  to  20  tens 
Natural-cement  mortar,  x  :  6,  6  months,  3  tons;  i  year,  5  to  8  tons 

Hollow  tile 

Safe  loads  per  square 'inch  of  effective  bearing  parts 

Hard  fire-clay  tiles So  lb 

Hard  ordinary  day  tiles 60  lb 

Porous  terra-cotta  tiles 40  lb 

Mortar 

In  H-in  joints,  3  months  old 

Tons  per 
sqiiare  foot 

Portland-cenfent  mortar,  1:4 40 

Natural-cement  mortar,  1:3 1$ 

Lime  mortar,  best 8  to  10 

Portland-cement  mortar,  1:3,  Vi-in  joints,  bedding  iron  plates  70 

The  values  given  above  are  generally  very  conservative.  The  leading  archi- 
tects and  engineers  of  Chicago  recommended  for  that  city  in  190S  the  follow- 
ing SAFE  WORKING  PRESSURES  for  brick  and  stone  masonry  and  concrete: 

Common  bricks,  crushing  strength  i  800  lb  per  sq  in:      Lb  per  Tons  per 

sq  in  sq  ft 

In  lime  mortar 100  71^ 

In  limo^and-oement  mortar 125  9 

In  natural-cement  mortar 150  io^4 

In  Portland-cement  mortar i7S  i^f* 

*  Limestone  ashlar  is  usually  set  in  (i)  lime  mortar.  (2)  puzzolan,  natural -cennent 
mortar,  or  other  non-&taining  cement  mortar,  or  (j)  mortar  composed  of  lime  and  white 
Portland  cement. 

t  See  pages  283  to  287. 
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Sdect,  kard,  comnion  bricks,  crushing  Btrcngth  equal 
to  3  500  lb  per  sq  in: 
In  I  part  Portland  cement,  i  lime-paste  and  3  sand. . 
In  I  :  3  Portland-cement  mortar. 

Preaaed  and  sewer-bricks,  crushing  strength  equal  to 
5  000  lb  per  sq  in:  x  :  3  Portland-cement  mortar. . 

Paving  iMicks,  in  i  :  3  Portland-cement  mortar 

Cijncrete,  natural  cement,  1:2:5 

Coaczete,  Portland  cement,  1:3:6,  machine-mixed. . 

Caacrete,  Portland  cement,  x ;  3  : 6,  haad-mixtd ..... 

Concrete,  Portland  cement,  1:2:4,  machine-mixed. . . 

Concrete,  Portland  cement,  1:2:4,  hand-mixed 

Rabble,  uncoursed,  in  lime  mortar 

RabUe,  uncoursed,  in  Portiand-cement  mortar 

Rubble,  coursed,  in  lime  mortar 

Rubble,  coursed  in  Portland-cement  mortar 

.\shlar.  limestone,  in  Portland-cement  mortar 

fSce  note  on  limestone  ashlar,  page  266.) 

Ashlar,  granite,  in  Portland-cement  mortar 

Committee  on  Code  Requiremeilts  for  Indiana  lime- 
stone reconmiends: 

Limestone-ashlar   masonxy,   in   lime   mortar,  equiv- 
alent to  X  :  3  cement-and-lime  mortar 

In  nacural-cemeat-and-lime  mortar,  1:3 


Lb  per 

l^KBper 

aqm 

•qtt 

175 

13H 

900 

14H 

250 

x8 

SSO 

3SH 

ISO 

loH 

300 

2XH 

259 

18 

400 

28H 

350 

iSH 

60 

4H 

100 

7H 

X20 

8H 

200 

14H 

400 

28H 

000 


43  H 


200  to  250  X4H  to  18 

400  to  500   2&^  to  36 


Table  II.    Comparison  of  Building  Laws  * 


Materials 


Granite,  cut 

Marble  and  limestone,  cut. . . 

Sandstone,  hard  cut 

Hard-bumed  bricks  in  Port- 
land-cement mortar 

Hard-bamed  bricks  in  nat- 
ural-oement  mortar 

Hard-burned  bricks  in 
cement-and-lime  mortar. . . 

Hard-burned  bricks  in  lime 
mortar 

Pressed  bricks  in  Portland- 
cement  mortaar 

Pressed  bricks  in  natural- 
cement  mortar 

Rubble  stone  in  natural- 
cement  mortar 

Portland-cement  concrete  in 
foundations,  x  :  2  :  4 

Xatural-cement  concrete  in 
foundations.  I  :  2  :  4 


Bos- 
ton, 
191S 


Buf- 
falo, 
1909 


New 

York. 

1917 


Chi- 
cago, 
X9T6 


St. 
Louis. 
1907 


Phil- 
adel- 
phia, 
1914 


Den- 
ver, 
1898 


AUowabk  pressures  in  tons  per  sq  ft 


60-72 
40 

ao 

xs-20 


12-14 
6-8 


25-30 


12 
9 


6 

13 

9 

St 
4 


72 

43-SO 

29 

z8 
15 

8 


8: 
36 

IS 


43 
29 
29 

liH 

loH 

7 
18 


18-285 
lOHIl 


aiH 


11^ 


18 


X5 

12 

8 


xo 

15 


40 

12 


8 


12 

X2 

10 

4 


*  ^ee  notes,  page  287,  relating  to  building  laws  and  working  loads  for  masonry,  etc. 
t  In  Portland-cement  mortar,    t  In  Portiaad<ement  mMtar,  xo;    in  Ume-cemeut 
j'jrtar.  7. 
f  According  to  mixture.    (11:2:5  mixture. 
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Brick  Ptert.  As  a  rule  brickwork  is  subject  to  its  full  safe  resistance  only 
when  used  in  piers,  and  in  small  sections  of  walls,  under  bearing-i^tes.  In  the! 
latter  case  but  a  few  courses  receive  the  full  load,  and  hence  a  greater  unit 
stress  may  be  allowed  than  for  piers.  Values  for  computing  the  area  of  bearing- 
plates  are  given  in  Chapter  XIII.  Aside  from  the  quality  of  the  work  ard 
materials  the  two  elements  which  most  influence  the  strength  of  bride  piers 
are  the  ratio  of  height  to  least  lateral  dimenaon  and  the  method  of  bonding. 
When  the  height  of  a  brick  pier  exceeds  six  times  its  least  lateral  dimension  the 
load  per  square  foot  should  be  reduced  from  the  values  given  in  Tatde  I. 

Formulas  for  the  Safe  Strengtii  of  Brick  Piers  exceeding  six  diameters 

in  height.  From  the  records  of  numerous  tests  on  the  strength  of  brick  pier.-. 
from  some  formulas  published  *  by  Ira  O.  Baker,  and  also  from  personal  obser- 
vation, Mr.  Kidder  deduced  the  following  formulas  for  the  maximum  work  in:; 
loads  for  first-class  brickwork  in  piers  whose  height  exceeds  six  times  the  lea.t 
lateral  dimension. 
For  piers  laid  with  rich  lime  mortar: 

Safe  load  per  square  inch-  no—  s  B/D  (i) 

For  piers  laid  with  i  :  2  natural-cement  mortar: 

Safe  load  per  square  inch^  140 —  sHH/D  (2) 

For  piers  laid  with  i  :  3  Portland-cement  mortar: 

Safe  load  per  square  inch  -  200—  6  H/D  (3) 

B  npreaenting  the  height  in  feet,  and  D  the  least  lateral  dimenskm  in  fect.f 

For  a  pier  20  ft  high  and  2  ft  square  these  formulas  will  reduce  the  safe  load 
to  4.3  tons  per  sq  ft  for  lime  mortar,  6.z  tons  for  natural-cement  mortar  and 
xo  tons  for  Portland-cement  mortar.  No  pier  over  8  ft  high  should  be  less  than 
12  by  12  in  in  cross-section  and  when  from  6  to  8  ft  high  piers  should  be  at  least 
8  by  12  in  in  cross-section. 

The  following  is  the  Chicago  law  (19x4):  "Isolated  piers  of  concrete,  brick 
or  masonry  shall  not  be  higher  than  six  times  their  smallest  dimensions  ixnksa 
the  above  unit  stresses  X  are  reduced  according  to  the  foUowing  formula: 

P-C(l.2S--ff/20D)  (4) 

in  which  P  is  the  reduced  allowed  unit  load,  C  the  unit  stress  above  referred 
to,  B  the  height  of  the  pier  in  feet  and  D  the  least  dimension  of  the  pier  in  feet. 
No  pier  shall  exceed  in  height  twelve  times  the  least  dimension.  The  w««gbt 
of  the  pier  shall  be  added  to  other  loads  in  computing  the  load  on  the  pier. " 

Brick  piers  intended  to  carry  more  than  50%  of  the  safe  loads  given  a.bove 
should  not  be  built  in  freezing  weather  nor  with  dry  bricks.  Lime  mortar 
should  not  be  used  for  building  piers  that  are  to  receive  their  full  k>ad  within 
three  months. 

Effect  of  Bond  on  the  Strength  of  Brickwork.  Brick  piers,  loaded  to 
the  point  of  destruction,  always  fail  by  the  splitting  and  bulging  out  of  the 

*  In  the  Brickbuilder,  April,  1898. 

t  For  piers  faced  with  preiaed  bricks,  laid  with  joints  M  in  or  less  in  thickness,  sad 
backed  with  common  bricks  in  lime  mortar,  only  the  dimensions  of  the  backing  should  be 
considered  in  figuring  their  strength.  If  the  .backing  is  laid  in  cement  mortar  and  the 
face-bricks  are  well  tied  to  the  backing,  the  full  section  of  the  pier  may  be  considered.  For 
{Men  veneered  with  stone  or  terra-cotta.  4  in  thick,  only  the  strength  of  the  backing  should 
be  considered. 

X  These  are  in  general  the  '*  safe  working  pressures  "  for  brickwork  previously  meaticKDed 
as  recommended  by  the  Chicago  architects  and  engioeeis  in  1908. 
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pien  themsdves,  and  not  by  direct  crushing  of  the  briclu  or  mortar,  showing 
that  piers  are  weakest  in  their  bond  and  in  the  tensile  or  transvose  strengths  of 
the  bricks.  It  b  very  important,  therefore,  to  have  the  brickwork  well  bonded, 
and  all  joints  filled  with  mortar  or  grouted.  The  strength  of  a  brick  pier  in- 
tended to  carry  an  extreme  toad  would  probably  be  increased  by  bonding  fre- 
quently with  hooi>-iron  in  addition  to  the  regular  brick-bond.* 

Bond-stones  in  Brick  Piers.  Many  competent  architects  and  builders 
Ojnsida  that  the  strength  of  a  brick  pier  is  increased  by  inserting  bond-stones, 
from  5  to  8  in  in  thickness  and  the  full  size  of  the  pier  in  cross-section,  every  3  or 
4  ft  in  height. 

For  example,  the  Building  Laws  for  the  City  of  New  York  (19x6)  require 
bond-stones  every  30  in  in  height,  and  at  least  4  in  in  thickness,  to  be  built  into 
brick  piers  which  contain  less  than  9  superficial  feet  of  section,  and  which  sup- 
port any  beam,  girder,  arch,  or  column  on  which  a  wall  rests,  or  lintel  spanning 
ia  opening  over  10  ft  and  supporting  a  wall.  The  New  York  laws  allow  per- 
tcrued  steel  or  cast-iron  plates  of  the  full  cross-section  of  the  pier  to  be  used 
iDitead  of  the  bond-stones.  On  the  other  hand,  there  are  many  first-class 
builders  who  consider  that  bond-stones  in  a  brick  pier  do  more  harm  than  good, 
and  the  author  is  of  the  opinion  that  this  is  generally  the  case.  The  Boston 
Building  Laws  do  not  require  intermediate  bond-stones.  If  bond-stones  are 
used,  they  should  be  bedded  so  as  to  bear  rather  more  heavily  on  the  inner 
portion  of  the  pier  than  on  the  outer  4  in,  for  unless  this  is  done  the  outer  shell 
will  take  most  of  the  load,  and  will  be  likely  to  bulge  away  from  the  core.  A 
pier  which  supports  a  girder  or  column  should  have  a  cap-stone  or  iron  plate  of 
sufficient  strength  to  distribute  the  pressure  over  the  cross-section  of  the  pier. 

Walls  Taeed  with  Stone,  Terra-Cottn,  or  Cement  Blocks.  Brick  walls 
ficed  with  blocks  or  ashlar  of  any  material  should  always  have  the  backing  laid 
b  cement  mortar  or  in  cement-and-lime  mortar,  unless  the  backing  is  very 
thick,  that  b.  jo  in  or  more.  The  aggregate  thickness  of  the  mortar  joints  in 
the  backing  is  so  much  greater  than  in  the  facing,  that  any  shrinkage  or  com- 
pression oi  the  mortar  tends  to  throw  undue  weight  on  the  facing  and  to  sepa- 
rate it  from  the  backing.  Veneering  generally  should  be  tied  to  the  backing 
u  least  every  iS  in  in  height.  Stone  courses,  up  to  about  36  in  in  height, 
usually  have  anchors  in  the  bed-joints  only.  Anchors  are  placed  in  the  side 
:  >ints  also,  when  the  height  of  the  courses  b  more  than  36  in.  The  Building 
(Ordinances  of  several  large  cities  require  that  all  bearing  walk  faced  with 
bricks  laid  in  running  bond,  and  aU  wails  faced  with  stone  ashlar  less  than  8  in 
thick,  shall  be  of  such  thickness  as  to  make  the  wall  independent  of  the  facing 
'Moform  to  that  required  for  unfaced  walls.  Ashlar  8  in  thick  and  bonded  into 
the  backing  may  be  counted  as  part  of  the  thickness  of  the  wall. 

Groiiting.t  It  b  contended  by  persons  having  large  experience  in  building 
that  masonry  carefully  grouted,  when  the  temperature  b  not  lower  than  40**  F., 
Mill  give  the  most  efficient  result.  Many  of  the  largest  buildings  in  New  York 
rity  have  grouted  walls.  The  Mersey  docks  and  warehouses  at  Liverpool, 
England,  one  of  the  greatest  pieces  of  nnasonry  in  the  world,  were  grouted 
throughout.  There  are  many  engineers  and  others  who  do  not  believe  in 
grouting,  flalming  that  the  materiab  tend  to  separate  and  form  layers. 

Crndting  Height  of  Bricks  and'  Stone.  If  we  assume  that  the  weight  of 
brickwork  b  I30  lb  per  cu  ft,  and  that  it  would  commence  to  crush  under  700  lb 

*  The  manner  In  which  brick  pien  fail  is  excellently  shown  by  illustrations  on  page  79 
y'.  the  BrickbuiMer  for  May.  1896. 

t  See  American  Architect,  July  2x,  1887,  page  zx. 
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per  sq  in»  then  a  wall  of  unifoim  thickncwt  would  have  to  be  S40  ft  high  before 
the  bottom  courses  would  commence  to  crush  from  the  weight  of  the  brickwork 
above.  Average  sandstones,  at  145  lb  per  cu  (t,  would  require  a  column  s  950  ft 
high  to  crush  the  bottom  stones,  and  an  average  granite,  at  165  lb  per  cu  ft, 
would  require  a  column  10470  ft  high,  The  Merchants'  shot-tower  at  Balti- 
more is  346  ft  high,  and  its  base  sustains  a  pressure  of  6H  tons  per  sq  ft,  the  tons 
being  long  tons  of  2  240  lb.  The  base  of  the  granite  pier  of  Saltash  Bridge  (by 
Brunei),  of  solid  masonry  to  the  height  of  96  ft,  and  supporting  the  ends  of  two 
iron  spans  of  455  ft  each,  sustains  9^i  tons  per  sq  ft. 

Stone  Piera.  Piers  of  good  strong  building  stone  laid  in  courses  the  full 
cross^ections  of  the  piers,  with  the  top  and  bottom  courses  bedded  true  and 
even,  may  be  built  to  support  very  heavy  loads.  The  height  of  such  pien, 
however,  should  not  eiceed  ten  times  the  least  lateral  dimension,  and  when  it 
exceeds  eight  times  the  thickness*  the  load  should  be  reduced.  The  joints 
should  not  exceed  H  in  in  thickness  and  should  be  spread  with  x  :  2  Portland- 
cement  mortar,  kept  back  x  in  from  the  face  of  the  pier  to  prevent  spallxns  of 
the  edges.  A  test  of  the  strength  of  a  limestone  pier  12  in  square  is  described 
under  Marbles  and  Limestones,  in  this  chapter.  Rubble-work  should  not  be 
used  for  piers  whose  height  exceeds  five  times  the  least  dimension,  or  in  which 
the  latter  is  less  than  20  in. 

Records  of  Tests  on  the  Crushing  Resistance  of  Bricks.  Table  ITI 
gives  the  results  of  some  tests  on  bricks,  made  under  the  direction  of  Mr.  Kidder 
in  behalf  of  the  Massachusetts  Charitable  Mechanics'  Association. 


Table  III.    Ultimate  and  Cracking  Strengths  of  Bricks 


Kind  of  brick 


Philadelphia  face-brick. 

Philadelphia  face>brick. 

Philadelphia  face-brick. 

Average 


Cambridge  brick  (Eastern) , 
Cambridge  brick  (Eastern) . 
Cambridge  brick  (Bastorn). 
Cambridge  brick  (Eastern) . 
Average 


Boston  Terra-Cotta  Co.'s  brick. . 

Boston  Terra-0)tta  Co.'s  brick. . 

Boston  TenarCotta  Co.'s  brick. . 

Average 


Size  of  test- 
specimen 


New  England  pressed  brick Half  brick 


Whole  brick 
Whole  brick 
Whole  brick 


Half  brick 
Whole  brick 
Half  brick 
Half  brick 


Half  brick 
Whole  brick 
Whole  brick 


New  England  pressed  brick. 

New  England  pressed  brick. 

New  England  pressed  brick. 

Average 


Half  brick 
Half  brick 
Half  brick 


Area  of 
face. 


sq  m 


33  7 

4303 

32.2 

3400 

3403 

1879 

3  5^7 

10. 89 

25.77 
12.67 
13-43 


IX.  46 
25.60 
a8.88 


12.95 
13.2 

13  30 
13  45 


Com- 
menced 
to  crack 

under 

lb  per 

sq  in 


3670 
7760 

3  393 

3  797 
465s 

II  518 
8  593 
3530 
7880 

3862 
8  180 
2480 

4  535 
4764 


1 
Net 

strength.  1 

lb  per 
sq  in      I 


6c62 
5831 
5862 
S9i« 

982s 
M94I 

1I6SI 
14  296 
12  186 

13839 
IX  406 

9766 

XI  670 

10270 
rasjo 
13083 
1308s 
12  490 
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The  »p<yiTnm^  were  tested  m  the  government  testing-machine  at  Watertown, 
Miss.,  and  great  care  was  ezncified  to  make  the  tests  as  perfect  as  possible. 
A<  the  parallel  plates  between  which  the  bricks  are  crushed  are  fixed  in  one  posi- 
tian,  it  is  necessary  that  each  specimen  tested  should  have  perfectly  parallel 
faces.  The  bricks  which  were  tested  were  rubbed  on  a  revolving  bed  until  the 
top  and  bottom  faces  were  perfectly  true  and  parallel.  The  preparation  of  the 
bricks  in  this  way  required  a  great  deal  of  time  and  expense;  and  it  was  so  difficult 
tD  prepare  some  of  the  harder  bricks  that  they  had  to  be  broken  and  only  one-half 
•f  the  brick  prepared  at  a  time. 

The  Philadelphia  bricks  used  in  these  tests  were  obtained  from  a  Boston 
dealer,  and  were  fair  samples  of  what  is  known  in  Boston  as  Philadelphia  Face- 
Bricks.    They  were  very  soft  bricks. 

The  Cambridge  bricks  were  the  common  bricks,  such  as  are  made  aroimd 
Boston.    They  are  about  the  same  as  the  Eastern  bricks. 

The  Boston  Terra-Cotta  Company's  bricks  were  manufactured  of  a  rather 
fine  clay»  and  were  such  as  are  often  used  for  face-bricks. 

The  New  England  pressed  bricks  were  hydraulic-pressed  bricks,  and  were 
almost  as  hard  as  iron. 

From  tests  made  on  the  same  machine  by  the  United  States  Government  in 
1S&4,  the  average  strength  of  three  (M.  W.  Sands)  Cambridge,  Mass.,  face- 
bricks  was  13  925  lb,  and  of  his  common  bricks,  18  337  lb  per  sq  in,  one  brick 
dev'eloping  the  enormous  strength  of  2  2  351  lb  per  sq  in.  This  was  a  very  hard* 
burned  brick.  Three  bricks  of  the  Bay  State  (Mass.)  manufacture  showed  an 
average  strength  of  i  x  400  lb  per  sq  in.  The  New  England  bricks  are  among 
the  hardest  and  strongest  in  the  country,  those  in  many  parts  of  the  West  not 
having  one-fourth  the  strength  given  above;  so  that  in  heavy  buildings,  where 
the  strength  of  the  brides  to  be  used  is  not  known  by  actual  tests,  it  is  advisable 
to  have  the  bricks  tested.  Ira  O.  Baker  reported  some  tests  on  Illinois  bricks, 
made  on  the  xoo  ooo-pwund  tesdng-machine  at  the  University  of  Illinois  in 
1 888  and  18S9,  which  give  for  the  crushing  strength  of  soft  bricks,  674  lb  per  sq  in, 
for  the  average  of  three  face-bricks,  3  070  lb  per  sq  in,  and  for  four  paving- 
bricks,  9  775  lb  per  sq  in.  In  neariy  all  makes  of  bricks  it  will  be  found  that  the 
face^bricks  are  not  as  strong  as  the  common  bricks. 

Tests  of  the  Strength  of  Brick  Piers  Laid  with  Various  Mortars.* 
These  tests  were  made  for  the  purpose  of  testing  the  strength  of  brick  piers 
laid  up  with  different  cement  mortars,  as  compared  with  those  laid  up  with 
ordinary  mortar.  The  bricks  used  in  the  piers  were  procured  at  M.  W.  Sands 's 
brickyard,  Cambridge,  Mass.,  and  were  good  ordinary  bricks.  They  were  from 
the  same  lot  as  the  samples  of  common  bricks  described  above.  The  piers 
were  8  by  12  in  in  cross-section,  and  nine  courses,  or  about  2211  in  high,  except- 
ing the  first,  which  was  but  eight  courses  high.  They  were  built  Nov.  29,  i88i, 
in  one  of  the  storehouses  at  the  United  States  Arsenal  in  Watertown,  Mass.  In 
order  to  have  the  two  ends  of  the  piers  perfectly  parallel  surfaces,  a  coat  of  pure 
Portland  cement,  about  M  in  thick,  was  put  on  the  top  of  each  pier  and  the  foot 
was  grouted  in  the  same  cement.  On  March  3,  1882,  three  months  and  five 
days  later,  the  tops  of  the  piers  were  dressed  to  plane  surfaces  at  right-angles 
to  the  sides  of  the  piers.  On  attempting  to  dress  the  lower  ends  of  the  piers, 
the  cement  grout  peeled  off,  and  it  was  necessary  to  remove  it  entirely  and  put 
on  a  layer  of  cement  similar  to  that  on  the  tops  of  the  piers.  This  was  allowed 
to  harden  for  one  month  and  sixteen  days,  when  the  piers  were  tested.  At  that 
time  the  piers  were  four  months  and  twenty-six  days  old.  As  the  piers  were 
built  in  cold  weather,  the  bricks  were  not  wet.    They  were  built  by  a  skilled 

*  Hade  usKier  the  directioa  of  F.  E.  Kidder. 
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bricklayer  and  the  mortars  were  mixed  under  his  superintendence.  The  tests 
were  made  with  the  government  testtng-machine  at  the  Arsenal.  The  follow- 
ing table  is  arranged  so  as  to  show  the  result  of  these  tests,  and  to  afford  a  ready 
means  of  comparison  of  the  strength  of  brickwork  with  different  mortars.  The 
piers  generally  failed  by  cracking  longitudinally,  and  some  of  the  bricks  were 
crushed.  The  Portland  cement  used  in  these  tests  was  made  by  Brooks,  Shoo- 
bridge  &  Company,  of  England.  Roman  cement  is  a  European  natural  cement, 
usually,  although  not  always,  containing  a  low  percentage  of  magnesia.  It 
sets  rapidly,  has  about  one-third  the  strength  of  true  Portland  cement  and  is 
much  weakened  by  the  addition  of  sand. 


Table  IV.    Tests  of  Piers  of  Common  Bricks  Laid  in  Different  Mortan 


Piers  8  by  la  in  in  ssction,  built  oC  common 
bricks. 


Lime  mortar 

Lime  mortar,  3  parts;  Portland  cement,  x 
part 

Lime  mortar.  3  parts;  Newark  and  Rosen- 
dale  cements,  z  part 

Lime  mortar,  3  parts;  Roman  cement,  i 
part 

Portland  cement,  i  part;  sand,  2  parts. . . . 

Newark  and  Rosendale  cements,  i  part; 
sand,  a  parts 

Roman  cement,  x  part;  sand,  a  parts 


Ultimate 

strength 

of  pier. 


lb 


150000 

ago  000 

245000 

Z95000 
340000 

aosooo 

Z85000 


Pressure 
per  sq  in 

under 

which  pier 

commenced 

to  crack, 

lb 


833 

1875 

1354 

I  041 
z  3oa 

708 
1770 


Ultimate 
atxength. 


lb  per  SQ 
in 


1562 

3oao 

assa 

a  030 
asoo 

3  135 

I  927 


As  the  actual  strength  of  brick  piers  is  a  very  important  consideration  in 
building-construction,  some  tests,  made  by  the  United  States  Government  at 
Watertown,  Mass.,  and  contained  in  the  report  of  the  tests  made  on  the  Govern- 
ment testing-machine  for  the  year  1884,  are  given  as  being  of  much  value. 
Three  kinds  of  bricks  were  represented  in  the  construction  of  the  piers,  and 
mortars  of  different  composition,  ranging  in  strength  from  lime  mortar  to  neat 
Portland-cement  mortar.  The  piers  ranged  in  cross-section  dimensions  from 
8  by  8  to  16  by  16  in,  and  in  height  from  x6  in  to  10  ft.  They  were  tested  at 
the  age  of  from  18  to  24  months. 

Table  V  gives  the  results  obtained  and  memoranda  regarding  the  size  and 
character  of  the  piers. 

Table  VI  gives  the  results  obtained  from  tests  of  the  strength  of  brick  piers 
made  at  the  McGill  University,  Montreal,  laboratories,  in  March,  1897. 

RecttDt  TMtt  of  Brick  Plera.*  Elaborate  tests  of  brick  piers,  with  valuable 
results,!  were  made  in  1908  by  A.  N.  Talbot  and  D.  A.  Abrams  at  the  Uni- 
versity of  Illinois  Experiment  Statk>n.  Table  VII  is  a  summary  of  these  results. 
The  tests  were  made  on  sixteen  brick  piers,  the  lezigths  of  which  varied  from 

*  See.  also,  results  of  important  tests  made  in  1914  and  19x5  at  Columbia  Unhretsity, 
Ifew  York,  by  J.  S.  Macgregor. 

t  BuUetin  27,  University  of  Illinois  Engineering  Experiment  Station,  Sept.  29, 1908 
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Tali*  VI.    Tt^M  of  Bikk  Plan,  McGill  UniTsnity  labofAtories,  March,  x897 


Composition  ol 
mortar 

• 

Kind  of  bricks 

Crushing 

strength. 

lb  per  sq  in 

Age 

* 

At 
first 
crack 

Max- 
imum 
k)ad 

8^1  by  8.1  ia.  ii.6 
in  high;   joints 
H  in  thick 

8.x  by  8.1  in.  IXj6 
in  high;  joints 
H  in  thick 

S.2  by  8.3  in.  lo.s 

in  high;  joints 

M  in  thick 

'.  8.4byS^in.xo.7S 

ia  faich;  joints 

1      Vi  in  thick 

I  Canadian  Port- 
land-cement 
mortar.  3  sand 

X  German  Port- 
land-cement 
mortar.  3  sand 

y  English    Port- 
land-cement 
mortar,  3  sand 

X  Belgian  Port- 
land«ceraent 
mortar.  3  sand 

Ordinary  well- 
btiraed  flat 
bricks 

Ordinary  well* 
burned  flat 
bricks 

La  Prairie  fyresaed 
bricks,    keyed 
on  one  side 

La  Prairie  pressed 
bricks*  keyed 
on  one  side 

-  822 
990 
[1130 
I  204 

X234 

X  230 
1524 
198s 

3  weeks 
3  weeks 
3  weeks 
3  weeks 

Table  Vn.    Teats  of  Brick  Piers.  Made  at  the  Ufurersity  of  n&nois 

The  amounts  given  are  average  values 


—] 


Characteristics  ol  piers 


Average 

unit 
load 

lb  per 
aciin 


Ratio  of 

strength 

of  pier 

to 

strength 
of  brick 


Ratio  of 
strength 

of  pier 

to 
strength 

of  fltst 
of 


Crushing 
strength 
o(  6-in 
mortar- 
cubes 

lb  per 

sqin 


Ratio  of 
strength 
of  pier 
to 
strength 
of  cubes 


Shale  building  bricks 


Well  laid,  x  :  3  Portland- 

3363 

0.31 

(Stand-) 

2870* 

1x7 

Well   laid.  I  :  3    Portland- 

cement  mortar.  6  months. 

3  950 

0.37 

x.x8 

Well  laid.   I ;  3   Portland- 

oement  mortar*  eooeatri* 

cally  loaded,  68  days 

2800 

0.26 

0.83 

Poorly  laid,  i :  3  Portlaad- 

cement  mortar.  67  days. . . 

2920 

0.27 

0.87 

2870* 

x.os 

Well  laid,  i  :  5    Portland- 

cement  mortar,  65  days.. . 

2  225 

0.2X 

0.66 

X  710 

X.30 

Well    laid.    X  :  3    natural- 

ITS© 

o.t6 

o.si 

305 

S.7S 

Well  laid.  X  :  2  lime  mortar. 

66<kky% 

1450 

O.X4 

0.43 

Undcrbumed  day  bricks 


I 


,   Well   laid.  x:3  Portland- 
cement  mortar,  63  days.. . 


L 


1060 


0.27 


0.31 


a870» 


0.37 


*  Average  value  based  on  thirteen  tests  of  x  :  3  Portland-cement  mortar-cubes.  60  days 
old. 
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10  to  loK  it.  The  lateral  dimensons  were  i2}4  by  X2>^  in.  Two  grades 
of  bricks  were  used,  an  excellent  class  of  building  bricks  and  a  soft  grade  selected 
as  representative  of  inferior  bricks.  Different  qualities  of  mortar  and  diffefent 
grades  of  workmanship  were  employed.  Compression-tests  of  single  bricki 
gave  these  average  results.  For  hard,  shale  building  bricks,  bedded  in  olasler. 
crushing  strength,  flatwise,  lo  700  lb  per  sq  in:  modulus  of  rupture,  edgewise, 
6-in  span,  i  670  lb  per  sq  in.  For  soft  or  underbumed  day  bricks,  crushing 
strength,  flatwise,  3  900  lb  per  sq  in;  modulus  of  rupture,  480  lb  per  sq  in. 
The  Macgregor  tests  showed  that  maximum  strength  with  minimum  expense 
for  brickwork  is  obtained  with  mortar  made  of  ^  cu  f t  of  Portland  cement, 
>i  cu  ft  of  hydrated  lime  and  3  cu  ft  of  sand,  or  a  i :  x :  6  mixture. 

Tensional  Strength  of  Brickwork.    See  Chapter  II,  page  179. 

2.  Strength  of  Terra-Cotta  and  Terra-Cotta  Piera 

General  Properties  of  Terra-Cotta.  The  lightness  of  terra-cotta,  combined 
with  its  great  compressive  strength,  together  with  its  relatively  high  resistance 
to  the  effects  of  heat  and  Are,  renders  it  an  especially  valuable  building  material. 
Terra-cotta  for  building  purposes,  whether  plain  or  ornamental,  is  generally 
made  of  hollow  blocks  formed  with  webs  to  give  extra  strength  and  keep  the 
work  true  while  drying.  This  is  necessary  because  good,  well-burned,  terra- 
cotta cannot  safely  be  made  more  than  about  x  H  in  thick,  whereas,  when  re- 
quired to  bond  with  brickwork,  it  must  be  at  least  4  in  thick.  When  the  terra- 
cotta work  does  not  project  beyond  the  face  of  the  wall  these  hollow  spaces  arc 
generally  filled  with  concrete  or  brickwork.  For  additional  data  regarding  the 
flre-resisting  properties  and  strength  of  ornamental  and  structural  terra-cotta, 
see  Chapter  XXIII,  pages  8x4.  8x5,  and  816. 

Crashing  Strength  of  Terra-Cotta  Blocks.  Some  exhaustive  experiments 
made  by  the  Royal  Institute  of  British  Architects  give  the  following  results  as 
the  crushing  strengths  of  terra-cotta  blocks: 

Crushing  weight 
per  cu  ft 

Solid  block  of  terra-cotta 523  tons 

Hollow  block  of  terra-cotta,  unfilled 186  tons 

Hollow  block  of  terra-cotta,  lightly  made  and  unfllled 80  tons 

« 
Tests  of  terra-cotta  manufactured  by  a  New  York  Company,  which  were 
made  at  the  Stevens  Institute  of  Technology  in  April,  1888  gave  these  results: 

Crushing  weight     Crushing  weight 
per  cu  in  per  cu  ft 

Terra-cotta  block,  2-in  square,  red 6  840  lb     or     492  tons 

Terra-cotta  block,  2-in  square,  buff 6  236  lb     or     449  tons 

Terra-cotta  block,  a-in  square,  gray 5  126  lb    or    369  tons 

In  tests  for  the  New  York  Building  Department,  made  at  Columbia  University, 
dense  terra-cotta  blocks  developed  a  net  crushing  strength  of  4  72  x  lb  per  sq  io 
or  340  tons  per  sq  ft,  and  semiporous,  2  168  lb  per  sq  in  or  156  tons  per  sq  ft, 
these  results  being  in  each  case  the  averages  of  a  series  of  tests.     (See  page  815.) 

From  these  results,  the  writer  would  place  the  safe  working  strength  of  terra- 
cotta blocks  in  the  wall  at  5  tons  per  sq  ft  when  unfilled,  and  10  tons  per  sq  it 
when  filled  solid  with  brickwork  or  concrete. 
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Ttats  «f  T«rra-Cotta  PItrs.  Tests  *  of  temi-cotta  block  pSen  were  made 
about  the  same  time  U^^nuary,  1907,  and  January,  1908)  that  the  brick  pieis 
reterred  to  in  Table  Vll  were  made.  The  tests  were  made  on  teira-cotta  piers, 
the  lengths  ol  which  varied  irom  9  ft  9  in  to  x  2  ft  7^  in.  The  lateral  dimensions 
rarkd  from  S^^  by  8H  in  to  17H  by  17W  in.  "The  piers  were  built  and  tested 
in  two  k>ts,  an  interval  of  about  one  year  separating  the  times  of  making  the 
te«ts.  The  two  lots  of  piera  were  built  of  blocks  which  came  in  difleient  ship- 
oents.    The  cement  used  was  the  same  brand  in  both  years,  although  the  lots 

Table  YIXL    Teats  of  Terra-Cotta  Piers,  Made  at  the  Univeraity  of  Illinois 

Tbe  amounts  given  are  average  values.  The  table  gives  results  of  tests  of  piers  of 
xcaad  shipment,  except  lot  the  concave-end  blocks.  The  piers  recorded  in  this  table 
vee  all  nM  by  laH  in  by  9H  it. 


Characteristics  of  piers 

Average 
unit 
kxid 

lb  per 

sq  in 

Ratio  of 

strength 

of  pier 

to 

strength 

of  block. 

gross 

area 

Ratio  of 
strength 

of  pier 

to 

strength 

of  first 
of  series 

Crushing 
strength 
of  6-in 
mortar- 
cubes 

lb  per 
sq  in 

Ratio  of 

strength 

of  pier 

to 

strength 
of  cubes 

Well  laid.   1  : 3    Portland-1 
censent  mortar,concentri-> 
callv  loaded ) 

4  300* 

3470 

330s 
3  110 
3050 

3350 

2970 

0.83* 

0.6s 
0.64 
0.60 
0.S9 

0.65 
0.86 

Stand- 1 
'     ard     ■ 

1. 00* 
0.82* 

0.76 
0.7S 
0.71 

0.78 
0.69 

3090 

3x30 
302s 

3370 

i.a6* 

1. 12 

i.os 

1.06 

0.88 

Weil  lata.  1  : 3    PorUand- 
cement  mortar,  eccentri- 
eal\v  leaded 

Poorly  laid.  1  : 3  Portland- 
cement  mortar,  concen- 
trimllv  loaded      

Poorty  laid,  x  :3  Portland- 
oemenc  mortar,  eccentn- 
cally  loaded  . . 

Well   laid.   I  :  3    Portland- 
ceisent   mortar,  concen- 
♦rtcaltv  loaded. 

Well    laid    X  :  s    Portland- 
cement  mqrtar.  concen- 
trically   loaded,   inferior 
tmbtxraed  blocks  t 

Blocks  with  concave  ends, 
I  :  a    Portland-cement 

mu*  MU 

• 

*  Estimated. 


t  Blocks  of  good  quality,  but  imderbumed. 


were  diflerent.  The  terra-cotta  block  piers  were  generally  made  in  sets  of  two. 
Each  set  was  constructed  and  loaded  similarly.  Three  of  the  piers  were  laid  up 
hurriedly  (poorly  laid);  the  remainder  were  built  with  the  usual  care  ^ven  to 
such  work.  The  load  was  applied  to  the  piers  in  different  ways,  although  gen- 
erally applied  continuously  to  failure."  Some  piers  were  loaded  eccentrically 
to  iatlure  and  one  was  loaded  both  concentrically  and  eccentrically,  but  the 
additional  eccentric  load  was  not  sufficient  to  cause  failure. 

*  See  Bulletin  No.  97,  Unxveisity  ol  lllinds  Engineering  Experiment  Sutioo.  Sept.  S9, 
1908. 


278     Strength  of  Brick,  St(me,  MaaB-Concrete  and  Masomy    Chap.  5 

Compariaon  of  Reaulta  of  Taata  of  Brick  and  Tocra^Cotta  Pi«ra.    la 

the  tests  summariaed  in  Tables  VII  and  VIII,  "both  the  brick  piecs  and  the 
terra-cotta  block  piers  gave  high  strengths  in  all  cases  where  ftrong  mortar  and 
care  in  building  were  used.  The  efiect  of  the  strength  of  the  mortar  was  appar- 
ent  in  the  carrying  capacity  developed  in  the  piers,  smaller  loads  being  indi- 
cated for  piers  built  with  x  :  5  Portland-cement  mortar  than  for  those  with  x  :  3 
Portland-cement  mortar,  and  still  smaller  loads  for  those  with  x  :  2  lime  mortar. 
The  effect  of  the  quality  of  the  bricks  is  shown  in  the  piers  made  with  inferior 
bricks,  these  piers  carrying  only  31%  as  much  as  piers  built  with  the  better 
grade  of  bricks.  In  the  case  of  the  terra-cotta  piers,  the  blocks  which  were 
culled  out  as  somewhat  inferior  gave  a  pier-strength  which  was  perhaps  30% 
less  than  the  piers  built  with  superior  blocks.  The  effect  of  the  attempt  to 
represent  hurried  or  careless  workmanship  in  two  brick  piers  aod  in  three  terra- 
cotta block  piers  was  a  loss  in  strength  of  about  15%  and  25%  respectively. 

"In  the  well-built  brick  piers,  concentrically  loaded,  the  ratio  of  strength  of 
pier  to  compressive  strength  of  individual  brick  ranged  from  3X  to  37 /c>  ^^id 
in  the  underbumed  clay-brick  pier  the  ratio  was  27%.  In  the  terra-cotta 
block  piers,  concentrically  loaded,  the  ratio  of  strength  of  iner  to  that  of  individ- 
ual block  was  74%  (an  incompleted  test)  and  83,  8s  and  89%  for  the  others. 
The  higher  ratio  found  for  the  terra-cotta  block  piers  than  for  brick  piers  sug- 
gests that  the  ability  of  individual  pieces  to  resist  transverse  forces  is  an  ele- 
ment in  the  strength  of  the  completed  pier;  and  this  suggestion  may  have  an 
important  bearing  on  the  advantageous  size  of  the  component  blocks  which 
may  be  used  in  a  compression-piece  where  great  strength  is  required. 

"  The  strength  of  the  pier  is  greater  than  that  of  the  mortar-cubes  in  both 
brick  and  terra-cotta  block  piers,  except  the  soft-brick  piers,  which  had  bricks 
of  low  compressive  strength.  Both  the  strength  of  the  individual  bricks  or 
blocks  and  the  strength  of  the  mortar  affect  the  resistance  of  the  pier,  and  the 
relative  effect  of  the  two  depends  upon  the  character  of  the  materials.  It  is 
evident,  however,  that  the  better  the  individual  piece  the  more  important  it  is 
to  have  a  mortar  of  high  resisting  strength. 

"The  results  obtained  in  appljring  the  loads  eccentrically  were  found  to  agree 
very  well  with  those  obtained  from  ordinary  analysis. 

"The  quality  of  workmanship  in  laying  up  such  columns  has  an  important 
bearing  upon  the  resisting  strength.  The  work  of  building  piers,  howc\'er,  is 
not  difficult  and  requires  only  ordinary  care.  Full  joints  and  an  even  bearing 
are  important,  and  the  ordinary  workman  ought  to  be  able  to  construct  pier^ 
of  great  strength.  In  the  tests  made  on  piers  intended  to  represent  poor  or 
careless  workmanship,  the  decrease  in  strength  was  not  as  much  as  anticipated. 
However,  it  must  be  understood  that  careful  and  trustworthy  work  is  essential 
and  that  a  few  poor  joints  will  materially  reduce  the  strength  of  the  structure. 
Wherever  good  material  and  good  workmanship  are  insured  the  strength  of 
masonry  of  this  kind  may  be  utilized  with  advantage. '^ 

Strength  of  Terra-Cotta  Brackets  or  Consoles.  A  comice-modillion 
made  by  the  Northwestern  Terra-Cotta  Company,  iih  in  high  at  the  wall-line, 
8  in  vnde  on  the  face,  and  with  a  projection  of  2  it,  was  built  into  a  waU  and  the 
upper  >uriacc  loaded  with  2  tons  of  pig  iron  without  any  effect  upon  the  modillion. 
Another  bracket,  5}  3  in  high,  6  in  wide  and  with  a  14-in  projection,  made  in 
the  East,  broke  at  the  wall-line  under  2  650  lb,  wliile  a  duplicate  of  it  sustained 
2  400  lb  for  one  month  without  breaking.* 

The  Weight  of  Terra-Cotta.  The  weight  of  terra^^otta  in  solid  blocks  is 
Z20  or  123  lb  per  cu  ft.    When  made  in  hollow  blocks  i>6  in  thick  the  weight 

*  See  The  Brickbuflder,  Vol.  7,  page  142. 


Cnishiog  Strength  of  Building  Stones 


279 


rtries  from  6s  to  S5  lb  per  cu  ft,  the  smaller  pieces  weighing  the  most.  For 
neces  13  by  18  in  or  larger  on  the  face,  70  lb  per  en  ft  will  probably  be  a  fair 
iverage.  The  tables  in  the  manufacturers'  catalogues  give  the  various  bearing- 
kieas,  weights  per  square  foot,  thicknesses  of  parts,  sizes  of  blocks,  etc,  for  por- 
xia  and  aemiporous  blocks  for  all  purposes. 

3.  Crushing  Strength  of  Building  Stones 

(z)  Sandstones 

Longxneadow.  Mass.,  Stone.*  Reddish-brown  sandstone,  two  blocks  about 
4  by  4  in  in  cross-section  and  8  in  in  height. 

Block  No.  I  commenced  to  crack  at  xo  33^  lb  per  sq  in,  and  flew  from  the 
machine  in  fragments  at  13  596  lb  per  sq  in. 

Block  No.  2  conmienced  to  crack  at  3  012  lb  per  sq  in  and  failed  completely 
at  9  Z2I  lb  per  sq  in. 

Sandstone  from  Norcross  Brothers'  Qrxarries,  East  Longmeadow,  Mass., 
Soft  Saulsbury  Stone.*  Block  No.  x,  4  by  4  by  8  in  high,  commenced  to  crack 
zx  S  250  lb  and  failed  at  8  8x2  lb  per  sq  in. 

Block  Xo.  3,  4  by  4  by  8  in  high,  coxzmienced  to  crack  at  6  500  lb  and  failed 
at  S  092  lb  per  sq  in. 

Hard  Saulsbury  Stone.*  Block  No.  i,  4  by  4  by  8  in  high  (about),  conmienced 
to  crack  at  12  716  lb  and  failed  at  13  520  lb  per  sq  in. 

Bk»ck  No.  2,  same  size  as  No.  i,  commenced  to  crack  at  13  953  lb  and  failed 
at  14  650  lb  per  sq  in. 

Kibbe  Stone.*  Block  No.  i,  6  by  6  by  6  in,  commenced  to  crack  at  la  590  lb 
and  failed  at  xa  6x9  lb  per  sq  in. 

Block  No.  2,  same  size  as  No.  x,  conmienced  to  crack  at  12  185  lb  and  failed 
at  1 2  874  lb  per  sq  in. 

Brown  Stone  from  the  Shaler  &  Hall  Quarry  Company,  Portland,  Conn.f 
The  results  of  the  tests  are  as  follows: 

Table  IX.    Crushing  Strength  of  Brown  Sandstone 


Dimensions 

Sectional 
area 

sq  in 

Fim 

crack 
lb 

Ultimate 
strength 

lb  per 

sq  in 

Classification 

Height 

in 

Compxxissed , 
surface 

in 

2.50 
2.50 
298 
2.9s 
2.51 

24* 

1 

2.50 
2.48 
3.00 
2.98 

a.  55 
2.48 

2.45 
2.47 
2.95 
2.97 
2.53 
a. 52 

6.13 
6.13 
88s 
8.85 
6.4S 
6.25 

84800 
8x  700 
X23200 
122000 
63850 
S8340 

13980 
X3330 
13930 
X5  020 
9900 
9330 

1 
1st  quality 
ist  quality 
ad  quality 
3d  quality 
Bridge 
Bridge 

Brown  Stone  from  the  Middlesex  Quarry  Company,  Portland,  Conn.^  Four 
nearly  cubical  blocks,  about  iH  in  square.  Pressure  per  square  inch  at  time  of 
failure:  No.  x,  xo  928  lb;  No.  a,  xo  322  lb;  No.  3,  8  252  lb  and  No.  4,  6  322  lb. 

*  These  tests  weie  made  with  the  United  States  testing-machines  at  Watertown 
Aiseoal«  Mass. 

t  From  tests  made  by  Colt's  Patent  Fire-arms  Manufacturing  Company. 

X  These  tests  were  made  with  the  United  States  testing-machines  at  Watertown 
Arsenal,  Mass. 
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Red  Sandstone*  from  Greenlee  ft  Son*8  Quarries  at  Manitou,  Col.  One 
specimen  failed  at  xi  coo  lb  per  sq  in;  weight,  140  lb  per  cu  ft. 

Light-Red  Laminated  Sandstone,!  from  St.  Vrain  Cafion,  Col.,  a  very  hard 
stone,  excellent  for  walks  and  foundations.  Crushing  strength  on  bed,  11  505 
lb  per  sq  in;  weight,  150  lb  per  cu  ft. 

Gray  Sandstone  f  (free-working)  from  Trinidad,  Col.  Crushing  strength, 
xo  000  lb  per  sq  in;  weight,  145  lb  per  cu  ft. 

Gray  Sandstone  t  from  Fort  Collins,  Col.  (laminated  and  similar  in  quality 
to  the  St.  Vrain  stone).  Crushing  strength  on  bed,  1 1  700  lb  per  sq  in;  weight, 
X40  lb  per  cu  ft.    One  ton  of  this  stone  measures  just  a  perch  in  the  wall. 

(a)  Granite 

Red  Granite  t  from  Platte  Cafion,  Col.  Crushing  strength  per  square  inch, 
Z4  600  lb;  weight  per  cubic  foot,  164  lb. 

(3)  Lava  Stones 

Lava  Stone  from  the  Kerr  Quarries,  near  Salida,  Col.  Four  cubical  blocks. t 
The  results  of  the  tests  are  as  follows: 

Table  Z.    Cruahing  Strength  of  Lava  Stone 


Dimensions 

Sectional 
area 

sqin 

First 
crack 

lb 

Ultimate  strength        1 

Height 
in 

Compressed 
surface 

in 

lb 

Ibper 
sqin        J 

1 

4.00 
4. CO 
2  00 
1.99 

4.00 
4.00 
3.00 
1  99 

4.00 
4.00 

X.99 
X.99 

x6.oo 
x6.oo 

3-98 
3.96 

X65900 

X74X0O 

36400 
3S200 

165000 

174x00 

37100 

38200 

10  369       ; 
X088X       1 

95W 
9646       * 

Lava  Stone,!  Curry's  Quarry,  Douglas  County,  Col.  Crushing  strength, 
10675  Ih  per  sq  in;  weight,  119  lb  per  cu  ft.  Experience  has  shown  that  this 
stone  y  not  suitable  for  piers,  or  where  any  great  strength  is  required,  as  it 
cracks '  sry  easily. 

(4)  ICarble  and  Limestone 

White  marble  quarried  at  Sutherland  Falls,  Vt.  Two  cubical  blocks  about 
6  in  square.! 

Block  No.  I  commenced  to  crack  at  9  750  lb  per  sq  in  and  failed  suddenly  at 
XI  250  lb  per  sq  in. 

Block  No.  2  did  not  crack  until  it  suddenly  gave  way  at  lo  243  lb  per  sq  in. 

Test  of  a  Limestone  Pier.  A  pier  of  Lemont  limestone,  i  sq  ft  in  cross-section 
and  9  ft  in  height,  composed  of  seven  stones  with  bearing  surfac«»  planed  per- 
fectly true  and  parallel  to  the  natural  bed  and  the  joints  washed  with  a  thin 
grout  of  the  best  English  Portland  cement,  was  tested  at  the  VVatertown  Arsenal 
for  William  Sooy  Smith,  and  only  conunenced  to  crack  when  the  full  power 
of  the  machine,  400  tons,  was  exerted. 

*  These  tests  were  made  with  the  United  States  testing-machines  at  Watertown 
Arsenal,  Mass. 

t  From  tests  made  for  the  Board  of  Capitol  Managers  of  Colorado  by  State  Engineer 
E.  S.  Nettleton,  in  1885,  on  a-in  cubes. 

t  From  tests  made  by  the  Denver  Society  of  Civil  Engineers,  in  1884,  also  on  s-in 
cubes. 

i  Tested  at  the  United  States  Anenal,  Watertown.  Mi 
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(5)  Bricks  and  Various  Stones 

Table  XI  gives  the  crushing  strength  of  various  kinds  of  bricks  and  building 
Btones»  tbe  pressure  being  normal  to  the  plane  of  the  bed. 

Table  XI.    Crashlnc  Strencth  of  Brick  and  Stone  * 
Pressure  at  right-angles  to  bed 


Kind  of  brick  or  stone 


Bricks: 

Conixnon.  Massachusetts 

Comznon,  St.  Louis.  Mo 

Commcm.  Washington,  D.  C 

Paving.  Illinois 

Gnuiites: 

Bine.  PoK  Island.  Me 

Gray.  Vinal  Haven,  Me 

Westerly.  R.  I 

Rockport  and  Quincy,  Mass 

Milford,  Conn 

Staten  Island.  N.  Y 

East  St.  Cloud,  Minn. 

Gtuttiaon.  Col 

Red.  Platte  Cafion.  Col 

I^tsnestones: 

Glens  Falls,  N.  Y 

Joliet.Ill.. 

Bedford,  Ind 

Salem.  Ind 

Red  Wing,  Minn 

Stillwaier.  Minn. 

Sandstones: 

Dorchester,  N.  B.  (brown) 

Mary's  Point,  N.  B.  (fine  grain,  dark  brown) . . . 

Connecticut  brown  stone.t  (on  bed) 

Longmeadow,  Mass.  (reddish  brown) 

Lofigmeadow,  Mass.  (average,  for  good  quality) , 

LiUle  Palls,  N.  Y 

Mediitt.  N.Y 

Potsdam.  N.  Y.  (red) 

Cleveland.  Ohio 

North  Amhierst,  Ohio 

Berea.  Ohio 

Hnmmelstown.  Pa. 

Pond  du  Lac,  Minn 

Fond  du  Lac,  Wis 

Manitou,  Col.  (light  red) 

Si.  Vrain.  Col.  (bard  laminated) 

Marbles: 

Rutland.  Vt. 

Montgomery  Ox,  Pa 

Colton,  Cal 

Italy 

Plasging: 

North  River.  N.  Y 


Crushing 

strength. 

lb  per  sq  in 

xoooc 

6417 

7370 

6  000  to  13  000 

1487s 

13  000  to  18  000 

15  000 

17750 

22600 

22250 

28000 

13000 

Z4600 

"47S 

12  775 

6  000  to  10  000 

8625 

23000 

10750 

9150 

7700 

7  000  to  13  000 

7  000  to  14  000 

12  000 

ftSSO 

17  000 

xS  000  to  43  000 

6800 

6212 

8  000  to  xo  000 

X2  8X0 

8750 

6237 

6  000  to  XX  000 

11  SOS 

22900 

X0746 

xoooo 

X7783 

Z2  156 

I3  43S 


*  For  more  complete  tables  of  the  strength,  weight  and  composition  of  building  stones, 
new  data.  Ubics.  etc.  by  Piof  essor  Thomas  Nolaa  in  Kidder's  BuiUiag  (>>nstiuction 
and  Superintendence.  Part  I,  Masons'  Woriu 
\  This  stone  should  not  be  set  00  edge. 


282      Strength  of  Brick,  Stone,  Maas«Concrete  and  Masonry    Qiap.  5 


(6)  AdditJomJ  Data  oa  tha  Streagth  of  BaOdlnc  Stoaei 

Avenca  Data  for  Bolldinc  Stoaes  of  Good  Qoaltty.  The  following  average 
relative  values*  are  given  by  R.  P.  MiUer.f  Sandstone:  weight,  150  lb  per 
cu  ft;  specific  gravity,  2.40;  crushing  strength,  8  000  lb  per  sq  in;  shearing 
strength,  z  500  lb  per  sq  in;  modulus  of  rupture,  i  200  lb  per  sq  in;  modulus 
of  elasticity,  3000000  lb  per  sq  in.  Granite:  weight,  170;  specific  gravity » 
2.72;  crushing  strength,  15  000;  shearing  strength,  2  000;  modulus  of  rupture, 
z  500;  modulus  of  elasticity,  7000000.  Ldcestone:  weight,  170;  specific 
gravity,  2.72;  crxishing  strength,  6000;  shearing  strength,  i  000;  modulus  of 
rupture,  z  200:  modulus  of  elasticity,  7000000.  Marble:  weight,  170;  spe- 
cific gravity,  2.72;  crushing  strength,  zoooo;  shearing  strength,  1400;  mod* 
ulus  of  rupture,  z  400;  modulus  of  elasticity,  8000000.  Suite:  weight,  175; 
specific  gravity,  2.80;  crushing  strength,  Z5000;  modulus  of  rupture,  8500; 
modulus  of  elasticity,  z  4  000  000.  Trap-Rock:  weight,  185;  specific  gravity, 
2.96;  crushing  strength,  20  000. 

The  following  average  relative  values  are  given  by  A.  I.  Frye.t  They  are 
the  results  of  tests  made  on  small  cubes  of  the  materials.  Sandstone:  crush- 
ing strength,  9000  lb  per  sq  in;  Granite  and  Gneiss:  crushing  atrength, 
17  733  lb  per  sq  in.  Limestones  and  Marbles:  cruishing  strength.  14  445  lb 
per  sq  in.  Slate:  crushing  strength,  zoooo;  ultimate  tensional  itreiigth, 
3  000;  modulus  of  rupture,  5  000  lb  per  sq  in. 

When  stones  are  not  tested,  Frye  recommends  the  following  average  values 
for  ultimate  strengths  to  be  used  in  determining  the  safe  stresses.  Sandstone  : 
crushing  strength,  5  000;  ultimate  tensional  strength,  Z50;  modulus  of  rupture, 
I  200  lb  per  sq  in.  Granite  and  Gneiss:  crushing  strength,  12000;  mod> 
ulus  of  rupture,  z  600  lb  per  sq  izi.  Limestones  and  Marbles:  crushing 
strength,  8  000;  ultimate  tensional  strength,  800;  modulus  of  rupture,  i  500  lb 
per  sq  in. 

The  following  working  unit  stresses  in  pounds  per  square  inch  for  stone  slabs 
or  single  blocks  of  stone  are  recommended  by  W.  J.  Douglass.}  Sandstone: 
compression,  700;  tension  (direct  and  fiexural),  75;  shear,  150.  Granite, 
Syenite  and  Gneiss:  compression  for  hard,  i  500;  for  zziedium,  z  200;  for 
soft,  I  000;  tension  (direct  and  flexural),  Z50;  shear,  200.  Limestone:  com- 
pression for  hard,  i  000;  for  medium,  800;  for  soft,  700;  tension  (direct  and 
flexural),  Z25;  shear,  150.  Marble:  compression  for  hard,  900;  for  soft,  700; 
tension  (direct  and  flexural),  Z25;  shear,  150.  Bluestone  Flagcino:  compres- 
sion, I  500;  tension  (direct  and  flexural),  200. 

4.   CompreBsive  Strength  of  Mortars  and  Concretes 

The  Compressive  Strength  of  Lime  Mortar.  The  crushing  strength  of 
common  lime  mortar,  six  months  old  and  composed  of  z  part  lime  to  6  parts 
sand  by  measure,  varies  from  Z50  to  300  lb  per  sq  in  or  from  zo.8  to  31.6  tons 
per  sq  ft.  Lime  mortar  alone  should  never  be  used  where  any  but  moderate 
loads  arc  to  bear  upon  the  work,  nor  where  the  full  loading  is  to  be  applied  before 
the  mortar  has  had  time  to  harden. 

*  The  values  In  all  cases  are  as  follows:  weight,  in  lb  per  cu  ft;  strength,  modulus  d 
rupture  and  modulus  of  elasticity,  in  lb  per  sq  in. 

t  American  Civil  Engineers'  Pocket  Book  (xgia).  page  357* 

i  Civil  Engineers'  Pocket-Book  (191 5).  page  511. 

i  American  Civil  Engineers'  Pocket  Book  (191a),  page  57s. 
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TlM  ComvrmmAY^  Strength  of  Niitiml-Comeiit  Mortar.  The  cnahing 
arength*  of  natural-cement  mortar,  neat,  averaged,  for  7  days,  a  010;  for 
zb  days,  a  689;  for  3  months,  5  646;  and  for  6  months,  5  05 a  Jb  per  sq  in.  When 
Dixed  with  2  parts  of  standard  quartz  sand,  the  mortar  avera£;ed  in  crushing 
strength,  for  7  days,  940;  for  28  days,  i  390;  for  3  months,  i  730;  and  for 
6  months,  2  012  lb  per  sq  in.  For  a  years,  an  additional  increase  of  18%  and 
6'^  may  be  assuxaed  for  the  neat  and  sanded  mortars,  respectively,  of  natural 
cttoeot. 

The  Compresshre  Strength  of  Portland-Cement  Mortar.  The  crushing 
strength  *  of  Portland-cement  mortar,  neat,  averaged,  for  7  dajra,  5  915;  for 
i>  days,  7  041;  for  3  months,  7  347;  and  for  6  months,  9  760  lb  per  sq  in. 
When  mixed  with  3  parts  of  standard  quartz  sand,  the  mortar  averaged,  in 
crushing  strength,  for  7  days,  941;  for  28  days,  i  290;  for  3  months,  x  490; 
ard  for  6  months,  i  529  lb  per  sq  in.  When  mixed  with  3  parts  of  Ottawa  sand, 
tbe  mortar  averaged,  in  crushing  strength,  for  7  days,  i  199;  for  28  days,  z  796; 
iur  3  months,  x  887;  and  for  6  months,  2  181  lb  per  sq  in.  For  2  years,  an 
additiooal  increase  of  about  16%  and  18%  may  be  assumed  for  the  neat  and 
s:inded  nx>rtars,  respectively,  of  Portland  cement. 

Relation  of  Compressive  to  Tensile  Strength  of  Mortars.  While  it 
may  be  stated  as  a  very  general  guide  that  the  compressive  strength  of  hy- 
draulxc -cement  mortars  b  from  six  to  ten  times  the  tensile  strength,  these  ratios 
Alt  variable  and  cannot  be  used  as  a  reliable  basis  for  calculations.  The  tensile 
strength  of  Portland-cement  mortars,  under  normal  conditions,  increases 
r^psdly  during  the  first  few  days,  the  rate  of  change  gradually  falling  off.  In 
7  daj-s  the  tensile  strength  is  generally  from  one-half  to  two- thirds  of  the  ulti- 
mate strength,  which  is  practically  reached  in  2  or  3  months.  The  compressive 
strength,  however,  continues  to  increase  with  age  and  the  rate  of  increase  varies 
according  to  a  somewhat  different  law. 

The  Compressive  Strength  of  Concrete.  There  are  many  reasons  for 
the  variations  in  the  values  of  the  compressive  strength  of  concrete  and  the 
F-nncipal  factors  are  (i)  the  quality  of  the  cement,  (2)  the  size  and  character 
cf  the  aggregates,  (3)  the  quantity  of  the  cement  to  a  unit  volume  of  the  con- 
crete, (4)  the  manner  of  mixing,  (5)  the  density  of  the  mixture,  (6)  the  condi- 
tions under  which  it  seasons,  and  (7)  its  age;  and  of  these  various  conditions 
affecting  the  determination  of  the  compressive  strength  the  most  important 
are  generally  the  proportions  of  the  different  ingredients  of  the  mixture  and  its 
age.  Although  tables  of  average  values  of  ultimate  crushing  strengths  of  con- 
crete aze  published  and  are  of  general  value,  they  may  be  misleading  unless 
con^dered  with  caution.  In  important  operations  it  is  advisable  to  have  the 
concrete  tested  and  to  adjust  by  trial  the  character  and  proportions  of  the  in- 
gredients until  the  required  strength  b  obtained. 

Form  of  Specimen  for  Compresslon-Tetta.  For  compression-tests  of 
concrete  in  general,  4  to  12-in  cubes  of  the  mixture  have  been  the  standard 
forms  of  tcst-spedmens;  but  since  the  advent  of  reinforced-concrete  construc- 
tion and  the  growth  of  the  importance  of  determining  the  elastic  properties  of 
concrete,  it  has  been  found  that  a  cylindrical  test-specimen  gives  more  definite 
results  than  a  cube.  A  common  shape  of  such  cylinder  is  one  in  which  the 
height  is  about  three  times  the  diameter,  and  the  cylinders  are  not  less  than 
6  by  18  in.  It  is  found  that  the  compressive  strengths  of  these  cylinders  of 
concrete  are  from  10  to  15%  less  than  those  of  the  cubes,  but  for  cylinders  of 

•  From  compieaHOB-tests  made  by  W.  P.  Taylor  on  cylindrical  specimens  z  in  in  height, 
about  iH  in  in  dJamrtrr  and  x  m  ia  in  croMHsectioD. 
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stil]  greater  slendemeas  the  compressive  strengths  remain  about  constant  for 
heights  up  to  about  seven  diameters. 

Compresaion-Tetts  on  Concrete  Cubes.  From  some  tests  made  in  1899 
for  the  Boston  Elevated  Railway  Company  at  the  Watertown  Arsenal,  on  xi-vi 
cubes  of  concrete  made  with  five  brands  of  Portland  cement,  coarse,  sharp 
sand  and  broken  stone  up  to  2H-in  size,  having  49.5%  voids,  the  following 
average  values  of  the  compressive  strengths  were  obtained: 


Table  Zn.    Compreesioii-Tetts 

Mixtures 

7  days 
lb  per  sq  in 

X  month 
lb  per  sq  in 

3  months 
lb  per  sq  in 

6  months 
lb  per  sq  in 

X  :3  :4 
I  :3  :6 

1560 
X  3x0 

3400 
3  x6o 

3900 

3  530 

3830 
3090 

Compresaion-Tests  on  Concrete-Cylinders.  For  cylindrical  test-speci- 
mens of  concrete,  made  imder  reasonably  good  conditions  as  to  character  of 
materials  and  care  in  mixing,  an  average  compressive  strength  of  about  2  000 
lb  per  sq  in  is  usually  developed  in  a  i  :  2  :  4  Portland-cement  concrete  in  from 
I  to  3  months;  and  of  about  i  600  lb  per  sq  in  in  a  i  :  3  :  6  mixture.  Wliea 
the  conditions  are  unusually  favorable  somewhat  higher  values  than  these  are 
obtained,  but  when  the  materials  and  workmanship  are  poor  the  ultimate  com- 
pressive stresses  are  lower. 

Increase  in  Compressive  Strength  of  Portland-Cement  Concrete.     In 

regard  to  the  increase  of  compressive  strength  of  Portland-cement  concrete 
with  age,  tests  show  that  the  ultimate  compressive  strength  is  nearly  reached  in 
60  days,  at  which  time  the  strength  varies  from  So  to  90%  of  its  value  in  z  year's 
time. 

Ultimate  Strengths  of  Natural-Cement  Concrete.  For  natural-cement 
concrete,  the  ultimate  compressive,  tensile  and  shearing  strengths  and  the  mod- 
ulus of  rupture  may  be  taken  at  about  one-half  the  corresponding  values  for 
Portland-cement  concrete,  unless  natural  cements  of  known  and  tested  values 
are  employed. 

Strength  of  Unreinforoed  Concrete  Columns.  Short  concrete  columns, 
of  lengths  up  to  10  or  15  diameters,  develop  a  crushing  strength  of  from  10  to 


Table  xm.    Comyressioa-Teets  oa  Unreiiiforeed  Concrete  CoIoidbs 


Average  ulti- 

Kind of 

Average  age 

mate  compres- 

concrete 

sive  stress 

days 

lb  per  sq  in 

X  :  x  :3 

60 

3600* 

I  :xH  :3 

60 

3370 

1:3:4 

60 

x6oo 

z  :  3^i  :  5 

60 

1300 

1 :3:6 

60 

93S 

I :  iH  :  7 

60 

745 

1:4:8 

60 

600 

*  This  value  was  estimated  as  it  wu  beyond  the  range  of  the  tests. 
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ia%  ksi  than  that  for  short  prismatic  or  cylindrical  specimens.  In  Table  XIII 
are  the  results  obtained  by  A.  N.  Talbot  *  on  short,  round,  unreinforced  stone- 
CDocrete  columns,  x  2  in  in  diameter  and  10  ft  in  length.  A  wet-mixture  concrete 
vas  used,  of  the  different  proportions  shown,  the  forms  were  removed  after 
10  days  and  the  columns  were  tested  through  60  days. 
The  vmlues  given  in  the  table  were  deduced  from  the  straight-line  formuU 

12  000 
Ultimate  compressive  strength,  lb  per  sq  in  « —  400 

in  which  formula 

Sa  ~  the  ratio  of  sand  to  cement 
St « the  ratio  of  stone  to  cement 

For  example,  in  the  1:3:6  mixture,  5a  "*  3  and  5i  -  6 

CnMluAs  Strength  of  Concrete  Affected  by  Area  of  Bearing  Surface. 
Processor  Hool  states  t  that  if  a  load  is  applied  over  the  central  part,  only, 
tit  the  bearing  surface  of  a  concrete  test-specimen  in  compression,  the  unit  load 
^  be  greater  than  if  it  b  applied  over  the  entire  surface;  and  this  is  due  to  the 
fact  that  the  outer  parts  tend  to  assist  the  inner  part  to  resist  the  stress.  This 
VAS  shown  by  tests  made  on  some  of  the  12-in  concrete  cubes  used  in  the  tests 
made  for  the  Boston  Elevated  Railway  Company  and  referred  to  in  the  preced* 
bg  paragraphs.  Thirty-six  of  these  concrete  cubes  were  crushed  by  applying 
tbe  load  over  the  entire  upper  bearing-surface  of  144  sq  in  and  an  equal  number 
cf  similar  concrete  cubes  were  then  crushed  by  applying  the  stress  over  a  smallei 
area,  10  by  10  in,  or  xoo  sq  in.  After  this,  the  cubei  of  a  third  set  were  crushed 
by  the  application  of  the  stress  over  the  still  smaller  area,  8  by  8H  in,  or  66 
sq  in.  The  tests  of  the  second  set  gave  unit  crushing  strengths  12%  higher  than 
tJK  fiist,  and  those  of  the  third  set  unit  crushing  strengths  28%  higher  than 
the  first. 

Working  Stress  for  Bearing  on  Concrete.  "When  compression  is  applied 
to  a  surface  of  concrete  of  at  least  twice  the  loaded  area,  a  stress  of  32.5%  of 
the  compressive  strength  may  be  allowed.  "X 

Working  Stress  for  Axial  Compression  on  Concrete.    "For  concentric 

axBpresBion  00  a  plain  concrete  oohmm  or  pier,  the  length  of  which  does  not 

exceed  la  diameters,  22.5  %  of  the  compressive  strength  may  be  allowed."  * 

For  the  strength  of  reinforoed-concrete  columns,  see  Chapter  XXIV,  page  945.) 

Recommended  Ultinuite  Compressive  Strengths  of  Portland-Cement 
Cencrete.t  Table  XTV,  of  ultimate  compressive  strengths  of  concrete  of 
different  mixtures  gives  the  values  recommended  by  the  American  Society  for 
Testing  Materials,  even  though  occadonal  tests  show  higher  results.  The 
values  given  are  recommended  as  the  maximum  ultimate  unit  compressive 
strengths  that  should  be  used  in  design  and  on  which  the  permissible  working 
stresses  should  be  based  as  a  proper  percentage  of  the  same.  The  report  referred 
to  states,  also,  that  "in  selecting  the  permissible  working  stresses  to  be  allowed 
CQ  concrete,  we  should  be  guided  by  the  working  stresses  usually  allowed  for 
other  materials  of  construction,  so  that  all  structures  of  the  same  class,  but 
composed  of  different  materials,  may  have  approximately  the  same  degree  of 
safety."  (For  working  stresses  for  concretes,  masonry,  etc.,  see  this  chapter, 
pages  265  to  276.) 

*  See  Univenity  of  IHinois  Bullethi,  No.  ao,  1907,  and  Engineering  News,  Sept.  26, 
1907. 

t  See  Rdnfofced  Concrete  Construction.  Vol  I.,  page  18,  by  George  A.  Hool. 

X  Rcpoct  of  Committee  on  Concfete  and  Reinforced  Conciete,  of  the  American  Society 
foe  TeiUag  Materials,  Nov.  20, 19x2. 
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TaUe  XIV.    Ultimata  Compnsshre  Straogths  of  Differant 

Portbuid'-CemeBt  Concretes 


BCiztiiros  of 


Aggregates 

Mixtures 

z  :i  :3 

lb  per 

sq  in 

I  :  xV^  :3 

lb  per 

sq  in 

1:3:4 

lb  per 
sq  in 

I  :  3J4  :  5 

lb  per 

sq  in 

1:3:6 

lb  per 

SQin 

Granite,  ttao-rock 

3300 
3000 

3300 
800 

3800 

3500 

itoo 
700 

3300 

3000 

1500 
600 

zSoo 
1600 

Z  300 

500 

X  400 

Gravel,  hard  limestone  and 
hard  sandstone 

Soft  limestone  and  sand- 
stoae. 

X  300     1 

1  GOO 

Cinders 

i 

Effect  of  Coaaiatency  on  the  Cnisliinf  Straacth  of  Concroto.    Concnete 

that  is  mixed  fairly  dry  and  tamped  until  the  moisture  is  brought  to  the  aurface, 
develops  a  somewhat  greater  compressive  strength  than  conorete  mixed  with 
more  water.  From  a  large  number  of  tests  *  average  compressive  strensths  of 
well  plastic  and  dry  concretes  were  determined.  The  age  of  the  concrete  was 
z  year  and  8  months,  and  five  brands  of  cements  were  used.  The  mean  com- 
pressive strengths  were,  for  the  wet  concrete,  2  Z30;  for  the  plastic,  2  200; 
and  for  the  dry,  3  350  lb  per  sq  in. 

In  another  series  of  tests  t  greater  differences  appeared.  At  the  age  of  x 
month  the  mean  compressive  strengths  in  pounds  per  square  inch  were,  for  the 
wet  concrete:  granite,  3  Z55;  gravel,  2  300;  limestone,  4  Z95.  For  the  "m^j"*" 
concrete:  granite,  4  090;  gravel,  3  545;  limestone,  a  97$.  For  the  damp  con- 
crete: granite,  4  520;  gravel,  4  6zo;  limestone,  4  365.  At  the  end  of  3  months 
the  values  for  the  granite  aggregates  were,  for  the  wet  concrete,  4  755  ^  for  the 
medium,  4  990;  and  for  the  damp,  5  445. 

Effect  of  Size  of  Stone  on  the  Compraaalve  Strength  of  Concretes.     It 

may  be  stated,  generally,  that  the  use  of  stones  of  a  znaximum  sise  consistent 
with  convenience  generally  results  in  a  maximum  oompressive  strength  in  the 
concrete.  Stones  of  the  larger  sizes  are  generally  more  uniformly  graded  than 
the  smaller  stones,  and  consequently  grade  better  with  the  sand  and  give  greater 
strength.  From  tests  X  made  by  W.  B.  Fuller,  the  average  compressive  strengths. 
at  140  days,  of  x  :  9  concrete,  were,  for  maximum  size  of  stone  W  in,  i  000  lb 
per  sq  in;  for  z-in  stone,  z  X50  lb  per  sq  in;  and  for  aW-in  stone,  x  400  lb  per 
sq  in. 

Comparison  of  Compressire  Strengths  of  Gravel  and  Stone  Concretes. 

Concretes  made  with  broken  stone  have,  generally,  a  somewhat  greater  com- 
pressive strength  than  those  made  with  gravel.  From  tests  made  by  E.  Candlot, 
the  average  compressive  strength  at  30  and  180  days,  of  concrete  made  with 
z^^-in  maximum-size  broken  stone,  was  30%  greater  than  that  of  concrete  made 
of  gravel  of  about  the  same  size,  the  percentage  of  voids  being  nearly  the  same, 
40%  voids  for  the  gravel  and  47.4%  voids  for  the  broken  stone.  The  average 
difference  at  Z2  months,  however,  was  reduced  to  9%. 

*  Made  for  G.  W.  Rafter.    See  "Tests  of  Metals."  1898. 

t  Made  in  190S.    See  Bulletin  No.  344.  United  Sutes  Geological  Survey. 

t  See  Trans.  Am.  Soc.  C.  E.,  Vol.  59.  1907. 
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£ll«ct  cvf  the  Strencth  of  th«  Aggraftte  on  the  CompreMiTe  Strengdi 
of  Cottcreto.  The  compressive  strength  of  trap-rocks,  granites  and  most 
Cmestooes  is  relatively  so  great  that  it  cannot  reduce  the  strength  of  the  con- 
crete itself.  Some  sandstones,  however,  have  a  much  lower  average  compressive 
strength,  and  if  they  are  friable  and  soft  may  lower  relatively  the  final  strength 
of  the  concrete.    A  concrete  of  low  strength  results  from  using  dnders  for  the 


Binldiiic  LawB  for  Working  Loads  on  Masonry.*  As  previously  mentioned 
fl^ge  265)  the  buOding  codes  of  most  dties  specify  working  loads  to  be  used  for 
osasoory  and  as  shown  in  Table  n  (page  267)  these  loads  vary  greatly.  It  is 
cnportant,  thacfoce,  that  the  architect  should  be  acquainted  with  the  municipal 
code  by  which  the  construction  of  his  building  is  governed.  As  building  laws 
«iid  regulations  are  constantly  changing  this  information  should  be  obtained 
hvam  the  code  itself,  care  being  taken  that  the  latest  edition  and  all  supplements 
ire  ccMBolted.  A  few  requirements,  peculiar  to  the  codes  in  which  they  ar? 
frnod,  will  be  cited. 

The  Chicago  code  (1916)  gives  for  eight  classes  of  brickwork  bearing  values 
nagiag  from  100  lb  per  sq  in  for  common  brick  with  good  lime  mortar  to  350 
lb  per  sq  in  for  pavmg  bikk  with  i  to  3  Portland-cement  mortar.  This  code 
«^««^minttf^  between  concrete  miaed  by  hand  and  by  machine,  values  of  from 
to  250  to  350  lb  per  sq  in  being  given  for  hand-mixed  concrete  and  from  300  to 
400  lb  per  aq  in  for  the  same  mixture  if  mixed  by  machine.  The  values  in  the 
Bfjfiak>  code  are  exceptionally  low,  common  brick  laid  in  lime  mortar  being 
aUowcd  but  3  tons  and  concrete  in  foundations  but  4  tons  per  sq  ft.  The 
LouisviUe  code  introduces  values  for  "Louisville-cement  mortar."  The  practice 
oS  statins  values  of  local  material  is  to  be  commended.  The  Denver  code  gives 
ft  vahie  of  3  tons  per  sq  ft  on  common  brick  with  coal-dust  in  lime  mortar,  3  tons 
for  hoUow  tile  in  cement  mortar  and  8  tons  for  terra-cotta,  solid,  in  cement. 
The  Seattle  code  gives  for  the  allowable  compressive  stress  of  mass  concrete 
29%  of  its  compressive  strength  in  twenty-eight  days.  The  building  code  rec- 
nnmended  by  the  National  Board  of  Fire  Underwriters  is  followed  by  a  number 
of  dtica.  This  code  indudes  in  its  list  of  allowable  compression  values,  1000  lb 
per  sq  in  for  Portland-cement  grout,  neat,  and  1500  lb  per  sq  in  for  Portland- 
cement  grout,  neat,  not  over  ^  in  thick,  between  steel  members  in  foundations. 
For  natural-cement  concrete  values  are  given  of  125  lb  per  sq  in  for  a  i  :  2  :  4 
mixture  and  80  lb  per  sq  in  for  a  i  :  2  :  5  mixture.  The  average  ultimate  com* 
pressive  strength  for  terra-cotta  blocks  designed  to  be  normally  laid  with  the 
ceUs  vertical,  and  which  are  tested  with  the  cells  in  that  position,  must  not  be 
less  than  1 200  lb  per  sq  in.  The  allowable  working  stress  on  such  blocks  must 
not  exceed  120  lb  per  sq  in.  The  average  ultimate  compressive  strength  for 
terra-cotta  blocks  designed  to  be  normally  laid  with  the  cells  horizontal,  and 
which  are  tested  with  the  ceUs  in  that  position,  must  not  be  less  than  800  lb 
per  sq  in.  The  allowable  working  stress  on  such  blocks  must  not  exceed  80  lb 
per  sq  in.  Holbw  building  blocks  may  be  filled  solidly  with  Portland-cement 
concrete  or  cement  mortar  to  increase  the  stability  and  to  aid  in  distributing 
the  load,  but  the  allowable  working  stress  on  such  blocks  must  not  be  greater 
than  that  permitted  for  unfilled  blocks. 

*  Coodeosed  from  valuable  data  from  Robins  Fleming.  See,  also,  pages  265  to  267 
&ad  Table  II,  page  267. 
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Fig.  1.   Composition  of  Forces 


1.  Composition  and  Resolution  of  Forces 

Composition  and  Resolution  of  Forces.    Imagine  a  round  ball  placed  on  a 
plane,  frictiooless  surface  at  A  (Fig.  1),  the  surface  being  perfectly  level,  so  that 

the  ball  has  no  tendency  to  move  until  sooae  force 
is  applied  to  it.    If,  now,  the  force,  /*,  is  applied 
to  the  ball  in  the  direction  indicated  by  the  arrow, 
the  ball  will  move  in  that  direction.    If,  instead  of 
^B     one  force  only,  two  forces,  P  and  Pi,  are  appBed  to 
the  ball,  it  will  not  move  in  tiie  direction  of  eitbtr 
of  the  forces,  but  will  move  in  the  direction  of  the 
KESULTANT  of  these  forces,  or  in  the  direction  Ab. 
If  the  magnitudes  of  the  forces  P  and  Pi   are 
indicated  by  the  lengths  of  the  lines,  then,  if  we 
complete  the  parallelogram  ABDC,  the  diagonal 
DA  represents  the  direction  and  magnitude  of  a 
single  force  which  has  the  same  effect  on  the  ball 
as  that  resulting  from  the  two  forces  P  and  Pi.    If,  in  addition  to  the  two 
forces  P  and  Pi,  the  third  force,  Ps,  is  applied,  the  ball  will  move   in  the 
direction  of  the  resultant  of  all  three  forces,  and  this  resultant  is  obtained  by 
completing  the  parallelogram  ADEF,  of  which  the  resultant  DA  and  the  third 
force  Pi  are  two  adjacent  sides.    The  diagonal  R  of  this  second 
parallelogram  is  the  resultant  of  all  three  forces,  and  the  ball 
will  move  in  the  direction  Ae.    In  the  same  way  the  resultant 
of  any  niunber  of  forces  may  be  found.    Again,  suppose  a 
ball,  whose  weight  is  indicated  by  the  length  of  the  line  W 
(Fig.  2),  is  suspended  by  two  inclined  cords.    What  are  the 
magnitudes  of  the  pulls  or  stresses  which  are  developed  in  the 
cords  and  which  keep  the  ball  suspended  at  the  point  A? 
This  is  the  converse  of  the  last  case.    Instead  of  finding  the 
diagonal  or  the  resultant,  the  diagonal,  which  is  the  line  W,  is 
given,  and  the  sides  of  the  parallelogram  are  to  be  found.    To 
find  these  the  lines  representing  the  directions  of  P  and  Pi  are    pig,  2.    Rnolu- 
prolonged  and  from  B  lines  parallel  to  them  are  drawn  to     tion  of  Forces 
complete  the  parallelogram.    Then  CA  is  the  required  mag- 
nitude of  the  stress  in  cord  P,  and  BC  of  that  in  cord  Pi.    Thus  one  force  may 
have  the  same  effect  as  many,  or  many  the  same  effect  as  one. 

Forces  Represented  by  Straight  Lines.  In  considering  the  action  of  forces; 
it  is  convenient  to  represent  them  graphically  by  straight  lines  with  arrow-- 
heads, as  in  Fig.  3.  The  length  of  the  line,  if  drawn  to  a  scale  of  pounds,  repn- 
<)ents  the  hacnttude  of  the  force  in  pounds;  the  position  of  the  line  indicates 
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Flf.  3.     Focce  Rejncsented 
by  a  Strai^it  Line 


Fig.  4.    Panllelognm  of 
Forces 


ks  Ln«s  OP  action;  the  arrow-head  indicates  its  sense  or  the  direction  in  which 
it  acts;    and  the  point  A  its  point  oe  appucahon.     Thus  the  magnitude. 

direction  and  point  of  appli- 
cation are  indicated  and  the 
force  is  completely  repre- 
sented. 

Ptnllelogmii  of  Forces. 
If  two  forces  applied  at  one 
point  are  represented  in  mag- 
nitude and  direction  by  two 

stntght   lines  inclined  to  each  other,  their  resultant  is  the  diagonal  of  the 

putAU.ELOG«AH  formed  oh  those  lines.     Thus,  if  the  lines  AB  and  AC  (Fig.  4) 

represcBt  two  forces  acting  at  a  point  A,  to  find  the  force  which  will  have  the 

same  effect  as  the  two  forces,  the  parallelogram 

ABDC  is  completed  and  the  diagonal  AD  drawn. 

This  Gne  rcfiresents  the  resultant  of  the   two 

{tfces.     When  the  two  given  forces  act  at  right- 

acfies  to  each  other,  the  magnitude  of  the  resultant 

is  equal  to   the  square  root  of  the  sum  of  the 
of  the  magnitudes  of  the  other  two  forces. 

of  Forces.  If  three  forces  acting  at 
a  point  are  represented  in  magnitude  and  direction 
by  the  ^des  of  a  triangle  taken  in  order,  they  are 
m  equilibrium.  Let  P,  Q  and  R  (Fig.  6)  represent 
three  forces  acting  at  the  point  O.  If  a  triangle 
can  be  drawn,  like  that  shown  at  the  right  in  Fig. 
5.  having  sides  respectively  parallel  to  the  direc-  pj^  5  Triangle  of  Forces 
tioos  of  the  forces  and  taken  in  the  same  order, 

tiie  forces  are  in  equilibrium.    If  such  a  triangle  cannot  be  drawn,  the  forces 
aie  not  in  equilibrium. 

The  Polygon  of  Forces.  If  any  number  of  forces  acting  at  a  pomt  can 
be  represented  in  magnitude  and  direction  by  the  sides  of  a  polygon  taken 
n  order,  they  are  in  equilibrium.  This  follows  directly  from  the  preceding 
th^^rem. 


2.  Moments  of  Forces 

Moments.  In  considering  the  stability  of  structures  and  the  strength  of 
materials,  we  are  often  obliged  to  take  into  consideration  the  moments  of 
the  forces  acting  on  a  structure  or  on  some  part  of  a  structure;  and  a  knowledge 

of  the  general  principles  of  moments  is  essential  to  the 
proper  understanding  of  these  subjects.  When  we  speak  of 
the  MOMENT  of  a  FORCE,  we  must  have  in  mind  some  fixed 
point  or  line  with  respwct  to  which  the  moment  is  taken. 
The  moment  of  a  force  with  respect  to  any  given  point,  or 
CENTER  OF  MOMENTS,  IS  the  product  of  the  magnitude  of 
the  force  and  the  perpendicular  distance  from  the  point  to 
the  LINE  OF  ACTION  of  the  force;  or,  in  other  words,  the  mo- 
ment of  a  force  is  the  product  of  the  magnitude  of  the  force  by 
the  ABM  with  which  it  acts.  Thus  if  we  have  the  force  P  (Fig.  6),  and  wish  to 
determine  its  moment  with  respect  to  the  point  P,  we  determine  the  per- 
pendicular distance  Pa,  betwMO  th<;  point  and  the  line  of  action  of  the  force, 
and  multiply  it  by  the  magnitude  of  the  force.    For  example,  if  the  magnitude 


Fig.    6.      Moment 
of  a  Force 
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of  the  force  F  is  500  lb  and  the  distance  Pa  is  a  in,  the  moment  of  the  fore 
with  respect  to  die  point  F  is  500  lb  X  2  in  --  i  000  in-lb.* 

Panmel  Forces.    If  any  body  is  in  a  state  of  rest  or  equilibrium  under  tJil 
action  of  parallel  forces,  the  sum  of  the  forces  acting  in  one  direction  equals  th^ 

sum  of  the  forces  acting  in  the  oppositi 
direction.  Thus  if  we  have  the  paraU« 
forces  F\  P\  F*  and  P<  acting  on  the  rc« 
1^4  AB  (Fig.  7),  in  a  direction  opposite  to  tlial 
XjQ  of  the  forces  Pi.  Pi  and  Pi,  then,  if  the  yxM 
is  in  equilibrium,  the  sum  of  the  forces  J^\ 
F*,  P*  and  P*  must  equal  the  sum  of  tii< 
forces  Pi,  Ft  and  Pi- 

Pftrallel  Forces  Opposite  ia  Charmcter. 

If  any  number  of  parallel  forces,  not  a>l] 
acting  in  the  same  direction,  act  on  a  body, 
if  the  body  U  in  equilibrium,  the  sum  of  tti« 
moments  of  the  forces  tending  to  turn  tii« 
body  in  one  direction  about   any   ^ven 


a 


Fig.  7. 


Algebraic  Sum  of  Unlike 
Parallel  Fofces 
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m  one 

point  is  equal  to  the  sum  of  the  moments  of  the  forces  tending  to  tium  it  in 
the   opposite  direction.    Let  Pi,  P«  and  Ft  (Fig.  8)  represent  three  paralic^l 
forces  acting  on  the  rod  AB.    If  the  rod  is  in  equilibrium,  the  sum  of  tlie 
forces  Ft  and  Pi  b  equal  to  Pi.    Also,  if  we 
take  the  end  of  the  rod,  A,  for  the  center  of 
moments,  the  moment  of  Pi  is  equal  to  the  sum 

of  the  moments  of  Pi  and  Ft  about  that  point, 

because  the  moment  of  Pi  measures  the  tend-    f^  ' 

ency  to  turn  the  rod  clockwise,  and  the  sum        ^ *■ 

of  the  moments  of  Pi  and  Ft  measure  the  tend- 
ency to  turn  the  rod  contxa-clockwise,  and 
there  is  no  more  tendency  to  turn  the  rod  one 
way  than  the  other.  For  example,  let  the  mag- 
nitude of  forces  Ft,  Ft  each  be  represented  by  s 
force-units,  the  distance  Aa  by  2  length*units  Fig  8.  Algcbnuc  Sum  of  Mo. 
And  the  distance  i4^  by  4  length-units.  The  ments  of  Unlike  Pazallei  Forces 
magnitude  of  the  force  Pi  must  equal  the  sum 

of  the  magnitudes  of  the  forces  Ft  and  Pi,  or  10  force-units,  and  its  moment 
with  respect  to  any  point  in  the  plane  of  the  forces  must  equal  the  sum 
of  the  moments  of  Pi  and  Pi  with  respect  to  the  same  point.  If  we  take  A  as 
the  center  of  moments,  the  moment  of  Pi  •■  5  x  2  *  10,  and  of  Pi  -  5  x  4  ->  20. 
Their  sum  equals  30;  hence  the  moment  of  Pi  must  be  30.  Dividing  the  mo- 
ment 30  by  the  force  Pi  ■•  10  force-units,  we  have  for  the  arm,  3  length-units;  or 
the  force  Pi  must  act  at  a  distance  of  3  units  from  A  to  keep  the  rod  in  equilib- 
rium. If  we  take  b  as  the  center  of  moments,  the  force  Pi  has  no  moment,  as 
the  length  of  its  lever-arm  is  zero;  and,  for  equilibrium,  the  moment  of  Pi  about 
b  must  equal  the  moment  of  Pi  about  the  same  point;  or,  as  in  this  case  the 
magnitudes  of  the  forces  Ps  and  Pi  are  equal,  they  must  both  be  applied  at  the 
same  distance  from  6,  showing  that  b  must  be  half-way  between  a  and  B,  as  was 
demonstrated  before. 

Three  Psrsllel  Forces,  the  pvincivle  or  ibe  lbvek.  This  principle  is 
based  upon  ffte  two  preceding  propositions  and  is  of  great  importance  and  ood- 

•  The  expressions  pouun-yrrr  and  ik>ckd-tnchi:s  are  often  given  to  these  producta 
to  distinguish  them  from  roor-potmos  and  iNCH-poum>s,  by  whkh  W(»k  and  imacr 
are  measured. 
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II  a  boi|7  is  ia  equilibrium  under  tbe  action  of  three  pftrallel  forcei 
tcting  in  the  aame  plane,  each  force  i»  proportional  to  the  normal  distance  be- 
tveea  tbc  otber  two.    Thus,  if,  as  in  Fig9.  9, 10  and  11,  three  forces^  Pi,  P$  and 
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Pi 


B 
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Fig.  9.    Principle  of  tbe  Lerer 


Fig.  10.    Principle  of  the  hewt 


Fu  set  on  the  rod  i4  5,  In  order  that  it  may  t>e  in  equilibrium,  IIm  following 
rdadons  must  obtain  between  the  msgiiltudes  of  the  forces  and  the  distances 
brtween  tlieir  points  of  applicstion; 

Il.Ii.Il 

CB'AB'AC 


QC 


PiiP%iP%iiCB\AB:AC 


Tbis  is  tbe  case  of  the  common  leves  and  shows  Che  method  of  deterauniBg 
vbat  weight  a  given  lever  will  raise.  The  proportion  is  abD  true  for  any  ar- 
rscgcment  of  the  forces  (as  shown  in  Figs.  9.  10  and  11),  provided,  of  ooucse, 
tile  forces  are  lettered  in  the  order  shown  in  tbe 
Sxures. 

For  caanplei  kt  the  distance  iiC  be  6  in  and  the 
CB  be  I  a  in.  If  a  weight  of  500  lb  is 
at  the  pc^  Bt  how  much  w3i  it  raise  at 
tbe  other  end  snd  what  support  will  be  required  at 
C  I  Fig.  10)? 

Applying  the  nde  just  given,  we  have  the  pro* 
pornoa: 

Pf.PiiiACiCB    or    500 :  i»i ::  6  :  12 

Heace  Ft-*  1  000  lb;  or  500  lb  applied  at-will   Fjg.ll.  Prindple  el  the  Lever 
lift  1 000  lb  resting  on  or  suspended  at  A.     The 

supporting   force  at  C   must,    by   the   principles  of   parallel   forces   im 
EQCiuBUDi^  be  eq^al  to  the  sum  of  the  forces  Pi  and  Pt,  or  i  500  lb  in 

this 


6 


t.  Center  of  Orarity 

Tbe  UMBS  OE  ACTION  of  the  force  of  gravity  coaveige 
towards  the  center  of  the  earth;  but  the  distance  of  the  center  of  the  earth  from 
the  bodies  whidi  we  have  occasion  to  consider,  compared  with  the  size  of  those 
bodies,  is  ao  great,  that  we  may  consider  the  lines  of  action  of  the  forces  as 
parallel.  The  number  of  the  forces  of  gravity  acting  upon  a  body  may  be  con- 
adcredaaeqnal  to  tbe  number  ctfpartideBcmpciBiag  the  foodgr.  ThecBMmtop 
csAViTT  ol  a  body  nMQr  be  defi&ed  as  the  paint  through  which  the  resultant  of 
tae  paeallel  forces  of  gnvity,  acting  upon  Ae  body,  passes  for  ewcry  poaKwm 
■  tne  body.    If  a  body  it  snpportedatits  oatter  of  gravity  and  turned  alKMl 
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that  point,  It  will  remain  in  equilibrium  in  all  positions.  The  itsaltmnt  of  the 
parallel  forces  of  gravity  acting  upon  a  body  is  obviously  equal  to  the  wvigbt 
OF  THE  body;  and  if  a  force,  equal  in  magnitude  to  the  resultant,  is  applied* 
acting  in  a  line  passing  through  the  center  of  gravity  of  the  body,  and  in  a 
direction  opposite  to  that  of  the  resultant,  the  body  will  be,  in  equiUbrioai. 

Canter  of  Grayity  of  a  Straight  Line.  The  word  line  here  means  a 
material  line  whose  transverse  section  is  very  small,  such  as  a  very  6ne  win. 
The  center  of  gravity  of  a  straight  line  or  rod  of  uniform  sae  and  material  is 
at  its  middle  point.    This  proposition  is  too  evident  to  require  demonstratioD. 

The  Center  of  Gravity  of  the  Perimeter  of  a  Triangle  is  at  the  center 
of  the  drde  inscribed  in  the  triangle  formed  by  the  lines  joining  the  middle 

points  of  the  sides  of  the  given  triangle.  Thus, 
let  ABC  (Fig.  12)  be  the  given  triangle.  To  dnd 
the  center  of  gravity  of  its  perimeter,  find  the 
middle  points,  D,  E  and  f ,  and  connect  them  by 
straight  lines.  The  center  of  the  drde  inscribed 
in  the  triangle  formed  by  these  lines  will  be  the 
center  of  gravity  sought. 

Center  of  Gravity  of  Symmetrical  lines. 

Fig.  12.    Center  of  Gravity  of   The  center  of  gravity  of  a  line  which  is  sym- 
Perimeter  of  Triangle  metrical  with  reference  to  a  point  is  at  that 

point.  Thus  the  center  of  gravity  of  the  cir> 
cumferenoe  of  a  drde  or  of  an  ellipae  is  at  the  geometrical  center  of  the  figxires. 
The  center  of  gravity  of  the  perimeter  of  an  equilateral  triangle,  or  of  a 
regular  polygon,  is  at  the  center  of  the  inscribed  drde.  The  center  of  gravity  of 
the  perimeter  of  a  square,  rectangle,  or  parallelogram  is  at  the  interaecUon  of 
the  diagonals  of  those  figures. 

Center  of  Gravity  of  a  Surface.  A  stnupACB  here  means  a  voy  thin  plate 
or  shell.  If  a  surface  can  be  divided  by  a  line  into  two  symmetrical  halves,  the 
center  of  gravity  will  be  on  that  line;  if  tt  can  thus  be  divided  by  two  lines,  the 
center  of  gravity  will  be  at  their  intersection. 

Center  of  Gravity  of  Regular  Figurea.  The  center  of  gravity  of  the  sur- 
face of  a  drde  or  an  ellipse  is  at  the  geometrical  center  of  the  figure;  of  an 
equilateral  triangle  or  regular  polygon,  at  the  center  of  the  inscribed  drde;  of 
a  parallelogram,  at  the  intersection  of  the  diagonals;  of  the  surface  of  a  sphere, 
or  of  an  ellipsoid  of  revolution,  at  the  geometrical  center  of  the  body;  and  of 
the  convex  surface  of  a  right  cylinder,  at  the  middle  point  ol  the  axis  of  the 
cylinder. 

Center  of  Gravity  of  Irregular  Figurea.  Any  figure  bounded  by  straifrht 
lines  may  be  divided  into  rectangles  and  triangles,  and,  the  center  of  graWty 
of  each  part  being  found,  the  center  of  gravity  of  the  whole  figure  may  be  deter- 
mined by  treating  the  centers  of  gravity  of  the  separate  parts  as  partides  whose 
weights  are  proportional  to  the  areas  of  the  parts  they  Represent.    <See  page  296.) 

Center  of  Gravity  of  Trianglea.  To  find  the  center  of  gravity  of  a  tri- 
angle, draw  a  line  from  each  of  two  angles  to  the  middle  of  the  opposite  side. 
The  intersection  of  the  two  lines  is  the  center  of  gravity. 

Center  of  Gravity  of  Qnadiilaterala.    To  find  the  center  of  gravity  of  any 
quadrilateral,  draw  the  diagonals,  and  from  that  end  of  each  diagonal  which  is 
farthest  from  the  intersection,  lay  off,  toward  the  intersection,  the  length  of  | 
Its  shorter  aegmeat.    The  two  points  thus  formed,  together  with  the  point  ol 
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win  form  a  triangle  whose  center  of  gravity  U  that  of  the  quad- 
rilateral. Thui^  let  Fig.  13  be  a  quadri* 
lateral  whoee  center  of  gravity  b  to  be 
icu&d.  Draw  the  diagonab  AD  and  BC, 
and  from  A  Uy  oS  AP-*  DE,  and  from  B 
'^yKABH"  CE,  From  E  draw  a  line  to 
the  middle  ol  PH,  and  from  F  a  line  to  the 
middk  c»f  EH.  The  point  of  intersection 
kA  these  two  lines  is  the  center  of  gravity 
cf  the  quadrilateral.  This  is  a  method 
GOflmKHiJy  used  for  finding  the  centers  of 
gravity  of  the  voussoirs  of  an  arch. 

Tabl«  of  Centara  of  Grayity.    Let  a 
be  a  line  drawn  from  the  vertex  of  a  figure 
to  the  middle  point  of  the  base,  and  D  the  distance  from  the  vertex  to  the  center 
U  gravity  of  the  figure.    Then  (Fig.  14): 

In  an  isoeceies  triangle D»%a 

Inategmcntof  a  circle,  vertex  at  center  of  drde    D^ 


Center    of     Gravity 
Quadrilateral 


13  xarea 

>»                    *.i                 ^              ••i*%>.3x  chord 
In  a  sector  of  a  drcle,  vertex  at  center  ol  circle    Z)  -<  J?  x 

In  a  semicircle,  vertex  at  center  of  circle D  *  —  ■■  0.4344  R 

ST 

la  a  q:uadraat  of  a  circle Z>  -  %  /{ 

In  a  aemieUipse,  vertex  at  center  of  circle. ....  D"  0.4244  a 
In  a  parabola,  vertex  at  intersection  of  axis 

with  curve D^^a 

In  a  cone  or  pyramid D^^a 


Fig.  14. 


BtmmiotGrd0  SMtor  of  CIrcto 

Center  of  Gravity  of  Triangle,  Segment  and  Sector 


In  a  frustum  of  a  cone  or  pyramid,  let  k  *  the  height  of  the  complete  cone  or 

pyramid,  Ai  ^  the  height  of  the  frustum,  and  let 
P*W  the  vertex  be  at  the  apex  of  the  complete  cone 

or  pyramid;  then. 


e 

P 

F%.  IS. 


w 


/>- 


and  C. 
Loffether 
the  SUA 


Center  of  Gravity  of  Two  Heavy  Particlei. 

Center  ef  Gravity  of    ^^  ^n^^!'^''  7*«**^  ^,'.  ^^^^jf  ^l^  ^f"^'  ^^h 
Heavy  Paxticka  '^^  "    ^°^^  ^'  ^  particle  at  C.    The  center  of 

gravity  is  at  some  point,  B,  on  the  line  joining  A 

The  point  B  must  be  so  situated  that  if  the  two  particles  were  held 

by  a  stiff  wire  and  supported  at  5  by  a  force  equal  in  magnitude  to 

of  P  and  W  they  would  be  in  equilibrium.    The  problem  then  is 
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ftohred  by  the  miNciPLE  or  tee  lbvsr,  and  we  have  the  pfoportioii    (! 
Three  Parallel  Forces.    The  Principle  of  the  Lever), 

P-^W:  P::  AC:  BC 
PxAC 


or 


BCm 


P-^W 


Wt 

Fig.  16.     Center  of  Gravity 


i 


If  IT  -  P,  then  EC  -  AM,  or  the  center  of  gravity  will  be  half-way  between  the 
two  particles.  This  problem  is  of  great  importance  and  has  many  practical 
applications. 

Center  of  Gravity  of  Several  Heavy  Partidea.    Let  Wu  W%  ^V  Wt 

and  If  I  (Pig.  16)  be  the  weights  of  the  particles.    Join  Wi  and  Wt  by  a  straight 

line  and  find  their  center  of  gravity  ^4,  aS  in  the 
preceding  problem.  Join  A  with  Wt  and  find  the 
center  of  gravity  B,  which  will  be  the  center  of 
gravity  of  the  three  weights  Wi,  Wt,  Wt.  Proceed 
in  the  same  way  with  each  weight.  The  last  <Enter 
of  gravity  found  will  be  the  center  of  gra\'ity  of  all 
the  particles.  In  both  of  these  cases  the  lines  joining 
the  particles  are  supposed  to  be  honaontal  lines,  or 
dse  the  horlaoncal  pMjectkHiB  of  tht  ttmigbt  lines 
which  join  the  points. 

Center   of   Gravity    of    Compoimd    Sectiona 
of  Several  Heavy  Particles    Found  by  Momefita.    To  determine  the  strength 

of  a  beam  having  an  imsymmetrical  croas-section,  it 
is  first  necessary  to  determine  the  distance  of  the  center  of  gravity  of  this  flection 
from  the  upper  or  lower  surface  of  the  beam.  Various  other  computations* 
also,  involve  finding  the  center  of  gravity  of  an  irregular  figure,  so  that  the 
problem  is  one  of  practical  importance.  If  the  figure  of  which  the  center  ai 
gravity  is  to  be  found  can  be  divided  into  parts  which  are  themselves  regular 
figures,  the  readiest  and  simplest  method  of  finding  the  distance  of  the  center 
of  gravity  from  one  edge  of  the  section  is  by 
means  of  moments.  To  explain  this  method 
assume  a  T-shaped  section  of  uniform  thick- 
ness, hinged  on  a  wire  XX,  as  in  Fig.  17. 
The  T  section  is  made  up  of  two  rectangles, 
one  forming  the  flange,  the  other  the  web. 
The  center  of  gravity  of  each  rectangle  is  at 
its  own  center  of  figure  and  may  be  readily 
found.  If  the  T  section  is  placed  hDrixon* 
tally,  as  in  the  figure,  the  axis  XX  being 
fixed,  it  will  immediately,  by  the  force  of 
gravity,  revolve  about  the  axis  until  it  be- 
comes vertical,  and  the  sum  of  the  moments  Fig.  17.  Center  of  Gravity  of 
of  the  forces  causing  the  revolution  is  Compouad  Sectiooa  by  Momeou 
A'  Xd'-^A"  Xd",    A'    representing    the 

weight  of  the  web  and  A"  the  weight  of  the  flange.  To  hold  the  T  section 
in  a  horizontal  position,  there  must  be  a  moment  of  some  force  acting  m  an 
opposite,  or  upward,  vertical  direction  and  just  equal  to  the  aum  of  the 
two  moments  causing  revolution  downwards.  If  the  force  A,  of  this  moment, 
tending  to  cause  revolution  upward,  is  equal  to  the  weight  of  the  entire  T  sec- 
tion, it  must  be  applied  at  the  center  of  gravity  of  the  entire  figure  to  make  its 
moment  just  equal  to  the  sum  of  the  moments  of  the  two  downward  forces^ 
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ttof  A  is  A  X<^f  thefeiort^isthedlstanoefromtheeiidof  theweb, 
the  4Jds  XX,  to  the  center  of  gravity  of  the  entke  figure.    Therefore, 


A'Xd'-^A"xd" 


(I) 


\s  tlie  weight  of  aoy  homogeaeous  material  of  unifonn  tfaickxiess  is  proportional 
li^  tbe  area.  A,  A'  and  A"  may  be  used  to  represent  areas  as  well  as  weights, 
formula  (x)'a«  a  role,  we  have: 

of  Gcsvity  of  Campwmd  Figum.  The  disfiaacs  of  the  center  of 
itLA\  icy  of  a  cxMnpound  figure  from  any  line  of  reference  is  equal  to  the  sum  of 
i£ke  pcodttcts»  obtained  by  multiplying  the  area  of  each  of  the  Mmple  porta  into 
whkii  the  compound  figure  is  divided  by  the  distances  of  its  center  of  gravity 

^  from  the  line  of  reference, 

divided  by  the  area  of  the 

entire  figure.    This  rule  ap- 

1  ^  J"         plies  to  any  compound  figjure. 

^  Example  I.    Assume  that 

the  T  section  thoi^  in  ^tg. 
27  has  the  ^mensioi;is  in- 
dicated. Then  iC'^equ^  6, 
A"  equals  8,  and  A  equals  14 


I 


i 


^ 


r 


^3t 


k^ 


J- 


Fig.  19. 
ity  of 
tiOQ 


Center  nf  Grav- 
IiKQguiar  I  Sec- 


Kg.  18-     Center  of  Grav-    ^^ 

ity    of    Tees.   Angles,   srhiT  and  J'cqual»5  and  i" 

CIteiaels.  etc  equals  6^^  in.     The  som  of 

the  products  of  ^ '  by  <^'  and  , 

A"  by  d'^  is  18  +  53  or  70  sq  in  x  in,  and  this  divide  "by  14  sq  in,  the  area 
of  the  entire  figure,  gives  5  in  for  the  distance  d.  The  distance  d  of  the  center 
of  leravity  from  the  top  of  the  webs,  in  each  of  the  figures  shown  in  Fig.  20» 
is  found  by  the  following  formula: 


<^- 


area  of  the  web  or  webs  x  i'/a  +  area  of  flange  x  i" 
area  of  the  web  or  webs-f  area  of  flange 


{2) 


For  a  section  like  that  shown  in  Fig.  18,  in  which  ^',  A'^  and  A*"  represent  the 
areas  of  the  respective  rectangles,  the  distajice  d  of  the  center  of  gravity  from 
the  top  Diay  be  found  by  tbe  formula 


d'- 


.4'xi'+^"xi"+i4'"xi"' 


A'-^A"-k-A 


Hf 


\3) 


Bsample  IL    To  show  the  application  of  the  rule  for  finding  the  center  of 
gravity  of  compound  figures,  take  the  one  shown  in  Fig.  19.    The  distance  d 


JLO 


T 


'M^UJ 


FiBi  20.    Center  of  Giavity  of  Irregular  Figures 

of  the  center  of  gravity  of  tbe  entire  figure  from  the  vertex  O  b  found  as  follows: 
The  area  of  the  triangle  is  36  sq  in  and  of  the  semicircle  56.5  sq  in.  From  tbr 
Table  of  Centers  of  Gravity  (page  293)  the  distance  of  the  center  of  gravity  of 
an  isosceles  triangle  from  the  vertex  is  two-thirds  its  height,  which  gives  4  in  as 
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the  value  for  d,\    The  oeDter  of  gravity  for  a  semicircle  is  0.4244  K  from  its 
base»  M  that  ^"  equals  8.54  in.    Then, 

36  X  4  +  565  X  8.54 


J- 


36  +  56.5 


-  6.77  in 


This  method  of  finding  the  center  of  gravity  is  similar  to  that  explained  in 
Chapter  IX  for  finding  the  supporting  forces  or  reactions.  In  the  latter  case, 
however,  the  prablem  is  to  find  the  balancing  forces  instead  of  the  levep^ims. 

Additional  Methods  of  DetwminlttC  Orapbicsny  the  Center  of  Grnritf 
of  Irregukr  Plane  Figures.*  The  center  of  gravity  may  be  obtained  graph- 
ically by  means  of  the  roRCE-POLVGON  and  the  EQUiUBanm-POLYGOM.  The 
figure  or  section  considered*  Fig.  21,  is  divided  into  parts  whose  centers  of 


%-- 


Fig.  21.    Center  of  Gnvity  Determioed        Fig.  22.    Center  of  Gravity  Dctcnnined 
Gcaphically.  Graphically.    Second  Method. 

gravity  can  be  located  and  areas  calculated.  The  force-polygon  (fr)  and  equilib- 
rium-pol3^gon  (c)  are  drawn.  The  figure  (a)  is  divided  into  rectangles  and  tri- 
angles,  A^  B,  C  and  D,  and  vertical  lines  are  drawn  through  their  centers  of 
gravity.  In  (b)  the  vertical  lines  a,  b,  c  and  d  are  respectively  proportionaJ  in 
length  to  the  areas  A»B,C  and  D.  The  pole,  0,  is  located  by  the  intersection  of 
lines  drawn  at  angles  of  45"  from  the  extremities  of  the  line  abed.  The  raj^ 
I,  2.  3,4  and  5  are  drawn  from  o,  as  shown,  and  the  correspoocfihg  pahdle!  lines 
drawn  in  (c).  (See  Figs.  3  and  5.  pages  299  and  300;  Figs.  12  to  17,  pages 
314  to  320;  and  page  345.)  The  vertical  line  through  K,  produced  upwards, 
is  a  GRAvrrv-AXis  and  its  intersection  G  with  the  horizontal  gravity-axis  XX  is 
the  center  of  gravity  of  the  figure.  If  the  figure  is  not  symmetrical  about 
XX  a  second  gravity-axis  may  be  found  by  turning  the  figure  through  ^*  and 
repeating  the  construction.  The  intersection  of  the  two  gravity-axes  wiU  be  the 
center  of  gravity  of  the  figure.  Another  method  is  shown  in  Fig.  22.  Let 
the  centers  of  gravity  of  two  areas  A  and  B  be  at  the  points  Ca  and  Cb  respect- 
ively. From  Ca  the  line  CaD  is  drawn  in  any  direction,  and  its  length  represents 
on  some  given  scale  the  area  A .  From  Cb  the  hne  CbE  b  drawn  peraUd  to  it 
and  its  length  on  the  same  scale  represents  the  area  B.  The  intersection  of  the 
line  joining  D  and  E  with  CaCb  is  at  the  center  of  gravity  of  the  areas  A  and  B. 
For  three  areas  A ,  B  and  C,  the  construction  can  be  repeated  by  oonsidenng  A 
and  B  as  a  single  area;  and  so  on  for  any  number  of  areas. 

*  Coodenscd  from  data  by  Robios  Fleming. 
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CHAPTER  MI 

STABTLITT  OF  PIERS  AND  BVITBESSES  * 

By 
GREXVIIXE  TEMPUe  SNELUNG 

LATE  ICSMBKR  OP  AMCKICAM   INSmOTE  09   AftCBlTECn 

If  eduuiical  Princaiilea.  A  ^er  or  buttress  may  be  considered  stable  when 
the  forces  acting  upon  it  do  not  cause  it  to  kotatb  or  tip  over  nor  cause  any 
course  ol  masonry  to  slide  oa  its  bed;  some  parts,  however,  of  the  masonry  may 
be  causHEo.  When  a  pier  sustains  a  vertical  load  only,  it  might  be  con- 
sidered STABLS,  but  it  might  not  have  sufficient  strength.  It  b  only  when  the 
pier  receives  a  thrust,  as  from  a  rafter  or  an  arch,  that  its  stability  must  be  con- 
st lered.  In  order  that  there  may  be  no  rotation* 
tue  ifoiiE>rr  or  the  thrust  (Chapter  VI)  against 
the  pier  about  any  point  in  its  outside  edge  must 
not  exceed  the  mokent  or  the  weight  of  the 
(.ier  about' the  same  point. 

To  illustzate  let  ua  consider  the  pier  shown  ax 
Fig.  1.  Let  us  suppose  that  this  pier  receives  the 
fuot  <^  a  rafter  which  exerts  a  thrust  T  in  the 
direction  AB.  The  tendency  of  this  thrust  is  to 
cause  the  pier  to  rotate  about  the  outer  edge  bi, 
and  the  moment  of  the  thrust  about  this  point, 
iihich  is  the  measure  of  this  tendency  to  rotate, 
i^  r  X  a'fti,  a'bi  being  the  lever-arm  of  the  moment. 
For  unstable  equiubrium,  only,  the  moment  op 
THE  iti~eiGRT  of  the  pier  about  the  same  edge  must  just  equal  Tx  <i%.  The 
resultant  force  representing  the  weight  of  the  pier  acts  vertically  through  its 
crntcr  of  gravity  which  in  this  case  is  equidistant  from  its  sides;  and  its  lever- 
arm  is  hic,  or  one-half  its  thickness. 

Hence,  for  equilibrium  of  moments,  we  must  have  the  equation 

Txa'bi^WxbiC 

But  in  this  condition  the  least  additional  thrust,  or  the  crushing  of  the  outer 
erige,  will  cause  the  pier  to  rotate;  hence,  for  safety,  we  must  use  some  f  actok 
OF  safety.  This  is  sometimes  done  by  malcing  the  moment  of  the  weight  equal 
to  that  of  the  thrust  when  referred  to  a  point  in  the  bottom  of  the  pier,  a  cer- 
tain distance  in  from  the  outer  edge.  This  distance  for  piers  or  buttresses  should 
not  be  less  than  one-fourth  the  thickness  of  the  pier. 

Representing  this  point  in  the  figure  by  b,  we  have  the  necessary  equation  for 
the  safe  stability  of  the  pier 

Txab^Wxt/4 

t  being  the  width  of  the  pier. 

We  cannot  from  this  equation  determine  the  dimensions  of  a  pier  to  resist  a 
given  thrust,  because  we  have  the  distance  oA.  t  and  W,  all  unknown  quantities. 
1  fence  we  must  first  assamo  a  tentative  sise  for  the  pier,  find  the  length  of  the 
line  ab,  and  see  if  the  moment  op  the  weight  of  the  pier  is  equal  to  the  mo- 
ment of  the  Thrust.  If  it  is  not  we  must  assume  another  size  for  the  pier. 
In  point  of  fact  the  steps  of  the  problem  usually  present  themselves  in  the 

*  See.  also.  Chapter  XXXI,  Section  2.  Vaults! 


Fig.  1.     Pier  with  Thrust 
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StebOity  of  Piers  aad  Buttteaees 


CHap.  i 


inverse  order,  the  pier  or  buttress  being  given  and  the  determination  of  its 
subility  being  required.  The  sat  of  Uub  pier  or.  buttress  is  usually  first  deter- 
mined rather  from  the  archftectu/al  exigencies  of  the  design  than  from  the 
engineering  joQiijnDtmtt  for  tlie  stability  «f  ^t  fitvuc^ure.  K  ftpo«  investiga- 
tion these  are  not  in  accord,  it  is  the  duty  of  the  designers  to  use  their  ingenuity 
in  seeing  that  both  conditions  are  fufilUed. 


Fig.  2.  Graphical 
Determination  of 
Thnut  on  Pier 


The  Stability  of  Pwrt  and  Buttreases.    When  it  is  desired  to  determine 
if  a  given  pier  or  buttress  is  ca|Mible  of  resisting  a  given  thrust,  the  problem  can 

be  solved  GRAPHtCAiXY  in  the  following  manner.  Let 
A  BCD  (Fig.  2)  represent  a  pier  which  sustains  a  given 
thrust  T  at  B.  To  determine  whether  the  pier  wiU  saidy 
sustain  this  thrust,  we  proceed  as  follows: 

Draw  the  indefinite  Ime  BX  in  the  direction  of  the 
thrust.  Through  the  center  of  gravity  of  the  pier,  which 
in  this  case  is  midway  betuwen  AD  and  BC,  draw  a  ver- 
tical line  intersecting  the  line  of  the  thrust  at  e.  As  a 
force  may  be  considered  to  act  anywhere  along  its  line  of 
action,  we  may  consider  that  the  thrust  and  the  weight 
act  at  the  point  e.  The  resultant  of  these  two  forces  is 
obtained  by  laying  o£F  the  thrust  T  from  e  on  f X  and  the 
weight  of  the  pier  W,  from  eotieY,  both  to  the  same  scale 
of  so  many  pounds  to  the  inch,  completing  the  parallel- 
ogram and  drawing  the  diagonal.  If  this  diagonal,  prolonged,  cuts  the  base 
of  the  pier  at  less  than  one-third  the  width  of  the  base  from  the  outer 
edge,  the  pier  is  generally  considered  unstable  and  its  dimensions  are  changed. 
(See  Chapter  IV,  Theorem  of  the  Middle  Third.) 

The  Stability  of  Buttress  wltii  Offsets.  The  stabiuty  or  a  pier  may  be 
increased  by  adding  to  its  weight  by  pladog  some  heavy  material  on  top,  for 
example,  or  by  increasing  its  width  at  the  base  by  means  of  offsets,  as  in 
Fig.  3.  Figs.  3  and  4  show  the  method  of  determining  the  stability  of  a  but- 
tress with  offsets.  The  first  step  is  to  find  the  vertical  line  passing  through  the 
center  of  gravity  of  the  whole  pier.  This  is  best  done  by  dividing  the  buttress 
into  quadrilaterals,  as  A  BCD,  DEFG  and  CHIK  (Fig.  3),  finding  the  center  of 
gravity  of  each  quadrilateral  by  either  the  method  of  diagonals  or  triangles  as 
explained  in  Chapter  VI,  and  then  measuring  the  perpendicular  distances  A'l, 
Xt,  Xt  from  the  different  centers  of  gravity  to  the  line  A7.  (See,  also,  Chapter 
VIII,  page  3x3). 

Multiply  the  area  of  each  quadrilateral  by  the  distance  of  its  center  of  grav- 
ity from  the  line  KJ  and  add  together  the  areas  and  the  products.  Divide  the 
sum  of  the  products  by  the  sum  of  the  areas  and  the  result  will  be  the  distance 
of  the  center  of  gravity  of  the  whole  buttress  from  KI.  This  distance  we  denote 
by  X«.  This  calculation  is  a  pmctical  application  of  the  theorem  in  mechanics 
that  the  moment  of  the  resultant  of  any  number  of  forces  about  a  givtn 
point  is  equal  to  the  sum  of  moments  of  the  individual  forces  about  that  point. 

Ezamiile  i.  Let  the  buttress  shown  in  Fig.  3  have  the  dimensions  shown. 
Then  the  areas  of  the  quadrilaterab  and  the  distances  from  their  centers  of 
gravity  to  KI  are  as  follows: 


First 
Second  area 
Third  area 


-  3S  «q  ft        X\m  o'.9S 

-  «3  sq  ft        Xtm  2'.9S 
a     xxsqft       X%»4'.SS 


Fhstarea  X 
Second  aiea  x 
Third  area    X 


Xi  •  3S»5 
Xi  -  «7.«5 
^i- 54-45 


Total  area,  69  aq  ft 


Total  moments,  155.55 
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The  sum  of  the  moments  of  the  areas  is  155.55,  ai^d  dividing  this  by  the  tots* 
we  have  2.25  as  the  distance  Xo.  Measuring  this  to  the  scale  of  the  draw- 
ing from  KI,  we  have  a  point  through  which  the  vertical  line  passing  through  the 
center  of  gravity  must  pass. 

Tbis  fine,  passmg  through  the  center  of  gravity  of  the  buttress,  can  be  found 
GRAPHiCALLy,  also,  by  the  method  of  the  equiubrium  polyoon  (Fig.  3).    (See 


Fig.  3.    Buttress  with  Offsets 


Fig 


Resultant  Thrust  on  Buttress 
with  Offsets 


pages  396  and  314  to  320.)  In  order  to  do  this,  lay  off  at  any  convenient 
scale,  beginning  at  some  convenient  point  M,  Mw  i^wi  w  2,  and  w  3  w  3,  the 
areas  of  the  various  quadrilaterals  composing  the  buttress.  Through  the  center 
of  gravity  of  each  quadrilateral  draw  a  vertical  (green)  line.  Draw  the  lines 
MO  and  w  z  0,  intersecting  at  some  conveniently  chosen  pole-point,  0. 
Draw  Ouf  x  and  Ow  2.  Through  a,  where  MO  intersects  the  vertical 
(green)  line  drawn  through  the  center  of  gravity  of  the  first  quadrilateral^ 
draw  ah  parallel  to  Ow  i,  and  through  6,  where  ab  intersects  the  (green)  line 
through  the  center  of  gravity  of  the  second  qxiadrilateral,  draw  he  parallel  to 
Oa>  2.  FinaHy  draw  cL  parallel  to  Ow  i.  Where  this  fine  intersects  MO 
at  L  wOl  be  the  point  through  which  the  (heavy  re^^)  line,  passing  through  the 
center  of  gravity  of  the  buttress  taken'as  a  whole,  should  be  drawn.    The  distance 
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Xoy  measured  from  /JT,  should  then  be  9.25  ft  or  veiy  nourly  tliii^  aUowhig  for 
slight  eitors  of  drawing,  and  the  same  as  that  found  by  mombnts.    Fig.  6  shows 

the  same  method  of  detomining  tJbe  posi- 
tion of  the  center  of  gravity  of  a  buttress 
similar  to  the  one  ilhistiated  in  Fig.  0. 

After  this  line  is  found,  the  metfaod 
of  determining  the  stability  of  the  pier 
b  the  same  as  that  given  for  the  pier  in 
Fig.  2  and  Fig.  4.  If  the  buttress  is 
more  than  one  foot  thick,  that  is,  at 
right-angles  to  the  plane  of  the  paper,  its 
cubic  contents  must  be  determined  in 
order  to  find  its  weight.  It  is  easier, 
however,  to  divide  the  total  thrust  by 
the  thickness  of  the  buttress.  This  gives 
the  thrust  per  foot  of  thickness  of  the 
buttress. 

The  Line  of  Pressure  or  Line  of 
Resistance.*  The  une  or  resistance 
or  the  UNE  of  pressure  of  a  pier  or 
buttress  is   a   line  drawn  through   the 
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Fig.  5.    Center  of  Gravity  of  Wall  and 
Buttress 

CENTER  OF  PRESSURE  of  each  jolnt.  The 
center  of  pressure  of  any  joint  is  the 
point  in  which  the  resultant  of  the  forces 
acting  on  that  portion  of  the  pier  above 
the  joint  cuts  it.  The  line  of  pressure,  or 
of  resistance,  when  drawn  in  a  pier,  shows 
how  near  the  greatest  stress  on  any  joint 
comes  to  the  edges  of  that  joint.  It  can 
be  drawn  by  the  following  method. 

Let  A  BCD  (Fig.  6)  be  a  pier  whose  umb 
op  pressure  we  wish  to  draw.  Let  T  be  the  thrust  against  the  pier.  First, 
divide  the  height  of  the  pier  into  several  parts,  each  3  or  3  feet  high,  as  shown 
by  the  horizontal  dotted  lines.    It  is  more  convenient  to  make  the  courses  or 

*  This  line  is  caHed,  interchaogeably,  the  line  of  pressure,  the  line  of  resntaaoe,  thi 
r^tance-line,  e(c. 


Fig.  6.    Line  of  Pressure  in  Pier 
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put!  equl  in  height.  PraloDg  the  UNE  or  THE  tBRun,  aad  drtw  a  vettint 
line  through  the  center  of  gravity  of  the  pier.  iDteisecting  the  Hue  ol  thnut  at 
the  point  a.  From  a  lay  (^  to  K  icale  the  Ihnist  T.  and  the  weights  of  the 
diflercnt  pktts  of  the  jaa,  commeDdog  with  the  weight  of  the  upper  poition. 
Thus,  m  represents  the  Height  of  the  portion  above  the  first  joiot:  vt  icpre- 
HDts  the  weight  of  the  second  pait;  ami  so  on.  The  sum  o(  the  w'l  will 
lepreacDt  the  weight  of  the  whole  luer. 

Draw  a  paialldocrain.  w]th  T  and  vi  (or  its  two  sides.  Draw  the  diagonal 
and  produce  it  beyond  the  parallelogram,  if  oecessaiy.  Its  point  of  interaectioo 
with  the  &nt  joint  will  be  a  point  in  the  line  of  pressure.  Draw  a  second  pnt- 
■lUoKmn,  with  Tuidln  -t- Wi  for  its  two  sides.  Draw  the  diagonal  intersecting 
the  sCCTod  joint  at  the  point  i.     Continue  in  this  way  with  the  rest  of  the  partial 

wdghts,  tbe  last  diagonal  intersecting  the  base  AD, 

in  the  point  4-     Join  the  points  1,  1,  3  and  4.    Tho 

resulting  broken  line  C1134 

is  the  LINI 


We  have  Uk  en  the  simplest 

same  principles  are  true  for 
any  case.  If  the  line  of 
pressure  of  the  pier  at  any 
point  falls  at  a  distance  from 
the  outside  edge  of  tbe  joint 
less  than  oHE-isiaD  the 
WIDTB  or  THE  jouit,  the 
pier  is  geikenlly  coiksideced 

Th«  StabiUtT  of  a  Wall 
and  Bottiasi.  By  Ho~ 
meota  and  Graphical 
Method.  Tbe  following 
example  illustrates  the  mfr- 
.  plication  of  these  principles. 

Riuipls    a.    Let  Fig.    7 
represent   the  section  of  a 

"•'■Jr^'-"  S.;:fiST,!"C"  '-■•■j-issj"-^ 

"■""'*  lite    the   buttress,   on   the 

inside  of  the  wall,  is  a  hammer-beam  truss,  which  we  will  suppose  exerts  an 
outward  thrust  on  the  wall  of  the  church,  amounting  to  about  g  600  lb.  We 
will  further  consider  that  the  resultant  of  the  thrust  acts  at  P,  and  at  an  angle 
of  60'  with  the  horizontal.  Tbe  dimensioiks  of  the  wall  and  buttress  are  given 
in  Ftg.  8.  Tbe  buttress  is  1  ft  thick,  at  right-angles  with  the  plane  of  the 
paper.  Has  the  buttress  tbe  proper  she  and  roau  to  enable  tbe  wall  to  resist 
tbe  tbnut  of  the  truss? 

The  firet  pojnt  to  dedde  is  whether  or  not  the  line  of  pbe&sI'ke  nits  the 
ioini  CD  at  ■  safe  distance  in  from  C.  To  ascertain  this  we  must  determine 
the  position  of  the  center  of  gravity  of  the  wall  and  buttress  above  the  joint  CD 
(Fig.  7).  One  way  to  determine  this  is  by  the  method  of  uouehts.  the 
MOKEim  or  THE  areas  bdng  takm  about  the  line  KU  as  an  aiii,  or  line  of 
reference  (Fig.  B),  as  already  oplained.  The  distance  X\  a,  of  coune,  hall  tba 
■UdUKM  of  t^  wall  (K  I  f t.    Wa  not  find  the  center  of  gravity  of  tha  part 
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CEFG  (Fig.  8)  by  the  method  of  diagonals;  and  scaling  the  distance  Xs,  we  find 
it  to  be  2.95  ft. 

The  area  CEFG  «  i4t  -  10  sq  ft;  and  the  area  GIKL  -  i4i »  26  sq  ft  Let 
A  «•  the  total  area  above  CL. 

Then  we  have 

JTi-xft  i4i«26sqft         i4iXXi-26     sqftxft 

Xt  -  2.95  ft       i4t  -  xo  sq  ft         i4s  X  Xt »  29.5  sq  ft  X  ft 


A  -36sqft  36)55.5  sqftxft 


Jfo-x.sft 

Expressed  in  equations  of  moments  of  areas,  this  may  be  written  as  follows. 
A  representing  the  total  area  above  the  line  CL  (Fig.  8): 

i4xXo-(.4iXXi)+(^,XXt) 
Hence, 

-,       iAiXXi)-^iAtXXt) 
jCo J 

The  center  of  gravity  is  at  a  distance  1.5  ft  from  the  line  ED  (Fig.  7).  In 
Fig.  7  measure  the  distance  Xo  »  1.5  ft,  and  through  the  point  a  draw  a  vertical 
line  intersecting  the  line  of  the  thrust  prolonged  at  O,  If  the  thrust  is  9  600  lb. 
for  example,  for  a  buttress  2  ft  thick,  it  will  be  half  that,  or  4  800  lb,  for  a 
buttress  i  ft  thick.  We  will  call  the  wdght  of  the  masoiuy  of  which  the  buttress 
and  wall  is  built,  150  lb  per  cu  ft.  Then  the  thrust  is  equivalent  to  4800/150  -3a 
cu  ft  of  masonry.  Lasring  this  off  to  a  scale  from  O,  in  the  direction  of  the 
thrust,  and  the  area  of  the  masonry,  36  sq  ft,  from  O  on  the  vertical  line,  com- 
pleting the  rectangle,  and  drawing  the  diagonal,  we  find  that  the  diagonal  cut) 
the  joint  CD  at  /,  within  the  limits  of  safety.  We  must  next  find  where  tlie 
UNE  OF  PRESSURE  cuts  the  base  AB. 

First,  determine  the  positbn  of  the  center  of  gravity  of  the  whole  figure:. 
Tliis  is  determined  by  finding,  as  explained  for  the  distances  Xt  and  X3,  the  dis- 
tances Xtt  Xi,  in  Fig.  8,  and  making  the  following  computation,  letting  A '  -^ 
the  total  area  above  AM. 

Xi'=ift  i4i'-40sqft  .4iXXi-40      sqftXft 

Xi'  =  2.98  ft      ^j'  -  24  sq  ft  i4i  X  Xt  -  71.52  sq  ft  X  ft 

Xi'- 4-95  ft      i4s'-i2sqft  i4sX  Xt- 59.40  sqftX  ft 


A'  -  76  sq  ft  76)170.92  sq  ft  X  ft 


Xo'- 2.25  ft 

This,  also,  may  be  expressed  in  equations  of  moments  of  assas,  as  exfJained 
for  the  part  above  the  line  CL. 

Then  from  the  line  EB  (Fig.  7)  lay  off  the  distance  Xo'  -  2.25  ft,  and  dcaw 
through  d  a  vertical  line  intersecting  the  line  of  the  thrust  at  (/.  On  this  vei^ 
tical  line,  measure  down  from  </  the  whole  area  76,  to  scale,  as  explained  above, 
and  from  the  lower  extremity  of  this  line  representing  the  area,  lay  off.  at  the 
proper  angle,  the  thrust  T  -■  32.  Draw  the  line  O'e,  mtersecting  the  base  at  r. 
This  is  the  point  where  the  line  of  pressure  cuts  the  base;  and,  as  it  is  at 
a  safe  distance  in  from  A,  the  buttress  has  sufficient  stability.  If  there  were 
more  offsets,  we  should  proceed  in  the  same  way,  finding  where  the  uns  or 
passsuEE  cuts  the  joint  at  the  top  of  each  offset    The  reason  for  doing  this  la 
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bennse  the  UMS  of  pibssurb  might  cut  the  base  at  a  safe  distance  from  the 
outer  edge,  while  higher  up  it  might  come  outside  of  the  buttress  or  too  near 
the  outside  face,  thus  making  the  buttress  unstable.  The  method  given  in  these 
examples  is  appticable  to  piers  of  any  shape  or  material.  If  the  une  or  pass- 
scia  makes  an  angle  of  less  than  30^  with  any  horiaontal  joint,  the  stones 
above  the  joint  may  slide  at  this  joint,  or  at  least  have  a  strong  tendency  to 
do  so.  SuDiMG  can  be  prevented  either  by  doweling,  or 
by  indining  the  joints.  Such  conditions,  however,  are  J— 
ore  in  airhitrctmai  oonstructioii.  *v 

The  StaMKty  of  a  Wall  and  Buttress.    Graphical 
Mediod.    This  same  example,  which  has  been  solved  in 
the  foregoing   case  partly  by  moments  and  partly  by 
caiPHiCAi,  METHODS,  cau  be  solved  entirely  by  graphical 
METHODS.     In  this  case  it  is  not  necessary  to  determine 
the  position  of  the  line  (the  heavy  red  lines  in  Figs.  3  and 
5t  passing  through  the  center  of  gravity  of  the  buttress 
taken  as  a  whole.    It  is  necessary,  only,  to  determine 
the  (red)  lines  passing  through  the  cen« 
tns  of  gravity  of  the  various  trapezoids 
isd  rectan^es  into  which  it  has  been 
subdivided.     To  determine  the  position 
of  the  LINE  OF  PRESSURE  and  the  various 
CEXTERS  OP  PRESSURE  ou  the  different 
jantSt  the  method  shown  in  Fig.  6  may 
be  used.    The  construction  shown  in 
tbit  6gure,    in    which    the    complete 
panlldograms  of  the  forces  acting  at 
each  joint  arc  drawn,  may  be  simplified. 
One-half  the  parallelogram,  only,  or  the 
niANGLE  OF  THE  FORCES  acting  at  each 
j<jist,  may  be  drawn  and  the  whole 
cuQstruction  placed  at  one  side  of  the 
figure  and  afterwards  transferred  to  the 
figure  itself  by  means  of  parallel  lines. 

Draw  the  joint-planes  PG,  EJ,  CK 
and  BN  and  calculate  the  areas  of  the 
various  parts  of  the  wall  and  buttress, 
such  as  IKGP,  FCJE,  EJKC,  CKNB 
and  BNMA,  Fig.  9.  These  are  respec- 
tively 14  sq  ft,  6  sq  ft,  16  sq  ft,  10  sq  ft 
aixl  30  sq  ft.  Lay  off  these  areas  to  a 
scale  of  SO  many  square  units  to  a  linear 
unit,  at  Pw  x,  wiwa,  wawj,  W3W4  and  ic  4  v  5.  along  the  line  KM,  begin- 
mng  at  the  point  of  application  of  the  thrust.  Lay  off,  at  the  same  scale,  the 
thrust  OF  for  one  foot  of  thickness  of  the  wall,  and  let  this  thrust  be  4  800  lb. 
Draw  Ow  i,  Ow  3,  Ow  s,  etc.  Then  Ow  i  will  be  the  resultant  of  the  thrust 
and  the  weight  of  the  buttress  above  the  joint  FG,  Ow  2  will  be  the  resultant  of 
this  last  resultant  and  the  weight  of  that  part  of  the  buttress  between  the  joints 
FG  and  £/.  aivd  so  on  until  Ow  5  is  reached,  which  is  the  resultant  of  the  total 
Wright  of  the  buttress  and  the  thrust  as  well  as  the  resultant  of  the  rectangle 
BSMA  and  the  previous  resultant.  Prolong  the  thrust  OP,  imtil  it  cuts  the 
first  (red)  line  through  the  center  of  gravity  of  the  first  rectangle  IKGP,  at  a. 
Through  this  point  draw  a  (green)  line  parallel  to  Ow  i  and  prolong  it  backward 


Fig.  9.    Line 


of  Pressure 
Buttress 


in  Wan 
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until  it  intenccts  the  joint  FG  at  the  point  within  the  small  (red)  drde.  Thb 
determines  the  cbntrr  or  pressurb  on  this  joint.  Nest,  draw  ab  (green) 
parallel  to  Ow  a  and  prolong  it  backward  until  it  interMcts  the  joint  EJ,  at  the 
CEwnsa  or  rasssuRE  on  that  joint.  Repeat  this  operation  to  obtain  the 
CENiBRS  or  PRESSURX  on  each  successive  joint,  drawing  ic^  cd  and  de  paralld 
respectively  to  Ow  3,  0»  4  and  Ow  $. 

It  must  be  remembered,  however,  that  cd  does  not  have  to  be  prolonged  back« 
ward,  as  it  cuts  the -joint  CK  below  and  to  the  left  of  the  line  passing  through 
the  center  of  gravity  of  EJKC,  Finally,  join  the  various  centxrs  or  pressurk 
by  the  (red)  broken  line,  which  is  the  link  01  pressurb  in  the  buttress.  As 
this  line  lies  within  the  middle  third  of  the  construction,  and  the  resultants  a£ 
the  pressures  on  the  various  joint-planes  do  not  make  with  the  normals  to  the 
joint-planes  angles  greater  than  the  angle  or  raicriON,  the  conditions  for 
stability  ma/  be  considered  to  be  satisfied. 
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CHAPTER  Vin 

THE  STABILITY  OF  MASONBT  ABCHES  * 

By 
GRENVILLE  TEMPLE  SNELLING 

UkTX  KEMBKR  Of  AMJBKICAN   QISTIZUTE  OF  ARCHITECni 

1.  ArchM 

The  Lintel  and  the  Arch.  When  an  opening  is  made  in  a  masonry  wall 
ft  is  necessary  to  provade  some  means  of  spanning  such  opening  to  support  the 
superimposed  masonry.  Two  methods  have  been  employed  by  constnictora 
for  this  purpose.  The  first  involves  the  use  of  the  beam,  gikoer,  cap,  or  untel, 
and  the  second  the  throwing  of  an  arch  from  one  side  of  the  opening  to  the 
other.  Lintels  are  made  of  various  materials,  as  wood,  stone,  reinforced  con- 
Crete,  cast  iron  and  steel,  and  have  cros&^sections  of  different  shapes.  They 
are  placed  across  the  tops  of  the  openings  and  transfer  laterally  the  loads  above, 
causing  vektical  beactions,  only,  in  the  side  supports.  An  arch,  on  the 
contrary.  Is  a  particular  arrangement  of  blocks  of  stone  or  other  mAlerial,  put 
together,  generally  along  a  curved  line^  in  such  a  way  that  they  reast  the  load 
by  a  balancing  of  ctrtain  thrusts  and  counterthrusts.  An  arch  exerts  on 
its  supports  an  otrrwARo  thrust  as  well  as  a  vertical  pressure;  and  it  is 
this  outward  thrust  which  requires  that  the  arch  should  be  used  with  caution 
when  the  abutments  are  not  amply  large  and  strong.  The  mechanical  principles 
involved  in  the  spanning  of  an  opening  by  a  lintel  are  much  simi^er  than 
those  of  the  arch  and,  historically,  the  lintel  very  considerably  antedates  the 
arch. 

DefinitiiMUU    Before  taking  up  the  principles  of  the  arch,  we  will  define  the 
principal  terms  relating  to  it    The  distance  w  (Fig.  1}  is  called  the  span  of  the 
arch;  ai,  the  rise;  b,  the  crown;  the  lower  boundary 
line  eac,  the  SOFFIT  or  intrados;  the  outer  boundary 
line,  the  BACK  or  extrados.    The  terms  soffit  and 
BACK  are  also  applied  to  the  entire  lower  and  upper 
curved  sufaces  of  the  whole  arch.    The  sides  of  the 
arch  which  are  seen   are  caUed  the  faces.    The 
blocks  of  which  the  arch  itself  is  oomposed  ate  called 
voussoiKs;  the  center  one,  iC,b  called  the  keystone;   rj-   i     n*    '       of  Sec 
and  the  kwest  ones,  SS,  the  sfringbrs.    In  seo-      *'     mcnS^h 
mental  arches,  or  those  of  which  the  intrados  is  not 

a  complete  semicircle,  the  springers  generally  rest  upon  two  stones,  as  RR,  which 
have  their  upper  surfaces  cut  to  receive  them;  these  stones  are  called  skewbacks. 
The  line  connecting  the  lower  edges  of  the  springers  is  called  the  sprtnoino- 
line;  the  sides  of  the  arch  are  called  the  haunches;  and  the  loads  in  the  tri- 
angular spaces,  between  the  haunches  and  a  horizontal  line  drawn  from  the 
crown,  are  called  the  spandrels.  The  blocks  of  masonry,  or  other  material, 
which  support  two  successive  arches,  are  called  piers;  and  the  extreme  blockS; 
which,  in  the  case  of  stone  bridges,  generally  support,  on  one  side,  embank- 
ments  of  earth,  are  called  abutkbnts.  A  pier  strong  enough  to  resist  the 
thrust  of  one  of  two  successive  arches,  in  case  the  other  one  falls  down,  is  some- 

*  Sec.  alto.  Chapter  XXXL 
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times  called  an  abutment-pier.    Besides  their  own  weight,  arches  usually  sup\ 
port  permanent  loads  or  surchaeges  of  masonry  or  of  earth. 

Forms  of  Arches.  In  using  arches  in  architectural  constructions,  tht 
touts  of  the  arches  are  generally  governed  by  the  style  of  the  building,  or  bj 
a  limited  amount  of  space,  rather  than  by  engineering  con^derations.  TIM 
problem,  therefore,  that  usually  presents  itself  to  the  architect  is  not  to  desigi 
the  form  and  dimensions  of  an  arch  that  will  most  economical^  and,  from  ai 
engineering  point  of  view,  efficiently  bear  its  load,  but  rather  to  determine  ii 
an  arch  of  a  certain  form  and  of  certain  dimensions  will  be  stable  and  saii 
under  its  load.  The  semicircxtlar  and  segmental  forms  of  arches  are  th< 
best  as  r^ards  stability,  and  are  the  simplest  to  construct.  Euipticai.  ami 
THREE-CENTERED  arches  are  not  as  strong  as  circular  arches,  and  should  onb 
be  used  where  they  can  be  given  all  the  strength  desirable. 

The  Strength  of  an  Arch  depends  vecy  much  upon  the  care  with  which  it  h 
built  and  upon  the  quality  of  the  materials.  In  stone  arches,  special  care  shoukj 
be  taken  to  cut  and  lay  the  beds  of  stones  accurately,  and  to  make  the  bed< 
joints  thin  and  close,  in  order  that  the  arches  may  be  stressed  as  little-as  possibly 
in  settling.  To  insure  this,  archer  are  sometimes  built  dry,  grout  or  liquid 
mortar  being  afterwards  run  into  the  joints;  but  the  advantage  of  this  method 
is  doubtful. 

Brick  Arches.*  (See  Figs.  2,  3,  4  and  5.)  These  may  be  built  cither  oi 
WEDGE-SHAPED  bricks,  molded  or  rubbed  so  as  to  fit  to  the  radius  of  the  soffit^ 


Fig.  2  Fig.  8  Fig.  4  Fig.  6 

Brick  Arches 

or  of  bricks  of  common  shape.  The  former  method  is  undoubtedly  the  best,  aa 
it  enables  the  bricks  to  be  thoroughly  bonded,  as  in  a  wall;  but,  as  it  involved 
considerable  expense  to  make  the  bricks  of  the  proper  shape,  it  is  very  sd^ 
dom  employed.  When  bricks  of  the  ordinaiy  shape  are  used,  they  are  ac- 
commodated to  the  curved  figure  of  the  arch  by  making  the  bed-joints  thinner 
towards  the  intrados  than  they  are  at  the  extrados;  or,  if  the  curvature  is  sharp, 
by  driving  thin  pieces  of  slate  into  the  outer  edges  of  those  joints;  and  different 
methods  are  followed  for  bonding  them. 

The  usual  method  is  to  build  the  arch  in  concentric  rings,  each  one-half  brick 
thick;  that  is,  to  lay  all  the  bricks  as  stretchers  and  depend  upon  the  tenac- 
ity of  the  mortar  for  the  connection  of  the  several  rings.  Brick  masonry  con- 
structed in  this  way  is  deficient  in  strength,  unless  the  bricks  are  laid  in  cement 
mortar  which  is  at  least  as  tenacious  as  themselves.  Another  way  is  to  intro^ 
duce  courses  of  headers  at  intervals,  and  to  connect  pairs  of  haif-brick  rings 

*  For  illustrations  of  the  different  methods  of  building  brick  arches,  see  Chapter  VTI, 
Buildiiig  CoostructioQ  and  Superinteodeoce,  P^rt  E,  Masons'  Work,  F.  £.  Kidder. 
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iDgetlier.  This  may  be  done  either  by  thickening  with  pieces  of  slate  the 
oints  of  the  outer  ring  oC  a  pair  of  half-brick  rings,  so  that  there  will  be  the 
Ame  number  of  courses  of  stretchers  in  each  ring  between  two  courses  of 
waders;  or  by  placing  the  courses  of  headers  at  such  distances  apart,  that 
wtween  each  pair  of  them  there  will  be  one  course  of  stretchers  more  in  the 
niter  than  m  the  inner  ring.  The  former  method  is  best  suited  to  arches  of 
ong  radius;  the  latter,  to  those  of  short  radius.  Hoop>iron  laid  around  the 
irch,  between  ha]f4irick  rings,  as  weii  as  longitudinally  and  radially,  is  very 
iseful  for  strengthening  brick  arches.  The  bands  of  hoop-iron  which  traverse 
he  arch  radially  may  also  be  bent,  and  prolonged  into  the  bed-joints  of  the 
lacking  and  spandrels.  By  the  aid  of  hoop-irok  bond.  Sir  Marc-Isambard 
Sninel  built  a  half-arch  of  bricks,  laid  in  strong  cement  mortar,  which  stood, 
>rojecting  from  its  abutment  like  a  bracket  to  the  distance  of  60  ft,  until  it  w^ 
lestroyed  by  the  undermining  of  its  foundations. 

The  only  requirements  in  the  New  York  City  Building  Laws  for  brick  and 
•tone  arches  is  that  "openings  for  doors  and  windows  in  all  buildings  shall  have 
(ood  and  sufficient  arches  of  stone,  brick,  or  terra-cotta,  well  built  and  keyed 
md  with  good  and  sufficient  abutments. " 

Rule  for  the  Radins  of  Brick  Arches.  A  good  rule  for  the  radius  of 
segmental  brick  arches  over  windows,  doors  and  other  small  openings  is  to 
make  the  radius  equal  to  the 

ft'IDTH     OF    THE     OPENING.     This 

sives  a  good  rise  to  the  arch  and 
I  pleasing  proportion.  In  com- 
mon brickwork,  when  no  par- 
ticular architectural  effect  is 
desired,  such  as  in  the  rowlock 
arches  thrown  over  the  openings 
in  cellar  walls,  a  rule  in  very 
common  use  is  to  make  the  rise 
of  the  arch  at  the  crown  an  inch 

IN  HEIGHT  FOR  EVERY  TOOT  OF 
SPAN. 

Segmental  Arches  with  Tie- 
Rods.  It  is  often  desirable  to 
span  openings  in  a  wall  by  means 
of  arches  when  there  are  not  a 
sufficient  number  of  abutments 
to   withstand    the    thrusts.    In 

cases  of  this  kind  each  arch  can  be  sprung  from  two  cast-iron  skewbacks,  held 
in  place  by  iron  rods,  as  is  shown  in  Fig.  6.  When  this  is  done,  it  is  necessary 
to  proportion  the  size  of  the  rods  to  the  thrust  of  the  arch.  The  hormontal 
thrust  of  the  arch  may  be  very  closely  determined  by  the  following  formula: 

load  on  arch  X  span 


Fig.  6.    Segmental  Brick  Arch,  Cast-iron  Skew* 
back  and  Wrought-iron  Tie-rod 


Horizontal  thrust 


8  X  rise  of  arch  in  feet 


If  the  load  b  concentrated  at  the  center  of  the  arch,  the  thrust  will  be  twice 
that  given  by  this  formula. 

The  tensional  stress  in  the  rod  or  rods  will  equal  the  horizontal  thrust 
of  the  arch  and  if  there  are  two  rods,  the  stress  in  each  will  be  one-half  the 
thrust.  If  there  are  three  rods,  then  each  must  resbt  one-third  the  thrust. 
Knowing  the  stresses  in  the  rods,  the  siae  of  each  may  be  determined  from 
Table  II,  Chapter  XL 
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Example  x.  Let  tu  assume  that  a  bridL  arch,  like  the  one  shown  la  Fig.  6^ 
has  a  s|>an  of  is  ft,  a  rise  at  the  center  of  i  ft  6  in,  and  that  it  supports  a  12-in 
brick  wall.  The  weight  of  all  the  brick  masoniy  above  the  arch  does  not  oome 
upon  it  Usually  only  an  bquilatbral  triangle  of  brickwork  is  conaidcxcd, 
the  base  of  the  triangle  being  the  span.  Assume,  therefore,  an  equilateral  tri~ 
angle  the  sides  of  which  are  each  15  ft  long.  The  altitude  of  this  tiianirie  b 
about  12.6  ft  and  its  area  will  equal  15  ft  X  ia.6  ft  X  H  «  94M  sq  ft.  If  the  wall 
is  12  in  thick  there  will  be  97H  cu  ft  of  brickwork  within  this  triangle  o€  the: 
wall;  and  since  ordinary  brickwork  weighs  about  1x5  lb  per  cu  ft,  its  freight 
will  be  about  10  867  lb.    Substituting  these  values  in  the  foraiula. 

The  horizontal  thrust  -  — r ■•  13  584  lb 

8X1.5 

Looking  in  Table  11,  page  388,  it  appears  that  one  iH-In  or  two  xV^in  plain, 
round,  wrought-iron  rods,  or  one  i^-in  or  two  fi-in  round,  upset,  steel  rods 
should  be  used. 

Centers  for  Arches.  A  center  is  a  temporary  structure,  gencrany  <d 
timber,  on  which  the  voussoirs  of  an  arch  are  supported  while  the  arch  is  being 
built.  It  consists  of  parallel  frames  or  ribs,  placed  at  convenient  distances 
apart,  curved  on  the  outside  to  a  line  parallel  to  that  of  the  soffit  of  the  arch« 
and  supporting  series  of  transverse  planks,  upon  which  the  arch-stones  rest. 
The  center  commonly  used  is  one  which  can  be  lowered,  or  struck  all  in  one 
piece,  by  driving  out  wedges  from  below  it,  so  as  to  remove  at  once  the  support 
from  every  point  of  the  arch.  The  center  of  an  arch  should  not  be  struck  until 
the  solid  part  of  the  backing  has  been  built  and  the  mortar  has  had  time  to 
set  and  harden;  and  when  an  arch  forms  one  of  a  series  of  arches  with  piers 
between  them,  no  center  should  be  struck  so  as  to  leave  a  pier  with  an  arch 
abutting  against  one  side  of  it  only,  unless  the  pier  has  sufficient  stability  to  act 
as  an  abutment.  When  possible,  the  striking  of  the  center  of  large  brick  arches 
should  be  delayed  for  two  or  three  months  after  the  arch  is  built,  and  during 
the  period  that  they  are  in  place  they  should  be  eased  from  time  to  time. 
This  is  done  by  easing  out  the  wedges  under  the  centers  a  little  at  a  time  so 
as  to  let  them  down  gradually  and  thus  adjust  any  slight  settling  or  shrinkage  of 
tJie  masonry  as  it  occurs. 

Mechanical  Principles  of  the  Arch.  In  designing  an  arch,  the  first  ques- 
tion to  be  settled  is  the  form  of  the  arch;  and  in  regard  to  this,  as  already  noted, 
there  is  generally  little  choice.  When  the  abutments  are  of  ample  size,  the  seg- 
mental arch  is  the  strongest;  but  when  it  is  necessary  to  make  the  abutments 
of  the  arch  as  small  as  possible,  the  semicircular  or  the  pointed  a&ch  should 
be  used. 

Depth  of  Keystone.  Having  decided  upon  the  form  of  the  arch,  the  depte 
OF  the  arch-ring  must  next  be  decided.  This  is  generally  determined  by  con^ 
puting  the  required  depth  of  the  keystone  and  making  the  depth  of  the 
whole  ring  the  same  or  a  little  larger.  In  considering  the  strength  of  an  arch, 
the  depth  of  the  keystone  is  considered  to  be  only  the  distance  from  the  ex- 
trados  to  the  intrados  of  the  arch;  and  if  the  keystone  projects  above  the  arch- 
ring,  as  in  Fig.  1,  the  projection  is  considered  a  part  of  the  load  on  the  arch. 
There  are  several  rules  for  determining  the  depth  of  the  keystone,  but  all  are 
empirical;  and  they  differ  so  greatly  that  it  is  difficult  to  recommend  any  par- 
ticular one. 

RanUne's  Fonnnla  for  Depth  of  Keystona.  Professor  Ranklne'a  rule 
b  often  quoted,  and  gives  results  which  are  probably  true  enough  for 
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ardies.  It  appfies  to  both  ciRCtrLAR  and  ellipttcal  arches  and  is  as  follows. 
Take  a  mean  proportional  between  the  inside  radius  at  the  crown,  and  o.is  of 
a  foot  for  a  single  arch,  and  0.17  of  a  foot  for  an  arch  forming  one  of  a  series: 


Depth  in  feet  of  keystone  for  single  arch        »■  V(o .  12  X  radius  at  crown) 
Depth  in  feet  of  keystone  for  arch  of  a  series  «■  V(o.  17  x  radius  at  crown) 

The  dimensions  given  by  this  formula  seem  to  agree  very  well  with  those 
generally  used  in  practice  in  arches  of  a  certain  kind.  The  formula,  however, 
pyes  the  same  depth  of  keystone  for  spans  of  any  length,  provided  the  radiua 
is  the  same;  and  in  this  particular  it  would  seem  that  the  rule  is  not  satisfactory. 

Trautwine*B  FormuU  for  De^  of  Keystone.  Trautwine,  from  calcu- 
ktioDs  xnade  for  a  large  number  of  arches,  deduced  a  formula  for  the  depth  of 
kQ-stone,  which  seems  to  agree  with  theory  more  closely  than  Rankine's  formula. 
His  rule  is,  for  cut  stone, 

^     .     ,,      .    .  ,  V radius  +  half  span 

Depth  of  key  m  feet 


t 


+  0.2  ft 


For  SECOND-GLASS  work  this  depth  may  be  increased  about  one-eighth  part, 
or  for  BRICKWORK  or  fair  rubble,  about  one-third. 

Tables  for  Depths  of  Keystones.  Table  I  gives  a  few  examples  of  the 
DEPTHS  OF  THE  KEYSTONES  of  some  bridges,  together  with  the  depths  which 
would  be  required  by  Trautwine's  or  Rankine's  formula.  From  this  table  it 
is  seen  that  the  results  of  both  formulas  agree  very  well  with  dimensions  used 
in  actual  practice. 


TaUe  L    Depths  of  Keystones  of  Some  Arches  of  Qrcolar  Arc 

Name  or  location  of 
structure 

Span 
ft 

Rise 
ft 

Radius 
ft 

Actual 
depth 
of  key 

ft 

Calculated 
depth  of  key 

1 

Traut- 

wine's 

Rule 

ft 

Ran- 
kine's 
Rule 

ft 

Engineer  | 
1 

Cabin  John.  Washing- 
ton aqueduct.  .^ 

Grosvenor  bridge 
Cheater.  En^and. . . . 

Dora  Riparia,  Turin, 
luly 

»o.o 

aoo.o 

X4S.0 
118. 0 

90. 0| 

7S.0 

60.0 

44.0 
31. 3 

S7.3S 

43.0a 

xS.oo 
38  00 

•4.» 
3$.  00 
18.00 

8.00 
S.oo 

134.35 
X40.00 

X60.10 
64.80 

48.90 
4300 

34.00 

34  30 
a6.8o 

4.16 
4.00 

4.93 
3. SO 

3.00 
3.00 

3.50 

a. so 
X  66 

4.11 
4.05 

403 
3.00 

3.63 

3.46 

3.30 
3.08 
1.83 

4.00 

4.X0 

4.38 
3.79 

3.88 
3.37 

3.00* 

3.0a 

x.TO 

MeigB 
Hartley 

Mosca 

Telford 

Telford 

Steele 

Kneasa 

Steele 

Steele 

Tongueland.  England . 

Dean  bridge.  Scotland. 

in  a  series 

Palls    bridge.    Phila- 
delphia &  Reading 
Railroad 

Chestnut   St.  bridge, 
Philadelphia,   brick 
10  cement 

Philadeli^faia  ft  Read- 
ing Railroad 

Philadelphia  ft  Read- 
{     tug  Railroad 

*  For  fizst-dass  cut^tone  wotk. 
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Table  II*  gives  the  DEFfBS  of  keystones  for  arches  of  first-claas  cut  ston^ 
according  to  Trautwine's  Formula.  For  second-class  cut  stone,  add  about  one 
eighth  part  and  for  fair  rubble  or  for  brickwork  about  one-third  part,  as  statd 
with  formula. 


Table  n. 


Dcpffhs  of  Keystones  for  Arches  of  nrst-CUss  Cut-Stone 

llaaomy 


Span 

Rise,  in  parts  of  the  span 

H 

\i 

H 

H 

ft 
0.60 
0  76 
0.89 
x.oo 

\.% 

X  43 
I.S8 
1. 71 
183 
1.05 

3.16 

135 

3.68 

a. 97 
3.33 

3.46 
3.73 
3.90 

4.13 
4.30 
4  48 
4.66 

H 

H 

Mo    • 

ft 

3 

t 

8 

10 

IS 

30 

35 
30 
35 
40 
50 
6o 
8o 
xoo 

130 

140 

160 

x8o 

300 
330 
340 
360 
380 
300 

ft 

0.S5 
0.70 
0  81 

0  91 
0.99 
X.17 
x.33 
X.45 
X  57 
X.68 

1  78 
X.97 
3X4 
3.44 
3.70 

3.94 
3- 16 

3.36 
3.56 
3-74 
391 
4wP7 
4.33 
4.38 
4-53 

ft 
0  s6 
0.73 
0.83 

0  93 
X  01 

X  19 

1  35 
X.48 
X  60 
1.70 
X.81 
3.00 

3X8 

3  49 
8.7s 
3.99 

3  3X 

3  44 
3.63 
3.8X 
4.00 

4  IS 
4  31 
4.46 
4.63 

ft 
0.58 

0.74 
0.86 
0.96 
x.04 
x.33 
I  38 

I  53 

I  65 
X.76 
1.68 
3.08 
3.36 

a.5» 
3.86 
3.10 

333 

358 
3.75 
395 
4.13 

4.30 

4.47 
4.63 
4.80 

ft 

o.6t 

0  79 
0  93 

x.03 

X.IX 

x.30 

X.4« 
1.64 
1.78 

190 

3.03 
3.35 

3.44 
3.78 
3.09 

3  35 
3.60 

3.87 
406 
4.29 
4.48 

ft 

0.64 
0.83 
0  97 

IS 

x.40 

112 

X  9x 
3  04 
3.18 

3.41 
3.6a 

3.98 
33a 
3  61 
3.87 
4.17 
4.38 

ft 
0.68 

0.88 
X  03 

X.I6 
1.36 
1  50 

x.70 

I  88 

a  04 
3.19 

258 

a.8o 
3<x8 

3  53 
388 

4- 15 

Example  s.  Having  decided  what  the  thickness  of  the  arch-ring  will  be  I 
remains  to  determine  whether  such  an  arch  would  be  stable  if  built.  Tb 
following  example  will  illustrate  the  method  of  determining  this. 

Consider  an  unloaded  semicircular  arch  of  30-ft  span. 

First,  to  find  the  depth  of  the  keystone,  we  will  use  Rankine's  Formula. 


Depth  of  key  -  Vo.xa  X  10-  V1.3  -  x.i  ft 

Trautwine's  Formula  gives  nearly  the  same  result, 

V  xo-f- 10 
Depth  of  key -|-  0.3  ft  -  x.3  ft 

4 

But  if  we  should  compute  the  stability  of  a  30-ft  semidicular  arch  with  i 
keystone  1.3  ft  deep,  we  should  find  that  the  arch  is  very  unstable:  hence,  ii 
this  case,  we  cannot  use  the  formula  and  must  act  upon  our  own  judgment 
In  the  opinion  of  the  author,  the  arch-ring  of  such  an  arch  should  be  at  leasi 
2H  ft  deep  and  the  stability  of  the  arch  should  be  tested  for  that  thickness 
In  all  calculations  on  the  arch,  it  is  customary  to  consider  it  i  ft  thick  i 

*  Taken  from  The  Chnl  Engineer's  Pocket-Book,  John  C.  Trautwiae. 
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Thriut  from 
Bext  abov* 

Csator  of  vrmnuo 


risht-ftagles  to  iu  face.  Ibis  allows  the  areas  or  the  facxs  to  be  substituted 
for  the  actual  weights  of  the  vousaoin  and  their  knds.  This  method  was 
used  in  the  discussion  of  Retaining- Walls,  Chapter  IV,  ^d  Piers  and  But^ 
tresses,  Chapter  VII.  Furthermore^  it  is  evident  that  if  an  arch  i  ft  thick  is 
stable,  any  number  of  arches  of  the  same  dimensions  built  alongside  of  it  would 
be  stable.  In  determining  the  stability  of  masonry  arches  it  is  also  customary 
to  neglect  any  increase  in  the  strength  of  the  arch  from  the  mortar  in  the  joints, 
<x  in  other  words,  to  consider  the  arch  as  laid  up  dry. 

Grtphic  Determinrntioii  of  the  Stability  of  Arches.    An  arch  has  already 
been  defined  as  a  particular  arrangement  of  blocks  of  stone  or  other  material, 
tlffie  blocks  being  called  the  vovs- 
sonts.    For    the  sake  of  simplicity 
onader    an    unloaded     aech.    In 
Sich  an  arch  each  voussolr  is  sub- 
jected to  the  action  of  three  forces, 
(0  the  thnist  that  it  receives  from 
tlK  voussoir  next   above  it   in   the 
vdi-nng,  (2)  the  force  of  gravitation, 
or  its  cram  weight  and  (3)  the  reaction 
to  the  resultant  thrust.  The  first  two     Fig.  7.    Equilibrium  of  Forces  on  Vouaaoir 
foros  combine  into  one  and   form 

the  thrust  that  this  voussoir  exerts  on  the  one  next  bebw  it  in  the  arch-ring 
(Fig.  7).  The  pomts  in  which  these  various  thrusts  cut  the  joints  are  called  the 
CEKTEB8  OF  FKBSSUXE  of  the  joints.  While  the  line  joining  these  centers  of  pre»* 
are  is  called  the  line  or  pressuke  or  une  of  besistancb.*  In  order  that  an 
vch  may  be  absolutely  stable,  this  tine  of  resistance  must  fall  within  the  middle 
thu)  of  the  arch-ring.  (See  Theorem  of  the  Middle  Third,  Chapter  IV  )  If 
the  arch  is  stable  the  centers  of  pressure  on  the  various  joint-tines  are  within 
the  middle  third  of  the  voussoir-depths  and  the  angles  made  by  the  different 
thnisu  with  the  normals  to  the  joints  are  less  than  the  angle  of  friction  of 
the  material  of  which  the  arch  is  coostructed.    If  these  conditions  are  not  ful- 


BMvltenl  thnnt 
•Bk  fouMoic  aaxt  Iwloir 


•Thiuit  of  toMoir 


Failure    of    Semicircular  Arch. 
Haunches  Sliding  Down 


Fig.  9.     Failure  of  Semicircular  Arch. 
Haunches  Sliding  Up 


filled  the  criteria  of  safety,  exphdned  in  Chapter  VII  in  the  discussion  of 
the  Stability  of  a  Buttress,  will  not  be  satisfied;  and  at  any  joint  where  these 
ccoditioas  do  not  obtain,  the  voussoir  above  the  joint  will  tend  to  slide  along 
the  j<Mnt-plane  if  the  angle  made  by  the  thrust  with  a  normal  to  the  joint  is 
pcater  than  the  angle  of  friction.  If  the  center  of  pressure  lies  outside  the 
suddle  third,  there  will  be  a  tendency  for  the  voussoir  to  overturn.  When 
th«e  tendencies  reach  extreme  limits  actual  pailxtre  may  occur.  Figures  8,  9, 
10  and  11  illustrate  some  of  the  ways  in  which  an  arch  may  fail.  Figs.  8  and  9, 

*  This  line  u  caDed,  interchangeably,  the  line  or  patsstras,  the  une  ov  pksistance, 
the  KESisTAMCS-UNE,  etc.     (See,  abo,  Chapter  XXXI,  pages  zaas  and  1234-) 
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showing  different  parts  of  the  masonry  sliding  on  the  joints  and  Figs.  10  aiM^ 
11  the  failures  caused  by  the  passing  of  the  line  of  pressure  near  the  intrados  m 
extrados.  , 

Before  passing  to  the  actual  discussion  of  the  graphic  kethod  for  determining 
the  stability  of  arches,  a  consideration  of  the  action  of  the  stbessbs  developed 
in  a  construction  of  this  kind  will  assist  in  a  dearer  understanding  of  the  subject  J 

Fig.  8  shows  how»  if  the  line  of  resistance  along  the  haitMcbes  of  the  arch 
^ould  turn  sharply  downward  and  in  so  doing  make  with  a  normal  to  one  ol 
the  joints  an  angle  greater  than  the  ,angle  of  friction*  the  vouasoirs  at  this  point 


Fig.  1 0.     Failure  of  SemicircuUr  Arch. 
Opening  of  Arch^ring 


Fig.   11.    Failure  of    Pointed   Arch. 
Opening  of  Ardi-ring 


would  tend  to  slide  inward  on  their  joint-planes,  forcing  outward  the  vouasoirs 
at  the  spring  and  crown  of  the  arch.  Fig.  9  shows  how  failure  of  the  arch  wouki 
occur  under  similar  conditions,  but  with  the  line  of  resistance  turning  sharply 
upward  instead  of  downward.  In  these  two  cases  it  is  conceivable  that,  al^ 
though  the  resistant  thrust  at  the  joint  where  failure  takes  place  makes  an 
angle  with  the  normal  greater  than  the  angle  of  friction,  its  point  of  application 
b  still  within  the  middle  third  of  the  joint. 

Figs.  10  and  11,  on  the  contrary,  illustrate  methods  of  failure  in  which,  al* 
though  the  angle  made  by  the  thrust  may  be  such  as  to  cause  no  supping  of  cme 
joint  on  another,  its  point  of  application  is  sufficiently  outside  the  middle  third 
of  the  arch-ring  itself  at  the  crown  to  cause  overturning.  In  Fig.  10  the  line 
of  resistance  passes  high  up,  or  perhaps  entirely  outside  of  the  arch-ring,  in  the 
voussoirs  at  the  crown  of  the  arch  and  low  down  along  the  haunches.  In 
Fig.  11  exactly  contrary  conditions  exist. 

The  ten  ways  in  which  a  masonry  arch  may  fail  have  been  classified  as  follows:  * 
**  (i)  By  crushing  of  the  masonry;  (2)  By  sliding  of  one  voussoir  upon  another; 
(5)  By  one  voussoir  or  section  of  masonry  overturning  abput  an  adjacent 
voussoir  or  section;  (4)  By  shearing  in  a  horizontal  or  vertical  plane,  this 
applying  to  solid  concrete  arches  and  not  to  voussoirs;  (5)  As  a  column  when 
the  ratio  of  the  unsupported  length  of  an  arch  to  its  least  width  is  greater  than 
twelve;  (6)  From  striking  the  centering  before  the  mortar  is  hard  or  when 
the  arch,  although  stable  under  the  full  load,  is  not  stable  under  its  weight 
alone;  (7)  By  striking  the  centering  or  loading  the  arch  during  ooostruc- 
tion  imsymmetricaUy;  (8)  By  settlement  of  the  foundations;  (9)  By  sudinc 
upon  the  foundations;  (10)  By  overturning  about  any  point  in  the  pier  or 
abutment.  Methods  (8)  and  (9)  are  the  most  common  wasrs  of  failure.  All 
methods  of  failure,  however,  must  be  guarded  against  in  design. " 

While  some  of  these  ways  of  failure  may  seem  other  than  those  illustnited 
in  the  foregoing  figures,  they  may  be  perhaps  more  properly  considered  CAUsts 

*  W.  J.  Douglai  in  American  Civil  Engineering  Pocket-Book,  nage  625. 
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or  WAJumm  than  ways  of  failume;  and  aU,  with  the  «xceptkm  of  the  fiist 
brag  about  a  poattion  of  the  line  of  resistance  in  the  arch-ring  which  causes 
faihiic  m  one  of  the  ways  noted. 

In  regard  to  the  method  of  failure  (i),  the  conditions  may  be  snch  that  the 
leading,  although  symmetrical,  is  so  excessive  that  although  the  line  of  resistance 
ranains  within  the  middle  third,  the  total  pressure  x>n  a  joint  is  sufficient  to 
CBcsB  TKK  MATEK1A1.  of  wiuch  the  arcb  is  coQstnicted.  Stich  CQiidttiDns»  how- 
e%'cr,  are  not  common. 

From  the  f  aregoing  discussion  it  is  evident  that  in  order  to  determine  whether 
(^  not  a  given  arch  is  stable,  it  is  necessary  to  find  the  tkce  line  of  besistance 
conespanding  to  the  conditions  of  loading,  form  and  dimensions  of  that  par- 
ticular arch.  It  is  always  possible,  in  every  arch-ring,  to  pass  one  MAxnruic 
and  one  xinimuh  une  of  resistance.  The  true  line  of  resistance  will  lie 
somewhere  between  these  two.  The  method  of  procedure,  therefore,  is  to  pass 
tentatively,  a  line  of  resistance,  either  a  maximum  or  a  minimum  one,  and  see* 
if  it  remains  within  the  middle  third.  If  it  does  not,  as  it  may  not  be  the  true 
Ene  of  resbtance,  it  does  not  mean  necessarily  that  the  arch  is  not  stable.  The 
Dtxt  step  then,  is  to  note  where  it  departs  farthest  from  the  middle  third,  and 
to  pass  a  second  line  of  resistance  through  the  same  point  on  the  crown-joint 
and  the  point  on  the  line  of  the  middle  third  where  the  original  line  departs 
farthest  from  the  middle  third.  If  this  second  line  of  resistance  remains  within 
the  fmAtil^.  third  it  is  reasonable  to  assiune  that  the  arch  is  stable.  In  these 
various  operations  it  is  only  necessary  to  consider  half  the  arch  when  the  loading 
i>  s>nBunetrical,  and  this  is  usually  the  case  in  architectural  problems.  The 
KTMBER.  OF  voussoiRS,  also,  into  which  we  divide  the  half-arch,  is  immaterial 
scd  the  joints  need  not  coincide  with  those  of  the  actual  arch. 

In  order  to  pass  a  line  of  resistance  through  an  arch-ring,  the  thrust  exerted 
by  the  other  half  at  the  crown-joint  on  the  half-arch  is  first  determined. 
This  thrust  b  then  combined  with  the  resultant  of  the  weight  of  the  first  voussoir 
and  its  load  to  determine  the  thnist  exerted  by  this  voussoir  on  the  one  next 
below  it,  and  this  thrust,  in  turn,  is  combined  in  the  same  way  with  the  resultant 
of  the  weight  and  the  load  of  the  second  voussoir,  and  so  on  down  to  the  spring* 
iog- joint,  for  each  succeeding  voussoir.  The  points  in  which  the  various  lines 
representing  the  thrusts  cut  the  joints  are  known  as  the  centers  of  pressure, 
and  the  line  joining  them  is  the  une  of  pressure  or  line  of  resistance.  In 
performing  this  operation,  the  center  of  gravity  of  each  voussoir  as  well  as 
the  Une  passing  through  the  center  of  gravity  of  the  whole  half -arch  must  be 
located.  The  face  of  each  voussoir  may  be  considered  a  trapezoid,  and  any 
one  of  the  methods  for  finding  the  center  of  gravity  of  tlus  figure  may  be  used 
for  finding  the  center  of  gravity  of  each  voussoir.  The  method  of  dividing  the 
trapezoid  into  triangles  is  here  employed  and  is  shown  at  the  side  of  the  arch 
in  Fig.  12.  (See,  also,  in  Chapters  VI  and  VII.)  As  the  determination 
of  the  position  of  the  line  passing  through  the  center  of  gravity  of  the  half-arch 
is  the  problem  of  finding  the  resultant  of  a  system  of  parallel  forces,  the 
method  involving  the  drawing  of  the  equilibrium-polygon  may  be  used. 
The  most  convenient  way  to  determine  the  stability  of  an  arch  is  to  use  the 
graphic  method.  The  steps  in  this  method  are  outlined  in  the  preceding  para- 
graphs.    Each  of  the  operations  will  now  be  considered  in  detail. 

First  Stap.  Draw  one-half  the  arch  to  as  large  a  scale  as  convenient,  and 
divide  it  into  voussoirs  of  equal  size.  In  the  example  shown  in  Fig.  12,  the 
arch-ring  is  divided  into  ten  voussoirs  of  equal  face-areas.  As  already  pointed 
out,  it  is  not  necessary  that  these  should  represent  the  actual  voussoirs  of  which 
the  arch  is  built.    Next,  the  face-area  of  each  of  these  voussoirs  is  to  be  found. 
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Where  the  arch-ring  is  divided  into  voussoirs  of  equal  sbe,  this  Is  moat  taaSif\ 
done  by  computing  the  total  area  of  the  arch^ring  and  dividing  thia  total  ana 
by  the  number  of  voussoirs.  The  formula  for  findmg  the  area  of  oDe-half  the 
arch-ring  is  as  follows: 

Area  in  square  feet  ■■  0.7854  {r*^n^ 

In  this  formula  r  is  the  out«de  radius  and  ft  the  inside  radius  in  feet. 
In  this  problem,  for  example,  if  the 

Area  of  the  arch-ring  "  o  7854  (12.5*—  xo^}  «  44.2  sq  ft 

as  there  are  ten  equal  voussoirs,  the  area  of  each  voussoir  is  4.42  sq  ft     Hav- 
ing drawn  out  one-half  of  the  arch-ring,  divide  the  crown-joint  into  three  equal 

parts,  and  with  radn 
r«f  of  0'£  and  (yF  describe 

p»fiv>r«M«*  the  arcs  dividmg  the 

arch-ring  into  thirds. 

Second  Step.  Choose 
the  points  E  and  H 
through  which  to  pass 

a  lONlMUH  UNE  OF  K£- 

SI6TANCE.  The  points 
F  and  G,  through  which 
a  UAxncuM  UNE  OF  as- 

siSTANCE  can  bepassed» 
could  equally  well  have 
been  chosen.  It  should 
be  noted  that  an  un- 
loaded semicircular 
arch  is  more  apt  to  fail 
by  opening  at  the  in- 
trados  at  the  crown 
and  at  the  extrados  at 
the  haunch,  and  there- 
Fig.  12.    Line  of  Pressure  ia  Unloaded  Semicircular  Axch-ring   fore,  in  this  case,  the 

line  of  resbtanoe  prob- 
ably passes  nearer  the  outer  THxao  at  the  crown  and  nearer  the  inner  third 
at  the  HAUNcn.  To  determine  this  laNiicuM  une  of  resistance  the  inNiuuH 
THRUST,  applied  at  the  point  E  of  the  crown-joint,  must  first  be  determined. 

The  half-arch  is  in  equilibrium  imder  the  action  of  three  forces:  (i)  the 
THRUST  AT  THE  CROWN,  acting  horizontally,  applied  at  the  point  E  and  preventing 
the  half-arch  from  overturning  inward;  (2)  the  weight  of  the  half-arch 
considered  as  a  vertical  force,  acting  through  its  center  of  gravity  and  tending 
to  overturn  it  inwards  about  the  point  D;  and  (3)  a  force  equal  and  oppo- 
site TO  the  resultant  of  these  two  forces  and  passing  from  H  to  I.  I  is  the 
intersection  of  the  weight-iine  through  the  center  of  gravity  of  the  half-arch, 
vrith  the  line  of  action  of  the  thr\ist  at  the  crown,  prolonged.  It  is  thus  possible 
to  construct  the  triangle  of  these  three  forces  and  determii^  the  magnitudes 
of  the  thrusts,  when  the  position  of  the  weight-line  of  the  half-arch  is  deter- 
mined. It  is  first  necessary  to  draw  a  vertical  line  through  the  center  of  gravity 
of  each  voussoir.  The  center  of  gravity  of  one  of  the  voussoirs  may  be  found 
by  the  method  of  triangles,  as  shown  in  the  supplementary  figure  at  the  side 
of  the  arch-ring. 
Having  determined  the  positions  of  the  centers  of  gravity  of  the  voussoir^ 
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bcatethcBioii  thevoussQinasBhown.  From  the  point  £  (Fig.  12)  lay  off  verti- 
aSy,  to  a  scale  of  so  many  square  units  to  a  linear  unit,  the  area  of  each 
¥oussoir,  one  below  the  other,  commencing  with  the  top  voussoir.  The  length 
of  the  Ime  EK  will  then  equal  the  total  area  of  the  arch-ring.  From  £  and 
K  (Fig.  12)  draw  45**  lines  intersecting  at  0.  Draw  Ow  1,  Ow  2,  Ow  3,  etc. 
Then  where  OE  intersects  the  first  vertical  line  through  the  center  of  gravity 
cf  the  first  voussoir  at  a,  draw  a  line  parallel  to  Ow  i,  intersecting  the  second 
vertical  at  h.  Draw  he  parallel  to  Ow  2,  cd  parallel  to  Ow  3  and  so  on  to  Jk. 
Draw  kL  parallel  to  Ow  10  and  prolong  it  downward  until  it  intersects  EO  pro- 
bngcd,  at  L,  A  vertical  line  drawn  through  L  will  pass  through  the  center  of 
{rravity  of  the  half  arch-ring.  This  is  an  application  to  a  practical  problem  of 
thi:  method  of  finding,  by  the  equiubrium-polygon,  the  line  of  action  of  the 
resultant  of  a  system  of  parallel  forces.  The  weights  of  the  individual 
voussoirs  act  along  parallel  vertical  lines  and  the  weight  of  the  half-arch  is  their 
rtsultant  in  magnitude. 

Tbifd  Stey.  To  determine  the  tbrust  at  the  crown  and  the  reaction 
AT  THE  SPKINC,  draw  a  horixoatal  line  through  E,  the  upper  part  of  the  middle 
third,  and  a  vertical  line  through  L,  the  two  lines  intersecting  at  /  (Fig.  12). 
For  the  arch  to  be  stable,  it  is,  in  general,  considered  necessary  for  the  line 
or  RESISTANCE  to  pass  within  the  middle  third.  First,  assume  that  the  line 
of  pressure  or  resistance  starts  at  E  and  comes  out  at  H.  Draw  a  line  IH 
the  direction  of  the  line  of  action  of  the  resultant  of  the  thrust  at  the  crowc^ 
and  the  weight  of  the  half-arch,  and  draw,  also,  a  horizontal  line  opposite  the 
point  vr  10,  between  N  and  M.  This  horizontal  line  MN  represents  the  magni- 
tode  of  the  horizontal  thrust  at  the  crown,  for  INM  is  the  triangle  of  the 
THREE  FORCES  in  equilibrium,  the  thrust  at  the  crown,  the  weight  of  the 
balf-arch  and  the  reaction  at  the  spring.  Draw  w  xo  O''  parallel  to  J?/,  and 
the  lines  O^w  i,  O^w  3,  O^w  3,  etc.  O^E,  equal  to  NAi,  is  the  thrust  at  the 
crown,  and  w  xo  (^,  equal  to  MI,  the  reaction  at  the  spring.  INM  and  JSJCO" 
are  similar  triangles. 

Poarth  Step.  It  is  required  next,  to  determine  the  line  of  resistance 
through  the  arch-ring.  The  thrust  at  £  is  combined  with  the  weight  of  the 
first  votissoir;  their  resultant  is  found  and  in  turn  combined  with  the  weight  ot 
the  second  voussoir;  and  so  on  for  all  the  voussoirs.  The  intersections  of  these 
resultants  with  the  joint-lines  are  the  centers  of  pressure;  the  line  joining 
these  centers  of  pressure  is  the  une  of  resistance. 

These  resultants  could  be  determined  by  drawing  a  series  of  parallelo- 
grams OF  FORCES  over  each  voussoir.  This  would  complicate  the  figure  and 
involve  unnecessary  labor.  It  is  found  more  convenient  to  draw  the  triangles 
OF  FORCES  one  after  the  other,  at  the  right-hand  side  of  the  figure  and  then 
transfer  the  results  thus  obtained  by  means  of  parallel  lines  to  the  figure 
itself.  esi>ecially  as  the  weights  of  the  voussoirs  have  already  been  laid  off  along 
the  Une  EK,  at  Ew  x,  w  3,  w  3,  w  4,  t&  5,  etc. 

Then  from  the  point  where  O^E  prolonged  intersects  the  first  vertical  in 
voussoir  number  i,  draw  a  (green)  line  to  the  second  vertical,  pamllel  to  O'^wi; 
from  this  point,  a  (green)  line  to  the  third  vertical,  parallel  to  O^w  2  and  so 
on.  The  last  line  should  pass  through  II.  Join  the  various  points,  where  these 
(green)  lines  cut  the  joints  at  the  centers  of  pressure,  by  the  broken  (red)  line. 
This  last  line  drawn  is  the  une  of  resistance.  If  this  line  lies  entirely  within 
the  MIDDLE  third  of  the  arch-ring,  the  arch  may  be  considered  to  be  stable. 
But  suppose  that  the  line  of  resistance  passes  not  only  outside  of  the  middle 
third  but  also  outside  of  the  arch-ring  itself;  it  is  still  possible  that  the  arch 
is  not  unstable.    This  is  the  case  in  Fig.  12  and  we  will  next  determine  if  a 
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Hue  of  resistance  can  be  drawn  which  will  remain  within  the  limits  of  the  mkMIe 
third  of  the  arch^ring. 

Fifth  8te|).    The  Second  Trial.    Reproducing  the  condition  o£   Fig.    12  in 
Fig.  13,  without  the  construction  lines,  it  is  seen  that  the  use  of  resistance 

leaves  the  arch-ring  at  R  and 
enteiB  it  again  at  S,  while  it  b 
furthest  from  it  at  U.  If,  at  U, 
a  iierpcndicular  is  erected  to  a 
straight  line  joining  the  two 
points  R  and  5,  this  perpen- 
dicular line  VW,  called  the  like 
OP  FkACTURE,  will  be  approxi- 
mately the  trace  of  the  plane 
along  whidi,  with  the  line  of 
resistance  under  constdeFation, 
the  arch  will  tend  to  fail,  pre- 
sumedly by  TURNIMO  OVER  tO 
the  right  about  the  point  V. 
This  shows  that  the  thrust  at 
TBE  CROWN,  assumed  to  be 
applied  at  the  point  E,  while  of 
sufficient  intensity  to  maintain 
equilibrium  about  H,  b  not  of 
sufficient  intensity  to  maintain 
equilibrium  about  V.  If  now  a 
SECOND  THRUST,  of  suffident 
intensity  to  maintain  equilibrium  about  V,  or  better,  about  X,  can  be  applied 
at  E  without  being  so  great  in  magnitude  that  it  will  overtitrn  the  arcr 
OUTWARD  about  G,  or  some  other  pcMnt  on  the  outer  line  of  the  middle  third,  it 


Line  of   Fracture  in   Unloaded   Semi< 
ciicular  Arch -ring 


C  G   H  0 
Fig.  14.    Second  Line  of  Pressure  in  Unloaded  Semicircular  Arch-ring 


b  reasonable  to  conclude  that  the  line  of  resistance  resulting  from  thb  thrust  is 
very  nearly  the  true  une  of  resistance  in  the  arch-ring  and  that  the  ardi 
b  stable. 

In  order  to  determine  thb  new  une  op  resistance  the  new  thrust  at  tbv 
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cftowM  ukmt  be  Icund  (FSg.  14).  Hw  prdmunaxy  stepe  feciuimd  foe  this  aie 
the  same  as  before  until  the  seventh  voussoir  is  nached.  This  is  divided  into 
two  vcmsBoin  by  the  line  VW  (Fig.  14),  one  being  w6  wd"  and  the  other  the 
remainder  of  this  seventh  voussoir,  and  this  division  must  he  allowed  for  along 
the  load-line  ^A",  at  w6  v6'.  The  line  106  u;6^  represents  the  area  of  vous- 
Mir  6*.  and  the  line  106^  ic7  the  area  of  the  remainder  of  the  seventh  voussoir. 
Hie  verticBl  line  IL,  passing  through  the  oenter  of  gravity  of  that  part  of  the 
half-arcfa  above  the  line  VW,  is  found  by  prolonging  badcwards  the  line  kg, 
paiaUel  to  0.w6°,  until  it  intersects  OE  at  L,  To  find  the  new  thrust  at  the 
CKOWN  by  completing  the  trianols  op  forces  for  this  thrust  and  the  force 
equal  and  oppooite  to  their  resultant,  the  inclined  (blue)  line  must  be  drawn 
through  the  point  X  and  the  horiaontal  (blue)  line  through  w6'^.  The  new  thrust 
thm  is  as  before  NM,  equal  to  O^E.  This  thrust  is  laid  off  at  0^£,  the  (green) 
Unes  O'Sff  i,  0'*w  2,  O^v  3,  etc.,  being  drawn  as  before  and  the  new  line  of  re- 
aiatanoe  bciiitf  diKwn  through  the  points  where  the  paralleb  to  these  (green) 


C  a  H  D 
Fig.  15.    Line  <A  Pressure  in  Loaded  Semidicular  Aich-ring 


fines  cut  the  joints.  This  new  lime  ot  resistance,  if  drawn  correctly,  should 
pass  through  X.  It  lies  within  the  middle  third,  except  for  a  short  distance  at 
the  sprlngtng,  and  hence  it  is  justifiable  to  consider  the  arch  stable.  If  it  had 
passed  outside  the  middle  third  to  any  great  extent,  in  this  second  trial,  this 
presumption  woidd  not  have  been  just^ed. 

This  discussion  explains  the  method  of  determining  the  stability  of  an  tm* 
loaded  SBioctRCinAR  ARCS.  Such  cases  very  seldom  occur  in  practice^  but 
they  serve  to  illustrate  the  methods  which  apply  generally  to  all  other  cases. 
With  lOADED  ARCH-RiMCs  there  is  sUght  difference  in  the  method  of  determining 
the  position  of  the  oenter  of  gravity. 

Example  3.  A  loaded  or  sttrcHarged  SEwciRCtTLAR  arch  (Fig.  15)  will  be 
considered  next.  Assume  the  same  arch  shown  in  Figs.  12,  13  and  14,  and  sup^ 
pose  it  to  be  loaded  with  a  wall  of  masonry  of  the  same  thickness  and  weight 
per  square  foot  as  that  of  the  arc^-ring,  the  upper  surface  of  the  wall  bong  an 
inclined  J|Une,  i  ft  above  the  arch-ring  at  the  crown,  and  8  ft  above  it  at  the 
spring.    The  assumption  of  the  particular  load  In  this  case  is  a  purely  arbitiazy 
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o&e  for  the  purpose  of  iUustiatiiig  the  xneChod  of  solution.  The  detenniaatioo 
of  the  ACTUAL  LOAD  that  comes  upon  an  arch  in  any  given  case  is  by  no  oocaiK 
easy,  so  numerous  are  the  uncertain  elements  that  affect  the  transmiaacm  of 
this  load  to  the  arch-ring. 

The  customary  procedure  is  to  assume  that  the  load  is  itself  transmitted  to  the 
arch-ring  vertically  downward.  Each  voussoir  thus  receives  that  portion  of 
the  load  which  b  induded  between  two  vertical  lines  drawn  to  the  points  of 
intersection  of  the  joints  on  dthor  side  of  that  voussoir  with  the  extrados.  Hav* 
ing  made  this  assumption  it  is  necessary  next  to  determine  how  much  of  the 
total  superimposed  masonry  bears  upon  the  ardi^ring. 

It  is  a  matter  of  common  observation  that  if  an  opening  is  made  in  a  waU, 
espedally  in  a  wall  that  has  stood  for  some  time,  the  major  portion  of  the  masoniy 
above  this  opening  is  self-supporting,  limited  portions  only,  bounded  by  a  some- 
what irregular  line,  falling  down  into  the  opening,  as  shown  in  Fig.  16.    The 

profile  of  this  bound&ry-hne  depends  upon 
the  nature  of  the  material  of  which  the 
wall  is  constructed,  the  siae  of  the  stones, 
bricks,  etc.,  the  character  of  the  bond 
and  the  quality  of  the  mortar.  Thb 
being  the  case,  all  the  masoniy  above  an 
arch  should  not  be  considered  as  the 
load  on  it  Some  authorities  recommend 
considering  as  the  proper  load,  for  brick- 
work, a  TRIANGULAR  PART  of  the  waU, 
the  sides  of  which  triangle  have  an  in- 
clination to  the  horizontal  of  45*";  others 
^ .     ,       ,   ,     ,.  assume  an  inclination  of  60**  (Fig.   16). 

oiLifaL  "*   "^    ^^'  ****•  ^^^^"^  ^^'  P^*  ^"  >    '^^^ 

exact   determination    of    this    load    by 

mechanical  laws  is  difficult  if  not  impossible.    It  is  better  to  consider  each 

case  separately  and  by  a  careful  study  of  the  conditions  to  determine  as  closely 

as  possible  just  what  portion  of  the  weight  of  the  superimposed  masonry  is 

transmitted  to  the  arch.    Having  assumed  a  load  for  this  particular  arch-ring 

(Fig.  15),  the  procedure  is  as  follows: 

First  Step  of  Example  3.  This  involves  the  finding  of  the  center  of  gravity 
of  the  ARCH-RING  AND  LOAD  COMBINED.  Divide  the  arch-ring  into  five  voussoirs 
of  equal  size.  In  this  case  the  area  of  each  voussoir  is  equal  to  44.2  sq  ft  -f  s,  or 
8.8  sq  ft  (See  under  First  Step,  Fig.  12»  preceding  example.)  The  surcharge 
or  load,  also,  is  divided  into  five  parts,  not  necessarily  equal,  by  drawing  ver> 
tacal  lines  to  the  points  of  intersection  of  the  joints  and  the  extrados.  The  ap- 
proximate area  of  each  one  of  these  surcharges  is  found  by  multiplying  half 
the  sum  of  the  lengths  of  the  two  parallel  vertical  sides  by  the  kngth  of  the 
horizontal  distance  between  them. 

The  positions  of  the  center  of  gravity  of  each  voussoir  and  of  the  center  of 
gravity  of  each  voussoir-surcharge  are  determined  as  in  the  preceding  example. 
The  CENTERS  or  GRAvrrv  of  these  surcraroes  can  be  found  by  dividing  each 
TRAPEZOIDAL  FIGURE  iuto  TRIANGLES  as  shown,  remembering  that  the  medial 
LINE  in  this  case  joins  the  middle  points  of  the  two  parallel  faces.  As  the  latter 
are  vertical,  the  medial  lines  approach  a  horizontal  direction.  This  construc- 
tion is  shown  on  surcharge  i^.  Fig.  15.  Having  drawn  the  lines  of  action  of 
the  weights  of  the  various  voussoirs  and  of  their  loads  through  their  respective 
centers  of  gravity,  the  lines  of  action  of  the  combined  wdght  of  each  voussoir 
and  its  load  must  be  found.    The  oonstruction  for  this  opemtion  is  shown  at 
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file  left  of  Fig.  15.  The  method  used,  that  of  the  equilibsittm-folygon, 
is  the  same  as  that  employed  in  the  previous  example  to  find  the  Une  passing 
tfaroQgfa  the  center  of  gravity  of  the  half-arch,  only  in  this  case  the  forces  are 
reduced  to  two.  Furthermore,  as  the  areas  oC  the  various  voussoirs  are  equal 
it  b  possible  to  superimpose  the  different  force-diagrams,  one  over  the  other, 
and  9o  save  considerable  labor.  Begin,  therefore,  by  laying  off  along  the  line 
RS  at  the  left  of  the  loaded  arch,  and  at  any  convenient  scale,  /w,  the  area 
(weight)  of  a  voussoir;  then  from  w,  in  turn,  the  distances  w  x^,  w  a",  w  3',  etc., 
repccsentiiig  the  areas  of  the  successive  surchaiges,  i",  2',  3',  etc.,  always  at  the 
same  scale.  The  scale  to  be  employed  later  for  laying  off  the  combined  weights 
of  the  voussoirs  and  their  loads  along  the  Une  AK  is  the  best  one  to  choose,  but 
the  difference  in  scales  is  not  important  In  this  particular  instance  the  two 
points  x'  and  5*  coincide  because  the  two  areas  x^  and  5^,  although  of  different 
shapes,  are  each  equal  to  6.7  sq  ft  This  is  a  mere  coincidence.  Next  draw 
JO"  and  4"  O"  at  45*  to  RS,  and  in  turn.  0"w.  0"x«,  0"2»,  etc  As  the  problem 
which  presents  itsdf  is  to  combine  the  weight  of  each  voussoir  with  its  individual 
surcharge,  and  as  the  weights  of  all  the  voussoirs  are  equal,  and,  furthermore, 
as  the  forces  which  are  to  be  combined  to  find  their  resultant  are  only  two,  the 
two  POLE-LINES  or  BAYS  O"/  and  0"w  in  the  force-diagram  serve  in  each  case, 
and  the  funicular  polygon  is  reduced  to  a  triangle.  Draw  gh,  ik,  Im,  np 
and  n  parallel  to  0"w,  and  A/,  ku,  mv,  px  and  sy  parallel  to  0"S\  and  draw  gt, 
im,  /*,  j»  and  rjr  parallel  respectively  to  0"i«,  0"2*»,  0"3**.  O' V  and  0"$'^.  The 
points  I,  M,  V,  X  and  y  are  the  points  through  which  to  draw  the  heavy  (red) 
Unes  of  action  oi  the  combined  weights  of  the  voussoirs  and  their  surcharges. 

Having  found  and  drawn  these  lines,  the  procedure  for  finding  the  line  IN  is 
the  same  as  in  the  previous  example,  except  that  the  distances  Ewi  i^,  iri  z**, 
V2  2',  etc.,  instead  of  being  equal  to  the  weights  of  the  voussoirs  alone,  are 
equal  to  the  combined  weights  of  each  voussoir  and  its  surcharge,  Ewi  x^,  being 
equal  to/i*  wx  i*  to  W2  2"  being  equal  to/  2**,  etc. 

The  line  EO  is  drawn  at  45"  to  AO*,  but  as  the  position  of  the  pole-point, 
O,  is  entirely  arbitrary,  the  line  Ow  5  s^  has  been  drawn  in  this  case  in  such  a 
way  that  O  falls  well  over  toward  the  left  of  the  figure,  thus  avoiding  a  certain 
amount  of  confusion  in  the  drawing  which  would  have  resulted  if  Ow  5  5^ 
had  made  an  angle  of  45**  with  A  (X.  The  lines  06,  be,  A  and  de  are  drawn  respec- 
tively parallel  to  wx  i^O,  wi  2^0,  etc.,  and  eL  is  produced  backward  parallel 
to  Chff  5  5*  until  it  intersects  EO  at  L,  which  is  the  point  through  which  the 
heavy  (red)  line  IN,  p«.ssing  through  the  center  of  gravity  of  the  whole  half-arch 
and  its  surchaxge,  should  be  drawn.  A  vertical  line  drawn  through  L  will  pass 
through  the  center  of  gravity  of  the  arch-ring  and  its  load.  If  this  were  an  arch 
designed  for  a  building  and  if  the  only  abutments  possible  were  of  such  size  and 
form  that  it  was  essential  for  the  thrust  exerted  by  the  last  or  fifth  voussoir  on 
these  abutments  to  approach  more  nearly  the  vertical,  the  architectural  expedient 
of  increasing  slightly  the  weight  of  the  surcharge,  s**,  on  this  voussoir  by  adding 
some  piece  of  ornament  such  as  a  cartouche,  could  be  resorted  to.  A  case  of 
thb  kind  in  actual  practice'is  the  archway  over  the  entrance  to  the  service-court- 
yard of  the  Grand  Opera  House  in  Paris,  where  the  pyramidal  stone  ornaments 
which  surmount  the  cornice  on  either  side  of  the  central  motive  were  added  after 
the  original  design  was  made,  with  this  end  in  view.  In  the  example  illustrated 
in  Fig.  15  the  areas  of  the  faces  of  the  surcharges  are  shown  by  the  figures  on 
these  faces.  For  the  seo'>nd  surcharge  from  the  crown,  for  example,  the  area 
is  8.x  sq  ft 

Second  Step  of  Bzample  3.  This  involves  the  determination  of  the  thrust 
AT  THE  crown  and  the  line  01  resistance.    The  method  of  finding  this  thrust 
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Bt  tlie  crown  is  simflar  to  that  employed  in  the  previous  example.  In  that 
example,  however,  it  was  found  that  this  thrust,  applied  at  E  and  determined 
by  asBummg  H  as  the  point  of  application  of  the  reaction  at  the  spring,  produced 
a  line  of  resistance  which  fell  considerably  below  the  middle  third.  But  instead 
cH  performing  the  operations  required  by  a  second  trial,  as  in  the  previous  exam- 
ple, the  expedient  is  tried  of  slightly  increasing  the  inclination  to  the  vertical 
of  the  (blue)  line  /J/,  and  so  assuming  a  somewhat  greater  thrust  at  thc 
aowtf.  As  the  line  of  resistance,  as  shown  in  Fig.  15,  passed  with  this  thrust 
departs  but  slightly  from  the  middle  third  near  the  springing,  we  are  justified 
in  assuming  that  thb  arch  is  stable  under  the  given  conditions.  The  method 
used  for  this  example  may  be  used,  also,  for  a  semieluptical  arch. 

Ezsmple  4.  This  example  (Fig.  17)  illustrates  the  application  of  the  preced- 
iog  methods,  with  some  variations,  to  the  determination  of  the  position  of  th« 
center  of  gravity  of  a  loaded  segmental  arch,  the  thrusts  at  the  crown  and 
spring  and  the  line  of  pressure  or  resistance  through  the  arch-ring.  In  this  case» 
instead  of  dividing  the  arch-ring  into  a  certain  number  of  voussoirs  with  joints 
radiating  from  a  center  and  considering  the  surcharge  on  each  individual  voussoir, 
the  method  of  dividing  the  arch-ring  and  its  load  into  vertical  suces,  in  this 
case  two  feet  wide,  and  computing  the  areas  of  the  entire  slices  has  been  adopted. 
Ha\'ing  computed  the  areas  of  the  slices,  including  in  each  case  the  combined 
ueas  of  the  sliced  part  of  the  arch-ring  and  its  surch4rge,  we  lay  them  off  in  order 
from  £,  to  a  convenient  scale,  and  then  proceed  as  in  the  previous  examples. 
Tbc  remaining  steps  required  to  determine  the  thrusts  at  the  crown  and  at  the 
fpring  and  the  line  of  resistance  are  also  the  same  as  explained  in  the  foregoing 
paragraphs.  In  a  flat  segmental  arch  there  b  practically  no  need  of  dividing 
tlK  arch-ring  into  voussoirs  by  joints  radiating  from  a  center,  in  order  to 
determine  its  stability.    Of  course,  when  built,  they  must  be  made  to  radiate. 

Fig.  17  shows  the  graphical  analysis  of  an  arch  of  40-ft  span  and  carrying 
a  load  13H  ft  high  at  the  crown.  The  depth  of  the  arch-ring  is  2  ft  6  in.  It  is 
seen  that  the  line  of  resistance  lies  entirely  within  the  middle  third,  and  that 
the  arch  is  therefore  stable.  It  is  to  be  noted  that  the  line  ol  resistance  in  a 
szcMKStAL  arch  should  be  drawn  through  the  lower  or  innsr  edge  of  the 
middk  third  at  the  springing.  It  is  to  be  noted,  also,  that  the  horizontal  thrust 
at  the  crown  and  the  thrust  T  against  the  supports  are  very  great  when  com- 
pared with  those  in  a  semicircular  arch;  and  hence,  although  the  segmental 
AKCH  is  the  stronger  of  the  two,  it  requires  much  heavier  abutments.  The  fore- 
going examples  serve  to  show  the  various  methods  of  determining  the  stability 
aod  thrusts  of  any  arch  used  in  buildings. 
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CHAPTER  IX 

BEACnONS  AND  BENDING  MOMENTS  FOB  BEAMS 

By 
CHARLES  P.  WARREN 

LATE  ASSISTANT  PKOFESSOR  OF  A1KCRITECTURE,  COLUMBIA  TTNIVERSITY 

1.    Reactions  lor  Sinvle  Boams 

Definition  of  Reaction.  One  of  the  fundamental  principles  of  static  equflil 
rium  is  that  the  sum  of  all  the  forces  acting  upon  a  body  in  one  direction  must  fa 
balanced  by  the  sum  of  another  set  of  forces  acting  in  the  oppo^te  directior 
Therefore,  in  the  case  of  a  beam  or  girder,  the  loads  acting  downward  must  fa 
balanced  by  an  equal  set  of  forces  at  the  supports,  acting  upward.  These  up 
ward  forces  are  called  thuusts,  or  reactions  and  in  computing  the  strengt 
of  beams  one  of  the  first  steps  is  to  determine  them,  since  the  loads  are  usual! 
given  in  intensity  and  position. 

The  Principle  of  Moifients.  The  reactions  may  be  determined  by  th 
application  of  another  fundamental  principle  of  static  equilibrium  for  fone 
acting  in  the  same  plane.    The  algebraic  sum  of  the  moments  of  all  the  force 


Fig.  1.     Simple  Beam.    One  Concentrated  Load 

taken  about  any  point  m  the  plane  in  which  they  act  must  be  zero.  The  momem 
or  A  FORCE  about  a  point  is  the  product  of  the  magnitude  or  intensity  of  the  forn 
by  the  perpendicular  distance  between  the  line  op  action  of  the  force  and  th< 
point.  The  perpendicular  distance  is  called  the  lever-arm,  and  the  poini 
the  center  of  moments.  Forces  acting  upward  are  considered  positive  and 
those  acting  downward  are  considered  negative.  The  center  of  moments  may 
be  taken  at  any  point  in  the  plane  of  action  of  the  forces,  but  it  is  mon 
convenient  to  take  it  at  one  of  the  reactions.  For  example,  the  beam  in  Fig.  1 
supports  a  concentrated  load  P  at  the  distance  m  from  the  left  support.  To  hnd 
the  left  reaction  take  the  center  of  moments  at  the  right  reaction.    Then  tbi 

EQUATION  OP  moments  is 


from  which 


RJ-Pn^  o. 
Ei  -  Pn/l 


(il 
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la  Eke  muiBer,  to  find  lU  the  ceotor  U  monwnf  is  taken  at  Xt  and  the 
^aatioa  of  momenta  ia 

Rd^Pm»  o,  from  which  lU  -  Pmft  (i)' 

Fnm  the  fizst  principle  of  statics  mentioned,  Rx-^  Rt  mutt  equal  P\  hence,  aa 
a  check,  Pmjl  +  Pm//  -  P>  , 

ffTimplo  I.  Let  a  beam  15  ft  in  span  support  a  concentrated  load  of  700  lb* 
6  ft  from  the  left  end;  or,  P  •  700,  m  •-  6  and  «  «  9.  Then,  from  Formula  (x)* 
Rx  >  700  X  9/15  «  420  lb.    R%  *•  700  X  6/15  -  380  lb,  and  420  +  a8o  -  700  lb. 

For  a  GOQcentrated  load  at  the  middle,  or  for  a  uniform  load  over  a  simple 
beam,  it  is  evident  without  applying  the  conditions  of  equilibrium,  that  each 
reaction  is  one-half  the  k>ad,  for,  in  FormuUs  (i)  and  (x)',  m  and  n  each  equal 
/  2  and  Jta  and  As  «  H  P. 

For  any  number  of  concentrated  knds  (Fig.  2)  the  reactions  may  be  found  by 
addins  together  the  reactions  found  by  Formula  (x)  due  to  each  k>ad  separately, 
or  they  may  be  computed  in  one  operaUon  by  the  following  formula: 


-1^ 


-«j— ■ 


I  I  ^  J/i 


i__i 
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Fig.  3.    Simple  Beam.    Thxee  Concentnited  Loads 

To  find  the  right  reaction,  the  center  of  moments  is  taken  at  the  left  support, 
and  the  equation  of  moments  is 

iS^  -  Ptiif  1  - /'tMi  -  PsiM  -  o 

Pimi  +  Ptiei  +  Pim»  ,  . 

hence,  Ri j (2) 

In  like  manner,  to  find  Ri  the  center  of  moments  is  taken  at  Rt  and  the  equa' 
tion  of  moments  is 

Ai/ -  Pmi  -  Psift- Ptfit  -  o 
from  which 

Ri -. (3) 

Eiample  a.  Suppose  the  beam  in  Fig.  2  is  ao  ft  in  length.  Let  there  be 
three  concentrated  loads  of  500,  800  and  600  lb  placed  5, 9  and  12  ft  respectively 
frcm  the  left  support.  TTicn  /  -  ao,  mi  «  5,  ms  -  9,  mi  -  12,  Pi  -  500,  Pi  -  800 
and  Pi  *  600.    Sobstitutiog  in  Formulas  (2)  and  (3), 

,      500x5  +  800X9  +  600X12      _     ,. 

R%» «  845  lb 

20 

_     500X15  +  800X114-600X8  ^ 

Ri^^- 1 05s  K) 

20 

»od  500 -h  80Q + 600  »  845+1055*  1900  lb 
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To  find  the  reactions  for  a  oombfnatioa  of  uniform]y  distributed  and  coiii 
centrated  loads,  to  each  of  the  reactions  obtained  by  Formulas  (i)  or  (a)  for  tlJ 
concentrated  loads,  add  one-half  the  distributed  load.  Thus,  suppose  thi 
30-f  t  beam  in  this  example  weighs  40  lb  per  linear  ft.  This  is  considered  as^ 
uniformly  distributed  load  and  for  the  entire  beam  it  is  40  lb  X  20  i-  800  lb. 
By  the  rule,  one-half  of  this  is  added  to  each  reaction,  so  that  the  total 
are,!^!  -^845  +  400 -  i  245  lb  sndRi"-  1 055  +  400  »  1 455  ih. 

Bsample  3.    For  a  distributed  load  applied  over  only  a  part  of  the  span,  as  in 
Fig.  3,  sssume  the  load  to  be  coNCENTaATED  at  the  ioddle  of  the  part  over 


m-  5^i — -< 


I 


-.,,,■    ,       ■     ■ I       l^tA*^mmi^^.^m^m^ --■■^^  '   "■ 


Hg.  3.    Simple  Beam.    Distributed  Load  over  Part  of  Span 

which  it  acts  and  use  Formulas  (i)  and  (i)'.  For  example,  let  ir  (Fig.  3)  equal  50 
lb  per  linear  ft,  applied  for  a  distance  of  5  ft  over  the  beam.  Then  W,  the  total 
losui,  is  50  lb  X  5  -  250  lb.  This  may  be  assumed  to  be  concentrated  at  its 
center,  4.5  ft  from  the  left  support.  Then  P  -  250,  m  >■  4.5  and  »  -•  5.5;  and 
from  Formulas  (x)  and  (x)', 

P      g5oX5.5  ^  . ,, 

*i 137.5  "> 


and 


A- 


10 

S50X4-5 

10 


-•  xia.5  lb 


Therefore,  for  any  combination  of  concentrated  and  uniform  loads  distributed 
over  the  entire  beam,  or  over  only  part  of  it,  find  the  reactions  due  to  the  con- 
centrated loads  by  Fonnulas  (i)  or  (a),  and  to  them  add  the  reactions  due  to  the 
nniformly  distributed  loads. 


1.    Bending  Momenta  in  CantUeTer  and  Simple  Beams  • 

Definitions.  The  bending  moment  is  a  measure  of  the  tendencies  of  forces  to 
break  a  beam  by  bending  or  flexxtke.  Fig.  4  shows  the  manner  in  which  a 
simple  beam,  supported  at  the  ends,  breaks  when  subjected  to  a  load  greater 
than  it  can  bear.  The  effect  of  a  load  upon  a  beam  is  to  cause  it  to  sag,  or 
BEND.  The  bending  of  the  beam  shortens,  or  compresses,  the  upper  fibers  and 
stretches,  or  elongates,  the  k>wer  fibers.    So  long  as  the  resistance  of  the  fibers 

*  See,  abo,  Chapter  XV.  pages  355  to  564- 
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.  d  to  stretching,  or  tension,  is  gmtrr  fhan 
tre  teodency  of  the  load  to  disrupt  [hem,  the  beam  carries  the  load;  but.  when 
he  knd  ansa  ■  gmter  tendon,  oi  comptCMMl,' on  the  fibws  than  (her 
ire  (spablc  of  mistinK.  the  beam  breaks.  The  stretching  of  Ibe  Gben  before 
making  allows  the  beam  to  iiendi  hence,  the  name  bendikg  uoueNt  hai  been 
;iveo  to  the  foiccs  caucus  a  beam  to  bend  and  perhaps  ultimately  to  break. 


s  of  these 


o  brealc  the  beam  by  Sexure  a 

(qual  to  Ibe  petpendicuUr  distance  from  its  une  of  actton  [t 
vhicli  the  beam  lendi  to  breali.  The  algebraic  sum  of  the  mc 
eitenul  forces  on  the  left,  or  ri^ht,  of  any  lecticiii  is  called  the  bendino  uouent 
(or  tbM  Kction,  since  it  is  the  HouEin  or  nu  ushltast  or  toe  tobcek  which 
teada  to  bead  the  beam  at  that  section.  It  is  generally  designated  by  M.  Theo, 
from  the  de&aition.  the  behdinc  uouekt  far  any  section  of  a  beam  resting  on 
no  sappoits  and  in  a  state  of  flexure  under  a  load  or  loads  is  Jf  ••  the  moment 
of  ritber  reaction  minus  the  sum  of  the  moments  of  the  loads  between  that  reac- 
tion and  the  sectioD.  The  moment  of  the  reaction  is  UTWabd,  or  POSITIVE,  and 
the  motnent  of  any  load  dowkwau),  or 
ncATivz,  if  the  part  of  the  beam  on  the  left 
of  tbe  sedioa  is  ccnudered. 


Cms  I 


,    Rear   tha   ?rH   1 


Fig.  I.    dntilrver  Beam.     Coo- 
centialed  Load  Dear  Free  End 

-potinds;  if  ( is  in 


Csaeestiated   Load 

Maximnm  bending  moment,  at  wail  -  Pxl 
Bendinc  moment  at  any  other  aection  x  —  Px 
Not*.    If  f  is  in  feet,  the  bending  moment  will  I 
locbe^  the  bending  moment  will  be  in  inch-pounda. 

Cm*  n 
tmm  risad  at  On*  Knd  and  Loaded  with  a  Bnltomilr  DIatilbaled  load  W. 

CKg.«J 
Maximum  bending  moment,  at  wall  —Wxl/i 

Hot*.    W  ~at  and  w  -  the  load  pet  unit  of  length. 

*  lirniiplrrTf  tiMi  illiniMlnii  nl  rhmr  InirTwl  itTmri  ind  nf  thli  rrililiiif  mnmrnt 
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BMm  Find  at  Om  Bod  and  laadad  with  Botk  ■  Coacvdtamtod  ud  ■  Dntf  unf] 
DktribuUd  Load  (««.  T). 
Maximum  bending  moment,  at  wall-Px'i+  Wxti/i 


BMm  SanMtKl  at  Both  Kad*  and  Loadad  with  a  Concntntad  Load  at  B 

Middl*  (ng.  I). 

M»»imum  beadinf  inoiiMnt.  uoder  the  load  ■•  P//4 


Kg.  a.    Simpla  Baua.     Conccatntid  Load  at  the  Hkldk 


BMm  Sappntad  at    Belh  Soda   aad  Loaded  with  a  VoUmbIj  DMdtatad 

itt  tctric.*). 

Marinnim  bendinc  moment,  at  the  middle  -  Wl/t 


r-.":":iim9:;:S.lt 
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C«M   VI 


Kad*  cod  LmuUd  SrmmttriEallj  with  Twa  Rqiu) 


Ftmn  tbew  eiample*  it  will  be  Men  that  iN  the  quaatltiei  whidi  eater  klo 
the  computmtioo  of  tht  bending  moment  ue  the  hwd.  the  spaa  tod  the  disULOce 
of  the  point  ol  appUcatioa  of  the  ktad  [rom  the  center  of  nioiiietitl. 


*  TUi  b  only  ippraiimitcly  cortHt  vim  <■  u 
fiod  Ibe  KCIioa  ol  am  ttisr:  tbe  muumum  be 
(Sat,  iln,  Eumpk  j,  fwt  l6>-l 


!  uoeqiul.    For  tbc  » 
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Eumple  4-    In  Fig.  121et  YT  -  Soolb,  m-  8ft,  II  -  Z2  ft,  /-  3o  ft  and/i  -  8ft. 
Then  the  bending  moment 

800X8X12      8oox3         „         „  ,  .,  ^    o    .    1.. 

■■ —  — - —  —  3  840  —  800  -  3  040  ft-lb,    or    36  480  in-Ib 

20  8 

Bumple  5*    In  Fig.  X3  let  m  -  if  -  10  ft,  /  -  20  ft  /i  -■  4  ft  and  W  —  600  lb. 
Then  the  bending  moment 

600X20     600X4  ,.  ,.  .    « 

— —  -  3  000  —  300  ■•  2  700  It-Ib,  or  32  400  m-Ib 

4  8 

The  Bending   Moment  for   anj  Case  Other  Than  the  Above  may  easily  be 
obtained  by  the  graphic  iicthoo,  which  will  now  be  explained. 

4.  Graphic  Method  of  Determining  Bending  Moments  in  Beams 

Beam  with  One  Conceatrated  Load  (Fig.  IS). 

The  BENDING  MOMENT  of  a  beam  supported  at  both  ends  and  loaded  with  one 
concentrated  load  may  be  determiaed  okaphically,  as  follows: 

h  Let    ?    be    the    load. 

*a — •«• ^ *l  applied  as  shown.     Then, 

^*"  I  by  the  rule  under  Case  VI, 

the      MAXIMUM      BEKDIN'G 

MOMENT  is  under  the  load 
and  «  Pmn/l 

Draw  the  beam,  with 
the  given  span,  accurately 
to  scale,  and  measure  down 
the  line  AB,  to  a  scale  of 

FOOT-POUNDS  to  the  UNEAR 

INCH,  a  distance  equal 
to  the  bending  moment. 
Connect  B  with  each  end 
of  the  beam.  To  find  the  bending  moment  at  any  other  point  of  the  beam. 
as  at  0,  draw  the  vertical  line  y  to  BC.  Its  length,  measured  to  the  same 
scale  to  which  ^4^  is  drawn,  will  give  the  bending  moment  at  o.  The  figure 
DBCAD  is  called  the  bending-moment  diagram  and  the  lines  BD  and  BC 


1g.  13.    Bending-moment  Diagram. 

Load 


One  Concentrated 


are  called  influence  unes  for  the  bending  moments. 


Fig.  14.     Bending-moment  Diagram.    Two  Oonoentzated  Loaib 

Beam,  with  Two  Concentrated  Loads  (Fig.  14). 

To  draw  the  bending-moment  diagram  for  a  beam  with  two  concentrated 
loads,  draw  the  dotted  lines  ABD  and  ACD,  givinc  the  bending-moment  du- 
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aKAMS  for  each  bad  separately.    EB  is  laid  out  to  scale,  equal  to  Pmn/l  and 
PC  equal  to  Ptrs/l 

The  bending  moment  at  the  point  E  is  equal  to  EB  (from  the  load  P)  +  Eb 
(from  the  load  Pi),  or  if  -  £B  +  £6  -  EBi;  and  at  F  the  bending  moment  is 
equal  to  FC-^Pc^PCu  The  bending-momeot  diagram  for  both  loads  is 
ABiCiD  and  the  uaxxmuu  bending  moment  is,  in  thb  particular  case,  the  line 
PCi  measured  to  scale. 

Beam  with  Any  Hnmb^r  of  Concentrated  Loads  (Fig.  11.) 
Proceed  as  in  the  last  case,  and  draw  the  bending-moment  diagram  for  each 
kiad     separately,      Make    AD''  Ai  + A2  + As,    BE »  Bi -^ B2 -^  B^    and 


Fig.  15.    Bendiag-moment  Diagnuu.    Thiee  Concentrated  Loads 

CF  -  Ci  +  C2  +  Cs.  The  figure  HDEPIH  will  then  be  the  bendino-mo- 
ment  diagram  corresponding  to  all  the  loads.  The  bending-moment  diagram 
for  a  beam  with  any  number  of  concentrated  loads  may  be  drawn  in  the  same 
way. 

Beam  with  a  Cniformly  Distfflmted  Load  (Fig.  16). 

Draw  the  beam  with  the  given  span,  accurately  to  a  scale  as  before,  and  at 
the  middle  of  the  beam  draw  the  vertical  line  AB,  to  a.scale  of  a  certain  number 
of   foot-pounds    to  _ 

the     unear     inch,  ° 

equal  to  TTZ/S,  from 
Case  V,  W  represent- 
ing the  whole  distrib- 
uted load.  Connect 
the  points  C,  B,  D  by 
a  PARABOLA  to  obtain 
the  bending-moment 
diagram.  To  find 
the  bending  moment 
at  any  point  a,  draw 
the  vertical  line  ah, 
measure    it    to    the 


Fig.  16.    Bcndbg-inoment  Diagram. 

Whole  Beam 


Distributed  Load  over 


same  scale  to  which  i4B  is  drawn,  and  it  will  be  the  bending  moment  desired. 
Methods  for  drawing  the  parabola  will  be  found  in  Part  I,  page  79. 

Beam  Loaded  wilh  Both  Dlstrlbotod  and  Concentrated  Loads  (Fig.  17). 
To  determine  the  bending  moments  in  this  case,  combine  the  bending-moment 
diagrams  for  the  concentrated  loads  and  for  the  distributed  load,  as  shown  in 


890 
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Pig.  17.  The  bending  moment  at  any  section  of  the  beam  will  then  be  limited 
by  the  line  ABC  on  top  and  by  the  line  CDEFA  on  the  bottom;  and  the  max* 
muM  BEMiHMo  HOifBMT  Will  be  the  longest  vertical  line  that  can  be  drawn 

between     thctt      two 


Fig.    17. 


Bending-momeDt    Diagram. 
Concentrated  Loads 


Distributed    and 


bounding  lines. 

For  example,  the 
hmding  moment  at  X 
is  BE,    The  point  of 

ICAXOCUM  BENDING  MO- 
MENT depends  upon  the 
position  of  the  concen- 
trated loads  and  the 
relative  magnitude  of 
the  distributed  load; 
it  may  or  may  not 
occur  at  the  middle  of 
the  beam  or  under  one 
of  the  concentrated 
loads. 

Example  6.  What 
is  the  greatest  bending 
moment  in  a  beam  of 
20  ft  span  (Fig.  18),  loaded  with  a  distributed  load  of  8oo  lb,  a  concentrated  load  of 
500  lb  6  ft  from  one  end,  and  a  concentrated  load  of  600  lb  7  ft  from  the  other  end? 

Solution,  (x)  The  maximum  bending  moment  due  to  the  distributed  load, 
from  Case  V,  is  Wl/%,  or  800  X  so/8  -  s  000  ft-lb.  Lay  off  vertically  over  the 
middle  of  the  beam, 
and  at  any  convenient 
scale,  say  4  000  ft-lb  to 
the  inch,  Bi  -  a  000 
ft-lb,  and  draw  a  parab- 
ola through  the  points 
A,   B   and   C.      (See 

page  79> 

(a)  The  maximum 
bending  moment  for 
the  concentrated  load 
of  500  lb,  from  Case 
VI.  is  500X6X14/20, 
or  3  100  ft-lb.  Draw 
£a  *  2  100  ft-lb  to  the 
same  scale  as  Bi,  and  pjg. 
then  draw  the  lines 
AE  and  CE. 

(3)  The  maximum  bending  moment  for  the  concentrated  load  of  600  lb,  in 
like  manner,  is  600  X  7  X  i3/»i  or  a  730  ^t-lb.  Draw  D3  -  a  730  ft-lb  and 
connect  D  with  A  and  C 

(4)  Make  EH  equal  to  the  distance  from  a  to  4,  and  DC  to  the  distance  from 
3  to  5,  and  draw  AHGC. 

The  UAXDftrM  bckdimg  moment  will  be  represented  by  the  longest  vertical 
line  which  can  be  drawn  between  the  parabola  ABC  and  the  broken  line  AHGC. 
In  this  example  the  longest  vertical  line  which  can  be  drawn  is  Xy,  and  it 
ihould  scale  5  645  ft-lb. 


Bending-moraent    Diagram. 
Concentrated  Loads 
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Tbe  position  of  the  line  Xy  is  determined  by  drawing  the  line  TTi  paralld 
to  BC  and  tangent  to  ABC.    Draw  Xy  vertically  through  point  of  tangency. 


9.  Seftctioiis  and  Bending  Moments  for  Beams  with  Triangnlar  Lcrading 

and  lor  Beams  Fixed  at  Beth  £nda«* 


^.^ 

w 

I         ' 

Ri         (b) 

R^ 

with  TMaainlaf  Iieediag  have  ifeaotions  and  bending  moments  as 

toJiows: 

Beam  Sopported  at  Both  Ends,  Fig.  If  (a) 

End-reactioiis:  Ri^Ri  *•  HW 

Bending  moment  at  any  point  »  Wx{  H  ~  3X  V5^9 

Muimnm  bencfing  moment,  at  center*  Wl/6 

Beam  Svppocted  at  Botk  Eiids,  Fig.  19  (b) 

moment  at  any  point  ^(Wx/i)ii  — v'/O 

Maximum  bending  moment  (at  x  •-  0.58  /)  -  .128  Wl 

Cantilever  Beam,  Fig.  19  (c) 

Reaction:  Ri  »W 

fienffing  moment  at  any  point  «•  IFx'/a  l^ 

Maximum  bending  moment  {at  Rj)   ■*  Wl/s 

Beams  of  Cases  IV,  V,  and  VI,  with  Fixed  Bnds»  P«-  1^-  Triangular  Load- 
fcave  reactions  and  bending  moments  as  follows:  "*  °°  Beams 

Case  !▼  A.    Beam  Fited  at  Both  Bnds,  with  a  Concentrated  Load  P  at  the 

Middle  (Fig.  8) 

End-reactions!  Ri  "Ri  >=  HP 

Maximam  positive  bending  moment,  under  the  load  *-  Pl/S 
Maximmn  negative  bending  moment,  at  ends  «  Pl/S 

Case  ▼  A.    Beam  Fixed  at  Both  Bnds,  with  a  Uniformly  DIstribnted  Load  W 

(Kg.  t) 
End-reactions:  Ri  ^ Rt  ^  HW 

Maximum  negative  bending  moment,  at  ends  at  Wl/t2 

Maximum  positive  bending  moment,  at  center  -1  Wl/24 


Case  VIA.    Beam  Fixed   at  Both  Beds,  with   a   Ceneentmted   Lead  P  at 
I>isteace  u  Irem  Left  Bad  and  Distance  n  from  Right  Bnd   (Fig.  10) 

End-reactions:    Ri  -  PnHs  m  -f-  #»)//»;    JRj  -  Pm*(3  n  -|-  m)/P 
Maximum  bending  moment,  negative ,  at  left  end,  If  1  -  Pmn^/l* 

at  right  end,  i/,  -  Pm^njl^ 
Bencfing  moment  under  load,  positive  »  R^m  —  Mi 

*  From  notes  by-  Rbbim  Flendag. 
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CHAPTER  X 

PEOPERTDBS  OF  STBUCTUEAL  SHAPES.    MOMENT  Oi 
INERTIA,  MOMENT  OF  BBSISTANCB,  SBCTIOIf- 
MODULUS  AND  RADIUS  OF  GYRATION 

By 
CHARLES  P.  WARREN 

LATE  ASSISTANT  PROFESSOR  OF  ARCHITECrURE,  COLUMBIA  L-NXVESSXTY 

1.  The  Propertief  of  CroM-Seetioiis 

The  Moment  of  Inertia.  The  strength  of  a  cross-section  to  resist  stresses. 
In  either  a  beam  or  a  column,  depends  not  only  upon  the  area  but  abo  upon 
the  fonn  of  the  cross-section-  The  parts  of  the  cross-sectioQ  farthest  from  the 
neutral  axis,  which  always  passes  through  the  center  of  gravity  of  the  cra&s- 
section,  are  much  more  efficient  in  resisting  bending  stresses  thsn  those  parts 
adjacent  to  the  axis;  so  that  some  mathematical  expression  must  be  obtained 
that  will  represent  the  efficiency  of  the  entire  cross-section  to  resist  bending 
stresses  when  compared  with  that  of  any  other  cross-section.  This  expressioa  is 
called  the  Moment  of  Inertia  and  is  usually  designated  by  the  letter  I. 

The  Moment  of  Inertia  of  any  cross-section  may  be  defined  as  the  sum  of 
the  products  obtained  by  multiplying  each  of  the  elementary  areas  of  which  the 
section  is  composed  by  the  square  of  its  normal  distance  from  the  neutral  ajiis 
of  the  section. 

By  an  elementary  area  is  meant  an  area  smaller  than  any  dealt  with  in 
simple  mathematics,  and  it  is,  therefore,  impossible  to  find  an  exact  expression 
for  the  moment  of  inertia  of  a  cross-section  by  such  methods.  By  means  of  the 
calculus,  however,  exact  formulas  have  been  deduced  from  which  the  mcMnents 
of  inertia  of  simple  geometrical  forms»  such  as  rectangles,  triangles,  drdcs*  etc., 
may  be  found,  with*  respect  to  diilerent  axes. 

The  neutral  axis  cd  the  cross-section  of  a  beam,  girder,  column,  etc,  which 
is  in  a  state  of  flexure,  is  the  line  on  which  there  is  neither  tension  nor  compres- 
sion in  the  fibers,  and  when  the  unit  stresses  do  not  exceed  the  elastic  limit  of 
the  material,  it  can  be  shown  that  this  neutral  axis  passes  thro\igh  the  center  of 
gravtty  of  the  cross-section.  The  normal  distance  of  the  extreme  fibers  from  the 
neutral  axis  is  usually  designated  by  the  letter  e  or  the  letter  y.  The  former  is 
used  in  the  notation  of  this  book. 

Since  for  all  sections  except  squares  and  drdes,  there  are,  in  general,  two  neu- 
tral axes  corresponding  to  the  more  common  positions  cf  the  sections,  it  follows 
that  there  are  also  two  moments  of  inertia  conunonly  used;  for  a  rectangle,  f<« 
example,  a  greatest  moment  of  inertia  about  an  axis  perpendicular  to  the 
long  side  and  a  least  moment  of  inertly  about  an  axb  perpendicular  to  the 
short  side.  The  moments  of  inertia  of  the  cross-sections  of  all  rolled  shapes 
have  been  calculated  and  are  tabulated  in  the  manufacturers'  handbooks.  Thus, 
for  example,  the  moments  of  inertia  of  the  cross-section  of  a  12-in,  3Z.5-Ib  I  beam, 
with  respect  to  axes  perpendicular  to  the  web  and  parallel  to  the  web.  are,  from 
Table  IV,  equal  to  215.S  and  9.5  biquadratic  inches  respectively.  Formulas  for 
calculating  the  moments  of  inertia  of  other  simple  sections  are  given  on  the 
foliowiiig  pages. 
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TlM  M oflMBt  of  Retistaiico.  In  Chapter  DC,  under  the  chapter-<sub(liv{- 
sioa  treating  o£  the  bend»o  mombmis  in  beams,  page  325,  it  was  stated  that 
in  order  to  calculate  the  tlexukai.  sibengib  of  a  beam  it  is  necessary  to 
ascertain  the  nature  and  extent,  first,  of  the  external  forces  tending  to  break 
the  beauB  by  flexure,  and,  secondly,  of  the  internal  forces  or  stresses  tending 
to  rcsst  rupture.  The  external  forces  cause  the  bending  uombnts,*  and  the 
intenial  stresses  the  momznis  or  besisiance,  at  the  various  cross-sections  of 
abeam. 

The  MOMENT  07  besistancb  or  the  bbsisting  moment  at  any  croas-^ectton 
of  a  beam  is  the  algebraic  sum  of  all  the  moments  of  the  internal  horizontal 
stresses  in  that  section  irith  reference  to  a  point  in  that  section.  It  is  usually 
represented  by  the  expression  SI/c,  in  wUch  5  is  the  horizontal  unit  stress, 
tsssite  or  compressive,  as  the  case  may  be,  upon  the  fiber  most  remote  from  the 
DCtttral  axis  of  the  section,  and  called  the  fiber-stress;  /  is  the  moment  of 
iKEiTXA  of  the  area  of  the  sectbn  with  referenoe  to  the  neutbal  axis;  and  c 
is  the  shortest  distance  from  the  most  remote  fiber  to  that  axis.  Since,  for 
equifibrium  of  forces  and  stresses  at  any  cross-section  of  a  beam,  the  bending 
moment  equals  the  resisting  moment  for  that  section,  if  M  represents  the  bend- 
ing moment  we  have  the  equation 

M  -  SI/c  (i) 

Thb  is  known  as  the  flexure  formuia  and  is  universally  used  for  invest!- 
csting  the  flexural  strength  of  beams. 

The  Seetion-Modttlus  or  Section-Factor.  That  expression  I/c  in  the  above 
formula  is  generally  known  as  the  section-moddlus  or  sbction^actor. 
This  quantity  for  the  principal  rolled  sections  is  given  in  Tables  IV,  V,  VI,  VII, 
Mil.  XI,  XII,  XIII  and  XIV.  Corresponding  to  the  two  moments  of  inertia 
frenerally  used  for  all  sections  (except  for  squares  and  circles)  there  are  two 
sectioo-modufi  also,  one  for  each  axis.  Thus,  the  section-modulus  of  the  12-in 
3i.ft-lb  Z  beam,  with  respect  to  a  neutral  axis  perpendicular  to  the  web,  is 
I.'c  —  215.8/6  —  36;  and  for  the  axis  parallel  to  the  web,  it  is  //c  -  9.S/2.S  -  3.8. 
For  other  shapes  the  section-modulus  may  be  found  by  dividing  the  moment  of 
inertia  by  the  normal  distance  of  the  extreme  fiber  from  the  neutral  axis. 

Tho  Radioa  of  Gyration.  The  effect  of  the  form  of  the  cross-section  of  a 
colunm  on  its  strength  is  determined  by  a  quantity  called  the  Radius  of  Gyra- 
tion, which  is  as  necessary  in  the  determination  of  the  strength  of  a  column  as ' 
the  moment  of  inertia  is  in  the  determination  of  the  strength  of  a  beam.  It  is 
denoted  by  the  letter  r.  The  value  of  the  radius  of  gyration  for  any  section 
is  determined  by  the  formula 


VT/A 


(a) 


in  which  /  is  the  moment  of  inertia  of  the  section  and  A  the  section-area. 
The  RADIUS  OF  gyration  is  the  normal  distance  from  the  neutral  axis  to  the 
center  OF  gyration,  and  the  center  of  gyration  of  a  section  b  the  point  where 
the  entire  araa  migbt  be  concentimted  and  have  the  same  moment  «f  inertia 
as  the  actual  dbtributed  area.  The  radius  of  gyration  of  a  section  is  a  distance 
and  it  is  always  less  than  the  distance,  £,  from  the  neutral  axis  to  the  remotest 
fiber.  For  the  two  moments  of  inertia  above  referred  to,  and  commonly  used, 
there  are  two  corresponding  radii  of  gyration.  The  least  of  these  is  the  one  to  be 
used  in  the  investi^tion  of  the  strength  of  a  column  as  it  is  referred  to  the  axis 
about  which  the  cdumn  is  most  likely  to  fail.    The  radii  of  gyration  of  the  rolled 

*  See  Chapter  DC,  page  325,  for  definition  of  "bending  moment." 
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shapes  are  given  in  the  tables  of  the  properties  of  sectians»  mcntlMied  abov-e. 
For  the  12-in  3x.s*lb  X  beam,  r  m  4.83  io  and  r'  ->  1.01  in.  The  radius  of  gjmttioAi 
of  any  other  section  may  be  found  by  Formuhi  (a). 

Formulas  for  the  moments  of  inertia,  radii  of  gyration  and  sectioii-iiuidula! 
of  the  principal  elementary  sections  are  given  on  the  following  pages.  In  tb<si 
case  of  a  hoUow  section  or  a  secdon  with  a  reentering  hollow  part,  the  momeafc 
of  inertia  of  the  boUow  part  is  to  be  snbtxacted  from  that  of  the  encloMng  area. 
Moments  of  inertia  when  referred  to  the  same  axis  can  be  added  or  subtracteci 
like  any  other  quantities  which  are  of  the  same  idnd. 

2»  ArM8»  Momenta  of  Inartia,  Sactiim-ModiiU  and  Kadii  of 
Gyration  of  Elementary  Sections 

/  ">  the  moment  of  inertia 
J/c  ■•  the  section-modulus 
f  ••  the  radius  of  gyration 
A  -  the  area  of  the  section 
c  "  the  normal  distance  of  most  remote  fiber  from  neutral  axis 

The  position  of  axis  referred  to  in  each  case  is  represented  by  the  broken  line 
1—  I. 
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*  To  find  c  and  ci,  see  Chapter  VI,  page  295. 

S.  Trtnsferring  Moments  of  InertU  to  Other  Parallel  Axes 

Eziilanation  of  Formula.  It  is  often  necessary  to  determine  the  moment 
of  inertia  with  respect  to  some  other  axis  than  the  one  passing  through  the 
center  of  gravity  of  the  section,  such,  for  example,  as  one  passing  through  the 
base  and  parallel  to  the  other.  Suppose  it  is  desired  to  fitid  the  moment  of  ia« 
ertia  of  a  rectangie  about  an  axis  passing  through  the  lower  base,  as  in  the 
second  figure  on  page  335.  It  may  be  demonstrated  by  the  principles  cf 
mechanics  that  the  moment  of  inertia  of  any  section  with  respect  to  any  axis 
is  equal  to  the  moment  of  inertia  of  the  section  with  respect  to  a  parallel  axis 
through  the  center  of  gravity,  plus  the  product  of  the  area  of  the  section  multi- 
plied by  the  square  of  the  nonnal  distance  between  the  axes.  This  rule  may  be 
expressed  by  the  formula 
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in  winch  /i  is  the  reqtiiied  moment  of  ineitia,  /  the  moment  of  inertia  of  the 
sectioQ  with  retpcct  to  the  aiis  through  its  center  of  gravity  and  paraUel  to  the 
given  axis,  A  the  ana  of  the  section  and  k  the  normal  distance  between  the  axes. 
From  this  it  is  secsa  that  the  moment  of  inertia  of  any  section-area  b  less  for 
an  axis  through  its  center  of  gravity  than  for  any  other  parallel  axis. 

For  example,  consider  the  rectangle  shown  on  page  335,  of  breadth  h  and 
depth  d,  the  /  of  which  is  known  to  be  bd*/ 12  for  an  axis  passing  through  the 
center  of  gravity  and  parallel  to  the  base.  Then,  for 
a  parallel  axis  through  the  base,  the  above  formula 
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Fig.  !•  Moment  of  Inertia 
of  Cross-section  of  Steel 
Angle 


Thus  the  moment  of  inertia  of  the  cross-section 
of  the  steel  angle  shown  in  Fig.  1,  about  the  axis 
MS,  19  equal  to  the  moment  of  inertia  about  the 
axis  XX  plus  the  product  of  its  area  multiplied 
by  kK  The  moments  of  inertia  for  the  sections  of 
tbe  standard  rolled  shapes  of  structural  steel  may 
be  found  from  the  tables  given  in  this  chapter.  The 
distance  o,  also,  may  be  found  from  the  same  tables; 
and  this  distance  subtracted  from  d  will  give  the 
dUtaxKe  h  of  Formula  (3). 

Suppose,  for  example,  that  it  is  desired  to  find  tbe 
moment  of  inertia  of  the  cross-section  of  a  4  by  3 
by  ]^An  angle,  placed,  with  the  long  leg  horizontal, 
about  an  axis  MN,  12  in  from  the  back  (Fig.  1).  Turning  to  Table  XI,  the 
area  of  the  angle-section  -  3.25  sq  in.  /,  the  moment  of  inertia  of  the  angle- 
section  about  an  axis  2-2,  or  XX  of  Fig.  1,  parallel  to  the  long  leg  -  2.4,  ci,  the 
distance  of  this  axis  fnom  the  back  of  the  long  leg  -  0.83  in  and  A,  the  distance 
between  the  axes  -((/>-  ci)  -»  12  —  0.83  in  -«  11.17  in.  Substituting  these  values 
in  Formula  Ci) 

/i  -  2.4  -h  3.2s  X  11.17"  -  3-4  +  405-50  -  407.9 

i.  Moments  of  Inertia  of  Compound  Sections 

Th«  Moment  of  Inertia  of  a  Compound  Section  made  up  of  a  number  of 
smaller  sections  may  be  found  by  the  same  formula,  h^  I-^-  Aifi.  Denote  the 
SUM  OF  THE  MOMENTS  ot  INEHTIA  of  the  separate  sections  making  up  the  com- 
pound  section,  with  respect  to  an  axis  through  the  center  of  gravity  of  that 
section,  by  2/i.    Formula  (3)  then  becomes 

2/i-2(/  +  i4*»)  (4) 

That  is,  to  find  the  moment  of  inertia  of  any  compound  section  made  up  of 
a  number  of  smaller  sections: 

(i)  Find  the  moment  of  inertia  of  each  of  the  smaller  sections  about  an  axis 
passing  through  its  own  center  of  gravity  and  paraUel  to  the  neutral  axis  of  the 
compound  sectiofi  \ 

(3)  Multiply  the  area  of  each  of  the  smaller  sections  by  the  square  of  the  dis- 
tance between  its  center  of  gravity  and  the  center  of  gravity  of  the  whole  figure; 

(3)  Add  the  results  found  by  (x)  and  (2)  for  the  moment  of  inertia  of  the 
whole  68Ute. 

Foff  CBample,  oonsider  the  cast-hon  beam  or  lintel  shown  in  section  in  Fig.  2: 
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(x)  f  of  upper  flange-section 
/  of  web*«ection 
/  of  lower  flange-sectJon 
Total 

(2)  A!fi  for  the  upper  flange 
Ah*  for  the  web 
Alfi  for  the  lower  flange 
Total 


-4XiVia-Ma 

-  XX  i»/x2- 5832/12 

-  x6XxVia-*Mi 
»  5  852/12  -•  487.6 

-4X(i2.s)«-625 

-  18  X  3«  -  162 

-  x6  X  (6.5)"  -  676 
-1463 


(3)  Total  of  (i)  and  (2)  «  487.6  +  x  4^3  ~  ^t  of  compound  section  —  z  950^6 

The  moment  of  inertia  of  the  cross-section  of  any  compound  beam,  therefore, 
can  generally  be  readily  found  by  using  the  tables  of  properties  of  sections  which 
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Fig.  2.  Moment  of  Inertia 
of  Cron-Mction  of  Cut- 
ixon  Lintel 

give  the  numerical  values  of  / 
for  the  various  rolled  shapes  of 
which  the  beam  is  composed, 
with  respect  to  the  axis  throu^ 
the  center  of  gravity. 

The  Moment  of  Inertia  of 
a  Single-Web  Girder-Section. 

Consider,  for  example,  the  single- 
web  girder  shown  in  section  in 
Fig.  3,  and  made  up  of  one 
M   by   24-in  web  and  four  4 

by  3  by  \i-\n  flange-angles  with  the  long  legs  placed  horizontally.  Turn- 
ing to  Table  XI,  the  moment  of  inertia  of  the  cross-section  of  one  of 
these  angles  about  an  axis  XX  (2-2  in  the  table)  paralld  to  the  long 
leg «-  2.4,  and  the  distance  of  this  axis  from  the  back  of  the  long  leg  (y  in  the 
table)  «  0.83  in;  hence  h,  the  distance  between  the  axis  of  the  angle-section 
and  the  axis  of  the  girder-section*  12  — 0.83 ■■  11.17  in.  A,  from  the  table 
"■  3.25  sq  in.  The  moment  of  inertia  of  the  cross-section  of  each  angle  about 
the  axis  of  the  girder,  therefore,  from  Formula  (3),  is  7t  -  2.4  +  3.25  X  (xi.17)' « 
407.9,  and  for  the  four  angles  «  1631.6.    Since  Uie  axis  of  the  oom  section  of 


Fig.  3.     Moment  of  Inertia  of  Croia-sectioo 
of  Plate  Girder.     No  Flange-plates 
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the  w^plate  is  coincident  with  the  axis  of  the  section  of  the  girder,  its 
moment  of  inertia*"  M>/i a  •*  Vi X  (24)*/i2  —  576.  This  may  be  found 
ifirectly  fixmi  Table  I.  pa^  546,  Moments  of  Inertia  of  Rectangles.  The 
BKCDcnt  of  inertia,  tlieiefore,  of  the  section  of  the  compound  girder*-  163 1.6 
T  576  —  2207.6. 

The  Moment  of  Inertia  of  a  Section  of  a  Compound  Girder  with 
FlaagA-Platea  is  found  m  the  same  way,  except  that  the  moments  of  inertia  of 
the  sections  of  the  flange-plates  With  respect  to  the  axis  of  the  girder-section 
must  be  added  to  the  moments  of  inertia  of  the  cross-sections  of  the  other 
members.  The  girder  in  Fig.  4  is  com- 
posed of  one  30  by  H-in  web-plate,  four 
5  by  4  liy  ^t-in  angles,  with  the  longer 
lef3  horizontal,  and  two   i3  by  H-in 


"^ 


.rSL 


JE^ 


n 


/  ( «-  /i)  for  cross-section  of  web  (from 

Table  I,  page  346)  -  S43-75 
/i   for    each   angle-section  ^  J-k-  Ah* 

(FormuU3) 

From  Table  XI,  for  each  flange-angle, 
/  -  6.6,  A  ■■4.7  s  and  the  perpendicular 
dbtance  from  center  of  gravity  to  back 
of  long  leg*  1. 10  in.  Hence  A-  15—  * 
i.io  -  13.90  in.  /i  -  6.6  +  4.7s  X 
U3-9o)«— 924.35;  and  for  four  angles 
~  3  ^7*4-  i  for  the  cross-section  of 
each  flaoge-plate  -  12  X  (H)*/!  2  ->  o.i  35, 
^<-HXx2-6sqin  and  A  -  15  +  H 
»  15.25  in.  For  each  flange-plate,  then, 
/1-0.125-I-6X  (15.25)*-  1395.125; 
and  for  the  two  plates,  2  790.25.  The 
moment  of  inertia  for.  the  cross-section 
of  the   whole  girder,   therefore,    with 

reference  to  the  horizontal  axis  parsing  ^  ^^  . 

through  the  center  of  gravity  of  the  fj^  4  ^^^^^  ^j  I„^rtia  of  Cross- 
section  -  843.7s  +  3  697.4+  2  790.25  -  action  of  Plate  Girder  with  Flange- 
7  3.51-4-  plates 

It  wOl  be  noticed  that  the  moments 
of  inertia  of  the  cross-sections  of  the  flange-plates  and  angles  about  their  own 
neutral  axes  is  so  small,  compared  with  thdr  moments  of  inertia  about  the 
nratral  axis  of  the  girder-section,  that  they  might  be  omitted  without  any 
appreciable  error.  Therefore,  in  calculating  the  moments  of  jnertia  for  riveted 
girders,  it  b  the  custom  of  many  engineers  to  let  Ii"  Ah*  for  flange-plate  and 
angle-sections.    In  that  case^  for  the  girder-section  in  Fig.  4, 


xc 


LIO 


-CL. 


/  for  web 

/i  for  angles  ^  Ah* 

/i  for  flange-plates  "  Ak* 

Moment  of  inertia  of  entire  girder-section 


843.75 
3671.00 
2790.00 

7304-75 


The  Moment  of  Inertia  of  a  Section  of  a  Box  Girder.    Let  the  box 

girder  shown  in  V\g.  5  be  composed  of  two  H  by  30-in  webs,  two  16  by  H-in 
flange-plates  and  (our  4  by  3  by  >i-in  angles  with  the  long  legs  horizontal. 
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Fig.  5.  Moment  of  Inertia  of 
Cross-section  of  PUte-and-angle 
Box  Girder 


Fig.  6.     Momeot  of  Inertia 

ok  CCDBS-MCtioO  of  PlAle- 

and-channel  fioa  C^aitimn 


/  for  etch  flaiige-plate-W"/u-i6x(H)"/i«-o.i6;  A^Hx  i6  in-8  sq  in 
tod  *-r5  +  K- is.Jsin.    /j- /  +  ilik«»  0.16  +  8  X  (1525)*- i  860.64;  and 

for  the  two  flange-plates,  5  7ai.2&  /  lor  eadi 
angle  *  a.4,  X  M  3.25  and  the  distance  feom  the 
back  of  the  long  leg  to  an  aids  tfarotigfa  the 
center  of  gravity  of  the  angle,  parallel  to  the 
long  leg  -  0.83  in;  so  that  A  -  15  -  oSs  —  14-17 
in.  /i  for  the  four  angles  b  (4  X  2.4)  +  C4  >? 
3.2s)  X  (14.17)'  -  2  619.  /  for  each  web  (Tab'e 
I,  page  346) "  843-75  &iid  for  the  two  wclo 
-  I  687.5.  The  mo- 
ment of  inertia,  there- 
fore, for  the  entire 
girder-section  ■■ 
3  721.28  +  2  619  -h 
1  687.5  -  8  027.78. 

The  Moment  of 
Inertia  of  the  Sec- 
tion of  A  Channel 
Box  Colomn.  Fig. 
6  shows  the  cross- 
section  of  a  column 
made  up  of  two  lo-in 
iS.3-lb  channels,  set 
6.33  in  apart,  back 
to  back,  and  two  H  by  12-in  side  plates.  Let  it  be  required  to  find  the 
moment  of  inertia  of  the  section  about  the  two  axes  A  B  and  CD. 

(i)    Find  the  moment  of  inertia  about  the  axis  AB,    /,  for  one  of  the  siJe 
plates  with  respect  to  an  axis  through  its  own  center  of  gravity  and  parallel  tc 

^5-12X(^2)V»2«O.I25,  *^ 

A  "MX  1 2-in  a  6  sq  in  and 
the  distance  of  its  center  of 
gravity  from  ABh  5.25  in. 
Therefore,  with  respect  to 

i4B,7i-o.i2s+6x(s-25)' 
-165.5.  The  moment  of 
inertia  of  a  lo-in  is..?-lb 
channel  with  respect  to  an 
axis  through  its  center  of 
gravity  and  perpendicular 
to  the  web  (Table  VIIl. 
page  359)  ■-  66.9.  Hence 
the  moment  of  inertia  of 
the  whole  column-section 
with  respect  to  the  axis  A  B 

-  (2X  165.5) +(2X66.9) 
•  464.8. 

(2)  Find  the  moment  of 
inertia  about  the  axis  CD.  /,  for  one  of  the  side  plates  (Table  I,  page 
346) "  72.  /,  for  one  of  the  channels  with  respect  to  an  axis  parallel  to  the 
web  •■2.30,  A  "4.47  and  the  distance  of  the  center  of  gravity  from  the  baik 
of  the  wcb«"0.64  in,  approximately.  Hence  A -3.165 +0.64 -3.8  in. 
/i  -  2.30+4.47  X  (3.8)* -66.8  and  the  moment  of  inertia  of  the  whole  column- 
section  with  respect  to  the  axis  CP- (2X72)  + (2X66.8)  -  277.6. 


Fig.  7. 


JL_ 


Moment  of  Inertia  of  Cross-sectioB  of  Thrse- 
web  Plate-aod-angle  Box  Columa 
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TIm  Momcat  ol  bitrlte  of  tht  SMlioft  of  a  Hovry  FUte-oiid-Anclo 
Colnain.  Fig.  7  shows  the  cross-sectloQ  of  one  of  the  basement-columns  in 
tke  Btakcn*  Tmt  CompMiy  Bisildfas,  New  York  City.  It  Is  made  tip  of  six 
flaace-plociei*  each  tj  by  Hin  Bectkm;  two  fiange-pUttcs,  each  27  by  1M6  In; 
fear  flingr  angln,  tadt  6  by  6  by  i94«  in;  dght  ooter  web-plates,  each  18  by 
>Mf  b;  iour  web^ngla,  each  6  by  3H  by  ifis  in;  and  two  middle  web-plates 
cadi  18  by  9f«  io.  What  is  Ha  moment  of  inertia  of  the  entire  colmnn-sectioii 
vithRspcct  tothcftxi9il#? 


/  for  each  27  by  ^-m  flange-plate  (Table  I)  -  i  230.19 

/  for  sU  27  by  H-m  flange-pUtes  >«  i  230.19  X  6  «■  7  381.14 

/  for  each  27  by  ^Mfl-in  flaoge-plate  (Table  I)  «  i  127^7 

/  for  two  27  by  ^H«*hi  flange-plates  -  1  127.67  X  2  «■  2  255.34 

/  for  both  flanges  9  696.48 

For  the  flange-angles  (TaUo  XII,  page  366)  the  area  of  a  6  by 
6  by  iM«->n  angle  »  10.37,  its  /  with  respect  to  an  axis  parallel  to 
A3  (FIs.  7)  and  passing  tbioogh  iU  center  of  gravity  «  33.7  and 
the  di^anrr  of  this  axis  from  the  back  of  the  leg  ■>  1.84  in.  Its  /t 
with  respect  to  the  axia  ^iB  is  found  by  Formula  (3),  page  s^, 
/:  -  /  +  Aifl.  k  •-  13.5  —  (ai2  -i-  4.16)  «•  the  distance  from  theaxis 
ABto  the  parallel  axis  through  the  center  of  gravity  of  the  angle 
-  9.22  in.    Hence,  substituting  in  Formula  (3), 

/i  -  33-7+  10^7  X  (9.22)«-  915.1S 

/i  for  the  four  flange-angles  -  915.15  X  4  -  3  660.60 

Each  outer  veb  b  4  x  >Hft  in*-  29<  in  thick.  Hence  the  /  for 
each  ooter  web  about  the  horixontal  axis  through  its  center  of 
gravity  —  18  X  (2.7s)Via  ■•  31.2.  A  ■■  18  by  a.75  in  -  49.5  sq  in. 
The  distaace  from  its  center  ol  gravity  to  the  axis  AB  is  13.5  —  (1.38 
+  1.84  4*  4.16  +  azs)  ■•  &OX  or,  say  6  in. 

Fron  Forraola  (s),  therefote^  It  <■  31.2+49*5  X  6^  -  i  813.2  and 
for  botk  outer  webt  /i »  i  813.2  x  >  *■  3  626.4 

For  the  four  web-angics,  from  Table  XI,  page  363*  the  area  of  a 
6  bf  3Wby  ^Mc-io  aagle  ••  8.03»  its  /  with  respect  to  an  axis  through 
its  center  ol  gravity  and  parallel  to  the  long  leg  -  6.9  and  the  dis- 
tanoe  of  this  axia  liom  the  back  of  the  long  leg  «  ou^g  la.  A»  the 
hofiaootal  dialanoe  betwaea  the  two  axes  •■  fit  in,  or  0.5625  in 
(the  thkkiKwa  of  one  of  the  middle  web-plates)  -f  0.99  -  j.55  in, 
oppnadmatdy.    Tberefoic^  for  oae  web-aagk^  from  Formula  (3), 

/i  -  6.9  +  8.03  X  (i.5S)*  -  26.17 
and  for  the  four  angles^   /i  >-  26.17  X  4  »  »H.68 

The  middle  web-plates  are  togedier  fit  In X  a ■•  iHln •  z.195 

IB  thick.    The/ (» It)  for  the  two  plates  is  x8  X  (t.i»5>'A**  ^-U 

The  flaoment  of  inertia  of  the  entive  cohiran-section  for  the  axis 
A  Bis,  tbeoefoffc^  the  sum  of  these  moments  of  iaertia  for  the  <fiffcr' 
cot  paita: 

7i  for  the  ctgbt  flange-plates  9  636.48 

/t  for  the  four  flange-angles  3  660.60 

/i  for  the  ei^t  out«r  wd>-plat«K  3  626w|o 

/]  for  the  four  web-plates  104.68 

/i  for  the  middle  web-platei  8.m> 

Tbe  moment  of  iaertia  lor  the  oatSie  sMtiott  X7  ojo^e 
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f»  Radii  of  Gyration  of  Compound  Soetiooa 

The  Radius  of  Gyration  of  any  Compound  Section  may  be  found  froa 
Fonnula  (2),  page  333,  by  dividing  the  moment  of  inertia  of  the  section  Iqr  thi 
total  area  of  the  section  and  talcing  the  square  root  of  the  quotient.  Thus 
the  radii  of  gyration  of  the  channel-column  section  shown  in  Fig.  6,  about  thi 
axes  A  B  and  CD,  are  found  as  follows:  A  ■•  (the  sum  of  the  areas  of  two  H  bj 
i2-in  plates,  or  12  sq  in)  +  (the  sum  of  the  areas  of  the  two  channels,  or  8.94 
aq  in)  •  20.94  sq  in.    /  about  AB  « 464.8  and  about  CD  -  277.6. 


V  464.8 
-4.71 
20.94 


ML 


/  277.6 

and  fj,  with  respect  to  the  axis  CD  —  \ ^  -3.64 

"•20.94 

Since  ri  is  the  smaller,  it  is  the  value  to  be  used  in  the  column-formula.  It  is 
to  be  noted  that  this  value  of  r  agrees  with  the  r  of  the  lo-in  channel-column  in 
Table  XXV,  on  page  533*  The  value  of  n  does  not,  however,  agree  exactly  with 
the  n  in  the  same  table,  the  variation  being  caused  by  a  difference  in  the  spacing 
of  the  channels,  back  to  back. 

The  Least  Radius  of  Gyration  of  a  Section  of  a  Plmte-and-Angle 
Column.    As  another  example,  let  it  be  required  to  find  the  least  radius  oi 

gyration  of  the  cros&^ection  of  the  plate-and- 
angle  column  shown  in  Fig.  8,  made  up  of  one 

=^      H  by  i2-in  web-plate>  two  H  by  12-in  aide  plates 

~        and  four  4  by  4  by  H-in  angles. 
^  I^QP  (x)  Find  the  moment  of  inertia  about  the  axis 

AB.    For  the  axb  AB^  I  for  each  one  of  the  side 

-     plates  with  respect  to  an  axis  throui^  its  own 

center  of  gravity  and  parallel  to  the  axis  AB»^ 
12  X  (H)V  "  -  005.  i4  -  M  X  12 1-  4.5  sq  in  and 
h  -  6fie  in.  h  -  0.05  +  4.5  X  (6M«)«  -  i7«-33-| 
/  for  each  one  of  the  angles  with  respect  to  an 

^a     axis  through  its  center  of  gravity  and  paralldi 

with  the  flange-leg  is  s*6,  A  -  3.75  and  the  dis-' 

VI    a     T  -  .  i>  J-      in          ^^^  ^  ^  center  of  gravity  from  the  back  cf 
Fig.  8.    Least  Radius  of  Gyra-     *i  ^  « „ ,  ,,  •  o      «  «.      ^  •  I 

tion  of  Cn)s«cdon  of  PUte-    ^^^  ^«  ""^  ^  angle  -  1.18.    Hence,  A  -  6  ml 

aad-ADgle  Column  ~  ^'^^  "* ""  4-82  m  and  ^  for  each  angle-  5^ 

+  3-75  X  (4.82)"  -  92.71.  /  for  the  web-plate  - 1 
54.  The  moment  of  inertia  of  the  whole  column-section,  therefore,  about  the 
axis  AB"  (2  X  172.33)  +  (4  X  9a-7i)+  54  -  76950. 

(2)  Find  the  moment  of  inertia  about  the  axis  CD.  I  for  each  side  plait 
>-  54.  /  for  each  angle  ■•5.6  and  A  for  each  angle  -  3.75.  The  distance  of 
the  center  of  gravity  of  each  angle  from  the  back  of  the  flange  of  the  angb 
-  x.x8  in  and  hence,  A  -  1.18  in+  M«  in  -  1.36  in,  approximately,  /i  for  each 
angle  -  5-6  +  3-75  X  ( i  .36)"  -  1 2.54.  /  for  each  web-plate  -  0.05.  The  moment 
of  inertia  of  the  whole  colunm-section,  therefore,  about  the  axis  CD  -■  (2  X  54)  -h 
(4  X  12.54)  4-  0.0s  -  158.21. 

Since  this  is  the  least  moment  of  inertia  the  least  radius  of  gyration  will  Uke* 
wise  be  about  the  axis  CD.  The  area  of  the  cross-section  of  the  column  «  (4  X 
3.7S>  the  area  of  the  angles)  +  (3  X  4-5i  the  area  of  each  plate)  -  28.5.  r*« 
158.21/28.5  -  5.55  and  r,  the  least  radius  of  gyration  -2.35. 
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Tha  Sadiu  of  GrnHn  of  11m  Cfoit  Sttion  ol  a  Hollow  Svctuicnlar 
Cotumn.  As  another  eumple,  let  it  be  requiied  to  find  the  ruUm  of  gynlioo 
of  tfae  tniaS'^ectioD  (rf  ■  bollow  rectangular  cast-imn  caluma  with  outside  dimen- 
3ioB3  6  by  6  m  and  with  a  shell  H  in  tiudc.  (See  6guiet  and  formulu  (or  hol- 
low squares  and  rcctangleMiage  135)  -<- 6"- (s.s)'- 36-30,15  -  j. 75  »1  in. 
/ -  (W-  *An/ii  -  16< -  (s-s )*l/iJ  -  (U96 - 9io)/iJ  -  386/11  -  i2.i.  f  - 
3i-»/5-J5  -  5-6  and  '  -  'SI  in- 

The  radii  ot  gyration  of  round-Mction  cahimni  and  tquare^ectioo  cnluniDS, 
varying  from  1  to  lo  in  in  (Uameter  and  of  metal  varying  from  H  to  1  in  thid, 
ai£  given  in  Tables  II  and  III,  see  pages  348  to  3SI.  For  enmple:  the  radiui 
d  gyration  of  a  6  by  6-in  jquaie-section  cast-jron  column  with  a  shell  H  in 
Undc.  is,  from  Table  III,  1^5  in. 


Th*  Moment  ot  Inertia  may  be  Dctermioad  Graphically  as  follows: 
Ditide  the  shape  in  question.  Fig.  9,t  into  strips  parallel  to  BC.  Through  the 
tenters  ol  gravity  of 
the  iUipa  dnw  indef-  I 
inite  tinea  /.,  /i,  etc. 
.Umc  a  line  oMaycd 
fcngtiia/;,  /i. ««-.  pro- 
portional respectlvety 
to  areas  /i,  /i,  etc 
When  the  strips  are 
naiTOW  and  of  equal 
width,  each  strip  may  1 
be  aitsumed  propor' 
lional  to  the  length  of 
the  strip  measured 
thmigb  its  center  of 
Through  a 


and  I 


45°  with  ah  todeter- 
unne  the  pole  O,  from 
which  the  rays  0J,0«, 
etc.,  are  drawn.  Con- 
struct the  EQCiuBaiDH-n 
BC  wiU  be  a  ci 


Fig,  0.  Gnplucal  Detenaination  ol  Momeota  of  Inertiat 
(j/.  (See  page  ig6.)  A  line  i5  parallel  to 
UOHCNT  or  INERTM  about  this  axis  is  equal 
to  the  area  ot  the  givea  figure  ABC  multiplied  by  the  arei  of  [he  polygon  ji/. 
The  square  toot  of  this  area  gtj  is  the  kadius  or  cvratton  oi  the  figure  ABC 
with  regard  to  the  aiis  sS.  A  graphic  raethod  especially  adopted  to  irregular 
figures  is  given  in  detail  in  Goodman's  Mechanics  Applied  to  Engineering.  See, 
als^j,  Mertiman's  American  Civil  Engineers'  Handbook. 

•  From  Ddlei  by  Robini  Flfinins. 

tFigun  liom  Ott'i  Graphic  Slalk 

Church's  Notes  and  Eniniiilts  in  Ue 


ICIuk's  Tnaslatioo,  London,  I3}6).    See,  aho. 
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Tabic  I.*    Mom— ti  of  CMrtte  of  RoeCuglos 


Neutral  axis  through  center  and  normal  to  depth 


Depth 

in 
iipchfls 

Widths  of  rectanglei 

t  is  inches 

• 

H 

M« 

H 

^« 

Vi 

Me 

H 

2 

0.17 

0.2X 

0.25 

0.29 

0.33 

0.38 

0.43    • 

3 

0.56 

0.70 

0.84 

0.98 

1. 13 

I  27 

1-41 

4 

1.33 

1.67 

2.00 

2.x^ 

3.67 

3.00 

3.33 

5 

2.60 

3.26 

3.91 

4.56 

5.21 

5.86 

65X 

6 

4. so 

5  63 

6.75 

7.88 

9.00 

X0.X3 

tX.2S 

I 

7.IS 

8.93 

10.72 

X3.51 

14  29 

X6.08 

17.86 

10.67 

13.33 

16.00 

18.67 

21.33 

24  00 

2667     • 

9 

15. 19 

18.98 

32.78 

26.58 

30.38 

34.17 

37.97 

xo 

20.83 

26.04 

31.25 

36.46 

41.67 
5546 

46.87 

53.08 
6932 

XI 

27  73 

34.66 

41.59 

48.53 

6239 

12 

36.00 

45.00 

54.00 

63.00 

7200 

Sx.oo 

90.00 

13 

45. 77 

57.21 

68.66 

80.10 

91  54 

102.98 

2X4  43 

14 

57.  X7 

71.46 

85.75 

100.04 

114.33 

138.63 

143.92     t 

15 

70.31 

87.89 

105.47 

123. OS 

140.63 

158.30 

ns.7«   . 

16. 

85  33 

106.67 

128.00 

149  33 

170.67 

192.00 

2x3.33     1 

17 

102.35 

127  94 

153  53 

X79  12 

204.71 

230.30 

255  89 

xS 

X21.50 

X5I.88 

X82.2S 

212.63 

343.00 

2733(8 

303. 75     ' 

19 

142.90 

178.62 

2x4.34 

250.07 

285  79 

321. 5« 

aS7.2«     1 

20 

166.67 

208.33 

250.00 

391.67 

333.33 

385.88 

375.00 

41667 

21 

192.94 

241.17 

289.41 

337.64 

434. IX 

4la.34 

22 

221.83 

277.29 

332.75 

388.2X 

443.67 

499  13 

554  58 

23 

253.48 

316.85 

380.22 

443  59 

506.96 

648.00 

633  70     ' 

24 

288.00 

360.00 

432.00 

504.00 

576.00 

730.00 

*§ 

325  52 

406.90 

488.28 

569.66 

65X.04 

732. «l 

8x3.80 

26 

366.17 

457.71 

549  25 

640.79 

732.33 

823.88 

915.43 

27 

410.06 

512.58 

61S  09 

7x7. 6x 

830.13 

92364 

ioas.x6 

38 

457.33 

571.67 

686.00 

800.33 

914  67 

X039.00 

1X4333 

^9 

506. xo 

635.13 

762.  x6 

-   889. x8 

X016.31 

«l«3.33 

1390.36 

30 

562.50 

703.13 

843.75 

984.J8 

XI3600 

1265.63 

X406.2S 

32 

682.67 

8S3  33 

1024.00 

1194.67 

1365.33 

I6J6.00 

1906.67 

34 

818.83 

1023. 54 

X328.25 

1432.96 

X637.67 

X842.3S 

»*7.o8     ■ 

36 

972.00 

X215.00 

X4S8.0O 

1701.00 

1944.00 

2187  00 

3430.00     1 

38 

1x43  17 

X428.96 

1714.75 

3000.54 

3386.33 

3572.13 

285792 

40 

1333-33 

X666.67 

iuuu.oo 

2333.33 

3666.67 

3000.00 

3333.33 

42 

1543.50 

192938 

2315.25 

2701.13 

3087.00 

3472.88 

y5^,7S 

44 

1774.67 

2218.33 

2662.00 

310S.67 

3549  33 

399300 

4436.67 

46 

2D37  83 

2534.79 

3041.75 

3548.71 

405567 

4562.63 

5aj9.5» 

48 

2304.00 

2880.00 

3456.00 

4033.00 

4608.00 

6I84.00 

59^.00 

50 

2604. X7 

3255.21 

3906.2s 

4557.29 

5308.33 

5899.3B 

65Io.4t     ■ 

52 

29^21 

3661.67 

4394.00 

5136.33 

S8S8.67 

659X.OO 

vm$ 

54 

3280.50 

4100.63 

4920.7s 

5740.88 

6561.00 

7381.13 

$301.25 

S6 

3658.67 

4573. 33 

5488.00 

6402.67 

73T7.33 

8133.00 

9f^.6T     ■ 

58 

4064.83 

S0S1.04 

6097.25 

7113.46 

8129.67 

9145.87 

10163.0S 

60 

4500.00 

5625.00 

6750.00 

7875.00 

9003.00 

XOI35.00 

11350.00 

*  This  table  may  be  used  in  computing  the  moments  of  inertia  of  plate  giatiers. 
columns  and  other  compound  sections  in  which  plates  are  used.    See  pages  341  and 
J42. 


Neutnl  axis  thvough  center  axtd  nomuil  to  depth 


Depth 

in 
inches 

Widths  of  rectangles  in  inches 

—  . 

'H« 

94 

>M« 

H 

»M« 

X 

0.46 

1.55 

3-67 

0.50 

1.69 
4.00 

1.83 
4.33 

0.58 

1.97 
4.67 

0.63 
3.11 
5.00 

0.67 
2.25 

^.33 

716 
12.38 
19.65 
2933 

41.77 

7.81 

1350 

21.44 
32.00 

45.56 

8.46 
14.63 
23.23 

34.67 
49.36 

9.11 
IS.  75 
25.  CI 

37.33 
53  16 

9.77 
16.88 
26.80 
40.00 
56.9s 

10.42 
18.00 
26.58 
42.67 
60.75 

83.33 
110.92 
144.00 
183.06 

238.67 

10 

II 

12 
13 
14 

57  29 
7626 
99  00 

145. 8y 

157. 2X 

> 

62.50 

83.19 
108.00 

137.31 
171.50 

67.71 

90.12 

117.00 

148.75 

185.79 

72.92 

97.05 
126.00 
160.30 
200.08 

78.13 
103. 98 
13S. 00 
171.64 
214.38 

11 

l8 
19 

193.36 
334  67 
281.47 
334.13 
39296 

210.94 
256.00 
307.06 
364.50 
428.69 

228.5a 

277.33 
332.65 

394.88 
464.41 

346.09 
298.67 
358.24 
425.2s 
500.14 

2<^.67 
320.00 

383.83 
45563 
53586 

281.35 

341.33 
409.42 
486.00 

571. 58 

20 
21 

aa 

23 

458.33 
530.58 

610.04 
697.07 
792.00 

500.00 
578.81 
665.50 
760.44 
864.00 

541.67 
627.05 
720. 06 
823.81 
936.00 

583.33 
675  28 

1008.00 

625.00 
723.52 
831.87 
950.55 

1080.00 

666.67 

771.75 

887.33 

1013.93 

1153.00 

2S 

27 
28 

39 

IQ06.96 
1127.67 
1257.67 
1397.29 

976.56 
1098.50 
1230.19 
1372.00 
1524.31 

1057.94 
1190.04 
1332.70 
1486.33 
1651.34 

1X39  32 
1281.58 

1600.67 
1778.36 

1220.70 
1373.13 
1537  73 
1715.00 

1905.39 

1303.08 
1464.67 
1640.35 
1829.33 
9032.42 

10 
32 

34 
36 

38 

1546.88 

1877  33 

M51.79 
2673  00 

3143.71 

1687.50 
2048.00 

2456.50 
2916  00 

3429.50 

1828. 13 
2218.67 
2661.31 
3159.00 
3715.29 

1968.75 
2389  33 
3865.92 
3403.00 
4001.08 

2109  38 
2560.00 
3070.63 
3645.00 
4286.88 

9250.00 

9730.67 

3275.33 
3888.00 

4572.67 

40 
42 

44 

46 

48 

3666.67 

4244  63 

4W033 

557654 
6336.00 

4000.00 
4630.50 
5324.00 

6083  80 
6912.00 

4333.53 
5016.38 
5767.67 
6590.46 
7488.00 

4666.67 
5403.  ;i5 
63II.33 
7097.42 
8064.00 

9000.00 
5788.13 
6655.00 
7604.38 
8640.00 

5333.33 

6174.00 

7098.67 
8111.33 
9216.00 

SO 
52 

g 

7161.46 

8055.67 

9021.38 

10061.33 

11178.29 

12375.00 

7812.50 

8788.00 

9B4I.IO 

10976.00 
13194  50 
13500.00 

8463.54 

10661.63 
11890.67 
13210.71 
14635-00 

9114.58 
10252  67 
H481.75 
12805.33 
14226.93 
15750.00 

9765.63 
10985.00 
12301.88 
13720. op 
15243.12 
16875.00 

10416.67 

n7i7.33 
13122.00 

14634.67  ; 
16250.33  . 
18000.00 

....   J 

*  This  table  may  be  used  in  computing  the  moments  of  inertia  of  platie  girders, 
columns  and  other  compound  sections  in  which  plates  are  used.    See  pages  341  an4 
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Table  n.*    ATMS  tad  BAdtt  d  OyntiMi  of  BoOoir-Sodiid 

■  =.55111^  -  0.7SS4  (D« -*)  iq  in 


Chap.  1( 


Radius  of  gyfation  — in 


Diam. 

D. 
inches 


3 
4 
5 
6 

7 
8 

9 

10 
XX 

xa 

X3 
X4 
IS 
X6 

17 
XS 

19 

SO 


A 

and 

r 


A 

r 

A 

r 

A 

r 

A 

r 

A 

r 

A 

r 

A 

r 

A 

r 

A 

f 

A 

T 

A 

T 

A 

r 

A 

r 

A 

T 

A 

T 

A 

r 

A 

r 

A 

r 

A 

r 


Thickness  I  in  inches 


>4 


1. 37 
0.63 

a.  16 
0.98 

a. 95 
X-33 

3.73 
X.63 

4-53 
a. 03 

5. 30 
2.39 

6.09 
2.74 

6.87 
3.09 

7.66 
3.45 

8.44 
3.80 

9  23 
4- 16 

10.01 
4  SI 

10.80 
4.86 

11.58 

12.37 

5. 57 

X3.X6 
5.92 

13  94 
6.38 

X4  73 
6.63 

IS.  SI 
6.98 


^« 


X.66 
0.61 

a.64 

0.96 

3.62 
X.31 

4.60 
1.66 

5.58 
a. 01 

6.57 
2.37 

7  SS 
a. 7a 

8.S3 
3.07 

9  51 
3-43 

10.49 
3.78 

II  47 
4x3 

xa.46 
4-49 

13-44 
4.84 

14-42 
S.19 

IS  40 
5  55 

16.38 
5.90 

17  36 
6.a5 

18.35 
6.61 

19  33 
6.96 


H 


•  •  •  •  • 


4-27 
X.29 

5  45 
X-64 

6.63 
x-99 

7.80 
2.35 

8.98 
a. 70 

X0.16 
3  OS 

XI. 34 
3.41 

ia.52 
3.76 

13  70 
4. II 

14.87 
4-47 

X6.05 
4.8a 

17-23 
5  17 

X8.41 
5  53 

X9  59 
5-88 

ao.76 
6.a3 

at. 94 
6.59 

a3.ia 
6.94 


W 


H 


550 
I. as 

7.07 
x.6o 

8.64 
1.95 

10.  ax 
a. 30 


XX 

a 


78 
66 


X3.3S 
3. OX 

14-92 
3.36 

16.49 
3.72 

18.06 
4.07 

19  63 
4.42 

ai.ax 

4. 78 

aa.78 
5X3 

24.35 
5.48 

25  92 

5.84 

27.49 
6.19 

a9.o6 
6.54 

30.63 
6.90 


8.59 
X.56 

xo.ss 
X-91 

12. s^ 

i.rj 

14.48 
3.6a 

16.44 
a  97 

X8.4X 
3.32 

20.37 
3:67 

23.33 

4-03 
24  30 

438 

36. a6 
4.73 

38.33 
5.09 

30.19 
5.44 

3a.  IS 

5. 79 

34  la 
6.15 

36  oS 
6.50 

38.04 
6.85 


W 


10.  ox 
1.53 

ia.37 
X.88 

14. 73 
3.33 

X7.08 
3.58 

19  44 
2.93 

21. 79 
3.28 

24.  IS 
3.63 

a6.sx 
399 

38.86 
4.34 

31.23 

4.09 

33-58 
5  OS 

35  93 

S  40 

38.39 

575 

40.64 
6. 10 

43.00 
6.46 

45.36 
6.8x 


H 


14.09 
X.84 

16.84 
a.  19 

19.59 

3.54 

33.33 

2.89 

as. 08 
3.24 

37.83 
359 

395 

33  33 
4  30 


36 
4 

38 
S. 

41. 
5 


06 
6s 

83 
,00 

S8 

36 


44.33 

S.71 

4707 
6.06 

49  S2 
6.43 


52.57 
6.77 


IS  71 
t     X.80 

X8.85 
3.15 

3X99 

a. 50 

25-13 
a.8s 


38.37 
3.30 


I  31.4a 

3S5 

I 

34.56 
3.91 

377c 
4.26    j 

40.84    I 
4.61 

43.98    '' 
4.96    I 

47.1a    i 
S.32    • 

50.27 
5.67 

5341 
6.Qa 

56.SS    1 
6.37 

59.(9 
6.73 
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taUelL* 


■  ^i2^Z^>  «  o.7<54  (/?■  -  ^)  .q  in 


lUdhM  o<  gyntkm  - --^^-Xf:  in 


A 

Tlucknen  i  in  inches 

. 

•ad 

xH 

xH 

xH 

xH 

iH 

Ifi 

xj< 

a 

1 

A 
A 

•  •  ■ 
«  •  • 

•  ■  • 
»  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  •  ■ 

•  •  •  • 

•  ■   •    • 

V    «    •    • 

•  •  •  • 

•  •  •  • 

■   «   •   • 

•  •  •   * 

• 

.*. . . 

1 

A 

•  •    * 

•  ■    • 

•  ■   «   « 

•  •   •   • 

I       ^ 

A 

ao.76    a 

3.5 

8     

•   ■   *    • 

1 

a.  13 

3.0 

6     

•   »  •    • 

A 

34.30    9 

6.5 

z     38.63 

30.63 
3.30 

■   •   •    • 



3.46 

3.4 

3       3.39 



•  •  ■  •  • 

1 

A 

a7.«3     3 

0.4 

3     33.94 

35.34,     3 

7  6s 

39.86 

1 

1 

3.81 

3.7 

8       3.74 

3.70 

3.67 

3.64 

J 

A 

31.37     3 

4.3 

6     37.36 

40.06       4 

J.76 

45.36 

47.86 

50.37 

3.Z6 

3.1 

3      3.09 

3.05 

3.03 

3.96 

3.95 

3.93 

A 

34.90     3 

3.3 

9     41.58 

44.77       4 

^?S 

50.85 

5375 

56.55 
3.36 

3.  SI 

3.4 

8       3.44 

3.40 

3.36 

3.33 

3.39 

u 

A 

3B.44     4 

X.3 

3      45.90 

49.48     s 

3.97 

56.35 

5964 

63.83 

3.87 

3.8 

3       3.79 

375 

3.7X 

3.68 

3.64 

3.6x 

13 

A 

41.97      4 

6.x 

4      50.33 

54.19       5 

5:3 

61.85 

65.53 

69. X3 

4.3a 

4.x 

8       4.14 

4x0 

4.03 

5.99 

3.95 

14 

A 

45.50    s 

0.0 

7     54. 54 

S8.91       6 

3.X8 

67.3s 

7X.43 

75.40 

457 

4.5 

3       449 

4.45 

4.4X 

4.38 

4.34 

430 

Y  V 

A 

49.04    S 

4.0 

0     $8.86 

6362       € 

8.38 

73.85 

77.31 

8x68 

1      ^5 

^ 

4.93 

4.8 

8       4.84 

4.80 

4.76 

4.73 

4.69 

4.65 

i6 

A 

53.57     5 

7.9 

a    63- x8 

66.33       7 

3.39 

78.34 

83.30 

87.97 

5.37 

5.2 

3       5. 19 

5.X5 

SXt 

5.08 

5.04 

5.00 

17 

A 

56. XI     6 

Z.8 

5     67.50 

73.04       7 

8.49 

83.84 

89.09 

94.35 

5.63 

5  5 

9       5.55 

5.51 

5. 47 

5.43 

5.39 

5.35 

I8 

A 

5964     < 

5.7 

8     71.83 

77.75       8 

3.60 

89.34 

94.98 

X00.53 

598 

5.9 

4       S.90 

5.86 

5.83 

5.78 

5.74 

S.70 

Vtfk 

A 

63.  IS     6 
6.33 

9.7 

0     76. X3 

83.47       8 

8.70 

94.84 

XOO.87 

106.83 

19 

6.3 

9      6.35 

6.31 

6.17 

6^X3 

6.09. 

6.0s 

A 

66.71     7 

\\ 

3     80.45 

\%  • 

3.8X 
0.53 

100.33 

X06.77 

XX3.I0 

30 

6.69 

4       6.60 

6.48 

6.44 

6.40 

^^^^^ 

'               1 

1 

— i 

*  FhMtt  Pocket  Compftoion,  Cwnegie  Steel  Conptay,  Ptttsliurgh,  Pa. 
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Area  —  (D«  —  d*)  sq  in 
lUditmafiymtlbo-  ^^^ 


in 


Side 
iochM 

A 

Tlikkneas  t  in  inches 

•ad 

M 

Me 

H 

H 

H 

H 

H 

X 

2 

.A 

T 

1.75 
0.7a 

2.1Z 
0.70 

•••■•• 

••■••• 

3 

A 

2.75 
Z.13 

3.36 
1. 10 



4 

A 

3.75 
X-53 

4.61 
1.51 

5.44 
1.49 

7.00 

1.44 

5 

A 

4. 75 
I  94 

5.86 

1.92 

f:U 

9.00 
x.8s 

'?:U 

'l^ 

6 

A 

5.75 
2.35 

7." 
2.33 

8.44 
2.30 

11.00 
2.25 

X3.U 
2.21 

15.75 
2.17 

1794 

2. 17 

20.00 
2.06 

7 

A 

S:?l 

8.36 

2.73 

994 

2.71 

13. 00 
2.66 

'J:g 

18.7s 
2.57 

21.44 

a. 53 

24.00 

a. 48 

8 

A 

7. 75 
3.17 

9.6x 

3. 14 

11-44 
3.12 

IS. 00 
3.07 

18.44 
3.02 

ax.  75 
a.9« 

24.94 
a.93 

28.00    ■ 

2.«9 

9 

A 

8.75 
3.57 

10.86 
3.55 

12.94 
3-53 

17.00 
3.48 

90.94 
3.43 

24.7$ 
3.JB 

28.44 
3.34 

32.00 
3.a9 

10 

3.^ 

12. II 
3.96 

U.44 
3-93 

19.00 
3.88 

23.44 
384 

27.7$ 
3.79 

31. 94 

3.74 

36.00    i 
3.70 

II 

A 

10.75 
4.39 

13.36 

4.37 

15. 94 
4-34 

21.00 

4.29 

tS.94 

4.24 

30.7s 

4.» 

35.44 

4x5 

40.00 
4.10 

12 

11.7$ 
4.80 

14.61 
4.77 

17.44 

4. 75 

23.00 

4.70 

28.44 
4.65 

^;fi 

1:S 

44.00 
451 

13 

A 

12.75 
5.21 

15.86 
5. 18 

18.94 
5.16 

25.00 
5X1 

1:a 

36.73 
5.01 

*l:^ 

48.00 
4-92 

14 

13.75 
5.61 

17.11 
5.59 

20.44 
5. 56 

27.00 
SSI 

33.44 

5.47 

39.7$ 
5  42 

45-94 
5-37 

52.00    f 
5  32 

15 

14. 75 
6.02 

t8. 36 
6.00 

21.94 
5.97 

29.00 
5.93 

3594 
5. 87 

42.75 
5.83 

49.44 
5.78 

$6.00 
5  T3 

X6 

^ 

15. 75 
6.43 

19.61 
6.41 

2344 
6.38 

31.00 
6.33 

3B.44 
6.28 

4575 
6.23 

52.94 
6.Z9 

60.00 

6x4  ; 

17 

16.75 
6.84 

20.86 
6.81 

94  94 
6.79 

33.00 

6.74 

%t 

48.7s 
6.64 

56.44 
6.59 

64.00 

6S4 

i8 

17. 75 
7.25 

22.  IZ 
7.22 

26.44 
7.20 

35.00 
7.XS 

43.44 

7. 10 

5X.7S 
7.05 

59  94 
7.00 

68.00 
6.95 

19 

18.75 
7.66 

23.36 
7.63 

^7  94 
7.61 

37.00 
7.56 

45.94 

751 

54. 7$ 
7.46 

63.44 
7.4X 

72.00 

7.36 

20 

1:3 

24.61 
8.04 

99.44 

8.0X 

39.00 
7.96 

48.44 
7.9X 

57.75 
7.87 

1:g 

76.00 
7.77 

1 

'  From  Podcet  ConiMBioQ,  Carnegie  Steel  Company,  Piltsborgli.  Pik 
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i4 

and 

r 


r 
>l 

A 

r 

A 

r 

A 

r 

A 

r 

A 

r 
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r 
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r 

A 

r 

A 

r 

A 

r 

A 

r 

A 

r 

A 

r 

A 

r 

A 

r 

A 

r 

A 

r 


ThickiMMlin  ^*V7hiig 


iH 


«  •  • 

•  •  ft 

•  •  • 

•  •  • 


a6.44 
2.44 

35-44 
3.2S 

39'M 
305 

44-44 

4.06 

48.94 
4.46 

53-44 

4.»7 

57.94 
5.38 

5.V6 

€6.94 
6.09 

71.44 
6.50 

75. 94 
6.90 

80.44 
7.31 

84.94 

7.7a 


xH 


»  •  •  •  • 

• 

38.75 

a. 40 

33.75 

a. 80 

38.75 
3.ao 

43-75 
3.61 

48.75 
4.01 

S3. 75 

4.43 

5875 
4.83 

63.7s 
5.33 

«.75 
5.64 

73  75 
6.04 

78.75 
64s 

83.75 
6.86 

88.75 
7.36 

93.75 
7.67 


xH 


•  •  • 

I  »  ■ 

•  •  • 

•  ■  ■ 

•  •  • 


36.44 
3.76 

41.94 
3.x6 

47.44 
3.57 

53.94 
3.97 

58.44 
4.37 

63.94 

4.78 

69  44 
5.18 

74.94 
5.59 

80.44 
6.00 

8594 
6.40 

91.44 
6.8t 

96.94 

7.33 


xoa 


«.44 

7.63 


xH 


•  •  * 

•  •  • 

«  •  • 

•  •  • 


3900 

3.73 

45.<» 

3.13 

51.00 
3.53 

57.00 
3.93 

63.00 
4.33 

69.00 

4.74 

75. 00 
5.14 

8X.00 
555 

67.00 
5.95 

93.00 
6.36 

xos.oo 
7.X7- 

XXX. 00 
7-58 


iH 


•  •  • 

•  •  • 

•  #  • 

•  •  • 

•  •  • 

•  •  • 

•  ■  • 


47.94 
3.08 

54.44 

3.4ft 

60.94 
3.88 

67.44 
4.39 

73.94 

4.69 

80.44 
5.10 

86.94 
5.50 

93.44 

5.9X 

106.44 
6.73 

xxa.94 
7.U 

XX9.44 
7-53 


iH 


•  •  •  • 

•  •  •  • 

•  •  •  » 

•  ■  •  • 

•  •  •  • 

•  ■  •  • 

•  •  •  • 

•  •  •  • 


50.75 
3.05 

57.7s 
3.44 

6475 
3.84 

71.75 
4.2s 

78.75 
4.65 

85.7s 
5.05 

93.75 
5.46 

99  75 
5-86 

X06  75 
6.3T 

1x3. 75 
6.67 

130.75 
7.08 

137.75 
7.49 


IH 


60.94 

3.40 

68.44 

3.80 

75. 94 
4.30 

83.44 
4.61 

90.94 
5. ox 

98.44 
S.4X 

105. 94 
5. 8a 

1x3.44 
6.33 


:S 


X30. 
6.53 


X38.44 
7 -03 

X35.94 
7.44 


64.00 
3.37 

73.00 
3.76 

80.00 
4.16 

88.00 
456 

96.00 
4.97 

104.00 
5. 37 

zxa.oo 
5.77 

xao.oo 
6.18 

X38.00 

6.58 

X36.00 

6.99 

X44.00 

7.39 


*  From  Pocket  Coropani^,  Carnegie  Steel  Company,  Pittsburgh,  Pa. 
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Chi^.  10 


7*  IMinwiriont,  MoiMiits  of  tmn^^Rm^^U  Gynlloa  and  Sictioa- 

Moduli  of  Standard  Structural  Shapoa 

Explanation  of  Tables.  As  in  using  structural-steel  shapes  the  cfadce  is 
practically  confined  to  such  shapes  as  are  rolled  by  the  mills,  it  is  essential  to 
have  at  hand  the  dimensions  and  properties  of  those  shapes  in  order  to  calcu- 
late  the  necessary  sises  to  meet  spedal  requirements  for  strength  and  piacticsl 
conditions  of  economy  and  framing.  Since  1890  great  changes  have  been  made 
both  in  the  materiab  and  in  the  shapes  of  the  standard  sections.  The  rolling- 
milb  which  manufacture  the  most  complete  assortment  of  structural  shapes  are 
those  of  the  Came^e  Steel  Company,  the  Cambria  Steel  Company,  the  Jones 
&  Laughlin  Steel  Company  and  the  Bethlehem  Steel  Company.  In  general,  the 
products  of  these  mills,  especially  beams  and  channels,  are  respectivdy  similar 
in  shape.  This  is  particularly  true  of  the  shapes  rolled  by  the  first  three  of  the 
companies  named. 

The  standard  steel  beams  and  channek  considered  in  the  following  pages  are 
rolled  by  all  of  these  mills,  with  the  exception  of  those  of  the  Bethlehem  Steel 
Company.  With  a  few  exceptions  the  following  tables  of  properties  of  stand- 
ard structural  shapes  have  been  adopted  by  permission  from  the  Pocket 
Companion  •  of  the  Carnegie  Steel  Company.  It  may  be  well  to  state  that 
the  tables  of  properties  for  the  various  structural  shapes,  published  by  the 
companies  named  above,  do  not  agree  exactly,  even  for  the  same  weights, 
but  the  differences  are  not  of  practical  importance.  The  tables  of  the 
Cambria  Steel  Company  and  of  the  Carnegie  Steel  Company  for  beams  and 
channels  agree  more  closely.  As  angles  are  very  extensively  used  foi  a 
great  many  purposes,  the  properties  are  given  for  all  sizes  rolled  and  also  a 
table  showing  from  which  mills  the  different  sizes  may  be  obtained.  Natur- 
ally it  will  generally  be  advantageous  to  use  a  size  that  is  rolled  by  several 
mills. 

Tables  XV,  XVI  and  XVII  will  be  found  very  convenient  when  computing 
the  strength  of  struts  formed  of  pairs  of  angles,  and  Table  XVIII  when  com- 
puting the  same  for  pairs  of  channels. 

Standard  Steal  Beams  and  Channels.*      Common  Dimanaions 


BTRUOTVIUL  BEAMS 

A.A.S.M.  STANDASD  SECTIOliS 


H 


fi  >  minimum  web  m  | 
R  »  minimum  web  +  o.iO^ 
f  »  9io  miiiimum  web 
h  -  distance  between  flange- fillets 
Slope  of  flange,  i  :  6  «  i6h%  *■  9°  37'  44" 

*  From  Pocket  Companion.  Carnegie  Steel  Company,  Pittsburgh,  Pa. 
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STRUCTUBAL  CHANKEL8 


n  •■  minimum  web  » I 
R  « minimum  web  +  o.xy 
f  ^  ho  minimum  web 

Siope  of  flange.  1:6-  iSH%  -  9'  af  44" 


Dimensions  for  Structural  Beams  are  those  adopted  by  the  Association  of 
Afficrican  Steel  Manufacturers  and  apply  to  all  Structural  Beams,  except 
Ameriaui  Standard  Sections  B  z,  B  3  and  B  5,  also  Sections  B  34  and  B  81. 

The  dimensions  of  the  Supyplementary  Beams,  B  61  to  B  68,  inclusive, 
cannot  be  readily  reduced  to  formulas.    Slope  of  flange  is  i  :  xx  «•  5°  11'  40". 

Dimensions  for  Structural  Channels  are  those  adopted  by  the  Association 
of  American  Steel  Manufacturers  and  apply  to  all  Structural  Channels,  except 
Section  C  so^  the  i3-in  sizes,  which  are  Car  Building  Channels. 
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Pnperties  of  Stnictunl  Shapes,  etc. 

TM»  n.*    PropertiM  of  I-Boam  SwIloM 

|2 


Chap.  1 


Sec- 
tion- 
index 

beam 

Weight 
foot 

Ai«a 
of 
sec- 
tion 

flange 

Thick- 

neaaof 

web 

Aflri»x-i      y^ 

AjDS  3-3 

I 

f        I/c 

/ 

r        I  c 

in 

lb 

sqin 

in 

0 

in 

xn4 

in 

in^ 

in4 

In 

ias 

B6i 

27 

90.0 

36.34 

9000 

0.534 

3958.3 

X0.60 

3x9. X 

75. 3 

1.69 

167 

Bx8 

24 

X150 
1x0.0 
105.9 

33.67 
33. x8 
3098 

7.987 
7.935 
7.875 

0.737 
0.675 
0.635 

38x1. 5 

9.35 
9-44 
9.53 

345.0 
239.1 
334.3 

82.8 
80.6 
78.9 

1.57 

20.7 
ao.j 
ao.o 

B    X 

24 

xoo.o 
95. 0 
90.0 
85.0 
79.9 

39.35 

37.79 
36.  JO 

34-84 

33-33 

7.847 
7.186 

7.124 
7.063 
7.000 

V4L 

0.634 

0.563 
0.500 

3371.8 

2301.5 
2230.x 

2x59.8 
3087.3 

S:3 

9.3X 

9. 33 
9.46 

19?.* 

XQX.8 

X85.8 
x8o.fi 

173.9 

48.4 
47.0 

45.5 
44-3 

43.9 

i.«9 

Z.JO 

x.32 

1.33 

x.36 

X3.4 

13. 0 

X2.S 

12. 5 
13.2 

B63 

34 

74.3 

3X.70 

9.000 

0.476 

1950.1 

9.48 

16a.  5 

6x.a 

Z.68 

136 

B63 

31 

60.4 

X7.68 

8.350 

0.428 

1335.5 

8.36 

1x7.7 

43.5 

X.57 

X0.6 

B     3 

20 

xoo.o 
95. 0 
90.0 
85.0 
8X.4 

39.30 

27.74 
26.36 
34.80 
33.74 

7.373 
7.300 
7.X36 

7.053 
7.000 

0.873 
0.800 
0.736 

0.653 
0.600 

X648.3 
1599-7 
1550.3 
150X.7 
1466.3 

7.51 

?:§ 

7.78 
7.86 

164.8 
x6o.o 
155.0 
150.2 
X46.6 

53.4 
50.5 
48.7 
47.0 
45.8 

X.34 

X.3S 
Z.36 

x.3« 

X.39 

14  4 

14  c 

13.7 
X3.3 

13.1 

B   3 

ao 

75.0 
70.0 

65.4 

31.90 
ao.43 
19.08 

6.391 
6.3x7 
6.350 

0.651 . 

0.567 

0.500 

X363.5 

X3X4.3 

1169. 5 

7.60 
7.71 
7.83 

126.3 
xax.4 
1x6.9 

30.1 
38.9 
37.9 

X.X7 
1.19 
x.ax 

9  4 

Bx9 

x8 

QO.O 
85.0 
80.0 
75.6 

36.39 
34.81 
33-54 
33. 04 

7.336 

7.154 
7.073 

7.000 

0.796 
0.714 
0.633 
0.560 

13x6.6 
1x76.8 
XX4X.8 

6.9X 
7.00 
7.X0 
7.30 

139.6 
135.3 
X30.8 
196.9 

5»-8 

49.8 
47-9 
46.3 

1.40 
X.43 

X.43 
X.45 

14  3 

X4.c: 
13.6, 

13 -»i 

B   4 

x8 

70.0 
65.0 
60.0 
54.7 

30.46 
18.98 
X7.5O 
15.94 

6.35X 
6.X69 
6.087 
6.000 

0.7XX 
0.639 

0.547 
0.460 

917.5 
877.7 
837.8 
795-5 

6.70 
6.80 
6.93 
7.07 

lox  .'9 
97.5 

34.5 
33.4 
33.3 
31. a 

X.09 
z.zx 

X.X3 
X.X5 

7.8 

7f, 
7-.'. 
71 

B64 

x8 

48.3 

14.09 

7.500 

0.380 

737.1 

7.33 

8X.9 

30.0 

X.46 

8a 

B   6 

15 

75.0 
70.0 
65.0 
60.8 

31.85 
30.38 

18. 9x 
X7.68 

6.378 
6.x8q 
6.083 
6.000 

0.868 
0.770 
0.673 
0.590 

687.3 
659.6 
633.x 
609.0 

5.6X 
5. 87 

ox. 6 

84.3 

8x.s 

30.6 
38.8 

36.0 

l.iS 

X.19 

Z.30 

I. ax 

9.8 

11 
8.7 

B   7 

15 

55. 0 
50.0 
45.0 
42.9 

x6.o6 
14.59 

13. X3 

13.49 

S.738 
5.640 

5-543 
5.500 

0.648 
0.550 
0.453 
0.4x0 

508.7 
48X.1 
453.6 
441.8 

5-63 
5.74 
S.8b 

5.95 

67.8 

60.5 

^9 

X7.0 
x6.o 
X5.0 
14.6 

Z.03 
x.os 
X.07 
Z.08 

5.9 
5-7 
5* 

5-31 

.   B6s 

15 

37.3 

10.91 

6.750 

0.333 

405  5 

6.A0 

54.1 

19.9 

1.35     59! 

NoTL.  The  exponential  figuiet  itaed  with  /  and  I  c  denote  the  mathematical  "<li- 
mensions"  ot  theae  qualities,  that  it,  the  number  of  times  the  linear  unit  appears  «s» 
lactor  in  the  quantities. 

*  Fiom  Pocket  Companion,  Carnegie  Steel  Company,  Pittsbuzgh,  Pa. 
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TWbto  IV*  (C«ati»Mi).    PiroywtiM  of  I-B«ui  8«etloa 


Sec- 

beam 

Weight 

Am 
of 

aection 

Width 
of 

fla&ge 

Thick. 

neaa  of 

web 

Axis  XI 

Axis  2-2 

1 

taon- 

/ 

r 

/A 

/ 

r 

1 
I/c 

1 

in 

lb 

sq  in 

in 

in 

in* 

in 

inS 

in^ 

in 

in3 

6.3 
5.8 
SS 

5-3 

1 

B  si 

1 

xa 

55.0 
50.0 
45. 0 
40.8 

X6.04 

14. 57 
13.10 
XX.  84 

5. 600 
54^7 
5. 355 
5.250 

0.8x0 

0.687 

0.565 
0.460 

319  3 
30X.6 
284.1 
268.9 

4.46 
4.77 

53.2 
50..^ 
47.. 1 
44.8 

17.3 
16.0 
14. 8 
13.8 

I  04 
«.os 
1.06 
Z.08 

B  9 

Z3 

35.0 
3x8 

X0.20 
9. 26 

5.078 
5. 000 

0.428 
0.350 

227.0 

2XS.8 

4.72 
4.83 

37.8 
36.0 

xo.o 
95 

0.99 
I. ox 

li 

B66 

12 

27.9 

8.X5 

6.000 

0.284 

X99.4 

4.95 

33.2 

12.6 

X.24 

4« 

Uio 

XO 

40.0 

.'SO 
30.0 
254 

IX. 69 
X0.22 

7^38 

5.091 
4.944 

0.741 
0.594 
0.447 
0.3T0 

X58.0 
145.8 

1335 

X22.X 

3.68 
3.78 

3.91 
4.07 

31.6 

26.7 
24.4 

^"1 
It 

0.90 
0.91 
0.93 
0.97 

3.7 
3.4 
3.2 
3.0 

B67 

xo 

22.4 

6.54 

5.500 

0.252 

1x3.6 

4. 17 

22.7 

9.0 

I.X7 

3  3 

Bxx 

9 

35.0 
.30.0 

25. C 

2X8 

10.22 
8.76 
7.28 
6.32 

4.764 
4.60X 

4.437 
4.330 

0.724 
0.56X 

0.397 
0.290 

XXX. 3 
XOX.4 

01.4 

84.9 

3.^0 
3.40 
3.54 
3.67 

24.7 

22.5 
20.3 
X8.9 

7  3 
6.4 
5.6 
5  2 

0.84 
0.85 
0.88 
0.90 

30 
28 
2.5 
2.4 

Bia 

8 

25  5 
23.0 
20.  s 
18.4 

7.43 
6.71 
5.97 
534 

4.262 
4.X7X 

4.079 
4.000 

0.532 
0.441 
0.349 
0.270 

68.1 
64.2 
60.2 

56.9 

3  03 

3  26 

X7.0 
x6.o 

X5  X 
X4.2 

4.7 

4.4 
4.0 

3.8 

0.80 
0.81 
0.82 
0.84 

2.2 

2.x 
2.0 

X.9 

B68 

8 

17  5 

S.13 

5.000 

0.220 

58.4 

3  38 

X4.6 

6.2 

I.XO 

2.5 

B13 

7 

20.0 
17.5 
15  3 

5. 83 
5. 09 
4.43 

3.860 

3.755 
3.660 

0.450 

0.345 
0.250 

38.9 
36.2 

2.68 

2.77 
2  86 

12.0 

XI. X 

X0.4 

3.x 

2.9 
2.7 

0  74 
0.76 
0.78 

X.6 
X.6 
x.S 

Bx4 

6 

17.25 
14.75 

X2.S 

5. 02 

4.29 
3.6x 

3.565 
3.443 
3.330 

0.46s 
0:343 
0.230 

26.0 

2X.8 

2. 28 
2.36 
2.46 

8.7 
7.9 
7.3 

2.3 

2.x 

X.8 

0.68 
0.69 
0.72 

X.3 

x.2 
X.X 

Bis 

S 

14. 75 

X2.2S 

xo.o 

4.29 
3.56 
2.87 

3.284 

3-137 
3.000 

0.494 
0.347 

0.2X<^ 

ISO 
13. 5 

X2.X 

X.87 

X.95 
2.05 

6.0 
4.8 

x.7 
X.4 
X.2 

0.63 
0.63 
0.65 

X.O 

O.QI 

0.82 

Bx6 

4 

xo.s 

7.7 

3.0s 
2.76 
2.46 
2.21 

2.870 
2.796 
2.723 
2.660 

0.400 
0.326 

0.2S3 
O.X90 

7.x 
6.7 
6.3 
6.0 

1.52 

♦1.56 

X.60 

x.64 

35 
3.3 
32 
3.0 

X.O 
O.9X 
0.83 
0.77 

0.57 
0.58 
0.58 
0.59 

0.70 
0.65 

o.6x 
0.58 

Bx7 

3 

11 

5  7 

2.X7 

X.88 
X.64 

2.509 
2.4x1 

2.330 

0.349 
0.25X 
0.170 

2.9 
2.7 
2.5 

i.xs 
X.X9 
1.23 

1:1 

X.7 

0.59 

o.si 
0.46 

0.52 
0.52 
0.53 

0.47 
0.43 

0.40 

See  "Note"  with  table  on  preceding  page. 

*  From  Pocket  Companion,  Carnegie  Steel  Company.  Pittsburgh,  Pa. 


356 


Properties  of  Structural  Shapes,  etc. 
Tkbto  v.*    Piapwtigs  of  H-Smb  Socdoot 


Chap.  lO 


These  may  be  employed  as  columns,  uring  the  axis  9-3 


Sec- 
tion- 
index 

Depth 

of 
beam 

Weight 

per 
foot 

Area 

of 

section 

Width 

of 
flange 

Thick- 
ness 
of  web 

Axisx-x 

Aids  9-3        1 

/ 
in« 

r 

in 

3  40 
a.54 
a.o8 
X.63 

I/c 
in* 

/ 

in« 

3S.X 

X4.7 

7.9 
3.6 

r 

I/c 

in 

lb 

sq  in 

in 

in 

in 

in* 

H4 
H3 
Ha 
Hi 

8 

6 

5 

4 

343 
24.x 
x8.9 

13.8 

10.0X 

7.0I 

547 
4. CO 

8.0 
6.0 
SO 
40 

0.375 
0.3x3 
0.3x3 
0.3x3 

1X54 
45X 
«38 
10.7 

a8.9 
15.0 

95 
53 

X.87 
x.45 
X.30, 

0-95 

8.8 

4.9 
31 

x.8 

See  **  Note  "  with  Table  IV.  page  354- 

*  From  Pocket  Companion.  Cancgie  Steel  Company,  Pittsboig h.  Pa. 
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Depth 

i    ^ 
'  beam 

Weight 
per 
foot 

Aim 

of 
section 

Thick- 

nei8 

of 

web 

Width 

of 
flanie 

Increase 
of  web 

and 

flange  for 

each  lb 

increase 

of  weight 

Neutral  ^s 

perpendicoiar 

to  web  at  center 

Neutral 
axis  coin- 
cident with 
center  line 

of  web 

1 

/ 

r 

1/c 

/ 

r 

in 

lb 

sqin 

in 

in 

in 

in« 

in 

in! 

in« 

in 

1     ^ 

lao.o 

35  30 

0.540 

XO.500 

0.0x0 

53396 

13.  x8 

349-3 

165.0 

3.16 

'     jB 

xos-o 

10.88 

0.500 

10.000 

o.oxx 

40x4.x 

XX. 40 

286.7 

13x5 

06 

36 

90.0 

a6.49 

0.460 

9500 

O.OXK 

2977.3 

X0.60 

339.0 

xox.a 

95 

24 

84.0 

3480 

0.460 

9-350 

O.OX3 

23SX.9 

9.80 

198.5 

91.1 

93 

1   ^ 

83.0 

34  S9 

0.530 

9  130 

O.OX3 

2340.9 

955 

X86.7 

78.0 

78 

1  »* 

7J.O 

31.47 

0.390 

9.000 

O.OX3 

209X.0 

9.87 

174  3 

74.4 

86 

I  « 

82.0 

34. 17 

0.570 

8.890 

0.0x5 

1559. 8 

8.03 

X56.0 

79.9 

83 

JO 

72.0 

31. 37 

0.430 

8.7SO 

0.0x5 

X466.5 

8.38 

146.7 

759 

88 

ao 

69.0 

30. a6 

0.530 

8.I4S 

0.0x5 

X268.9 

791 

X26.9 

5X.3 

59 

aa 

64.0 

18.86 

0.4S0 

8.075 

0.0x5 

X333.X 

8.05 

X23.3 

49  8 

62 

ao 

S90 

17.36 

0.375 

8.000 

0.0X5 

1X72.2 

8.23 

XX7.3 

48.3 

66 

xS 

S9-0 

17.40 

0.49s 

7.67s 

0.0x6 

883,3 

7.13 

98.1 

39.1 

,50 

,     «« 

S4.0 

IS. 87 

0.4x0 

7590 

0.0x6 

842.0 

7.28 

93.6 

37.7 

54 

i     rB 

sa.o 

15.34 

0.375 

7.SSS 

0.0X6 

8250 

7.36 

91.7 

37.1 

56 

1     IS 

48.S 

14.35 

0.320 

7.500 

0.0x6 

798.3 

7.48 

88.7 

36.3 

59 

-      IS 

71.0 

30.95 

0.530 

7.500 

o.oao 

796.2 

6.16 

XO6.3 

61.3 

71 

1      IS 

64.0 

x8.8x 

0.605 

7.19s 

o.oao 

664.9 

5.95 

88.6 

41. 9 

49 

1      IS 

$4.0 

15.88 

0.4x0 

7.000 

0.030 

6x0.0 

6.20 

8x3 

38.3 

55 

.      IS 

46.0 

I3.S3 

0.440 

6.8x0 

O.O30 

4848 

599 

64.6 

35.3 

36 

1  "^ 

41.0 

13.03 

0.340 

6.7x0 

0.020 

458  7 

6.x6 

60.9 

34.0 

41 

p 

IS 

3(B.o 

XX. 37 

0.390 

6.660 

0.020 

442.6 

6.27 

590 

23  4 

44 

1  " 

38.0 

XO.61 

0.3x0 

6.300 

0.025 

269.2 

5  04 

44.9 

313 

42 

12 

3a.o 

944 

0.335 

6.305 

0.035 

338.5 

4.93 

38.x 

x6.o 

•  30 

13 

3^,5 

8.43 

0.350 

6.130 

0.035 

3X6.3 

5.07 

36.0 

IS. 3 

35 

ID 

aB.5 

8.34 

0.390 

5990 

0.029 

134. 6 

4.03 

26.9 

13.x 

.31 

10 

aj.s 

6.94 

0.350 

5.850 

0.039 

X23.9 

4.3X 

34.6 

II. 3 

.37 

9 

34.0 

7.04 

0.365 

5.55s 

0.033 

93.x 

3.62 

30.5 

8.8 

13 

9 

90.0 

6. ox 

0.350 

5.440 

0.033 

85.x 

3.76 

X8.9 

8.3 

17 

8 

X9.S 

S.78 

0.33S 

5.335 

0.037 

60.6 

3.34 

IS. I 

6.7 

08 

8 

17.S 

$.18 

0.350 

5.350 

0.037 

57.4 

3.33 

14.3 

6.4 

XI 

'*  Note  **  with  Table  IV.  page  354. 

*  Adapted  from  Catalogue  of  Structural  Shapes,  19x1  Edition.  Bethlehem  Steel  Com- 
perny.  Bethlehem,  Pa.  See  nine  Additional  Sections,  for  24-in,  ai-in,  and  x8-in  beams, 
ia  Punphlet  S-xo.  purash^  March,  x,  1921,  by  this  Company. 
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See  "  Note  "  with  Table  IV.  pace  354. 

*  Adapted  from  Catalogne  ol  Stxuctiml 
Company,  Bethlehem,  Pa, 


Depth 
of 

beam 

Weight 
per 
foot 

Area 

of 
section 

Thick- 
ness of 
web 

Width 

of 
flangs 

Increase 

of  web 

and 

flange 

for  each 
pound 

increase 

of  weight 

Neutral  axis 

perpendicular 

to  web  at  center 

Neutnl        1 

cidentwith 
center  Kne 
of  web       j 

/ 

r 

I/c 

/ 

r 

in 

lb 

sqin 

in 

in 

in 

in« 

in 

in> 

in* 

in 

30 

30 

200.0 
xSo.o 

58.71 
53.00 

0.750 
0.690 

15.00 
13.00 

0.0x0 

0.0X0 

9x50.6 
8x94.5 

13.48 
X3.43 

6x0.0 
546.3 

690.3 
433  3 

3.38 
3.86 

38 

X80.0 
165.0 

53.86 
48.47 

0.690 
0.660 

X4.35 
X2.50 

o.oxx 
o.oxx 

7264,7 
6562.7 

IX. 72 
IX. 64 

518.9 
468.8 

5333 

371.9 

3.18  ' 
3.77  ' 

a6 
a6 

160.0 
XSO.O 

46.91 
43.94 

0.630 
0.630 

13.60 
X3.00 

o.oxx 
o.oxx 

5630.8 
5153. 9 

10.9s 
X0.83 

433.4 

3965 

4357 
3U.6 

3-05 
a.68 

24 
34 

140.0 

120. 0 

41.  x6 
35.38 

0.600 
0.530 

I3OC 
X2.00 

O.OX3 
0.013 

4301.4 
3607.3 

10.  xo 
10.  xo 

350.  X 
300.6 

346.9 

349  4 

3.90 
3.66 

ao 
ao 

X4O.0 

113. 0 

41. 19 
33.8X 

0.640 
0.550 

X3.S0 
X2.CO 

0.015 
0.0x5 

2934.7 
3343.1 

8.44 
8.45 

3935 
334.3 

348.9 
339.3 

3.9X 

3.70 

18 

99.0 

37.13 

0.480 

XI. SO 

0.0x6 

1591.4 

7.66 

X76.8 

183.6 

3.59 

IS 
IS 
IS 

140.0 

XO4.O 

73.0 

4X.37 
30.50 
31.49 

0.800 
0.600 
0.430 

11.75 

'  XX. 25 

XO.5O 

o.oao 
0.020 
0.020 

1593.7 
1330.1 

8ai3*4 

6.31 

6.33 
6.41 

3X3.4 
163.7 

XX7.8 

331.0 
3X3- 0 

X23.3 

a.83 

3.64 

3.39 

12 
12 

70.0 

55. 0 

30.58 
16.  x8 

0.460 

0.370 

XO.OO 
9.75 

0.035 
0.035 

53B.8 
433.0 

5.12 
S.X7 

89.8 

73.0 

II4.7 

8x.x 

3.36 

3.34 

10 

9 

44.0 
38.0 
33.5 

ia.95 
XX. 33 

954 

0.310 
0.300 

0.390 

9.00 
8.50 

8.00 

0.030 
0.033 
0.037 

344.3 
170.9 
114. 4 

4.34 
3.90 
3.46 

48.8 

3(B.o 
36.6 

57.3 
44.x 

33.9 

3.X0 
X.98 

X.86 

Shapes,  x9xi  Edition,  Bethlehem  Steel 
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r*-it^ 


r~ 


[ 


4 


Sactjoor 

Siseof 

Width  of 

Thickness  of 

Weight  per 

index 

sectioOp 

flange, 

web. 

foot. 

in 

in 

in 

lb 

C-i«4 

2H 

«Me 

M 

a.S5 

C-i6s 

7H 

M 

91s 

a.09 

C-166 

2H 

>M« 

W 

X.63 

C-183 

2 

H 

H 

3.ZZ 

0-184 

a 

91« 

H« 

Z.68 

C-18S 

2 

W 

H 

z.a6 

C-190 

iH 

>M« 

Ms 

1.71 

C-191 

1^4 

H 

^ 

Z.33 

C-193 

iH 

^^ 

9^3 

Z.33 

C-I9S 

tH 

H 

^i 

0.96 

C-197 

iW 

W 

M« 

Z.47 

C-199 

xW 

W 

>i 

0.93 

C-aoo 

xVi 

We 

Ms 

z.xa 

C-ao3 

z 

H 

M 

0.83 

C-ao7 

z 

«964 

M 

0.7Z 

C-ai3 

H 

^6 

M 

0.66 

C-217 

H 

H 

H 

os8 

C-ai9 

H 

H 

M 

0.S4 

C-aai 

y* 

Hij 

^ii 

0  40 

C-aa3 

H 

Me 

H 

0.43 

*  Rolled  bjr  the  Jones  ft  Laughlin  Steel  Company,  Pittsburgh,  Ttu 
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Tkbl«  X.    Sizes  sad  Makes  of  RoUed  Steel  Andes 


The  UBamin^  table  has  been  compiled  to  show  ancles  of  various  sizes  rolled  by 
different  mmpanifs.  The  word  "all"  indicates  that  angles  of  the  sizes  mentioned  an 
idled  by  all  the  companies  included  in  the  list.  The  abbreviations  refer  to  the 
lailowins  oompanies:  Cam.,  Cambria  Steel  Company;  Car.,  Carnegie  Steel  Com- 
pssy;  J.  &  L..  Jones  &  T<angh1in  Steel  Company.  ^ 


^            Angles  with  unequal  legs 

Angles  with  equal  legs 

1  Sbes  in  inches 

Companies 

Sizes  in  inches 

Companies 

«    X6 

Cam.  and  Car. 

B    X8 

AU 

8    X3V* 

Car. 

6    X6 

AU 

1       7    X3H 

All 

5    XS 

AU 

1       6    X4 

AU 

4HX4H 

Cam. 

6    X3H 

All 

4    X4 

AU 

1       S    X4 

All 

iHXiH 

AU 

S    X3M 

All 

iHXiH 

J.ftL. 

1       S    X3 

AU 

3    X3 

AU 

4ViX3 

Car.  and  J.  ft  L. 

2HX2H 

Cam.  and  J.  ft  L^ 

4    X3W 

AU 

2HX2H 

AU 

4    X3 

AU 

2HX2H 

Cam.  and  J.  ft  L. 

3WX3 

AU 

2     X2 

AU 

3WX3H 

AU 

mxiH 

AU 

ZHX2 

J.ftL. 

iHXiH 

All 

3WXxW 

J.ftL. 

xHXiH 

J.ftL. 

3    X«H 

AU 

iHXiH 

AU 

3    Xa 

AU 

iHeXxfie 

J.ftL. 

aHXJ 

AU 

I    XI 

AU 

2HXtH 

J.ftL. 

H>  M 

J.ftL. 

2HX1H 

Car.  and  J.  ft  L. 

9 

a^XiH 

Cam. 

2MX1H 

J.ftL. 

2HX1H 

Car.  and  J.  ft  L. 

2    XiH 

Car.  and  J.  ft  L. 

2    XtH 

J.ftL. 

2    XzM 

Car. 

2    Xi 

J.ftL. 

iHXiH 

J.ftL. 

iHXiH 

Car. 

lUXiH 

J.ftL. 

.      iWXiM 

Car. 

'      iWXx 

J.ftL. 

iHX  H 

J.ftL. 

I    X««s 

J.ftL. 

z    X  H 

J.ftL. 

8(0 
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li 

N 

• 

Weight 

Area 

Axiat-z 

Axi«2-t 

Axis 

Sin 

foot 

of 

Motion 

,.    1 

Z 

in* 

to. 8 

r 

In 

2.49 

l/c 

in> 
IS. I 

s 

in 
2.65 

/ 

r 

lie 

1 
in 
1.65 

r— 

in 

lb 

sqin 

in« 
38.8 

in 
X.73 

in« 
89 

in 

1X6    XX 

44.2 

1300 

z.aS  ) 

«X6    X»Me 

41.7 

xa.25 

76.6 

2.50 

X4.3 

2.63 

36.8 

X.73 

8.4 

X.63 

1. 38 

ex6  XH 

M.I 

XX. 48 

72.3 

2.51 

13-4 

2.61 

34.9 

x.7^ 

7.9 

x.6t 

1.28 

$X6    X«M« 

36.5 

XO.'72 

67.9 

t.52 

12.5 

2.fi9 

32.8 

1.75 

7.4 

X.59 

x.29 

|X6    X^ 

SX6    X»H« 

33.B 

9  94 

€9.4 

a. 53 

XX. 7 

2.56 

J0.7 

X.76 

6.9 

X.S6 

x.^ 

31.2 

n 

58.8 

2.54 

10. 8 

2.54 

28.6 

X.77 

6.! 

X.54 

I..29 

BX6   y^H 

a8.s 

54.1 

2.54 

99 

2.52 

26.3 

X.77 

5  9 

X.52 

1.30 

BX6    XW« 

as. 7 

7.56 

493 

a.55 

8.9 

2.50 

24.0 

X.78 

It 

X.SD 

1.30    1 

BX6    XH 
ix6   XM» 

23.0 

6.7s 

44.3 

2.56 

8.0 

2.47 

21.7 

X.79 

X.47 

1.30 

20. a 

593 

39.2 

2.57 

7.x 

2.45 

X9  3 

1.80 

4.2 

1.45 

1.30 

BX3V4XI 

35-7 

10.  so 

66.2 

3.5X 

13.7 

3.X7 

7.8 

0.86 

3.0 

S:5 

0.73 

BX3WX>Me 

33.7 

990 

62.9 

2.52 

12.9 

3.14 

7.4 

0.87 

2.9 

0.73 

BXj^iXH 

31. t 

0.30 
8.68 

59.4 

2.53 

32.2 

3. 12 

V-, 

0.87 

a.7 

0.87 

0.73 

BX3ViX»5i« 

29.6 

55  9 

a.54 

XI. 4 

3.10 

0.88 

2.5 

0.8S 

0.73  ■ 

BX3V4X9i 

27.5 

8.06 

52.3 

•2.55 

10.6 

3.07 

6.3 

0.88 

2.3 

0.8a 

0.73  ■ 

BX3V4X»M« 

^X3WXH 

PX3HXMe 

|X3HXV^ 

feX3^XM« 

25. 3 

7.43 

48.5 

•2.56 

9.8 

3.«$ 

5.9 

0.89 

2.2 

0.8* 

0.73  ' 

23.2 

.6.B0 

44.7 

2.57 

9.0 

3.03 

5.4 

0.00 

2.0 

o.lf 

0.74 

21.0 

6.1X5 

40.8 

2.57 

8.2 

3.00 

SO 

0.90 

1.8 

0.7S 

0.74 

X8.7 
16.5 

'X 

36.7 
32.5 

2.58 
2.59 

6.4 

a.98 

2.95 

4.5 

4.x 

0.91 
0.92 

X.6 
IS 

0.73 
0,70 

0.74 

0.74 

•7X3^X1 

32.3 

9-50 

45-4 

2.X9 

to.6 

a.7i 

7.5 

0.89 

3.0 

0.96 

0.74 

>7X3HX«M« 

30. s 

897 

43  I 

2.19 

xo.o 

2.69 

7-2 

oM 

2.8 

0.94 

0.74 

^X3ViXH 

28.7 

8.42 

40.8 

2.20 

\i 

2.66 

6.8   0.9b 

a. 6 

1% 

0.74 

'7X3V4X»M6 

26.8 

7.B7 

384 

2.21 

2.64 

6.5    0.9Z 

».s 

«.74 

!7X3ViX?< 

24.9 

7.31 

36.0 

2.22 

8.2 

2.62 

6.1 

0.91 

2.3 

0.87 

e.74  1 

^X3WX»H« 
^X3V4XH 

23.0 

6.75 

33  5 

2.23 

7.6 

2.60 

5.7 

0.93 

2.Z 

0.85 

0.74   ' 

21.0 

6.17 

30.9 

2.24 

7.0 

2.57 

5-3 

0.93 

a.o 

0.82 

0.75 

'7X3ViX91« 

19.1 

5-59 

28. a 

2.25 

6.3 

2.55 

4-9 

0.93 

X.8 

0.80 

0.75 

^X3ViX4 

17.0 

5.00 

25.4 

2.25 

5.7 

2.53 

4.4 

0.94 

t.6 

o.7« 

0.7s 

TXsHXM* 

15.0 

4-40 

22.6 

2.26 

5.0 

2.50 

4-0  o.gsf 

t.4 

0.75 

0.76 

«7X3ViXH 

13.0 

3.80 

19.6 

2.27 

4  3   a. 48 

3.5 

0.96 

X.3 

0.78 

0.76  1 

JSX4    XI 

30.6 

9.00 

30.8    1.8s 

8.0 

2.17 

X0.8,  X.09 

38 

X.17 

0.85 

M  ^  ^                   V  ^  W  / 

^^BvT^^  * 

8.9*  • 

-ff-.-sl-f.^ 

T.* 

-•^t* 

t0.3{  T.K) 

3.-6 

1.TI 

0.«5  • 

6X4    X^i 

27.2 

7  98 

27.7 

X.86 

7.2 

2.12 

9  81  I. II 

3-4 

X.X2 

0.86  , 

6X4    X>9i6 

254 

7  47 

26.1 

1.87 

6.7 

2.10 

9.2'  I. II 

3-2 

X.IO 

0.86 

6X4    X^4 

23.6 

6  94 

24.5    X.88 

6.2 

2.08 

8.7     I. 12 

3.0 

X.08 

0.86 

6X4    X»Me 

21.8 

6.40 

22.8    1.89 

5.8 

2.06 

8.1    1. 13 

a.8 

X.06 

0.86  ' 

6X4    XW 

20.0 

5.86 

21. 1 

1.90 

5  3 

2.03 

7-5    X.13 

2.5 

X.03 

0.86 

6X4    X91« 

x8.i 

5.3X 

19  3 

X.90 

4.8    2.01 

6.9i  I. 14 

2.3 

x.ox 

0.87 

6X4    XVi 

16.2 

4  75 

17.4 

1. 91 

4.3    1.99 

6.3'  1.15 

2.1 

0.99 

0.87 

6X4    X^6 

143 

4.18 

IS  5    1.92 

3.8    1.96 

5.6,  2.16 

X.8 

0.96 
0.94 

0.87  , 

6X4    XH 

12.3 

3.6X 

13  5 

X.93 

3-3    X.94 

4.9    X.17 

x.6 

0.88  I 

r 

See  ••  Note  "  with  Table  IV,  iMge  354. 

*  From  Pocket  Companion,  Caraegte  Steel  Compaoy.  Pittsbuivh,  Pa. 
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f- 


:!k 


TT"^ 


III- 


1 

Weight 

Area 

Axis  x-i 

Axil  2-a 

S&st 

Sot 

of 
•ectioxi 

1 

/ 
in« 

29.2 

r 

in 
1.8s 

in» 
7.8 

X 

in 
2.26 

/ 

in* 
7. a 

r 
in 

i„> 

3 

ia 

1 

lb 

sqin 

U 

«X3HXI 

JB.9 

8.50 

0.9a   2.9 

I. 

6X3HX»^« 
€X3^XH 

27-3 
«S.7 

8.03 
75S 

31 

x.86 
X.87 

7.4 
12 

2.24 
2.2a 

It 

0.93 
0.93 

2.7 
2.6 

0, 
0. 

6X3HX»M« 

24.0 

7.06 
f.56 

24.9 

1.88 

6.6 

2.20 

6. a 

0.94 

2.4 

e, 

6X3HX^ 

».4 

23.3 

1.89 

6.x 

2.X8 

5.8 

0.94 

2.3 

0. 

6X3WX»M» 

10.6 

6.06 

ai.7 

1.89 

5.6 

a.X5 

ss 

0.9s 

a.x 

0 

6X3HXH 

1B.9 

5-S5 

ao.x 

1.90 

S^2 

a.x3 

S.I 

0.96 

'? 

0 

«X3V^Xti« 

X7.I 

5  ©3 

1^.4 

X.9X 

4.7 

a.  XX 

4.7 

0.96 

1.8 

0 

6X3HXW 

X5.3 

4-50 

16.6 

1.9a   4.2 

a.c6 

^■1 

0.97  1.6 

0 

,  6X3HX^« 

13.5 

3.97 

14.8 

i.93|  3.7 

a.o6 

3.8 

0.98  1.4 

0 

6X3HXH 

XX. 7 

3-42 

xa.9 

1.94 

3.3 

a.04 

3.3 

0.991  la 

c 

6X3HXH* 

9.t 

t.i7 

to.9 

X.95 

a.7 

a^oi 

a.9 

x.oo 

1.0 

€ 

SX4    XU 

a4.t 

7. IX 
6.65 

X6.4 

x,52 

$.0 

X.71 

t:? 

1. 14 

3.3 

1 

SX4     X^M« 

82.7 

X4.f 

X.53 

4.7 

X.63 

X.15 

3.x 

SX4     XH 

ax.x 

6«9 

I.S4    4-4 

X.66 

8.a 

x.is 

a.9 

5X4    X>M« 

195 
X7.8 

$.7a 

I3.f 

I.S4   4-1 

X.64 

7.7 

X.16  2.7 

5X4    XH 

S03 

X2.6 

1.55!  3-7 

x.da 

VI 

1. 17 

a. 5 

5X4     XM« 

i6.a 

4-75 

XI.6 

X.58 

3-4 

X.60 

6.6 

X.18 

2.3 

SX4    Xik 
5X4     Xt4« 

X4.S 

X3.8 

4.a5 

X0.5 

IS 

3.x 

X.S7 

6.0 

x.x8 

2.0 

375 

u 

2-7 

Z.55 

5.3 

X.19  1.5 

1  5X4    XH 

tX.O 

3.a3 

X.59 

a.3 

Z.53 

4.7 

x.ao.  1.6 

1 

5X3WXT4 

aa.7 

f.67 

139 

1.53 

^? 

1.79 

6.2 

0.9I'  2.5 

'  ,^5U^' 

ai.a 
I9i 

6.25 

S8i 

1.54 
X.S1 

48 
4.3 

x.r 

1. 75 

11 

0.97   a. 4 
0.98'  a.a 

5X3HX«H« 

18.3 

$37 

I3.« 

X.56 

40 

x.7» 

^•2 

0.9SI  a.x 

5X^XH 

16.8 

49» 

t2.0 

X.58 

3.7 

1.70 

4.8 

0.99   1.9 

IS. J 

4.47 

Xt.O 

1.57 

33 

X.68 

4.4 

x.oo   1.7 

f^5^. 

13.8 

12.0 

4.00 
353 

xo.d 
8.8 

1.58 
X.S9 

2.6 

x.66 
1.63 

4.0 
3.6 

x.ox   x.6 

x.oi    t.4 

15SJ$S?. 

10.4 

8.T 

iS 

x.6<l 
Z.6X 

a.3 
1.9 

X.61 
X.59 

3.2 

a.7 

x.oa   x.a 

x.ogl  1.0 

0.8OJ  1.7 

5X3    X^i* 

«9.9 

5«4 

t4.4 

I.SS 

4-5 

x.86 

3.7 

SX3    XH 

tf  S 

$44 

M.a 

X^S 

4.a 

X.84 

3.S 

o.8e{  1.6 

>  5X3    X*Hi 

n* 

5.«3 

ia.3 

x.5( 

3.9 

X.88 

3.3 

o.Sij  x.5 

,§8  5;?. 

1S.9 

143 

4.ix 
4.18 

XX.4 
10.4 

IM 

3-3 
3-2 

X.80 
x»7T 

a.8 

o.8x 
0.8a 

&.4 
12 

5X3    XH 

xa.S 

375 

J1 

J:8 

1.61 

n 

a.2 

I  ♦71 

a.6 

0.83 

t.i 

5X3    XH« 

ZX.3 

2.41^ 

1.73 

a.3 
a.a 

X.8 

0.84 
0.84 
0.8$ 

X.( 
0. 
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I.    N 


io^    ■ 


in 

4»X3    X'l^ 

4WX3    X" 

4MX3    X 

MXi    X 

)»X3    X 

4WX3    X 

4MX3    X 

4)iXl    X 

<SiX3  X... 
1  X3WX'«t 
I  X3^iX4t 
I  XjHXiMt 
I  XlMXH 
I  X3MX!1t 
1  XlitXM 
1  XjWXTit 
I  XjHX« 
I    X3)iXM( 


xi  : 


I   x^i 


4    Xj    X«i 
4    X3    XM 

4    X3    XU, 


3«X3 
JMX3    ,-,- 

3iiXJ«X'M. 
3!4Xi^aXH 

jmxjhxw* 
aMXjHXW 

SHXaHXMi 

3SX.HXH 

^XIHXU' 


o.g    i.o 
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■f 


^ 


ir^ST 


a^-_i 


Weight 

Area 

Axisx-z 

Axis  2-2 

Azin 

Sise 

foot 

of 

section 

/ 

in« 
2.3 

r 

in 
0.91 

He 

in> 
1.2 

% 

in 
X.02 

/ 

in* 
1.4 

r 

in 
0.72 

He 

in' 
0.82 

y 

in 
0.77 

r«i. 

ia 

lb 

aqin 

in 

i    XJ^Xf^e 

95 

a.78 

O.S2 

3   Xa^iXH 

8.5 

a. so 

a.x 

0.91 

x.o 

X.OO 

x.3 

0.72 

0.74 
0.66 

0.75 

0.S2 

3   XaHXM* 

7.6 

a. 21 

1.9 

0.92 

0.93 

0.^ 

x.a 

0.73 

0.73 

0.S2 

3    XaHXM 
3   X2HX|i« 

6.( 

1.9a 

1.7 

0.93 

0.81 

.0.96 

x.p 

O.74I  0:S81  0.71 

0.52 

S6 

X.62 

x-4 

0.94 

0.69;  0.93 

0.90 

0.74,  0.49 

0.68 

O.S3 

3   XaHXH 

45 

X.3X 

x.a 

0.95 

o.s6 

0.9Z 

0.74 

0.7s    0.40 

0.66 

0.53 

3    Xa    XH 

3    Xa    Xtit 

7.7 

a. 25 

1.9 

0.92 

x.o 

1.06 

0.67 

O.SS 

0.47 

o.s8 

0.43 

6.8 

a.oo 

X.7 

0.93 

0.89 

X.06 

0.61 

0.55 

0.42 

0.s6 

0.43 

,3    Xa    XH 

5.9 

1.73 

IS 

0.94 

0.78 

X.04 

O.S4 

0.56 

0.37 

0.54 

0.43 

3   Xa    XM« 

5.0 

X.47 

X.3 

0.95 

0.66 

1.02 

0.47 

0.57 

0.32 

0.S2 

0.43 

3   Xa    XM 

4.x 

1. 19 

l.i 

0.95 

0.54 

0.99 

0.39 

0.57 

0.25 

0.49 

0.43 

i24Xa    XU 

6.8 

a.oo 

X.I 

0.75 

0.70 

0.88 

0.64 

0.56   0.46 

0.63 

0.42 

.a'lXa     XIU 

6.1 

1.78 

x.o 

0.76'  0.62 

0.8s 

0.53 

0.57,  0.41 

0.60 

0.42 

'24Xa    XH 

5  3 

X.S5 

0.91 

0.77 

o.ss;  0.83 

O.SI 

o.g  0.36 

o.s8 

0.42 

,2tiXa    X*i« 

45 

X.3X 

0.79 

0.78 

0.471  0.81 

0.45 

0.58   0.31 

o.s6 

0.42 

a^Xa     XV4 

3.62 

1.06 

0.65 

0.78;  0.38'  0.79 

0.37 

0.59   0.2s 

0.54 

0.42 

124X2     X^« 

a.7S 

0.81 

O.SI 

0.79.  0.29 

0.76 

0.29 

0.60 

0.20 

O.SI 

0.43 

1 

X.86 

o.ss 

0.35 

0.80 

0.20 

0.74 

0.20 

0.61 

0.13 

0.49 

0.43 

'i^XxHXM* 

3-93 

X.X5 

0.71 

0.79 

0.44 

0.90 

O.X9 

0.4X 

O.X7 

0.40 

0.32 

laVfXx^iX^ 

3x9 

0.94 

0.59 

0.79 

0.36 

0.83 

0.16 

0.41 

0.14 

0.38 

0.32 

i4XiHX«« 

a. 44 

0.7a 

0.46 

0.80 

0.28 

0.85 

O.X3 

0.42 

O.II 

0.35 

0.33 

iHXiViXH 

5.6 

X.63 

0.75 

0.68 

0.54 

0.86 

0.26 

0.40 

0.26 

0.48 

0.32 

JWXiHXjU 

5.0 

X.45 

0.68 

0.69 

0.48 

0.83 

0.24 

0.41 

0.23 

0.46 

0.32 

zViXiHXH 

*•*. 

X.27 

0.61 

0.69 

0.42 

0.81 

0.21 

0.4X 

0.20 

0.44 

0.32 

2HXiHX9i« 

3.66 

1.07 

0.53 

0.70 

0.36  0.79I 

0.1x9 

x>:4a 

0.17 

0.4a 

0.32 

aMXiHXM 

2.98 

0.88 

0.44 

0,71 

O.30 

0.77 

o.,x6 

0.4a 

o.x< 

0.39 

0.32 

3HXtHXh9 

2.a3 

0.67 

0.34 

0.72 

0.23 

0.75 

0.12 

0.43 

O.I! 

0.37 

0.33 

2  XiHXH 

3.99 

X.17 

0.43 

o.6x 

0.34 

0.7X 

0.21 

0.42 

0.2c 

0.46 

0.32 

2   XxHXMs 

3  39 

1.09 

0.38 

0.62 

0.29 

0.69 

0.18 

0.42 

0  I* 

0.44 

0.32 

2   XiWXM 

a.77 

o.8x 

0.32 

0.62 

o.24i  0.66 

o.is 

0.43  o.irl 

0.4X 

0.32 

2   XiHX«» 

a.  12 

0.62 

0.25 

0.63 

o.x8   0.64 

O.X2 

0.44 

O.Xl 

0.39 

0.32 

2    XiWXH 

X.44 

0.42 

0.X7 

0.64 

O.X3 

0.62 

0.09 

0.45 

o.oe 

0.37 

0.33 

2   XxMXM 

2.55 

0.75 

0.30 

0.63 

0.23 

0.7X 

0.09 

0.34 

O.XO 

0.33 

0.27 

2   XxHX«« 

X.96 

0.57 

0.23 

0.64 

o.x8 

0.69 

0.07 

0.33 

0.08 

0.3X 

0.27 

iWXxHXM 

a.34 

0.69 

0.20 

0.54 

0.18 

0.60 

0.09 

0.35 

O.IO 

0.35 

0.27 

xHXi^XM* 

X.80 

0.53 

o.x6 

0.55 

0.X4 

0.58 

0.07 

0.36 

0.08 

0.33 

0.27 

i^4XxWXH 

X.23 

0.36 

o.xx 

0.56 

0.09 

0.56 

0.0s 

0.37 

0.05 

0.31 

0.27 

iMXxHXM* 

a.S9 

.0.76 

0.16 

0-^ 

o46 

0.52 

o.xo 

0.35 

O.IX 

0.40 

0.26 

iHXxWXH 
iHXxHX^* 

a. 13 

0.63 

0.13 

0.46 

0.13 

o.so 

o.c8 

0.36 

0.09 

0.38 

0.26 

1.64 

0.48 

O.IO 

0.46 

O.IO 

0.48 

0.07 

0.37 

0.07 

0.35 

0.26 

See  **  Note  "  with  TktUe  IV.  MJB  354* 

*  Fcoa  Pocket  Compankm,  Camqsip  ^teel  (company,  Pittsbuigh,  Pa. 


866 


TkUe  ZIL« 
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^ 


p^ 


li  N» 


Weight 

Area 

Axis  x-x  and  Axsa  2-fl 

Axis  j-3 

SiM 

toot 

of 

section 

7 

r 

Jfc 

s 

r- 

in 

lb 

sqin 

in* 

in 

in> 

in 

in 

8X8X1^ 

569 

16.73 

98.0 

2.42 

X7-5 

2. 41 

i.55 

8X8XxH« 

54.0 

15.87 

93. 5 

a.43 

16.7 

2.39 

1.S6 

8X8X1 

51.0 

15.00 

89.0 

2.44 

X5.8 

2.37 

1.56 

8X8X»M« 

48.1 

14. 12 

84.3 

2.44 

X4.9 

2.34 

1.56 

8X8XH 

45.0 

13. 23 

79.6 

2.45 

X4.0 

2.32 

i-S6 

8X8X»M6 

42.0 

12.34 

74.7 

2.46 

Z3.X 

2.30 

1. 57 

8X8XM 

38.0 
35  8 

XX. 44 

69.7 

2.47 

12.2 

2.28 

1. 57 

8X8X»Mo 

10.  S3 

64.6 

2.48 

IX. 2 

2.2s 

I.5S 

8X8XH 

3a. 7 

9.61 
8.68 

59.4 

2.49 

10.3 

2.23 

I.5S 

8X8X^6 

39.6 

54.1 

2.50 

9  3 

2.21 

1.58 

8X8XW 

a6.4 

7. 75 

48.6 

2.51 

8.4 

2.19 

1.58 

6X6X1 

37.4 

11.00 

3S-5 

1.80 

8.6 

X.86 

X.16 

6X6X»Me 

35-3 

10. 37 

33.7 

X.80 

8.X 

X.84 

1. 16 

6X6XH 

331 

9  73 

31.9 

X.81 

7.6 

x.82 

X.17 

6X6X»M6 

31.0 

9  09 

30.x 

X.82 

7.2 

x.80 

X  17 

6X6X?i 

28.7 

8.44 

2S.2 

1.83 

6.7 

1.78 

X.17 

6X6X»H« 

26.S 

7  78 

26.2 

1.83 

6.2 

X.7S 

1.17 

6X6XH 

M2 

7.11 

24.2 

1.84 

5.7 

1.73 

1. 17 

6X6X»U 

21.9 

6.43 

22. Z 

Z.85 

51 

X.71 

z.x8 

6X6XV4 

19.6 

5.75 

19.9 

X.86 

4.6 

X.68 

X.X8 

6X6XT16 

17.2 

S.06 

17.7 

X.87 

4.1 

X.66 

I  19 

6X6XH 

14.9 

4.36 

15.4 

Z.88 

3.5 

X.64 

X.19 

SXsXl 

30.6 

9.00 

19.6 

Z.48 

58 

1.61 

0.96 

SXsX^Ht 

28.9 

8.50 

18.7 

1.48 

5.5 

X.59 

0.96 

5XSXH 

272 

7.98 

17.8 

I  49 

5.2 

1. 57 

0.96 

5XSX»M» 

as. 4 

7.47 

16.8 

X.50 

4.9 

X.55 

0.97 

SXSXM 

23.6 

6.94 

IS.7 

1.50 

4.5 

X.52 

0.97 

sxsx^\u 

2Z.8 

6.40 

X4.7 

i.SX 

4.2 

x.50 

0.97 

SXSXH 

20.0 

5.86 

13.6 

1.^2 

3.9 

X.48 

0.97 

sxsx^it 

X8.X 

S.3X 

12.4 

X.53 

3  5 

1.46 

^?5 

SXSXV^ 

16.2 

4-75 

11.3 

X.54 

3.2 

X.43 

0.98 

5X5XM« 

14  3 

4.X8 

xo.o 

1. 55 

2.8 

X.41 

0.98 

5X5XH 

X2.3 

3.6X 

8.7 

1.56 

2.4 

X.39 

0.99 

4X4X»M« 

199 

5.84 

8.1 

I.x8 

3.0 

X.29 

0.77 

4X4XH 

X8.S 

5.44 

7.7 

X.X9 

2.8 

X.27 

0.77 

4X4X»He 

17. 1 

5.03 

7.2 

X.19 

2.6 

X.2S 

0.77 

4X4XH 

IS.7 

4.6x 

6.7 

X.20 

2.4 

x.23 

0.77 

4X4XM6 

14.3 

4.18 

6.x 

X.2X 

2.2 

1. 21 

0.78 

4X4XV4 

X2.8 

3-75 

5.6 

X.22 

2.0 

X.X8 

o.7« 

4X4XMe 

IX. 3 

331 

5.0 

X.23 

1.8 

X.X6 

0.78 

4X4XH 

9.8 

2.86 

4.4 

.    1.23 

1.5 

X.X4 

0.79 

4X4XMe 
4X4XH 

8.2 

2.40 

3.7 

1.24 

1.3 

1. 12 

0.79 

6.6 

t.94 

3.0 

1.25 

z.o 

1.09 

0.79 
.   i 

Sm 
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hi' 

Mi 


^^L3 


b 

Nj 

I 

1             Si^ 

Wright 

Area 

of 
■ectaoA 

Axis  x-x  and  Axis  2-2 

Azia»-3 

I 

foot 

/ 

r 

I/e 

X 

1- 

1     » 

lb 

sqin 

in« 

in 

in« 

in 

in 

XHXJHX^M* 

X7X 

5.03 

5-3 

X.02 

2.3 

1. 17 

6.67 

;  3  1X34X^ 

x6.o 

4.69 

5.0 

X.03 

2.X 

1. 15 

0.67 

3^X34X»Mi 

X4.8 

4.34 

4.7 

X.04 

2.0 

X.X2 

0.67 

IhKiHXH 

13- 6 

It 

4.3 

X.04 

x.8 

I.XO 

0.68 

31X3V4X^« 

xa.4 

4.0 

X.Q5 

X.6 

1.08 

0.66 

'  3'5X3^XV4 

XX. X 

325 

3.6 

X.06 

X.5 

1.06 

0.68 

.  i'tXjHXVit, 

11 

2.87 

3.3 

X.07 

1.3 

x.04 

0.68 

I  iHX3HXH 

2.48 

2.9 

X.07 

x.2 

x.ox 

0.69 

.  3'iXjHXMi 

7.2 

2.09 

a.5 

X.08 

O.9B 

0.99 

0.69 

34X3ViXH 

5.8 

'•?S 

2.0 

X.09 

0.79 

0.97 

0.69 

3   X3    X*i 

XI. 5 

3.36 

2.6 

0.88 

X.3 

0.96 

0.57 

'  i   X3    XM9 

I0.4 

3.06 

2.4 

0.89 

1.2 

0.95 

058 

i   X3    XH 

s-* 

2.75 

2.2 

0.90 

I.I 

0.93 

0.58 

?   X3    XT<« 

8.3 

2.43 

2.0 

0.91 

0-95 

o.ox 
0.89 

0.58 

i   X3    XH 

7.2 

2.  IX 

X.8 

0.91 

0.83 

0.58 

3   X3    X^it 

6.x 

1.78 

1.5  . 

0.92 

0.7X 

0.87 

0.59 

1  3    X3    XH 

4-9 

X.44 

X.2 

0.93 

o.s8 

0.84 

0.59 

iiXaWX^ 

77 

2.25 

X.2 

0.74 

0.73 

0.81 

0.47 

i'lXaHXM* 

6.8 

2.00 

X.X 

0.75 

0.65 

0.78 

0.48 

2^iXaHXH 

5-9 

X.73 

It 

0.75 

0.57 

0.76 

0.48 

24XiHXM« 

5.0 

I  47 

0.76 

0.48 

0.74 

0.49 

'  J'iXaWXH 

4.x 

X.X9 

0.70 

0.77 

0.39 

0.72 

0.49 

2-iX2WXM« 

3.07 

0.90 

0.5s 

0.78 

0.30 

0.69 

0.49 

a^XaViXH 

2.C6 

o.6t 

0.38 

0.79 

0.30 

0.67 

0.50 

3    X2     XH* 

53 

x.s6 

0.54 

O.S9 

0.40 

0.66 

0.39 

.  J   Xa    XH 

47 

X.36 

0.48 

0.59 

0.35 

0.64 

0.39 

'  i    X2    XM« 

392 

x.iS 

0.42 

0.60 

0.30 

o.6x 

0.39 

2    Xa    XW 

3. 19 

0.94 

0.3s 

0.61 

0.25 

0.59 

0.39 

3    X2    X^-fe 

2.44 

0.7X 

0.28 

0.62 

Q.I9 

0.57 

0.40 

2    Xa    XH 

I.«S 

0.48 

0.X9 

0.63 

0.13 

O.S5 

0.40 

,  iHXiHXlU 

4.6 

X.34 

0.35 

0.5X 

0.30 

0.59 

0.33 

'  iNXiMXH 

3-99 

X.X7 

0.31 

0.51 

026 

0.57 

0.34 

i^XxHXMt 

339 

x.oo 

0.27 

0.52 

0.23 

0.55 

0.34 

i»»Xi«XV4 

2. 77 

o.8x 

0.23 

0.53 

0.19 

0.53 

0.34 

,  i^Xx?4XM« 

2.12 

0.62 

0X8 

0.54 

0.14 

o.sx 

0.35 

'  i^xmxH 

1-44 

0.42 

0.13 

a.  55 

O.IO 

0.48 

0.35 

I'iXiHXH 

iM 

0.98 

0.X9 

0.44 

O.IO 

0.51 

0.29 

x4XiWXM« 

0.84 

o.xo 

0.44 

O.IO 

0.49 

0.29 

mxiHXM 

2.34 

0.69 

0.14 

0.45 

0.13 

0.47 

0.29 

ihXiV4X^« 

x.8o 

0.38 

o.xx 

0.46 

O.IO 

0.44 

0.29 

xHXiViXH 

X-23 

o.eS 

0.46 

0.07 

0.42 

0.30 

I^XIKXMt 

233 

0.68 

0.09 

0.36 

O.IX 

0.42 

0.24 

iHXihXM 
iHXiHXf<« 

X.92 

X.48 

0.56 

0.43 

0.06 
0.06 

0.37 
0.38 

0.09 

0.07 

0.40 
0.38 

0.24 
0.24 

mxiHXH 

t.OT 

0.30 

0.04 

0.38 

O.QS 

0.35 

0.35 

1   XI    XH 

1.49 

0.44 

0.04 

0.29 

0.06 

0.34 

0.19 

I  XI    XM« 

X.x6 

0.34 

0.03 

O.30 

0.04 

0.32 

0.19 

I   XX    XVi 

o.ao 

•  23 

o.o* 

0.31 

0.03 

0.30 

0.19 

See  "  Note  '*  with  Table  IV,  page  354. 
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Si» 

Weight 

per 

foot 

Area 
of 
Mo- 
tion 

Axiax-z 

Aziaa-a 

Plaase 

Stem 

Minimum 
thickneu 

/ 

in« 
23s 

r 

in 
2.01 

l/c 

in* 
5.0 

s 

• 

in 
1.76 

/ 

in« 
to.  I 

r 

in 
1.3a 

I/c 

Flange 

•Stem 

in 

in 

in 

in 

lb 

tqin 

in* 

6H 

6H 

0.40 

0.4s 

19.8 

S.80 

3.' 

4 
4 
3V4 

4 
4 
3W 

H 

Z3.S 
X0.5 
zx.7 

3.97 
3.09 
3.44 

5.7 
4.5 
3.7 

z.ao 
z.ax 
Z.04 

a.o 
z.6 
x.S 

Z.z8 
Z.13 
Z.05 

2.8 
a.z 

1.9 

0.84 
0.83 
0.74 

z.4 
Z.Z 
Z.Z 

3W 

3 

3 

3V4 

3 

3 

H 

Me 

9.a 
99 
8.9 

a.6S 
a. 91 
a.59 

3.0 

a.3 

a.x 

z.os 
0.88 
0.89 

Z.2 
Z.Z 

0.98 

z.ox 

0.93 
0.91 

Z.4  . 

Z.2 

Z.O 

0.73 
0.64 
0.63 

0.81 
0.80 
0.70 

3 
3 

3 
3 

2H 

H 

H 

Me 

7.8 
6.7 
6.4 

2.27 

X.95 

X.87 

Z.8 
X.6 
z.o 

0.90 
0.90 
0.74 

0.86 
0.74 
O.S9 

0.88 
0.86 
0.76 

0.90 

o.7s; 

0.52 

0.^ 
0.62' 
O.S3 

0.60 
0.50 

0.4^; 

aV4 
aM 

aH 
aM 
aW 

Me 
Me 

5.5 
4.9 
4.x 

Z.fo 
X.43 
I.X9 

0.88 
0.6s 
0.52 

0.74 
0.67 
0.66 

0.50 
0.41 
0.32 

0.74 
0.68 
0.6s 

0.44 
0.33 
0.25 

0.52'  0.35, 
0.48    0.29 
0.46,  o.ai| 

a 
a 

a 
a 
zM 

Me 
H 

Me 

4.3 

3.56 

3.09 

x.a6 

i.OS 
0.9X 

0.44 
0.37 
0.23 

0.S9 
0.59 
o.si 

0.3Z 
o.a6 
O.X9 

0.61 
0.59 

0.$4 

0.23 
o.z8 
0.12 

0.43 
0.42 

0.37 

0.23 

o.x8 

O.I4 

xH 

xVi 

x^i 
xV4 

H 
Me 

a. 47 
1.94 
a.oa 

0.73 
0.S7 
0.59 

0.X5 

O.II 

o.oS 

0.45 
0.45 
0.37 

0.Z4 
O.II 
O.XO 

0.47 
0.44 
0.40 

o.oB 
0.06 
0.05 

0.32 
0.32 
o.aS 

o.i-:. 

0.08 

0.07 

iH 

z 
z 

z^ 

z 
z 

Me 
H 

Me 
Me 

Z.59 

Z.2S 

0.89 

0.47 
0.37 
0.26 

0.06 

0.03 
0.02 

0.37 
0.29 
0.30 

0.07 

0.0$ 

0.03 

0.38 
0.32 
0.29 

0.03 
0.02 
O.OI 

o.a? 
o.aa 
o.az 

0.0s 
!  0.04 

1   0.02 

See  "Note"  with  Table  IV,  iMge  354- 
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Siae 

1 

Area 
of 

Azifli-i 

Aaisa-4 

Minimum 

Weight 
£St 

flec- 

Tliage 

Stem 

tion 

/ 

in« 
a.4 

r 

He 

t 

« 

in 
0.76 

1 

in« 
I3.9 

f 
in 

He 
in* 

Flange 

Stem 

in 

in 

in 

in 

lb 

aq  in 

in 
0.84 

X.I 

s 

3., 

U 

;?^ 

ii.S 

3.37 
3.18 

i.xe  1.6  1 

5, 

aVi 

n?. 

Z0.9 

x.s 

06R 

0.78 

0.63 

4.x 

X.X4 

X.6 

4H 

3V4 

H* 

157 

4.«o 

5.1 

X.05 

a.x 

X.XI 

3.7 

0.90 

x.7 

4H 

3 

H 

M 

r; 

a.88 

a.x 

0.84 

0.91 

0.74 

3.0 

X  oa 

x.3 

4^ 

3 

M« 

Ms 

a.46 

x.8 

0.85 

0.78 
0.63 

0.7X 

a.5 

x.ox 

I.I 

4H 

aH 

H 

9i 

9.a 

a.6B 

X  a 

0.67 

0.59 

3.0 

X.Q5 

x.3 

1    4H 

aM 

M. 

?!• 

7.8 

a.a9 

x.o 

0.66 

0.54 

0.57 

a.5 

1.05 

X.I 

1     4 

5 

W 

H 

15. 3 

4. so 

X0.8 

i.SS 

3.1 

1.56 

a.8 

0.79 

14 

4 

S.^ 

H 

^ 

XI.9 

3.49 

8.S 

X.56 

a.4 

X.5I 

a.x 

0.78 

I.I 

4 

4H 

M 

H 

14. 4 

4  a3 

7.9 

X.37 

a. 5 

x.37 

a.8 

0.81 

1.4 

4 

4W 

H 

H 

XI. a 

3.39 

6.3 

X.39 

2.0 

1.31 

a.x 

0.80 

X.I 

,    4 
,    4 

3 
3. 

H 

^2 

a.68 

a. 39 

a.o 

X.7 

0.86 
0.87 

0.90 
0.77 

0.78 
0.7s 

a.x 
x.8 

\% 

I.I 
0.88 

'    4 

aH 

H 

H 

s.s 

a.48 

x.a 

0.69 

0.62 

0.6a 

a.x 

0.9a 

1.0 

,    4 

aH 

H% 

M* 

7.a 

9.19 

x.o 

0.69 

O.S3 

0.60 

x.8 

0.9X 

0.88 

4 

a 

H 

9i 

2* 

9,9rt 

0.60 

o.sa 

0.40    0.48 

a.x 

0.96 

X.I 

4 

a 

^« 

h* 

*I 

X.95 

0.53 

o.sa 

0.34 

0.46 

x.8 

09s 

0.88 

3^4 

4 

W 

H 

xa.6 

3.70 

5.S 

x.ax 

a.o 

x.a4 

x.9 

0.7a 

I.I 

3V4 

4 

H 

H 

9.8 

a.88 

4.3 

x.a3 

1.5 

X.I9 

X.4 

0.70 

0.81 

1    ^J^ 

3 

M 

W 

X0.8 

3. 17 

a.4 

0.87 

X.X 

0.88 

x.9 

0.77 

I.I 

'    3^ 

3 

H 

H 

8.5 

a.48 

X.9 

0.88 

0.89 

o.«3 

x.4 

0.75 

0.81 

iVi 

3 

Mt 

H 

7.5 

a.ao 

1.8 

0.91 

0.8s 

0.8s 

x.a 

0.74 

0.68 

3 

4 

,^ 

^i 

XX. 7 

^M 

S.9 

x.a3 

x.9 

1.3a 

I. a 

0.59 

o.8x 

'    3 

4 

M« 

Mi 

10. 5 

3.06 

4.7 

x.a3 

1.7 

x.a9 

X.X 

0.59 

0.70 

,     3 

4 

S 

H 

9.a 

a.tt 

4.x 

1.34 

1.5 

x.a7 

0.90 

O.S8 

0.60 

1     3 

iH 

H 

10.8 

3.X7 

3.5 

x.06 

x.5 

x.xa 

x.a 

0.6a 

0.80 

'     3 

m 

Ji. 

Ji« 

U 

a.  83 

3.a 

X.06 

X.3 

x.io 

I.O 

0.60 

0.69 

1     3 

^a 

H 

W 

a.48 

a.8 

X.07 

x.a 

x.07 

0.93 

o.6x 

o.fia 

1     3 

aH 

H 

H 

2-' 

a.07 

x.i 

0.7a 

0.60 

0.71 

0.89 

0.66 

0.59 

3. 

aVi 

M« 

M« 

6.X 

X.77 

0.94 

0.73 

0.5a 

0.68 

0.75 

0.6s 

0.50 

1  '\i 

3 

H 

H 

7.x 

a.07 

x.7 

0.91 

0.84 

0.9s 

0.53 

0.51 

0.4a 

1    aVi 

3  , 

S* 

M« 

6.1 

1.77 

X.5 

0.9a 

0.7a 

0.9a 

0.44 

0.50 

0.3S 

1    sH 

lV4 

M« 

Me 

a.87 

0.84 

0.06 

0.31 

0.09 

0.3a 

\% 

0.S8 

o.a3 

a 

iH 

)4 

H 

3-09 

0.91 

o.x6 

0.4a 

0.15 

0.4a 

0.4S 

0.18 

m 

a 

M« 

M« 

a.45  0.7a 

o.a7 

0.61 

0.X9 

0.63 

0.06 

0.9a 

o.oB 

iH 

xH 

No.9 

H 

x.as  0.37 

0.05 

0.37 

0.05 

0.33 

0.Q4 

0.3a 

0.0s 

m 

H 

H 

0.88  o.a6 

O.OI 

0.16 

O.OI 

o.x6 

o.oa 

0.3X 

0.04 

See  "Note"  with  Table  IV. 
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Tabto  TW,*    PnpmOm  )of  OmAI«WU^*  S^ctJaus.    B^wd 

ANGLES  FLACEP  BACK  TO  BACK 


Chap.  I 


1 


iJ 


T 
8 


KJ^««»5^ 


/■ 


2 


Singte  angle 

Two 

angles 

Radii  of  gyration,  r.  in  indias 

1 

Si*e. 
in 

Weisht 

per 
foot. 

Area. 

aq  in 

AiiB  i-i 

Axis  2-3 

In 

M-in 

H-in 

VHn 

M-ia 

lb 

contact 

apart 

apart 

apart 

apart 

8  X8  xn* 

56. 9 

33.46 

2.4a 

3.4a 

3.51 

355 

3.60 

3.69 

»f1« 

42.0 

24-68 

a.46 

3.37 

3.46 

350 

3.55 

3.64 

w 

26.4 

15.50 

a. 50 

333 

3  41 

345 

3.50 

3.59 

6    X6    Xi 

374 

82.00 

1.80 

3.S9 

a.68 

2.7a 

2.77 

2.97 

»M« 

26.5 

IS  S6 

1.83 

2.54 

2.63 

2.67 

a.71 

3.8t 

H 

14-9 

8.78 

1.88 

2.49 

2.58 

2.62 

3.66 

a.TS 

S    XS    XI 

3».6 

18.00 

1.48 

a.  19 

2.28 

a. 33 

2.38 

a. 47 

Hif 

21. 8 

12.80 

i.Si 

a.  13 

a.  22 

2. 26 

a.31 

3.40 

H 

12.3 

7.2a 

I.S6 

a. 09 

a.  17 

2.21 

2.26 

a. 35 

4    X4    X»*l4 

tt 

11.68 

1. 18 

\M 

1.85 

1.89 

I  94 

3.04 

H 

3.88 

1.25 

1.75 

I  79 

1.84 

1.93 

3V4X3WX»f1. 

17. 1 

10.06 

1. 02 

JJ 

165 

1.70 

1.75 

1.85 

U 

5.8 

3.38 

0.3 

K-55 

1.59 

164 

1.73 

3    X3    XH 

II. 5 

6.7a 

1.32 

1.41 

1.46 

X.51 

1.61 

M 

4.9 

2.88 

0.93 

1.25 

1.34 

1.38 

1.43 

1-53 

aViXaViXH 

77 

4.  SO 

0.74 

1.09 

1. 19 

1.24 

I  29 

1-39 

H 

4.1 

2.38 

0.77 

o!tt 

1. 14 

1 19 

X.24 

1.34 

a    X2    XTU 

5  3 

3.12 

0.S9 

0.98 

X.03 

1.08 

1. 19 

V4 

3.19 

1.88 

0.61 

e.85 

0.94 

0.99 

1.04 

1.14 

r 

This  table  and  the  two  following  are  employed  in  computing  the  safe  reeiatance  to 
compreetive  stren  of  two  angles,  back  to  back,  uaed  as  struts  or  as  the  cocapressioo- 
chords  of  roof'trusses.  etc..  b^  the  following  rule: 

Obtain  from  the  compreesion-fcwTntxla  in  use  the  allowed  stress  per  square  inch 
corresponding  to  the  ratio  of  slendemess  of  the  section,  and  multiply  that  value  by 
the  area.    The  result  will  be  the  allowable  compressive  stress. 

Baaapla  i.  Section  given.  Required  the  safe  load  in  compression,  as  per  formuls 
5  •  19  000  —  100  l/r,  on  astrut  campQaad  of  two  angles.  4  by  4  by  H  in,  back  to  back, 
with  an  unsupported  length  of  9  ft. 

Area  of  section.  A  «  3.88  sq  in;  least  radius  of  gyration,  r  ■•  x.35  In. 

Ratio  of  slendemess.  //r  «  9  X  12  -4-  1.2s  «■  86.4. 

Allowed  unit  stres.  5  ^i  19  000  ^  xoo  X  86.4  ■>  zo  360  lb  per  sq  in. 

Safe  load.  AS  «  3.88  X  10  360  «  40  200  lb. 

Baampla  a.  Stress  given.  Required  a  section  for  a  member  in  compression. 
It  ft  3  in  long,  made  of  two  angles  separated  by  ^iAn  gussat-placea,  to  resist  a  total 
stress  of  35  oao  lb;  latio  of  slendemess  not  to  exceed  120. 

Assume  two  angles.  5  by  3  by  M«  in,  long  legs  back  to  back. 

Area  of  section.  A  «  4JS0  sq  in;  least  radius  of  gyration,  r  *  1.36  in. 

Ratio  of  slendemess,  l/r  «  13.2s  X  la  4-  x.j6  *  116. 7. 

Allowed  unit  stress.  5  •  19  000  —  too  X  116.7  »  7  330  lb  per  sq  in. 

Safe  load,  AS  »  480  X  7  330  «  3S  aoo  lb. 

In  the  first  caae  the  least  radius  of  gvration  is  that  about  the  axis  i-i ;  in  the  second 
case,  about  the  axis  2^-,  in  all  cases  the  least  radius  of  ^ration  determines  the  ratio 
of  slendemess  and  therewith  the  allowed  safe  compressive  stress.  In  all  cases,  also. 
the  two  angles  are  to  be  secured  together  by  stay-rivets,  so  spaced  as  to  insure  that 
the  section  acts  as  a  unit.  The  ratio  of  slendernass  of  any  single  angle  between  rivets 
must  always  be  less  than  that  of  the  strut  or  compre^ion -chord. 

•From  Pocket  Companion,  Carnegie  Steel  Company.  Pittsbaf^h.  Pa. 
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*    RnpottiM  of  Dottblo^iAiiif •  Beotioiia.    Loaf  Lofi  Vorticc) 

ANGLES  PLACED  BACK  TO  BACK 


hV^ar 


■     I  .«■-*..  — ».  I    1 


i 


Single  aiii^ 

Two 
Angles 

Radii  of  gyration,  r,  in 

t^y-^)fjf 

Weight 

Area, 
sqin 

Axis  i-i 

Axis  2-2 

Size, 

in 

per 

foot. 

lb 

In 
contact 

apart 

H-in 
apart 

H-in 
apart 

H-in 
apart 

>8    X6    XI 

44.3 

ai.8 

30.3 

36.00 
19.88 
11.86 

3.49 

353 

a.  57 

3.39 
3.35 
3.31 

3.48 
2.44 
339 

3.52 
2.48 
3.43 

2.57 
3.53 

3.48 

3.66 
3.61 
3.56 

,8   X3WXX 

1               ^* 
Mo 

35.7 

37.5 
16.5 

31.00 
Z6.I3 

9.68 

a  51 
255 

a  59 

1.26 
1.30 
1. 15 

I  35 
1.39 
1.33 

1.40 
X  34 
X.38 

1.45 
X.39 
x.33 

1. 55 
X.49 
X.41 

7    X3HXI 

H 

33.3 
33.0 

13.0 

19-00 
13  50 

7.6e 

3.19 

3.33 

3.27 

1.31 
1.25 
Z.20 

X.40 
X  34 
1.38 

X.45 
X  39 
1.33 

1.50 
x.44 
X.37 

1.60 
X.53 
X.46 

6   X4    XX 

30.6 

31.8 
13.3 

18.00 

Z3.80 

7.33 

Z.85 

1.89 

1.93 

1.60 
X.55 

I. SO 

1.69 
1.63 
X  58 

X.74 
X.68 
Z.63 

X.79 

X.89 
1.83 

x.76 

6   X3MXX 
1               M. 

36.9 

30.6 

9.6 

17.00 

13. 13 

5.74 

X.85 
l«9 
x.9$ 

1.37 
I.3X 
I.3S 

X.47 
X.41 
1.33 

1. 51 
1.45 
1.37 

1.56 

X-49 
1.43 

1.66 
1.60 
X.50 

5    X4     XH 

34.3 
ZX.O 

14.33 
6.46 

x.sa 
I.S9 

1.66 
156 

X.76 
1.66 

1.80 

X.70 

1.85 
1.75 

X.95 
x.8s 

S   X3WXT4 

33.7 
6.7 

13.34 
5.1a 

1.53 

1.61 

X.43 
133 

X.SX 

X.41 

X.56 
x.45 

1. 61 
1.50 

X.7X 
Z.59 

5    X3     X>Wt 

19.9 
8.3 

11.66 
4.60 

\fr 

I.x8 
1.09 

1.37 
X.17 

X.33 
X.33 

1.37 
1.36 

x.47 
1.35 

4HX3    X>W« 

x8.5 
7.7 

10.86 

4.50 

X.3B 
X-44 

1. 31 

X.I3 

X.31 

1.33 

1.36 
X.36 

I.41 
1.30 

I.51 
1.40 

4    X3HX»M« 

X8.5 
7-7 

10.86 
4. SO 

\:^ 

1.50 

x.4a 

X.59 

x.5t 

1.64 
X.S5 

1.60 

1.69 

4    X3    X*M« 

17. 1 
5« 

10.06 
3.38 

1. 31 
X.38 

X.3S 

Z.16 

X.3S 
1.34 

1.40 
1.38 

1.45 
x.33 

x.55 
x.43 

34X3    X»M« 

15-8 
5.4 

9.24 
3.13 

I.04 
I. II 

1.30 

1.30 

I.4P 
1.39 

X.45 
1.34 

X.50 

x.38 

x.60 

X.48 

34X34X«Me 

I3.S 

4-9 

7.30 

3.88 

z.e6 
i.n 

I.^ 
0.95 

I.X3 
1.04 

1. 18 
X.09 

1.33 
I.X3 

Z.33 
1.33 

3   Xa^XWt 

9.5 
4  5 

5.56 
3.64 

0.91 
0.9s 

i.os 
x.oo 

1. 15 
X.09 

1.30 
1. 13 

X.35 

I.X8 

ij 

13   X3    XW 
H 

7  7 
4  1 

490 
3.38 

0.9a 

0.9s 

0.80 

0.74 

0.84 

lU 

X.OO 

0.93 

I.ZO 

x.03 

»HX2    XW 

1       « 

6.8 
3.6a 

4.00 
2.12 

V4 

0^.84 

0.80 

0.94 
0.89 

0.99 
0.93 

X.04 

0.98 

;:U 

•  Fiom  Pocket  Coropuion,  Caraegfa  Steel  Conpaoy,  PHUhuigb,  Pa. 
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Tkble  ZVIL*    Fk09«tiM  of  DoaUe-Aiiile  Seetioiu     Short  £««■  Ymg^al 

ANGLES  PLACED  BACK  TO  BACK 


K-^tolf' 


Single  an^e 

Two 
angles 

Radii  of  gyration,  r.  in 

inches 

Size, 
in 

Weight 

per 

foot. 

lb 

Area, 
sq  in 

Axis  i-i 

Azisa-a 

In 
contact 

M-in 
apart 

H-in 
apart 

^i-in 
apart 

apart 

8    X6    XI 

It. 

44.2 

33« 

ao.a 

26.00 
19.88 
11.86 

1.80 

364 
3.60 

355 

3.73 
369 
3.64 

378 
3  73 
3.68 

3.78 
3.73 

3.92 

3.87 
3.82 

8    X3ViXl 
Me 

35. 7 
a7.S 
i6.s 

21.00 
16.12 

9.68 

0.86 
0.88 
0.92 

4.04 
399 
3.93 

4.14 
4.09 
40a 

4. 19 
4  13 
4.07 

4.a4 

4.18 
4.xa 

4.34 

4-28 
4.22 

7    X3HXI 
H 

3a.3 
a3>o 
i3>o 

19.00 
13. so 

7.60 

0.89 
0.92 
0.96 

3-48 

3.36 

3.SS 
353 
3.46 

3.63 

357 
3.50 

^2 
3.62 

3.SS 

3.78 
3  72 
365 

6    X4    XI 

30.6 

21.8 
12. 3 

18.00 
12.80 

7.22 

1.09 
1.13 
1.17 

a. 8s 
a. 79 

a.74 

a.9S 
2.83 

2.99 

If, 

3.04 
a.98 
2.92 

3.14 

308 
3-02 

6    X3ViXl 

28.9 

20.6 

9.8 

17.00 

12.12 

5  74 

0.93 

0.9s 
1. 00 

a.  81 

3.0a 
a.96 
a.90 

3.07 
3  01 
2.9s 

3.1a 
3.06 
3.00 

3.22     1 
3.16 
3.09     ' 

S    X4    XH 

24  a 

II. 0 

14.22 
6.46 

X.14 
1.20 

a. 29 
2.20 

a.38 
a.a9 

243 
2.34 

2.48 
2.38 

a.s8    1 
2.48    ' 

S    X3WX7/4 
Me 

22.7 

8.7 

1334 
5  M 

0.96 
1.03 

236 

2.26 

a. 45 

2.35 

2.50 
2.39 

2. $5 

2.44 

2.65 

2.54 

S    X3    XiMe 
Me 

11 

11.66 

4.80 

0.80 
0.85 

a. 4a 
2.33 

2.52 
2.4a 

2.57 
2.47 

2.62 
2.S2 

a.7^ 

2.61 

4V4X3    X»Me 
Me 

18.5 
7-7 

10.86 

4. SO 

0.81 
0.87 

a.  IS 

2.06 

a.as 

2.XS 

2.30 
2.20 

2.35 
2.25 

a.45 
2.34 

4    X3V4X«Me 
Me 

18.5 
77 

10.86 
4.S0 

x.ox 

1.07 

1. 81 

I  73 

i:S 

1.96 
X.86 

2.01 
I.9I 

a. II 
2.00 

4    X3    X«Me 

58 

XO.06 
3.38 

0.83 

0.89 

1.88 
i.7« 

It 

2.03 
x.9a 

2.0S 
1.96 

2.18 
2.06 

3HX3    X»M« 

IS.8 
5.4 

9  34 
3. 12 

0.8s 
0.91 

l.6x 
I  Sa 

1. 71 
1. 61 

1,76 
X.65 

1. 81 
1.70 

\:U 

3WX2WX»He 

12.5 
49 

7. 30 
2.88 

0.69 

0.74 

X.66 
X.S8 

1.67 

X.80 
1.71 

1.86 
1.76 

J:g: 

3    XaWXMe 

H 

95 

4-5 

5.56 
2.64 

0.7a 
0.75 

X.37 
1. 31 

1.46 
X.40 

1. 51 
X.4S 

l.S6 
I. SO 

1.66 
X  59 

3    Xa    XW 

7.7 
4.1 

4. SO 
2.38 

OSS 
O.S7 

1.42 

I.3S 

X.47 

I.S7 
x.sa 

1.62 
X.S7 

1.72 
X.67 

aWXa    XVi 

6.8 
3.62 

4.00 

2. 12 

o.s6 
0.S9 

I. IS 
I. XX 

x.as 
1.20 

1.30 
I. as 

X.3S 
X.JO 

1.46 

1.40 

*  From  Pocket  Companion,  Carnegie  Stcd  Company,  PitUburgh«  Fk. 
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XWlli-->  riBBifllM  nf  Dmrftln  rhaaiial  fliiriJMM 
STANDABD  CBAMNBU  HACZD  BACK  TO  BACK 


^1 


Tb<  rwidai  of  gyratioo  given  oorgespoiod  to  dirwif  ii>i|iria 

^iottled  by  th«  asipir-beada 

1 

per  foot 
of  one 

Radii  of  gyration,  r,  in  inches 

Thick- 

Area of 

'  Depth. 

ness  of 

two 

Axis  3-3  • 

1           » 

1      m 

web, 

a 

cbannels, 

• 

Axis  x-i 

1 

in 

lb 

tqia 

1 

1     . 

■ 

H-in    1     H-m 

xin 

apart 

apart 

apart 

I 

r 

0.40 

33.90 

19. 80 

5.63 

X  .^8 

x,48 

1.58 

0.4J 

3S.OO 

30.46 

5.58 

X.38 

X.47 

X.57 

J5 

o.sa 

40.00 

33..  40 

5.44 

1.37 

1.46 

1.56 

0.6  J 

45. 00 

36.34 

5.33 

X.37 

X.45 

X.56 

0.73 

50.00 

39- 38 

5. 34 

X.37 

1.46 

X.56 

1 

o.8x 

55. 00 

33.33 

5.16 

X  38 

x.47 

X.58 

1 

0.38 

20.57 

13. 06 

4.6f 

x.a4 

X.34 

X.44 

' 

0.39 

25.00 

14.64 

4.43 

X.9I 

1.3X 

X.4X 

J» 

0.51 

30.00 

17. 5« 

4.28 

I.M> 

x,30 

X.40 

I 

0.63 

35. 00 

to.  53 

4.18 

X.3X 

1.31 

X.4I 

X.76 

40.00 

«3.46 

409 

1.33 

X.32 

X.43 

0.34 

X5-30 

8.94 

3.87 

1.14 

x.34 

1.34 

0.38 

20.00 

IX. 73 

3.66 

x.xo 

1. 30 

1. 31 

lO 

O.S3 

25.00 

14.66 

3-53 

x.xo 

X.20 

I.3X 

0.67 

30.00 

17.60 

3.43 

I.X3 

1.33 

X   33 

0.83 

35.00 

30..U 

3-34 

x.x6 

X.36 

X.37 

0.33 

13-40 

7.78 

3-49 

1.09 

X.19 

1.29 

9 

0.29 

15.00 

8.78 

3  40 

X.07 

X.17 

X.28 

0.4S 

30.00 

11.72 

3.33 

1.05 

X.X5 

X.26 

o.6x 

35.00 

14.66 

3x0 

x.07 

X.X7     i     X.28    1 

_ 

t                 .                 .                 1 

*  TVere  are  vexy  slight  variations  from  these  values  caused  by  slight  changes  in  weights 
PCX  foot,  but  the  values  axe  sufficiently  exact  for  sll  prsctical  uses. 
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The  fadii  of  fyntUoa  ^Ten  oorreipond  to  direetioiui  indicated  by  the  mmm^lMBuA 


Weight 
per  foot 

of  one 
channel. 

Radii  of  gyration,  r,  in  inches 

Depth, 

Thick- 
ness of 

Area  of 
two 

Axisa-a* 

in 

web, 

• 

chanaeb. 

AxisX'X 

in 

lb 

iq  in 

H-in 

H-in 

X  in 

apart 

apart 

iHpart 

8 

0.32 

XI. 50 

6.7a 

3.10 

1.04 

r.14 

X.2S 

8 

0.30 

13. 75 

8.04 

2  99 

1.04 

1. 14 

X.2S 

8 

0.40 

16.95 

9  5« 

a.89 

X.03 

1. 14 

1.34 

8 

0.49 

18.7s 

X0.98 

a. 83 

1.03 

r.14 

X.24 

8 

0.58 

ax. 25 

X2.46 

a. 77 

x.03 

X.14 

t.a4 

0.2X 

9.75 

5.70 

2.7a 

0.99 

X.09 

x.ao 

0.31 

X2.2S 

7.i« 

a. 59 

0  99 

1.09 

X   30 

0.4a 

14.75 

8.64 

a. St 

0.99 

r.io 

r  ax 

0.5a 

17.2s 

xo.xo 

a. 44 

x.oo 

X.XO 

x.ai 

0.63 

X9.7S 

tx.58 

a. 39 

x.oo 

x.xo 

1.22 

6 

0.20 

8.20 

4.78 

a. 34 

0.94 

x.os 

I    IS 

6 

O.3X 

XO.50 

6.14 

a. 22 

0.94 

1.05 

X   16 

6 

0.44 

X3.00 

7.62 

2.13 

0.9s 

X.06 

x.x6 

6 

0.56 

IS. SO 

9.08 

a. 07 

0.9s 

X.06 

r  17 

S 

0.19 

6.70 

3.90 

I  95 

0.89 

x.oo 

X .  10 

5 

0.33 

9.00 

5.»6 

1.83 

0.90 

1. 00 

I     IT 

5 

0.47 

11.50 

6.7a 

1.76 

0.91 

r.ox 

I. 13 

4 

o.iS 

S.40 

3.12 

1.56 

0.84 

0.9s 

i.ofi 

4 

0.25 

6.2s 

3.64 

I  50 

0.84 

0.95 

1.06 

4 

0.32 

7.2S 

4.24 

1.47 

0.84 

0.9s 

X  06 

3 

o.ir 

4.10 

a.s8 

1.17 

o.So 

0.91 

X.OS 

3 

0.26 

s.oo 

a. 9a 

i.xa 

0.81 

0.9a 

1.03 

3 

0.36 

6.00 

3.50 

X.08 

0.83 

0  93 

I. OS 

*  See  note  on  page  373. 
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CHAPTER  XI 

USISTANCE  TO  TEWSIOy,    FROPKKTIE8  OF  mON 

AND  S1XEL 

By 
HERMAN  CLAUDE  EERRY 

» 

ROffESSOR  OF   MATERIALS  OF  CONSTRUCTION,   UNIVERSITY  OF  PENNSYLVANIA 

i.  Definitioiii,  Worldac  StretMi  ftnd  Examples 

Iks  Ultimato  Tensils  Strsafth  of  s  material  is  the  amount  o£  internal 
stress  which  a  section  one  square  inch  in  area  b  capable  of  exerting  against  an 
atonal  axial  force.  It  is  the  unit  stress  or  intensity  of  stress,  expressed 
ia  pounds  per  square  inch,  which  the  material  can  withstand.  It  is  often  called 
the  ULTIMATE  strength  or  ULTIMATE  STRESS  of  the  material.  Its  value  for 
u]r  material  depends  on  the  tenacity  of  the  fibers  or  the  cohesion  of  the  particles 
oi  which  the  material  is  composed. 

Aa  Asisl  Fores  is  one  which  acts  uniformly  over  the  section  of  a  prismatic 
body  so  that  the  resultant  of  the  distributed  forces  coincides  with  the  axis  of 
the  body.  Hence  the  total  axial  force  which  any  cross-section  of  a  body  will 
Rsitt  is  the  product  of  the  ultimate  strength  of  the  material  and  the  area  of 
tbe  aoss-section,  in  square  inches. 

Safe  Woxidsic  Strsss.  The  ultimate  strength  of  different  building  materials 
ins  been  found  by  pulling  apart  bars  of  known  dimensions  and  dividing  the 
Birimum  load  each  sustained  by  the  area  of  the  bar  before  testing.  This  ulti- 
mate  strength,  however,  must  not  be  used  to  proportion  the  size  of  members 
^  atnictuiea,  because  oi  variations  in  material,  hidden  defects  and  imperfect 
workmanship;  and,  especially,  because  of  indefiniteness  as  to  the  maximum  load 
tbat  may  be  imposed  on  the  structure.  To  provide  safety  against  the  rupture 
oi  i  member  and  the  consequent  failure  of  the  structure  from  any  of  these 
causes,  the  proportions  of  the  members  must  be  based  on  safe  working  stresses 
which  are  usually  some  fractional  part  of  the  ultimate  strength  found  by 
operiment  to  provide  proper  security  against  failure. 

Ths  Factor  of  Safety  is  the  ratio  of  the  ultimate  strength  to  this  safe 
working  stress  for  that  material.  Its  value  ranges  generally  from  2  to  10, 
depending  upon  the  nature  of  the  material  and  the  service  to  which  it  is  applied. 
Safe  Working  Strsss  In  Tension.  Table  I  gives  these  values  for  various 
boikiing  materials.  The  total  safe  load  that  may  be  applied  to  a  piece  of 
naterial  of  uniform  section  is  found  by  multiplying  the  cross-sectbn  of  the  piece, 
in  square  inches,  by  the  safe  working  stress  opposite  the  name  of  the  material 
o{  which  the  piece  is  composed. 
Then  if  i*  *  the  safe  load  m  lb, 

St »  the  allowable  safe  working  stress  in  tensioii« 
b  *  the  width  of  a  rectangular  bar, 
A  «  the  depth  of  a  rectangular  bar, 
d  *  the  diameter  of  a  round  bar, 
Ibne  resolts,  for  a  rectangular  bar, 

F'-'bhSt  (i) 

^  for  a  round  bar, 

P- 0.7854  <^5«  (si 
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Tfa^.Aie^  of  cros»-section  to  support  a  load  P  is,  for  a  rectangular,  bar. 


-£ 


and  for  a  round  bar 


V  c: 


.785451 
Tabia  L    8af a  Worldng  StrMa  in  Tenrion  for  BuildJag  Matariali  • 


is 


U 


Mateiial 


Cut  iron 

Wrought  iroa 

Steel,  medium 

Chestnut 

Doujrlas  6r 

Hemlock 

Pine,  long-leaf  yellow . 
Pine,  sboit-lcaf  ydkm . 

Pine.  Norway 

Pine,  white 

Redwood 

Spruce 

White  oak 


safe 

lb  per  aq  in  (5« ) 


!<«■  A  ^^ 


3 

12  OdO 

16  000 

850 

800 

600 

X  200 

900 
800 
700 

700 

800 

X  200 


*  Note.  For  woods  these  values  may  be  increased  up  to  30%  for  selected,  perfectly 
protected,  commercially  dry  timber,  not  subject  to  impact,  tbat  is,  for  ideal  conditioos. 
(See,aIso,  pages  637  and  647.) 

Ssainiila  x.  What  size  of  medittm-steel  angle  should  be  used  to  sustain  a 
tensile  force  of  64  ooo  lb? 

Answer.    By  Formula  (3), 

t  1  64000 

the  net  sectional  area  «  -; «*  4.00  sq  in 

16000 

From  the  Table  of  the  Properties  of  Angles  (Chapter  X)  we  6nd  that  a  4  by 
4  by  ^-in  angle  has  an  area  of  4.61  sq  in,  which  is  to  be  reduced  by  a  ^g-in  hole 
for  a  *i-in  rivet,  leaving  4.61  ^(HXH)^  4>o6  sq  in,  net  area.  This  is  slightiy 
in  excess  of  the  required  amount. 

The  SAFE  LOAD  fof  angles  commonly  used  in  roof-trusses  is  given  in  Table  X; 
and  the  reduction  in  sectional  area  caused  by  rivet-holes,  in  Table  Xlt 
this  chapter,  and  in  Table  I,  Chapter  XX.  See  also.  Chapter  XII,  page  414, 
paragraph  on  Punching  Rivet-Holes. 

Example  a.  What  size  of  white-pine  tie-beam  should  be  used  to  sustain  s 
tensile  force  of  60  000  lb? 

Answer.    By  Formula  (3). 

the  net  sectional  area  —  «  85.7  aq  in 


700 


85.7 


If  the  depth  is  taken  at  1 3  in,  the  net  width  must  be  -^^  -  7.3  in.    Allowance 


12 


must  be  made  for  the  increase  in  tension  on  the  lower  side  of  the  beam,  due  to 
its  own  weight,  and  also  for  any  cutting  that  may  be  necessary  in  making  the 
connections  or  holes  for  truss-rods.    If  there  is  a  3-in  hole  through  the  beam,  a 
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lo  by  i2-in  timber  must  be  used.  This  makes  allowance  for  the  weight  of  the 
beam  itself.  If  the  unsupported  length  of  the  beam  is  great,  the  allowance  for 
the  weight  must  be  made  according  to  the  methods  explained  in  Chapter  XV, 
page  572,  for  the  calculation  of  tie-beams  subjected  to  transverse  loading. 

2.  Wfonght  Iroa 

If aaaliufiir*.  Wrought  iron  !s  a  mixture  of  pure  Iron  and  slag,  about 
96^  iron  and  3%  slag,  together  with  from  H  to  %%  of  other  elements  including 
cubon,  piiosphorus,  sulphur  and  manganese.  It  is  made  from  pig  iron  and 
inn  ande»  oc  mttt-acalc,  in  a  reverberatacy  furnace  OQusiating.  of  a  firebox,  a 
hearth  or  working-chamber,  and  the  necessary  dampers  and  flues.  The  impur- 
kies  are  removed  from  the  iron  at  different  stages  in  the  process,  silicon  and 
Taangmwe  during  the  melting-down  stage,  part  of  the  phosphorus  and  sulphur 
during  the  clearing-stage  and  the  carbon  axKi  remainder  of  the  phosphorus  and 
nlphur  during  the  boiling-stage.  The  iron  is  then  in  a  pasty  condition  ready 
for  a  thocough  stirring  by  the  workman,  who  collects  it  into  balls  of  about  80  lb 
vright  and  takes  it  to  a  squeezer  or  forge  where  the  greater  part  of  the  slag  is 
mnovcd.  It  is  then  rolled  out  into  muck-bars.  These  bars  are  cut  into  pieces 
Thich  are  piled  into  bundles  suited  to  the  size  of  the  finished  bar.  The  piles 
arc  heated  and  rolled  again.  The  rolling  reduces  the  amount  of  slag  and  makes 
the  material  denser.  The  process  of  rerolling  may  be  repeated  a  number  of 
times  to  produce  double  or  triple-refined  merchant-bar  iron. 

The  App— ranee  of  Wrought  Iron  is  very  much  like  that  of  steel.  It  may 
be  disringui^hfd  from  steel  by  nicking  one  side  of  the'  bar  and  bending  it  away 
from  the  nick.  Iron  will  split  along  the  slag-laminations  and  show  the  coarsely 
niRous  nature  of  the  material;  while  steel  will  bend  or  rupture  at  the  nick 
mthout  splitting,  any  fracture  being  finely  fibrous  or  crystalune.  When 
Tiptuied  in  a  tension-test  wroug^  iron  shows  a  dark  fibrous  fracture.  If  the 
yrciinfu  b  grooved  before  testing  or  broken  in  impact  the  fracture  will  be 
coarsely  crystalline. 

WriHs.'  Wir6ught  faon  is  more  easfly  welded  than  steel  because  the  work 
Diay  be  accomplished  through  a  wider  range  of  temperature  than  with  steel. 
A  wdd  may  devdop  the  full  strength  of  the  bar,  but  tests  on  hand-forged  welds 
00  rough  tie4Mrs  reported  by  Kirkaldy  gave  average  values  of  about  60%  of 
the  strength  of  the  bar. 

Use.  Wrought  iron  is  no  longer  used  for  the  manufacture  of  structural 
shapes,  such  as  angles,  channels  and  beams,  its  use  for  structural  work  being 
practically  limited  to  bars,  rods  and  bolts.  It  can  be  worked  more  easily  than 
steel  in  threading^machines;  and  on  this  account,  unless  steel  is  specified,  some 
companies  will  furnish  truss-rods,  bolts,  etc.,  in  wrought  iron. 

Specificationt  *  for  Wrought  Iron.  Wrought  iron  may  be  purchased  under 
the  Specifications  of  the  American  Society  for  Testing  Materials. 

Material  Covered,  i .  These  specifications  cover  two  clasaesof  wrought-iron 
plates,  as  detcrmined'by  the  kind  of  material  uaedia  their  manufacture,  namely: 

Class  A,  as  defined  in  Section  2  (b): 
Class  B,  as  defined  in  Section  2  (c); 

*Thew  Specifications  for  Wrought-Iron  Plates  are  inued  by  the  Society  under  the 
find  desSgnatioo  A  4a.  They  were  adopltd  in  1913  and  revised  in  1918.  There  ace  aim 
A  S.  T.  M  Standard  SpecificatkiDs  for  SUybolt  Iron.  Refined  Wrou^-Irao  Ban,  Iron 
•ad  Sted  Chain,  etc. 
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I.  Mairofsctnre 

ProcMS.  2.  (a)  All  plates  shall  be  rolled  from  piles  entirely  free  from  anj 
admixture  of  steel. 

(b)  Piles  for  Class  A  plates  shall  be  made  from  puddle-bars  made  wholly  from 
pig  iron  and  such  scrap  as  emanates  from  rolling  the  plates. 

(c)  Piles  for  Class  B  plates  dkall  be  made  from  puddle-bars  made  wholly  froa 
pig  iron  or  from  a  mixture  of  pig  iron  and  cast-iron  scrap,  toyetlier  with  wrought- 
iron  scrap. 

n.  Phyf  ical  PropertiM  and  TmIs 

Tenaioa-tMts.  3.  (a)  The  plates  shall  conform  to  the  foUowins  minimum 
i«q\iircmeDts  as  to  tensile  properties: 


Properties  conskkftd 

ClauA 

Ch&sB 

1 

6  in  to  94  In 

incl. 

in  width 

Ov«r34iB 
to  90  in 

incl. 
in  width 

6  in  to  24  In 

incl. 

in  width 

Over  3410 
to  go  in 

incl. 
ia  width  < 

Tensile  strenRth.  lb  per  59  in 

Yield-point,  lb  per  sq  In 

KloiUt^tion  in  8  in,  per  cent 

49000 

36000 

16 

48000 
36  000 

13 

48000 

26  000 

14 

47000 
10 

(b)  The  yield-point  sh«ill  be  determined  by  the  drop  of  the  beam  of  the  testinie- 
machine.  The  speed  of  the  cross-head  of  the  machine  shall  not  exceed  H  io  P^f 
minute.  ^^^ 

ModificatiOAa  in  Bl^agiation.  4.  For  phtcs  under  M«  in  in  thickness,  a 
deduction  of  1  from  the  peroentages  of  dongation  specified  in  Section  3  shall  be 
made  for  each  decrease  of  Me  in  in  thiduiess  l)elow  Ms  in. 

Bend  Testa.  5.  (a)  Cou>-Bend  Tests.  The  tcst-spedmen  shall  bend 
cold  through  90**  without  fracture  on  the  outside  of  the  bent  portion,  as  follows: 
Fur  CU.SS  A  plates,  around  a  pin  the  diameter  of  which  is  equal  to  iH  times  the 
thickness  of  the  specimen;  and  for  Class  B  plates,  around  a  pin  the  diameter  of 
which  is  equal  to  three  times  the  thickness  of  the  specimen. 

(b)  Nick-Bend  Tests.  The  test-spedmen,  when  nicked  on  one  side  and 
broken,  shall  show  for  Class  A  plates,  a  wholly  fibrous  fracture,  and  for  Class  B 
plates,  not  more  than  10%  of  the  fractured  surface  to  be  crystalline. 

Test-specimens.  6.  Tension  and  bend-test  spedmensshallbe  taken  from 
the  finished  plates  and  shall  be  of  the  full  thickness  of  plaies  as  rolled.  The 
longitudinal  axis  of  the  specimen  shall  be  parallel  to  the  direction  in  which  the 
plates  are  rolled. 

Number  of  Tests.  7.  (a)  One  tension,  one  cold-bend  and  one  mck-bend 
test  shall  be  made  for  each  variation  in  thickness  of  ^  in  and  not  less  than  one 
test  for  every  ten  plates  as  rolled. 

(6)  If  any  test-specimen  fails  to  conform  to  the  requirements  specified  by 
reason  of  an  apparent  local  defect,  a  retest  shall  be  made.  If  the  retest  also  fails, 
the  plates  represented  by  such  test  will  be  rejected. 

m.  Finish 

Finish.  8.  The  plates  shall  be  straight,  smooth,  and  free  from  cinder-spots 
Ukd  holes,  injurious  flaws,  buckles,  blisters,  seams,  and  laminations. 
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9.  The  plates  shall  be  stamped  or  otherwise  marked  as  designated 
yy  the  porchaser. 

v.  Inapection  and  Rejection 

Iiisp«ction.  10.  (a)  The  inspector  representing  the  purchaser  shall  have 
free  entry,  at  all  times  while  work  on  the  contract  of  the  purchaser  is  being  per- 
formed, to  all  parts  of  the  manufacturer's  works  which  concern  the  manufacture 
of  the  plates  ordered.     (See  complete  Specifications  for  Sections  10,  xi  and  12.) 

S.  Cast  Iron 

Cast  Iron  has  been  defined  as  a  saturated  solution  of  carbon  in  iron,  the 
carbon-content  varying  from  iV^  to  4%  according  to  the  other  impurities  con- 
tained. It  is  hard,  brittle,  non-malleable  and  very  fluid  when  melted,  so  that 
it  is  well  adapted  for  casting  into  complex  forms. 

Mannfactore.  It  is  produced  in  the  blast-furnace,  which  is  essentially  a 
dosed  refractory-lined  stack,  with  a  valve-charging  device  at  the  top,  tuyeres 
or  openings  in  the  lower  part  for  the  introduction  of  the  air-blast,  and  a  hearth 
at  the  bottom  with  a  tap>hole  for  the  periodic  withdrawal  of  the  iron  and  slag. 
The  FtnuTACE-ntON  is  cast  into  pigs  about  3  ft  k>ng  and  weighing  about  100  lb 
eadi.  FocnnMiY-CASTiNGS  are  made  from  pio  laoN  and  sciap  mdted  in  a  cupola 
and  pKMxred  into  green-sand  molds.  The  charge  is  made  up  of  different  quanti- 
ties of  the  different  grades  of  pig  so  as  to  control  the  physical  properties  of  the 
castings,  prindpally  through  amtrol  of  the  siiioon-oontent. 

Appearance.  Castings  have  a  gray  or  white  fracture  according  to  the  condi- 
tioD  of  the  contained  carbon,  the  gray  fracture  indicating  graphitic  or  separated 
carbon  and  the  white  the  combined  carbon.  Gsay  iron  is  softer  and  tougher 
and  is  ^>ecified  for  ordinary  castings. 

Streng;th.  Cast  iron  does  not  have  a  definite  elastic  Lncrr.  A  relatively 
smalt  stress  will  produce  some  permanent  deformation.  Its  ultdcate  tensilb 
st&ekgtb  varies  from  15  000  to  20  000  lb  per  sq  in;  and  in  some  iron  is  as  high 
as  30  000  lb  per  sq  in.  Its  compressive  stbength  varies  over  a  wide  range, 
£0  000  lb  per  sq  in  being  a  fair  average  vahie. 

Defects.  Castings  are  liable  to  several  common  defects  the  chief  of  which 
are  blow-holes  due  to  the  formation  of  steam  from  the  damp  molds,  sand-holes 
due  to  misplaced  sand,  rough  surfaces,  cold  shuts  due  to  chilling  of  the  iron 
and  failure  to  fill  the  parts  of  the  mold,  shrinkage-cracks  due  to  uneven  cooling 
of  the  castings  in  parts  of  different  thickness.  In  cored  castings,  also,  the  walls 
are  frequently  of  variable  thickness  because  of  the  shifting  of  the  cores.  This  is 
espedsHy  frequent  in  case  of  holk>w  columns  cast  in  a  horiaontai  position. 
Because  of  these  defects  and  on  account  of  the  low  tTLTiiCAiE  stkengtb,  cast 
iron  should  never  be  used  where  it  is  subjected  to  any  great  tensile  stress. 

Spedfisatlons*  for  Cast  Iron.  The  spedfications  of  the  American  Sodety 
for  Testing  Materials,  for  GRAY-xaoif  CAsmiGS,  indude  the  following  require- 
ments: 

I.  Unless  PURNACB-iEON  b  spedfied,  all  gray  castings  are  understood  to  be 
made  by  the  cupola-process. 
3.  The  sulphub-contents  are  to  be: 

For  light  castings,  not  over  o.xo  per  cent. 
For  medium  castings,  not  over  o.to  per  cent. 
For  heavy  castings,  not  over  o.xs  per  cent. 

*  These  ipecificatiops  are  issued  under  the  fixed  designation  A  48.    They  were  adopted 
in  1905  and  revised  in  19x8.    The  complete  specification  can  be  obtained  from  the  Society. 


330     Resistance  to  Tension.    Properties  of  Iron  and  Steel     Chap.  1] 

3.  In  dividing  castings  into  uoar,  MEDiOM  and  heavy  daases,  the  foUowin^ 
it&ndards  have  been  adopted: 

Castings  having  any  section  less  than  H  in  thick  shall  be  known  as  uoai 

CASTINGS. 

Castings  in  which  no  section  is  less  than  2  inches  thick  shall  be  known  a 

HEAVY  CASTINGS. 

Medium  castings  are  those  not  included  in  the  above  classification. 

4.  Transverse  Test.  The  minimum  breaking  strength  of  the  arbi 
TRATiON-BAR  Under  transverse  load  shall  be: 

For  light  castings,  not  under  2  500  lb. 
For  medium  castings,  not  under  2  900  lb. 
For 'heavycy  tings,  not  under  3  300  lb. 

In  no  case  shall  the  deflection  be  under  o.io  in. 
Tension-Test.    Where  specified  this  shall  be: 

For  light  castings,  not  less  than  18  000  lb  per  sq  in. 
For  medium  castings,  not  less  than  21  000  lb  per  sq  in. 
For  heavy  castings,  not  less  than  24  000  lb  per  sq  in. 

The  specifications  give  explicit  directions  for  casting  the  arutratton-bai^ 
which  is  x^  in  in  diameter  and  15  in  long.  Two  of  these  are  cast  for  eaci 
twenty  tons  of  castings.  One  oi  each  pair  must  fulfill  the  requircmeats  to  per^ 
mit  acceptance  of  the  castings.  The  bar  is  loaded  at  the  middle  at  a  rate  that 
will  cause  a  o.zo-in  deflection  in  from  twenty  to  forty  seconds.  The  tensioD< 
test  is  not  recommended. 

II.  Castings  shall  be  true  to  pattern,  free  from  cracks,  flaws  and  excessive 
shrinkage.  In  other  respects  they  shall  conform  to  whatever  points  shall  1m 
specially  agreed  upon. 

4.   Steel 

St««l  is  a  mixture  of  compounds  of  iron  and  carbon  with  small  quantities  d 
other  elements,  including  manganese,  phosphorus,  sulphur,  silicon,  etc.  The 
carbon-content  controb  the  hardness  and  strength  of  the  steel.  Leas  thaa 
o.xo%  of  carbon  is  present  in  the  soft  steels,  which  have  most  of  the  charac- 
teristics of  wrought  iron;  while  steel  with  more  than  0.40%  carbon  b  capable 
of  being  tempered,  cannot  be  welded  and  is  very  much  stronger.  Manganese 
acts  as  a  cleanser  during  the  process  of  manufacture,  and  increases  the  forge- 
ab  lity  of  Ihe  steel.  Phosphorus  and  sulphur  are  harmful  in  their  effects,  phos- 
phorus making  steel  brittle  under  sudden  kxiding  and  sulphur  making  it  hot4hort 
or  brittle  when  heated. 

Manufacture.  Structvrai.  stkbl  is  manufactured  by  the  Bessemer  and 
the  opeN'HEARTH  processes.  In  the  first,  molten  cast  iron  is  charged  into  i 
Bessemer  converter,  an  air-blast  is  driven  through  the  charge  from  perforations 
in  the  false  bottom  of  the  converter  and  the  silicen,  sulphur  and  carbon  burned 
out.  Carbon  in  the  form  of  ferro-manganese  is  then  added  to  deoxidize  the 
charge  and  give  the  proper  content  of  carbon  in  the  finished  steel,  which  is 
quickly  drawn  off  and  poured  into  ingots.  Phosphorus  is  not  removed  or(£- 
narily  by  the  Bessemer  process;  but  if  the  lining  of  the  converter  is  made  of 
basic  material,  such  as  dolomite  limestone,  and  if  lime  b  added  with  the  charge, 
the  phosphorus  will  imite  with  it  and  be  poured  off  with  the  slag. 

The  Open-Hearth  Procese.  In  this  process  scrap-steel,  pig-iron  or  molten 
furnace-iron  and  limestone  flux  are  charged  on  the  heuth  of  a  Siemens  furnace, 
a  reducing  gas-flame  is  directed  onto  the  charge  and  the  carbon  and  other 
Impurities  are  gradually  removed.    When  the  reduction  is  about  completed  sam* 
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fesaie  taken  and  caifoon  detcnnined  lo  that  the  chaiRe  may  be  withdrawn  at 
he  proper  time.  The  process  thus  permits  of  much  more  accurate  ontrol  of 
be  product.  The  material  is  more  uniform  and  consequently  more  dependable 
a  service  than  Bessemer  sxbel.  Opbn-beaeth  steel  b  used  for  most  struc- 
ural  vnxlL. 

Phospboms  may  be  removed  by  the  basic  process  as  in  case  of  Bessemer 
iteel.  Ores  running  low  in  phosphorus  are  generally  used  in  America  so  that 
the  base  process  is  little  employed  here. 

The  Sffeet  of  Carbon  and  Phoiphomt  on  the  static  steengtr  of  steel 
for  the  limits  of  carbon  included  in  structural  steel  is  an  increase  in  strength  of 
ibout  I  ooo  lb  per  sq  in  for  each  o.ox%  increase  in  cither  element.  Cunning- 
ham's formula 

St «  40 000+  xoo 000  (C  +  P) 

g3\'es  the  approximate  relation  between  the  strength  and  the  chemical  composi- 
tion. C  and  P  are  respectively  the  amounts  of  carbon  and  phosphorus  ex- 
pressed in  percentage.  For  example,  the  ultiicate  strength  of  a  steel  having 
0.15%  carbon  and  0.07%  phosphorus  is,  approximately, 

Sg  »  40  000+  100 000  (0.Z5  +  0.07)  -  62  000  lb  per  sq  in 

Thm  Percentage  of  Klongation  decreases  as  the  carbon-content  and  ulti- 
MATK  STSENGTH  increase.    An  approximate  relation  is 

I  400000 
percentage  of  elongation  -  — 

Since  the  total  elongation  of  a  ruptured  specimen  is  due  to  the  local  stretch- 
ing at  the  point  of  rupture  and  the  uniform  elongation  over  the  whole  gauge- 
length,  it  is  necessary  to  report  the  gauge-length  when  reporting  this  result. 
Since  the  local  elongation  is  the  same  for  a  2  or  an  8-in  length,  the  percent- 
age OT  elongation  for  the  same  material,  tested  on  a  2-in  gauge-leogth,  is  greater 
than  if  measured  on  an  8-in  length. 

The  Blattic  Behatlor  of  a  specimen  of  steel  loaded  to  rupture  is  best  shown 
by  a  stkess-strajm  diagbam  on  which  the  stresses  are  plotted  as  vertical  ordi- 
natcs  and  the  ebngations  or  strains  as  absdsaas,  as  in  Fig.  1.  Five  significant 
results  are  shown: 

(x)  The  Modohia  «f  Blattldty  (£).  The  rebition  between  the  stress  and  th^ 
strain  or  elongation  is  called  the  modolos  or  ELASTicmr.  It  is  equal  to  the 
unit  stren  divided  by  the  unit  strain  or  deformation  and  is  represented  graph- 
ically by  the  tangent  of  the  angle  of  the  initial  line  with  the  horizontal.  Its 
value  for  steel  for  tension  is  about  30  000  000  lb  per  sq  in. 

(2)  The  Blasdc  Limit  (E,L.)  is  that  unit  stress  beyond  which  the  ratio  of 
stress  to  strain  ceases  to  be  constant,  or  bejrond  which  the  curve  ceases  to  be  a 
straight  line. 

(3)  The  Tleld-Point  (K.P.),  slightly  above  or  beyond  the  elastic  livit, 
is  that  unit  stress  at  which  the  specimen  begins  to  stretch  without  increase  in 
the  load.  This  stress  may  be  determined  from  a  test  without  the  use  of  deli- 
cate measuring-apparatus  by  the  drop  or  the  beam  or  halt  in  the  gauge 
of  the  testing-machine. 

U)  The  Uldfliate  Strength  (U.S.)  is  the  greatest  unit  atress  the  specimen 
can  sustain. 

(5)  The  Rttptnre-Stresa  {R)  is  the  unit  stress  at  the  time  of  failure.  This  is 
the  unit  stress  at  the  point  of  failure  after  the  area  of  the  cross-section  of  the 
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specimen  has  been  reduced;  and  because  of  tiie  rapid  dropping  off  of  the  kvi 
it  is  difficult  to  detennine.  It  is  not  rcgulariy  observed  in  testing,  attentw 
being  called  to  it  merely  to  ftnphaitiii»  the  fact  that  the  ultdcatb  stskbiigth  < 
^teel  is  not  the  stress  at  the  time  of  fsilure  of  the  specimen.  This  is  true,  akc 
for  wrought  iron  and  ductile  materiab  in  general. 
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Effect  of  Punching  and  Shearing.  Structural  steel  is  hardened  by  tbt 
action  of  the  punch  and  shear  in  the  pnxxss  of  manufacture  in  the  shop.  Os 
the  die'Side  the  metal  is  forced  to  flow  from  the  tool  and  this  oold  working 
hardens  and  injures  it  as  may  be  shown  by  a  oold^beod  test.  The  effect  may 
be  removed  by  annealing;  but  in  the  best  work  it  is  usually  speci6cd  that 
rivet-holes  shall  be  reamed  during  the  assembling  of  the  parts.  This  lemoves 
the  injured  metal  and  brings  the  parts  into  better  alinement  for  the  insertioa 
of  the  rivets.  The  injury  from  shearing  may  be  removed  by  milling  the  sheared 
edges. 

The  Coefficient  of  Expansion  of  steel  is  0.000  006  s  per  degree  Fahrenheit 
The  eLOt<rG\TiON  in  a  length  /,  due  to  a  change  in  temperature  of  I  degrees^  is 
then 

e  *  0.000  006  5  U 

in  which  / 13  expressed  in  inches  and  /  in  degrees  Fahrenheit. 

The  Weight  of  Steel  is  taken  at  489.6  lb  per  cu  ft.  The  actional  area  of 
a  member  in  square  inches  multiplied  by  3.4  equals  the  weight  in  pounds  per 
iinear  foot. 

The  Working  StroM  for  structural  steel  in  tensk>n  In  buildings  and  bridges  k 
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."Cooo  lb  per  aq  in  in  most  spedficatiDiis  ani!  fntfldlxig  Uws.  'For  luenifoi 
object  to  constant  load  some  dcMgnera  me  a  woskino  stbcss  of  20000  lb 
9er  aq  m. 

f .    Skandttd  SpocifiettloDS  for  Stmetttnl  Stoel  for  BvOdliiffa 

Speciflcatioiis.  These  spedfication*  are  iiaiied  by  the  American  Society  for 
rodac  Materials  under  the  fioted  dntignation  A  9.  They  were  adopted  in  1901 
lad  reviaed  in  1909,  I9i3,  1914  and  19x6.    Extracts  from  these  specifications 


I.  lifliittfnetttro 

I.  (a)  Structural  steel,  except  as  noted  in  Paragraph  (5),  may  be 
Bade  by  the  Beasemer  or  the  open-hearth  proceas. 

(ft)  Rivet  steel,  and  steel  for  plates  or  angles  over  M  in  in  thldcness  which  are 
to  be  punched,  shall  be  made  by  the  open-hearth  process. 


IL  Chomlsal  Propertios  mad  Tostt 

Chonlcal  Compooitioa.    a.  The  ateei«hall  ooiiform  to  the  following  re- 
qaiiements  as  to  cfanniral  composition; 


1 

1         Cheiairal  contcat 

Stnictucsl  steel 

Rivet  steel 

1    U^^^KM^hn^^^0 

\apqp4ieaith.... 

not  over  0 .  xo  per  coot 
not  over  0.06  per  cent 

f  *^q)i>liur.. 

not  over  0.06  per  cent 
not  over  0494S  per  cent 

* 

tmOm  Aaalyset,  3.  An  analysis  of  each  melt  of  steel  shall  be  made  by  the 
tnionfacturer  to  determine  the  percmtagea  of  caibon,  manganeae,  phoaphonia 
and  sulphur.  This  analyab  shall  be  made  from  a  test-ingot  taken  during  the 
pooring  of  the  melt.  The  chemical  composition  thus  determined  shall  be  re- 
potted  to  the  purchaser  or  his  representative,  and  shall  conform  to  the  require- 
ncata  specified  in  Sectkm  2. 

Chsdc  AanlyMB«  4.  Anaiyaes  may  be  made  by  the  purchaser  from  finished 
nateiinl  representing  each  mek.  The  pboaphofus  and  sulphur-ontent  thus 
determined  shall  not  exceed  that  specified  in  Section  2  by  more  than  25  per  cent* 


in.  Physical  Properties  and  Toots 

Toaaioa-Tests.    5.  (a)  The  material  shall  conform  to  the  following  lequire- 
nents  as  to  tensile  properties: 


1                        P»OP«tfc.COD«do«J 

Stmctonaaleel 

Rivet  ateel 

Tcaaila  ttrength,  lb  per  tq  in 

V^M-fXMnt.  min.  lb  oer  m  in ........... , 

55  000-6$  000 

0.5  tens,  strength 
X  400000* 

46000-56000 
0.5  tens,  strength 
X  400000         I 

in        .    •mmmtmm     tm    tt    IM      VmWt «^A# 

Btff*^'***^  n  a  IB,  mn,  par  eaac  .**«•••«. 
Fkmffmtioo  in  >  In.  nia.  per  cent ,,,,,..  ^ . 

tens,  strength 
12 

>    tens,  strength 

*SeeSec 

tlon6. 

(b)  The  yield-point  shall  bo  determined  by  the  drop  of  tl»  beam  of  the  testing 
machine. 
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Modiflotf one  in  Kiongitten ■  6.  (fi)  Foritructui«l  steel  over  H  in  in  tJbid 
DOS,  a  deduction  of  i  from  the  perooitase  o£  elongetion  in  8  in*  specified  i 
Section  5  (a),  shall  be  made  for  eadi  inoease  of  H  io  >n  thicknfta  above  %  u 
to  a  minimum  of  x8  per  cent. 

(b)  For  itniotural  iteel  voder  4i«  in  in  thkkfieis»  udedncfioD  of  8.5  from  ti 
percentage  of  elongation  in  8  in,  specified  in  Section  5  (a),  shall  be  made  for  eac 
decrease  of  Hs  in  in  thickness  betow  Ms  in. 

Bend  Teste.  7.  (a)  The  test-spedmen  for  plates,  shapes  and  ban,  except  a 
specified  in  Paragraphs  (h)  and  (c),  shall  bend  cold  through  x8o"  without  crackin 
on  the  outside  of  the  bent  portion,  as  follows:  For  material  H  in  or  under  i 
thickness,  flat  on  itself;  for  material  over  H  in,  to  and  including  i  ^  in  in  thick 
neas,  around  a  pin  the  diameter  of  which  is  equal  tp  the  tbickmrw  of  the  specimen 
and' for  material  over  x  H  in  in  thickness,  around  a  pin  the  dianteter  of  which  i 
equal  to  twice  the  thickness  of  the  specimen. 

(b)  The  test-specimen  for  pins,  rollers,  and  other  bars,  when  prepared  a 
specified  in  Section  8  (r),  shall  bend  cold  through  x8o^  around  a  x-in  pin  witbou 
cracking  on  the  outside  of  the  bent  portion. 

(c)  The  test-spedmen  for  rivet  sieel  shall  bend  cold  thieugh  180*  flat  on  itsd 
without  cracking  on  the  outside  U  the  bent  portiom 


Test-Specimens.    8.  (a) 

,/    PimlM      < 

i^\     BwtlOB        • 

,     ^J       BOtlM        I 


rl 


ac 


^ 


—  About  1S^2 


Fig.  lA.    Form  of  Spedmec  for  Steel-tcst 


Tension  and  bend-specimens  riiaU  be  taken  fron 

rolled  steel  in  the  conditioo  ix 

{  which  it  €omes  from  the  rolls 

except   as  wptdStd  in  Para 
graph  ib). 

(b)  Tension  and  bend-tes( 
specimens  for  pixis  and  rolkn 
shall  be  taken  from  the  fin< 
ished  bars  after  anneafing, 
when  annealing  is  spedfied. 

(0  Tension  and  bend-test 
specimens  for  plates,  shapes 
ahd'b&rs,  except  as  spedfied 


Abe  air 


I 


in  Paragraphs  {d),    (e),  and 
(/),  shall  be  of  the  full  thickness  of  the  material  as  rolled;   and  may  be 


not  1*M 


4)^ 


I 
I 


+ 


Bdj 


machined  to  the  form  and  dimmsions  shown  In  Fig.  1a,  or  with  both  tdgta 
parallel. 

(d)  Tension  and  bend-test 
spedmens  for  plates  over  1 H 
in  in  thickness  may  be  ma- 
chined to  a  thickness  or  diam- 
eter of  at  least  H  in  for  a 
length  of  at  least  9  in. 

(e)  Tension-test  specimens 
for  pins,  rollers  and  bars  over 
x  H  in  in  thickness  or  diameter 
may  conform  to  the  dimen- 
sions shown  in  Fig.  2.  Inthis  F1s.2.  Fomof  Specinwe  iarPtais.Rollen,Baif, 
case,  the  ends  shall  be  of  a  etc.,  Over  z>i  incite*  Tuw^ 

form  to  fit  the  holders  of  the 

testing-machine  in  such  a  way  that  the  load  shall  be  the  axial.  Bend-test  sped 
mens  may  be  x  by  H  in  in  section.  The  axis  of  the  specimen  shall  be  located  at 
any  pcint  midway  between  the  oenler  and  surface  and  shall  l)e  paialld  to  tbt 
azb  of  the  bar. 


fh*  Oat*  lorafik,  PtermOel  Poitloaft  bbA  FBbli 
•hall  be  ••  diovn,  but  the  eadft  maj  be  of  aay 
Form  which  will  ft(  the  ffoMen  otT 


Teoiioii-Membert  2SB 

(j)  Tendon  aad  bend-test  tifwrtincwi  for  liveC  itMl  ihall  be  of  the  f ttB-ebt 
Kcdooof  ban  as  rolled. 

Hvaber  of  Tests.  9.  (a)  One  tension  and  one  bend-test  shall  be  made  from 
each  melt ;  except  that  if  material  from  one  melt  differs  H  in  or  more  in  thickness, 
QQc  tension  and  one  bend-test  shall  be  made  for  both  the  thickest  and  the 
thinnest  material  rolled. 

{b)  If  any  test-specimen  shows  defective  machining  or  develops  flaws,  it  may 
l»  (fiscarded  and  another  specimen  substituted. 

ic)  If  the  percentage  of  elongation  of  any  tension-test  specimen  is  less  than 
that  specified  in  Section  5  (a)  and  any  part  of  the  fracture  is  more  than  H  in 
from  the  center  of  the  ^nge-length  of  a  a-in  specimen  or  is  outside  the  middle 
tiird  of  the  gabge-length  of  an  &-ln  spedfneh,  ds'ihdicated'by  sciibe-Shmtches 
auked  on  the  specimen  before  testing,  a  retest  shall  be  allowed. 

IV.  Pennissible  Vaiiatioat  in  Weight  tad  ThickasM 

Ptmlstflble  Variations.  10.  The  cross^section  or  weight  of  each  piece  of  steel 
ibU  not  vary  more  than  2.5  per  cent  from  that  specified;  except  in  case  of 
ikeared  plates,  which  shall  be  covered  by  the  following  permissible  variations. 
One  cubic  inch  of  rolled  steel  is  assumed  to  weigh  0.2833  lb. 

(a)  Wren  Osoesed  to  Weicrt  pes  Square  Foot:  The  weight  of  each  k>t  in 
€k1i  shipment  shall  not  vary  from  the  weight  ordered  more  than  the  amount 
give&iaTablel.* 

ih)  Whek  Okdebed  to  Tkxceness:  The  thirimBss  of  each  plate  shall  not 
vary  more  than  ox>i  in  under  that  order. 

The  overweight  of  each  lot  in  each  shipment  shall  not  exceed  the  amount 
Citen  in  Table  II.* 

V.  flateh 

Finish.  1 1 .  The  finished  material  shall  be  free  from  injurious  defects  and  shall 
have  a  workmanlike  finish. 

VI.    Markiiig 

Markiiig.  12.  The  name  or  brand  of  the  manufacturer  and  the  melt-number 
shall  be  legibly  stamped  or  tolled  on  all  finished  material,  except  that  rivet  and 
ijttice-bars  and  other  small  sections  shall,  when  loaded  for  shipment,  be  properly 
separated  and  marked  for  identification.  The  identification-marks  shall  be 
kgibly  stamped  on  the  end  of  each  pin  and  roller.  The  melt-nimiber  shall  be 
legibly  marked,  by  stamping  if  practical,  on  each  test-q)edmen. 

VIL  Inspectioa  aad  Rsjsctioa 
laapaetioa.    13.  (See  complete  SpedficatioDs  for  Sections  13,  14  sad  15.) 

ft.  TsBsion-MsflBibsn 

Aaglaa.  The  best  section  for  tensbn-members  of  relatively  small  size  depends 
greatly  on  the  kind  of  end-connections  used.  Angles  or  channels  are  generally 
toed  for  riveted  connections.  For  very  small  members  rectangular  bars,  such  as 
ladng-bars,  may  be  used.  The  strength  of  such  members  is  computed  on  the  net 
area  through  the  rivet-holes.  Angles  used  in  tension  should  have  lugs  riveted 
to  the  outstanding  kgs  and  the  tie-plate  for  the  better  distribution  of  the  stress 
over  the  section.  Tests  on  angles  with  riveted  connections  reported  by  F. 
P.McKibbent  gavefiom77to86%of  the  ttrength  of  the  material  as  tboinibj 

'Tables  I  and  11  ire  omitted  here  for  lack  of  space.    The  complete  specificatloos 
be  '^n'*'*^  from  the  Society, 
t  Pioceedingf  of  the  American  Society  for  Tertiag  MaterUs,  Vol.  VI,  1906. 
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tcodbft-tcst*  on  standard  ^pacimem  cut  fiom  thtie  angles.  Lugs  incieaaed  cli 
strength  from  4.7  to  8.7%.  It  was  also  shown  that  a  c»nnectkm  ffvins  tl| 
center  of  the  pull  on  the  center  of  gravity  of  the  section  gave  considerably  hJslM 
strengths  than  when  the  center  of  pull  was  in  line  with  the  gauge-line  of  th 
rivets.  In  computing  the  net  sectional  area  as  reduced  by  rivet  and  boh 
holes  Table  XI  will  be  found  very  convenient. 

Sye-Bars  are  used  for  the  main  tension^aembers  of  pin-oonnected  tnissa 
They  are  rectangular  in  section  with  a  forged  head  upset  in  dies  and  of  the  saini 
thickness  as  the  bar.  The  eye  is  accurately  drilled  in  position  in  the  axis  of  tin 
bar,  true  to  diameter  and  exact  central  distance.  Because  of  its  advantage 
for  forging,  soft  steel  is  used  in  making  eye-bars.  They  are  also  carefully  ax^ 
nealed  before  drilling.  Table  VI  gives  the  dimensions  of  standabd  sye-baK 
manufactured  by  the  mills  of  the  American  Bridge  Company.  These  bar] 
are  of  practically  the  same  dimensions  as  the  standard  bars  of  other  com 
panies.  There  is  from  34  to  49%  excou  mBtmaf  in  the  section  through  the  ey< 
to  insure  in  the  forged  part  the  devebpmcnt  of  the  f i^l  strength  of  the  body  oi 
the  bar.  Standard  bars  should  be  used  m  design  to  avoid  the  expense  of  makinj 
special  dies  in  which  to  form  the  heads.  Bars  of  leas  than  the  given  miziimun^ 
thickness  are  liable  to  fail,  when  loaded,  by  buckling  in  the  head.  Thick  ban 
increase  the  BENDtNO-STKESsss  in  the  pins  and  thus,  indirectly,  the  necessar) 
siae  of  the  eye.  Except  lor  very  large  structures  they  are  limited  to  about 
2  in. 

Tests  of  FoQ-Siss  Eyo*Bscs  are  generally  xequhed  when  a  great  maBber  oi 

diem  are  to  be  used  in  a  structure,  one  in  every  fifty  bars  being  usually  tested. 
The  spedficatkms  for  caibon-steel  bats  requiee  that  an  iultimaxb  iensxu 
STXENGTB  of  56  ooo  lb  per  sq  in  shall  be  developed,  that  the  kxjOMGaxion  in  thfi 
whole  length  shall  be  io%  and  that  fiailute  .shall  occur  in  the  body  of  the  bar< 
Nickel  steel  has  been  used  for  tension-members  on  a  few  bng*span  bridges.  Tb< 
WOKKIHG  STRESS  on  the  eye-bars  was  increased  about  one-half  over  that  used  foe 


Fig.  3.    Ejre-har  with  Screw^ends  for  Steeve-nut  or  IHim^buckle 

carbon  steel,  and  the  MQuirements  of  the  test-bars  made  correspondingly  severe. 
The  eye  is  made  Ho  in  greater  than  the  diameter  of  the  pin.  Bars  packed  on 
the  same  pins  are  drilled  at  the  same  setting  so  as  to  be  of  exactly  the  same 
length.  Bars  must  be  true  to  length  within  V^s  in.  Small  esre-bais  are  aooae- 
times  made  with  upset  screw-ends  and  sleeve-nuts  or  turnbuckles  in  the 
middle  for  adjustment,  as  shown  in  Fig.  3  and  'Talste  VI,  page  395. 


Fig.  i.    Loop-eyes  and  Sleeve-oats 

Loop-Rods  (Fig.  4,  and  Table  VII)  of  round  or  square  section  with  weMed 
loop-ends  are  used  for  countcrties  and  bracing.  Because  of  the  weld  they 
are  not  so  dependable  as  other  types  of  tension-members,  but.  because  of  the 
adjustment,  are  well  adapted  for  this  service  as  secondary  members. 


Tenaioiivif embers 


M9 


Fig.  5.    Forked  Loop 


A  7ohndr-h&9p  Rod,  Fig.  5,  nutyht  used  for  one  of  twt>  tension-rods  so  as 
to  avoid  eccentricity  wbere  two  rods  baisnGe  eadi  other  on  a  pin.  A  clevis 
at  cadi  end  of  one  of  the  rods 
Bccompfishes  the  same  object. 

Tnmbacktos  aad  Sl««¥«-]lotB. 

The  tiinum^nmtm  of  these  for  adjust- 
ing the  Ifingth^  and  initial  stress  in 
&s  are  given  in  Table  VIII,  page 
J97-  llie  open  tumbudde  has  the 
icbantage  of  being  easily  inspected 
to  note  that  the  thxead  has  sufficient 
bearing  and  that  the  ends  of  the 
iDds  do  not  butt  together. 

Vptet  Serew-Snds  are  threaded  enlargements  on  the  ends  of  rods  or  bolts 
desigDed  to  give  to  the  threaded  portions  a  strength  as  great  as  that  of  the  body 
d  the  bar.  Because  of  effects  of  forging  it  is  necessary  to  make  the  area  of  the 
(T^w-section  of  the  upset  end  at  the  root  of  the  thread  a  little  larger  than  that 
flf  the  rod  itself.  A  standard  upset  rod  will  fail  in  the  body  of  the  bar  with- 
out damaging  the  threaded  portion  enough  to  prevent  the  turning  of  the  nuts. 
The  dmenaons  given  are  nearly  the  same  with  all  manufacturers.  If  upset 
(wis  can  not  be  obtained  the  section-area  at  the  root  of  the  thread  must  be 
ts«d  in  computing  the  safe  load. 

C3evises.  Table  DC,  page  398,  gives  the  dimensions  and  other  details  for 
clevises  according  to  the  latest  standards  of  the  American  Bridge  Company. 

Tablea.  The  following  tables  will  be  found  useful  in  designing  tension- 
'Bcmbecs,  or  for  drawing  tumbuckles.  sleeve^nuts,  devises*  etc  The  strength 
^  plain  rods  in  Table  II  is  based  on  the  area  at  the  root  ol  the  thread.  For 
In^tfas  and  weights  of  tie*rods  and  anchors  for  steel  beams,  see  Table  XDC, 
ClapierXV. 
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Table  n.    8af«  Loads  ia  Fooada  oa  Boaa4  Ba4a 


Plain  rods 

Upset  rods 

Load  in  pounds  based  on  area 

Load  in 

pounds  based  00  full 

Diameter 

at  root  of  thread 

area  of  rod 

inches 

Stress  in  lb  per  sq  in 

Stress  in  lb  per  sq  ia 

xoooo 

uooo 

x6ooo 

10  000 

12000 

z6ooo 

U 

270 

324 

432 

491 

590 

7«S 

Vl9 

450 

540 

720 

7«7 

920 

1230 

H 

680 

8x6 

1088 

I  X04 

1320 

1770 

%e 

93P 

x  xx6 

1488 

IS03 

X800. 

2400 

% 

xa6o 

XS13 

2016 

19613 

2360 

3140 

^0 

x6ao 

X944 

2  592 

2485 

2970 

3960 

% 

2020 

2424 

3232 

3068 

3680 

49x0 

% 

3oao 

3624 

4832 

44x8 

5300 

7070 

% 

4200 

5040 

6720 

60x3 

72x0 

9600 

X 

5500 

6600 

ft8oo 

7854 

9420 

12  570 

xH 

6940 

8328 

XX  X04 

9940 

XX  930 

15900 

xV* 

8930 

X07I6 

X4  283 

X2270 

X4  720 

196130 

1% 

X0570 

X2680 

X69IO 

X4840 

178x0 

23750 

x^^ 

X2  9SO 

X5  540 

20720 

17670 

21  200 

28270 

x% 

IS  150 

xSiSo 

24240 

20  730 

24880 

33170 

1^4 

17440 

20930 

27900 

24  050 

28860 

3B48D 

1% 

20480 

24580 

32760 

276x0 

33130 

44180 

2 

23020 

27620 

36830 

3x420 

37700 

SO  270 

aVi 

26340 

31  6to 

42X50 

35  4^ 

42550 

S6640 

aV4 

30230 

36280 

48370 

39760 

47710 

63600 

2^i 

33000 

39600 

52800 

44300 

53x60 

70880 

aVi 

37x50 

44630 

59440 

49080 

58900 

78530 

2«/4 

46190 

55430 

73900 

59390 

71270 

95020 

3 

54280 

65  X4Q 

86850 

70680 

84820 

1x3090 

3V4 

65  xoo 

78x20 

X01  x6o 

82950 

99540 

132720 

3V4 

75480 

90570 

120770 

96210 

XX5  450 

153840 

394 

86410 

XO3690 

X38  250 

XI0450 

X32S40 

176  690 

4 

99  9JO 

X19920 

X59J*9o 

X35660 

X50790 

20XQSO 

4V4 

xi3a90 

X3.S900 

i8x  300 

X4I  800 

X7OX60 

226880 

4V^ 

127430 

152900 

203900 

X59000 

XOO  800 

254400 

4% 

142  200 

170600 

227500 

177200 

2x2640 

283520 

5 

157630 

189x00 

252  200 

196300 

235560 

314060 

5U 

X7S720 

aio8oo 

281  xoo 

216400 

259680 

346200 

S% 

199  670 

231  200 

308300 

237500 

285000 

380000 

5% 

2x2620 

255100 

340  200 

259600 

3x1  000 

414700 

6 

230980 

277200 

369600 

282700 

339  200 

452300 

Teorfoo-Memben 


TliUa  m. 

M«  IrfMt  li  PoBods  Iflv  Flat  llofttd  Ban 

Computed  for  a  sttc«  of  i6  ooo  poiuMk 

per  square  inch 

Thick- 

Width  in  iachea 

1 

' 

1  iachn 

I 

xVa 

iVt 

1% 

3 

3% 

0% 

394 

3 

3% 

\U 

xooo 

X  2SO 

1500 

X7S0 

aooo 

3350 

3500 

2750 

3000 

3250 

1     H 

4j 

aooo 

3500 

3000 

3S0O 

4000 

4500 

5000 

5500 

6000 

6500 

1     %• 

4  * 

3000 

3  750 

4500 

S2S0 

6000 

6750 

7500 

8250 

9000 

9750 

U 

1 

40cx> 

Sooo 

6000 

7000 

8000 

9000 

10  000 

XI 000 

12  000 

X30QO 

5000 

6250 

7500 

8750 

10  000 

XI 250 

Z3  500 

13750 

15000 

16350 

% 

6000 

7500 

9000 

X0500 

13  000^ 

13500 

ISOOO 

16500 

X80OO 

19  500 

Tie 

7000 

8750 

X0500 

12250 

14000 

X5  750 

17  500 

19250 

2X000 

33750 

% 

8000 

xooco 

12000 

Z4000 

16000 

X8000 

30U0O 

22  000 

24000 

26000 

9000 

II  350 

13500 

15  750 

18000 

30350 

33500 

24750 

27  000 

39350 

H 

10  000 

12500 

15000 

17500 

20  000 

22500 

25000 

27500 

30000 

32500! 

IIOOO 

13750 

16500 

19  250 

22  000 

24  750 

27500 

30250 

33000 

36750 

9k 

13  000 

Z5O00 

18000 

2x000 

24000 

27  000 

30000 

33000 

36000 

39000 

»%• 

13000 

16250 

19500 

22  750 

36000 

29250 

32  500 

3S7SO 

39000 

43250 

Z4OOO 

17  500 

21 000 

24500 

28  000 

3x500 

35  000 

38500 

42  000 

45  500 

*^i0 

IS  OOO 

XS750 

23  500 

36250 

30000 

33750 

37500 

41250 

45  000 

48750 

I 

16000 

30000 

24000 

28000 

33000 

36000 

40000 

44000 

48000 

53  000 

mt 

nooo 

31  250 

25500 

29  750 

34000 

38250 

43500 

46750 

5x000 

SSaso 

iSooo 

22500 

27  000 

3X500 

36000 

40500 

45000 

49500 

54000 

58500 

1  f 

19000 

33  7SO 

28500 

33250 

3S000 

42750 

47500 

53  250 

57000 

6x750 

ihi 

aoooo 

25  000 

30000 

35000 

40000 

45000 

50000 

55000 

60000 

65000 

J% 

3a  000 

27S0O 

33000 

38500 

44000 

49500 

55000 

60500 

7x500 

i\i 

3Aooa 

30000 

3^ouo 

43000 

48000 

54000 

60000 

66000 

72000 

78000 

36000 

32  SCO 

39000 

45500 

53000 

58500 

65000 

71  500 

78000 

84500 

1% 

38000 

as  000 

42  000 

49000 

56000 

63000 

70000 

77000 

84000 

9x000 

iTi 

30000 

37  500 

45  000 

53  500 

60000 

67  500 

75  000 

83  500 

9000c 

97S0O 

3 

33000 

40000 

48006 

56000 

64000 

72  000 

80000 

88000 

96000 

Z04000 
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1kbl«  ID  XCbMttHMO.    fMf«lMMlt  la  Manda  fdt  VW  ftoUad  Ban 
CoMpated  far  >  hum  of  i€oeoponiHfeper*qumremdi 


Thick- 

• 

Width  in  inches 

iienia 
inches 

3% 

3^i 

4 

4% 

4Vi 

4% 

5 

5% 

6 

6^k 

He 

3500 

3  750 

4000 

4250 

4500 

4750 

5000 

5500 

6000 

6506 

H 

7000 

7500 

8000 

8500 

9000 

9500 

xoooo 

IX  000 

12  000 

13  000 

M« 

10500 

XI  250 

12000 

12  750 

13500 

14250 

15000 

16500 

18000 

19  500 

% 

14  000 

X5000 

x6eoo 

17000 

18000 

X9ono 

20  000 

22  000 

24000 

%< 

17  SCO 

l«750 

30  000 

91350 

22500 

'  33750 

25000 

27500 

30000 

32500 

H 

3X000 

92500 

24000 

25500 

27000 

28500 

30000 

33000 

36000 

39000 

%• 

24  500 

36250 

2SOUO 

29750 

31  500 

33250 

35000 

38500 

42000 

45500 

H 

38  000 

30  000 

32000 

34000 

36000 

38000 

40000 

44000 

48000 

53000 

%t 

31500 

33750 

36000 

38950 

40500 

42750 

45000 

49500 

54  000 

58500 

H 

35000 

37  500 

40000 

42500 

45  000 

47500 

50000 

55000 

60  000 

65000 

^Vie 

38500 

41  850 

44000 

46750 

49500 

52350 

55000 

60500 

66  ooo 

71500' 

H 

44  000 

45000 

48000 

51000 

54000 

57000 

60000 

66000 

72000 

78000 

!%• 

45500 

48750 

52000 

55250 

58500 

6x750 

65000 

71  SCO 

78000 

84  500 

U 

49000 

52500 

56000 

59500 

63000 

66500 

70  000 

77000 

64000 

91000 

^%i 

53500 

56350 

60000 

63  750 

67500 

7x950 

75  000 

62500 

90000 

97  500 

X 

56000 

60000 

64000 

68000 

72000 

76000 

80000 

88000 

96  000 

104  000 

iH« 

59500 

63750 

68000 

72250 

76500 

80750 

65000 

93500 

xosooo 

1x0500 

'    x^t 

63000 

67500 

72000 

76500 

81000 

85500 

90000 

99000 

106000 

117  000 

x4i« 

66500 

7x250 

76000 

80750 

85500 

90350 

95  000 

104  500 

XI4000 

123  500 

xU 

• 

7OOOU 

75000 

80000 

85000 

90000 

95000 

100  000 

xxoooo 

xaoooo 

130000 

xH 

77000 

82500 

88000 

93500 

99000 

X04500 

xxoooo 

X3IO0O 

132  000 

143000 

xVi 

84  000 

90000 

96000 

ro2  0oo 

108000 

1x4000 

X20O0O 

132000 

144000 

156000 

iH 

9X000 

97500 

ro400o 

1x0500 

117  000 

123500 

X30000 

143000 

156  000 

169000 

in 

98000 

lOSOOO 

XX2  00O 

1x9  ooo 

196000 

f  XI 000 

X4O000 

154  000 

168000 

182  000 

lU 

105000 

112  500 

X20  000 

127500 

t35too 

142500 

rsoooo 

165000 

xftoooo 

195000 

a 

X13  000 

120  000 

128000 

136000 

144000 

152  000  160  000 

176000 

193000 

aoBooo 

1- 

• 

Tension-Mcmben 


m 


n.    Sife  Loids  ki  pMttdt  for  Fkt  SeOftd 
Cooipiited  for  a  gticn  of  xoooo  lb  per  tqiure  bdi* 


Thick- 

> 

Width  in  inches 

Z 

m 

x% 

x% 

a 

2^ 

2H 

294 

3 

3% 

Mm 

630 

780 

940 

X090 

X290 

X4X0 

x56o 

Z720 

x88o 

2030 

\k 

12SO 

1560 

1880 

2  190 

2500 

28x0 

3x30 

3440 

3  750 

4060 

%• 

x»o 

t340 

38X0 

3280 

3  750 

4220 

4690 

5  x6o 

5630 

6090 

1 

flSOO 

3x30 

3  750 

4380 

5000 

S630 

6250 

6880 

7S0O 

8x30 

!  ^ 

3x30 

39x0 

4690 

5470 

6250 

7P30 

78x0 

8590 

9380 

X0200 

1  ? 

3  750 

4690 

S630 

6560 

7500 

8440 

9380 

10300 

1x300 

13  200 

!io 

4380 

5470 

6560 

7660 

8750 

9840 

10900 

X2  000 

X3XOO 

14  200 

H 

5000 

6950 

7S00 

8730 

xoooo 

XX  300 

X2  500 

13  800 

X5  000 

X63OO 

1        ^» 

5630 

7030 

8440 

9840 

XX  300 

X2700 

14x00 

X5S0O 

16900 

X83OO 

1                     , 

6aso 

7810 

9380 

X0900 

X2  500 

14  xoo 

X560O 

17  200 

x8  8oo 

20300 

1       »H« 

6880 

8590 

X0300 

12000 

13800 

X5  500 

17200 

18900 

20600 

22300 

_. , 

H 

7500 

9380 

1x300 

13x00 

X5000 

X6900 

X880O 

20  6uo 

23500 

24400 

'       «Ho 

8x30 

X0200 

xiaoo 

14200 

• 

X6300 

18300 

20300 

22300 

24400 

26400 

% 

«7S0 

10900 

13x00 

XS300 

X7S00 

I9  7«> 

2X  900 

24  100 

26300 

28400 

»%« 

9380 

1x700 

14  100 

X6400 

18800 

2X  XOO 

23400 

25800 

28  xoo 

30500 

I 

r 

XOOOO 

12  500 

15  000 

X7500 

20  000 

22500 

25000 

27  500 

30000 

32500 

<      xHo 

X0600 

X3  30O 

15900 

X8600 

2X300 

23900 

26600 

29  200 

3x900 

34500 

1% 

1x300 

X4  100 

X6900 

X9700 

22500 

25  300 

28  100 

30900 

33800 

3(600 

x%« 

xx9oc^ 

X4800 

17800 

20800 

23800 

26700 

29700 

32700 

35600 

38600 

1% 

zasoo 

X5600 

X8800 

2x900 

25000 

28100 

31300 

34400 

37500 

40600 

,    ^ 

13800 

17200 

20600 

24x00 

27  500 

30900 

34400 

37800 

4x300 

44700 

>    1% 

X5000 

18800 

22  500 

26300 

30000 

33800 

37  500 

4x300 

45  000 

48800 

I    1% 

X6300 

ao3oo 

24400 

28400 

32500 

36600 

40600 

44700 

48800 

52800 

1% 

X7  50O 

2x900 

26300 

30600 

35000 

39400 

43800 

48x00 

52500 

56900 

1% 

18  800 

23  400 

28X00 

32800 

37  500 

42  200 

46900 

51600 

56300 

60900 

2 

JO  000 

25000 

30000 

35  000 

4000c 

45000 

50  000 

55000 

60  000 

65000 

*  For  unit  stresses  of  xa  000,  X2  500,  and  15  000  lb  increase  by  M,  H,  and  '/&  respeo> 
tivdy. 
For  wockins  strength  of  wrought  iron  and  steel,  see  pages  376  and  382. 


892       Resistance  to  Tension.    Properties  of  Iron  and  Sted    Chap.  11 


Ttble  rr  <CoatinM4).    Scf«  X.M4f  in  Pwnds  for  Ftet  KdlBd  Bus 

Computed  for  a  atxtm  of  lo  ooo  lb  p«r  tqiure  inch 


1 

[   Thick, 
ness  in 

Width  1 

n  inches                                               1 

inches 

3V4 

3% 

4 

4V4 

4^ 

4% 

5 

5% 

6 

6H 

Vi« 

2x90 

3340 

3500 

3660 

a  8x0 

2970 

3x30 

3440 

3750 

406c 

Mi 

4380 

4690 

5000 

53x0 

5630 

5940 

6350 

6880 

7S0O 

8  130 

^i« 

6s6o 

7030 

7500 

7970 

8440 

89x0 

9380 

10300 

XI  300 

12  300 

y« 

8750 

9380 

xoooo 

10600 

XX  390 

XI  900 

13  500 

13800 

15000 

16300 

iH« 

X0900 

IX  700 

X3S0O 

I3  30O 

14 100 

14800 

15  600 

X7  300 

X8800 

20300 

% 

13x00 

14  xoo 

15  000 

15900 

X6900 

17  800 

XS800 

30600 

33  500 

24400 

Tie 

1S30O 

16400 

17  500 

X8600 

19700 

30800 

31  900 

34  100 

36300 

28400 

% 

17  500 

X8800 

30  000 

3x300 

33500 

313800 

35000 

27  500 

30000 

32  500 

Mo 

19700 

3X  XOO 

33500 

33900 

35  3B0 

36700 

38X00 

30900 

33800 

36600 

% 

3x900 

33400 

35000 

36600 

38100 

39700 

31300 

34400 

37SOO 

40600 

»Mi» 

34  100 

35800 

37500 

39300 

30900 

33700 

34400 

37800 

41300 

44700 

^4 

36300 

38x00 

30000 

3x900 

33800 

35600 

37  500 

4x300 

45000 

48800 

»%6 

38400 

30500 

33500 

34  500 

36600 

38600 

40600 

44700 

48800 

52800 

T« 

30600 

33800 

35000 

37  200 

39400 

41  600 

43800 

48  ICO 

53S0O 

569UU 

>%o 

33800 

35  300 

37500 

39800 

43  300 

44500 

46000 

5x600 

56300 

60  900 

X 

35  000 

37500 

40000 

43500 

45000 

47500 

50  coo 

SSOoo 

60  000 

65000 

iVf 

37200 

39800 

43500 

45aoo 

47800 

50500 

53100 

58400 

63800   69x00 
67  500   73  100 

iMi 

19400 

43  300 

45000 

47800 

50600 

53  400 

S6300 

6x900 

i<H« 

4x600 

44  500 

47500 

50500 

SI  400 

56400 

59400 

65300 

7x300 

T7  300 

iV* 

43800 

46900 

50000 

53x00 

56300 

59400 

63500 

68800 

75  000 

81300 

1% 

48  100 

5x600 

55  000 

58400 

6x000 

65300 

68800 

75600 

83500 

89400 

i^ii 

53500 

56300 

60UOO 

63800 

67500 

71300 

75000 

83SDO|   90000;   975OC! 

1% 

56900 

60900 

65000 

69100 

73100 

77  300 

81  300 

89400 

97500 

105600, 

in 

61  JOO 

65600 

70  000 

74400 

78800 

83  xoo 

87500 

96300 

105000 

XI3800 

1% 

65600 

70300 

75  000 

79700 

84400 

89100 

93800 

103  100 

1x2500 

131  900 

a 

70000 

75000 

80000 

85000 

90000 

95000 

100  000 

xioobo 

I3O000 

130  000 

*  See  foot-note,  preceding  table. 
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TUbto  V.    Steadtfd 


RopogUoM  of  UpMl 
Sf uare  Bu% 


ScrMr-Bads  for  Xooad  and 


Round  ban 

Square  ban 

DiAra.  of  . 

roaador 

Excess 

Excess 

,  adeof 

Diazn. 

Diam.of 

Nomber 

of  effec- 

Diam. 

DUra.  of 

Number 

of  effec- 

sqaare 

of  npaet 

screw  at 

of 

tive  area 

of  upset 

screw  at 

of 

tive  area 

bar 

acrevr« 

root  o£ 

threads 

of  screw- 

screw- 

root  of 

threads 

m 

end 

thiead 

per 

end  over 

end 

thread 

per 

end  over 

1  _ 

aa 

ia 

inch 

bar 

% 

in 

in 

inch 

bar 

% 

1 
1 

H 

% 

0.630 

10 

54 

y* 

0.630 

xo 

3X 

.        5* 

% 

0.630 

xo 

3X 

H 

0.73X 

9 

33 

'^ 

% 

0.73I 

37 

X 

0.837 

8 

4X 

>Via 

1 

I 

o.«37 

48 

X 

0.837 

8 

X7 

1 

I 

0.837 

as 

xVk 

0.940 

7 

33 

»%• 

1% 

0.940 

34 

xV4 

X.065 

7 

35 

1        % 

lU 

X.06S 

48 

x% 

l.x6o 

6 

38 

r 

iM 

X.065 

m 
1 

99 

xH 

x.160 

6 

30 

I 

1% 

X.160 

35 

iV% 

x.384 

6 

29 

iHo          x% 

X.160 

19 

xH 

X.389 

S^^ 

34 

1^4           1% 

X.3B4 

30 

x% 

X.3B9 

sV^ 

30 

i^ie 

1% 

X.384 

17 

1V4 

X.490 

5 

24 

^       *S 

1% 

X.l«9 

5V& 

33 

1% 

X.615 

5 

3X 

1       "^^ 

1% 

X.490 

29 

1% 

X.615 

5 

X9 

1      iH 

x% 

X.490 

X8 

3 

X.7X3 

4^ 

32 

1 

1% 

1.6X5 

36 

3% 

X.837 

4V^ 

28 

1^^ 

3 

x.7ia 

4H 

30 

3^ 

X.837 

4V^ 

x8 

iMo 

3 

X.7X3 

4% 

30 

3V4 

x.963 

AVi 

24 

iH 

3Vfc 

1.837 

<J^ 

38 

2% 

3.087 

4% 

30 

x»V4i 

»          3% 

X.837 

4% 

x8 

3% 

3.087 

4% 

30 

1% 

3^4 

X.963 

4V^ 

36     " 

3V& 

3.175 

4 

31 

i*M« 

,      3V4 

X.963 

4^ 

17 

3% 

3.300 

4 

36 

1% 

3% 

3.087 

4% 

34 

3% 

3.300 

4 

X8 

i»%« 

>         3^ 

a.XTS 

36 

3% 

2.425 

4 

23 

3 

3^i 

2.175 

x8 

3^<l 

2.550 

4 

38 

2M« 

sH 

3.300 

34 

3% 

2.550 

4 

30 

3H 

M 

3.300 

X7 

3 

2.639 

ZVi 

30 

2Ha 

3% 

3.435 

* 

23 

3% 

2754 

3H 

24 

394       Resistance  to  Tension.    Properties  of  Iron  and  Steel    Chap.  II 


Talile  V  ^Cootiiitted).    Standard  Proportioiis  of  Upset 

Roand  and  Squara  Bars 


Hciew— KiMW  raff 


Round  bars 

Square  bars 

Diam.  of 
round  or 

Excess 

BxcesB 

side  of 

Diam. 

Diam.  of 

Number 

of  eflFec- 

Diam. 

Diam.  of 

Number 

of  effec- 

square 

of  upset 

screw  at 

of 

tive  area 

of  upset 

screw  at 

of 

tive  area 

bar 

screw- 

root  of 

threads 

of  screw- 

root  of 

threads 

ofscfew- 

in 

end 

thread 

per 

end  over 

end 

thread 

per 

end  over 

in 

in 

inch 

bar 
% 

in 

in 

inch 

bar 

% 

^ 

2% 

a.SSo 

4 

a8 

3% 

a.7S4 

3% 

18 

a%e 

2% 

2.550 

4 

aa 

3V4 

a.879 

3% 

23 

a% 

3 

3.639 

3Vi 

a3 

3% 

3.004 

3% 

26 

a%e 

3% 

a.  754 

3V4 

aB 

3% 

3.004 

3H 

19 

aVii 

3^ 

3.754 

3% 

ai 

3^ 

3.100 

3V4 

ax 

^U 

3% 

3.879 

3^ 

a6 

3% 

3.a3S 

3% 

24 

a% 

3V4 

3.879 

3% 

ao 

3^ 

3.235 

3% 

19 

a^Vie 

3% 

3.004 

3% 

as 

3^4 

3.317 

3 

ao 

3^ 

3% 

3.004 

3% 

19 

3% 

3.44a 

3 

23 

aJ'Ke 

3V4 

3- too 

3% 

33 

3% 

3  443 

3 

18 

a% 

3% 

3  aas 

3% 

a6 

4 

3.567 

3 

ax 

a»9i« 

3% 

3. MS 

3^ 

ax 

4^il 

3.692 

3 

24 

3 

3% 

3-317 

3 

aa 

4% 

3.692 

3 

19 

3^ 

3% 

3.44a 

3 

ax 

4% 

3-923 

a% 

34 

3V4 

4 

3. 5^ 

3 

ao 

4% 

4.038 

a% 

ax 

39& 

4% 

3.69a 

3 

ao 

4% 

4.X5J 

2% 

19 

3% 

4% 

3.79« 

3*^ 

x8 

•  •  • 

•  •  • 

■  « 

3% 

4^ 

4.038 

3^ 

a3 

•  •  * 

•  •  • 

•  • 

3% 

4% 

4.IS3 

3% 

23 

•  •  ■ 

•  •  • 

•  • 

3% 

4'^* 

4.355 

3% 

ax 

■  *  • 



•  •  • 

•  • 

RuiARKS.  As  upsetting  reduces  the  strength  of  iron,  bars  having  the  same  diameter 
at  the  root  of  the  thread  as  that  of  the  bar  invariably  break  in  the  acrew>end  when 
tested  to  destruction,  without  developing  the  full  strength  of  the  bar.  It  is  therefore 
necessary  to  make  up  for  this  loss  in  strength  by  an  excess  of  metal  in  the  upset  soesr- 
ends  over  that  in  the  bar. 

Table  V  is  the  result  of  numerous  tests  00  fini^ed  bars  made  at  the  Keystone  Bridge 
Company's  Works  in  Fittsbuigh,  Pa.,  and  gives  proportions  that  will  cause  the  bar  to 
break  in  the  body  rather  than  in  the  upset  end. 

The  screw-threads  in  the  above  table  are  the  Franklin  Institute  standards. 

To  make  one  upset  end  for  a  5-in  length  of  thread,  allow  6  in  in  length  of  rod,  adcS- 
tioaal. 


'bUa  VI.*    Stwl  gT»-fci»    ( 


OuiiKAKy  Eys-BiK 


lusuiu  Bn-But 


-Oi^cswHi 


Thread  on  ahoit  end  to  tw  left 
Pitch  ud  Bhapa  at  thread  A.  B.  Co 
standard 


41. »   4H 


•  Fpn  Pockal  Compwdon.  Cu»^  S«k1  Compuur,  FUUbuiih,  P*. 
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TaM«  Vn.**    Loop-Rods 

AMESICAN  BUDOC  COKPANY  STAMSARD 


F^ 


.Rlffht  thread 
1 


For  TnmbacU* 
For  •!••▼••■■( 


Pitch  and  shape  of  thread  A.  B.  Co  standard 
Additional  length  A .  in  feet  and  inches,  for  one  loop.    A  "■4*Z7H-S'89r 


Dtam. 
of  pin. 

P. 
in 

Diameter  or  side  r  pf  nad  in  inches 

94 

H 

1 

iH 

xM 

xH 

xH 

xH 

IN 

XM 
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*  Ttoa  Pocket  Compaafao,  CkncgSe  Steel  Company,  PittsbtuKh,  Pa. 
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*Thefe  an  special  angles.    It  is  better  not  to  uae  tbem  in  ordinaxy  work  becaxise  of 
lak  of  dday  in  delivery. 


Th«  Bnd-ConMCtioiig  often  detennino  the  strength  of  angle 
icncBESs.  Some  specifications  for  structural  work  require  angles  subject  to 
direct  tension  to  be  connected  by  both  i^gs  if  the  section  of  both  kga  is  con- 
sidered; and  if  connected  by  one  leg,  the  section  of  one*  kg  only  is  considered 
effective.  Reliable  tests  (page  385)  show  this  requirement  to  be  needlessly 
severe.  For  single  angles  connected  by  one  kg,  the  Specifications  fot  tie 
Structural  Steelwork  of  Buildings,  Chapter  XXX,  aUow  the  net  area  of  the 
oatinected  leg  azkd  one-half  that  of  the  outstanding  kg  to  be  considered  effective. 
(See  Waterbury,  Stresses  in  Structural  Steel  AngkSi  John  Wiky  4t  Sons»  Inc., 
New  York.  X9i7-) 
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TaHe  XL    SkUoiuI  Aim  to  b*  DsdocMd  from  PUtN  and  AoHm  lor 

>f  Ibt  bolt;  ifvet-bole 


l: 


*  Sec  ulia  Table  I.  Cbtptct  XX  ud  puifnpb.  Piuchinc  Rivet-HoJo,  [U(e  414. 

T.   Wlt« 

Maniif&ctar*.  Iron  uid  steel  wires  are  nude  from  b:li.ets  abaut  4  in  square. 
These  are  roflcd  into  long  rods  which  are  dipped  in  add  to  remove  the  Hale 
and  furnish  lubricaticm  (or  the  drawing  poncess.  This  consists  in  pulling  the 
rods  whil>;  cold  through  steel  dies  having  a  series  oF  holes  oC  gradually  decreasing 
diameters.  TTie  t«Jd  working  of  the  metal  hardens  it  and  mates  it  brittle  so 
thu  it  is  neceaaary  to  anneal  it  at  interval!  daring  the  proccM.  The  drawing 
Increases  the  strength  of  the  nuterial.  so  that  wires  of  different  nzes,  altbough 
made  of  the  same  material,  diSer  greatly  in  ultimate  gtbihgts. 

flalsh.  The  common  grades  of  iron  and  steet  wire  in  furnisho)  in  spverat 
diOerent  finishei:  plain  black,  bright  tinned,  copper-coated,  japanned  and  with 
■ingle  and  double  coats  ol  dnc  gilvaDiiing.  The  last  is  applied  by  passing  the 
wire  through  the  melted  linc  which  b  deporiled  as  a  coating  and  fotms  one  of 
the  beat-known  protectiong  against  Conouon. 

Wire-Gania*.  Table  XIII  gives,  according  to  several  gauges,  the  dtameters 
of  the  different  numben  of  wire  that  have  come  Into  use  fat  different  purposes 
and  have  been  brought  out  by  different  manufacturers.  In  orderiof  wire  by 
number  It  is  best  to  specify  which  cadge  is  meant. 

StraatOi-    Table  XIV  gives  the  sizes  according  to  the  J.  A.  Roebling's  Sons 

Company  gause,  with  the  weight  and  length  and  the  strength  on  an  assumed 

basis  of  loo  ODD  lb  per  iq  in.    The  differmt  kinds  ol  wire  vary  ao  widely  in  dlti- 

I,  QD  account  of  both  the  difference  in  quality  of  the  material  and 

(he  effect  of  the  drawing,  that  in  order  to  obtain  the  approdmate  strength  of  a 


Wire 
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wire,  nfaemc  must  be  ittftde  to  Table  XII  in  conoectioR  with  the  foot-note  to 
Table  XIV.  The  following  table  is  arranged  from  values  which  were  published 
in  the  Catalogue  of  the  J.  A.  Roebling's  Sons  Company: 


laUa  xn. 


Ayiaoiimate  Ultfanate  Streogth  of  DUferant  Sixes  of  Iron 
and  Steel  Wire 


Ultimate  strength 

Kind  of  wire 

Large  size 
lb  per  sq  in 

Small  sire 
lb  per  sq  in 

Softiraa 

45  000 

60000 

347000 

307000 

200  000 

50000 
56000 

60  000 

80000 

385000 

340000 

345000 

not  nsed 

66  000 

Tek«m»h  and  telephone  (steel) 

Special  aviator 

Piano  wire 

Pbagh  sfced  wire 

Hazd-dxawn  copper  trolley  wire 

Hvd-diawa  telegtaph  and  telephone  copper 

tte  XS—m  of  Wir«  are  so  many  and  varied  that  a  bulky  treadse  would 
be  reqoired  to  adequately  cover  the  subject.  The  catalogues  of  the  American 
Sted  and  Wire  Company  mention  electrical  wires  and  cables  of  many  kinds* 
telephone  and  telegraph  wires,  ignition-wires  and  cables  for  automobiles,  motor- 
tioats  and  aeroplanes,  wire  rope,  wire  tacks,  wire  fences,  piano-wire,  barbed 
vire,  flat  wire  and  so  on,  through  a  long  list.  The  magnitude  of  the  wire-output 
in  the  United  States  is  seen  from  the  fact  that  of  the  total  production  of  3  3  000  000 
toos  of  all  kinds  of  finished  rolled  iron  and  steel  for  the  year  1916, 3  500  000  tons 
vera  wire  rods.  For  electrical  purposes  copper  wire  is  mostly  used.  See 
^Icctxk:  Work  for  Buildings,  Part  III,  for  information  regarding  wires  and  wire- 
cakulatioDS. 

Tha  Brown  ft  Shaipa  Oaogt  is  foUowed  in  the  United.  States  as  the 
<Uadard  for  copper  wire,  though  there  is  a  growing  tendency  to  distinguish 
dUicre&t  electrical  wires  by  their  diameters,  expressed  in  mils.  (One  mil  >- 
o-ooi  in.    A  circular  mil  is  the  area  of  a  circle  0.001  in  In  diameter.) 

The  Amexican  Ste«l  and  Wire  Company's  Oauge  is  almost  universally 
foUowed  throughout  the  United  States  for  steel  wire.  The  Birmingham  gauge, 
ui  English  gauge,  is  the  only  wire^gauge  recognised  in  successive  Acts  of 
Congress  establishing  tariffs,  and  for  many  years  has  been  used  as  the  basis 
for  duties  asarsHrd  on  imported  wire.  Aside  from  these  purposes  its  use  is  not 
mcQsive.  The  American  Steel  and  Wire  Company's  Music- Wire-Gauge, 
DOW  known  as  the  Music-Wire-Gauge,  upon  recommendation  of  the  United 
States  Bureau  of  Standards,  has  been  adopted  as  the  standard  for  piano-wire. 

•See,  also,  pages  403,  403, 1469,  X473, 1509,  isxo,  i$xa.  and  1600. 
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caa 

Screw 

Co 

Jinperial 

or  Fnglia 
leyal 

gauge 

UOD- 

wire- 

wire- 
Sftuge 

abeetand 
plate  iron 
and  steel 

Wii«  Co.. 

ateel- 
wire>gauge 

Wire- 

gauge 

liandaiti 
wire- 
gouge 

. 

ooooooo 

o.S 

0.4900 

0.500 

oooooo 

0.580000 

0  46875 

0.46x5 

0.464 

0.500 

0.5x6500 

0.437S 

0.430s 

0.432 

oooo 

0.4S4 

0.460000 

0.40625 

0.3938 

0.400 

ooo 

0.435 

0.409642 

0.375 

0.362s 

•  ••••■ 

0.03x5 

0.373 

oo 

0.580 

0.364796 

0.34375 

0.3310 

0.0447 

0.348 

o 

0  340 

0.324861 

0.3x25 

0.3065 

0.0578 

0.324 

X 

0.300 

0.289297 

o.a8x25 

0.3830 

0.227 

0.07x0 

0  300 

2 

0.384 

0.357627 

0.365625 

0.2625 

0.3x9 

0^.0842 

0.276 

3 

0.3S9 

0.229423 

o.as 

0.3437 

0.212 

0.0973 

0.252 

4 

0.238 

0.204307 

0.234375 

0.2253 

0.207 

0  xios 

0  232 

5 

O.MO 

0.18x940 

0.  *x87S 

o.aofo 

o.ao4 

a,M54 

o.aia 

6 

0.303 

0.X62023 

0.203125 

0.X920 

0.20X 

0.1368 

0.192 

7 

o.x8o 

0. 144385 

0  X875 

0.X770 

0x99 

0.X500 

0  176 

8 

o.t6s 

o.x 28490 

0  17x875 

o.tffto 

0.197 

0:1691 

0.160 

• 

9 

0.148 

0x14433 

0. -1 5625 

0.1845 

O.X94 

0.1763 

0.144 

xo 

0.134 

O.XOI897 

o.X4o6as 

0.13S0 

0.I9X 

0  1894 

0  xa8 

IK 

o.xao 

0.090743 

0.125 

O.XJ05 

O.X88 

0.2026 

0.1x6 

IS 

0.X09 

O.080S08 

0.109375 

o.xoss 

0.18s 

0.2x58 

0.104 

13 

0.09s 

0.071962 

0.09375 

0  091 5 

0  x8i 

0.2289 

0.092 

14 

0.083 

0 . 0640S4 

0. 0781 25 

0  0800 

0.180 

0.2421 

0.080 

IS 

0.072 

0.057068 

0.0703x15 

0.0720 

0.178 

0.355* 

0.073 

i6 

0.065 

o.oso6» 

'o.o6fs 

0.0625 

0.175 

o.a684 

0.064 

17 

0.058 

0. 045*57 

0.05625 

0.0S40 

0x73 

o.t0K6 

0.056     ' 

t8 

0.049 

0.040903 

0.0s 

0.047s 

o.t68 

0.2947 

0.048     1 

X9 

0.04a 

0.035890 

0.0437S 

0.04x0 

0.164 

0.3079 

0.040 

ao 

0.035 

0.03X96X- 

0.0375 

0.0348 

o.x6x 

0.32x0 

0.036 

n 

0.032 

0.028462 

0.034375 

0.03x7 

O.IS7 

0.334* 

0032     ' 

9t 

0.028 

0.025341S 

0. 03x25 

0.0386 

0.15s 

0.3474 

0.038    ; 

«3 

0.025 

0.02257a 

0.0281x5 

o.oas8 

O.X5S 

0.360s 

0.034 

34 

e.oaa 

0.030X0X 

o.oas 

0.0230 

0.X5X 

0.373J 

0.022 

35 

0.020 

0.017900  . 

0.02x875 

O.Q^4 

0.X48 

0  3868 

0.020 

36 

0.0x8 

0.0X5941 

0.0x87s        * 

'o.ox8t  ' 

O.X46 

'  0.4000 

0.0x8 

ar 

0.016 

0.0x4195 

0.0x71875 

0.0173 

O.X4J 

0.4x3* 

0.0164 

a8 

0.0x4 

O.OIJ64X 

0.0x5635 

0.0163 

0.159 

0.4*63 

0.0x48 

1 

39 

0.013 

0.01X257 

0.0x40625 

o.oiso 

O.X34 

0.4J95 

0.0136 

30 

O.Otl 

0.0x0025 

0.0125 

0.0140 

0X27 

0.4536 

0.0x24 

3' 

0  010 

0.008928 

0.0x09375 

o.ox3t 

O.X  20 

0.4658 

0.0116 

33 

0  009 

0.007950 

0.01015625 

0.0x28 

O.XX5 

0.4790 

0.0108 

' 

33 

0  008 

0.007080 

0.00937s 

o.oxxS 

0.1x2 

0.4921 

0.0x00 

j 

1 

34 

0.007 

0.006305 

0.00859375 

O.OTQ4 

0.110 

0.5053 

0.0092 

35 

0.005 

0.0056x5 

0.0078x2s 

0.0095 

0.X08 

0.5x84 

0.0064 

36 

0.004 

0.005000 

0.00703x25 

0.0090 

0.X06 

0.5316 

0.0076 

37 

0.004453 

0.006640625 

0.0085 

0.X03 

0.5448 

0.0068 

S8 

0.003965 

0.00625 

0.0080 

o.xox 

0.5S79 

0.0060 

39 
40 

0.00353X 

0.0075 

0.099 
0  097 

O.S7XX 

0.0052 
0  0048 



0.0031*44 

« 

0.0070    1 

0  5842 

The  United  States  Sundard  Gauge  waa  legalised  by  Act  of  Concreas.  March  3, 189  \, 
as  a  standard  gauge  for  sheet  and  plate  iron  and  steel,  and  is  used  by  the  Custom  House 
Department  and  by  sheet-plate  and  tin-plate  manufacturers. 

*  See  also,  pages  401,  403,  1469,  1473,  X509,  X5X0,  xsxs,  and  x6oa 
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Tmble  XIV.    Weight,  Utngfh  fl«l  Strength  of  Steel  Wire  * 
Gauge  of  J.  A.  Roebling's  Sons  Company  f 


Bratkiag. 

Noisber 

!    <^ 

1    OOfe 

Diameter 

Area 

loadia 
pounds  at 

Weight  in  pounda  ^ 

Nnmber 

of  feet  in 

aoooponads 

in 

sqin 

rate  of 
xooooolb 

Per  z  000 

it 

Per  mSle 

persq  in 

1 

0.460 

0. 166191 

16619 

558.4 

2948 

358a 

1       OOCXXX) 

OCXXJO 

0.430 

0.Z4523I 

14522 

487.9 

2576 

4099 

0000 

0.394 

0.121304 

13  130 

407.6 

2  152 

4907 

1          ooo 

0.36a 

0. 102922 

10292 

345-8 

Z826 

5783 

00 

0.331 

0.086049 

8605 

289. z 

1527 

69x7 

1           o 

0.307 

o.o74ca3 

7402 

248.7 

13^3 

804X 

' 

0.283 

0.062902 

6290 

2U.4 

X  116 

9463 

2 

o.a63 

O..OS4325 

5433 

IS2.5 

964 

10957 

3 

0-244 

0.046760 

4«76 

157. 1 

830 

12730 

1       ♦ 

0.22s 

0  039761 

397« 

133.6 

705 

14970 

s 

0.207 

0.033694 

33fiS 

113. 1 

S97 

17687 

6 

0.192 

0.0289S3 

289s 

97.3 

5x4 

20559 

7 

0.177 

0.0^4606 

3461 

82.7 

437 

24x91 

S 

0.162 

0.020612 

2061 

69.3 

366 

28878 

9 

0.148 

0.017203 

1  730 

57.8 

30s 

34600 

ID 

0.135 

0.014314 

I  431 

48.1 

354 

41584 

1                II 

0.120 

0. 01 1310 

IX3X 

3B.0 

201 

52631 

1                " 

0.105 

o.oo86s9 

866 

20  1 

154 

68752 

1           '3 

0.092 

0.006648 

66s 

22.3 

118 

89525 

14 

0.080 

0.0QS027 

503 

16.9 

89.2 

1X8  413 

IS 

« 

0.072 

0.004071 

407 

13.7 

72.2 

146 19S 

Jt 

0.063 

0.Q03117 

3U 

10.5 

55-3 

191  022 

17 

O.0S4 

0.002290 

329 

7.70 

40.6 

259909 

18 

0.047 

O.OOI73S 

174 

5.83 

30.8 

3431x2 

19 

0.041 

0.001320 

133 

4.44 

23-4 

450856 

ao 

0.035 

0.000962 

96 

323 

17.  X 

6x8  6ao 

'Hiis  table  was  calculated  on  a  basis  of  483.84  lb  per  cu  ft  for  steel  wire.  Iron  wire  is 
a  trifle  Uglitcr. 

The  breaking  stiengtfas  were  calculated  for  zoo  000  lb  per  sq  in  throughout,  simply 
^  mrvauBDoe,  so  that  the  bteaking  itfcttgths  per  squaie*  inch  o£  iriras  of  nay  strength 
Bay  be  qnkkly  determined  by  multJplyiqg  the  values  given  in  the  table  by  the  ratio 
brtween  the  strength  per  square  inch  and  zoo  000.  Thus,  a  No.  15  wire,  with  a  strength 
per  iqnare  inch  of  150  000  pounds,  has  a  bmking  strength  of 

407  X  ^^^^^  -  6zas  lb. 
zoo  000 

It  must  not  be  inferred  from  this  table  that  steel  wire  invariably  has  a  strength  of 
100  000  lb  per  sq  in.  As  a  matter  of  fact  its  strength  ranges  from  45  000  lb  per  sq  in  for 
Mft,  aancekd  wire  to  over  400  000  lb  par  sq  in  f or  held  wke. 


*  See,  also,  pages  40Z,  403,  Z469.  Z473i  Z509.  isJfi,  is^it  ^^^  x6oo 
t  Also  American  Steel  &  Wire  Company,  etc. 
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8.  Wlr«  Itop« 

Kinds  of  ¥^re  Rope.  There  are  several  kinds  of  wxbe  rofe  in  mmnmn 
use.  In  each  there  are  three  or  more  qualities  depending  on  the  kind  of  wiri 
used  and  the  kind  of  core  about  which  the  strands  are  laid.  The  Trenton  Irod 
G>mpany  lists  the  following: 

(i)  Haidage  or  TransadidoB-Rope,  composed  of  six  strands  of  seven  wire^ 
each,  laid  about  a  hemp  core.  It  is  used  for  haulage,  transmission  of  power,  in 
places  where  surface-wear  is  of  chief  consideration  and  where  sheaves  of  sufficient 
diameter  may  be  used. 

(a)  Hbistiag-Rope,  composed  of  six  strands  of  nineteen  wires  each.  It  i^ 
used  for  elevator  service,  shafts  and  derricks,  and  iii  places  where  it  is  not  sub-i 
ject  to  abrasion  and  where  flexibility  is  of  chief  consideration. 

(3)  8m1«  Rope,  composed  of  six  strands  of  nineteen  wires  each,  the  inner 
coils  of  the  strands  being  of  finer  wire.  It  is  intermediate  in  flexibility  between 
the  first  and  second  kinds  of  rope. 

(4)  NoB-Sphuiing  Hoistiiig-Rope,  having  eighteen  strands  of  seven  wires  each. 
Twelve  of  the  strands  are  laid  in  reverse  direction  to  the  inner  six,  making 
it  well  adapted  for  hoisting  in  free  suspension  without  untwisting  and  turning 
the  load. 

(5)  Sxtra-nexible  Hbistiag-Rope,  having  eight  strands  of  nineteen  wires  each. 

(6)  Special  Flexible  Hoistfaig-Rope,  having  six  strands  of  thirty-seven  wires 
each. 

(7)  Hawser-Rope  and  Flexible  Running-Rope,  having  six  strands  of  twelve 
galvanised  wires  each,  laid  about  a  hemp  core. 

(8)  TOler-Rope,  composed  of  six  small  seven-strand  ropes  laid  about  a  hemp 
core.  It  is  the  most  flexible  of  wire  ropes  and  is  used  to  operate  tillers  and  for 
hand-ropes  in  elevators. 

The  Lay  of  Wire  Rope  is  the  twist  of  the  wires  in  the  strands  relatively  to 
the  strands  in  the  rope.  In  the  ordinasy  lay  the  twist  of  the  strands  is  the 
reverse  of  that  of  the  wires,  while  in  the  Lang  lay  the  strands  are  laid  in  the 
same  direction  as  the  twist  of  the  wires.  This  latter  gives  a  greater  distribution 
of  the  wearing-surface  and  a  somewhat  greater  flexibility;  but  it  has  the  dis- 
advantage of  a  tendency  to  untwist  and  for  this  reason  ^ould  not  be  used  for 
hoisting  weights  in  free  suspension.  Wire  rope  is  also  made  up  in  flat  or  atB- 
BON  FOKic.  For  large  sizes  it  is  more  flexible  than  standard  rope  and  may  be 
run  over  smaller  drums. 

Materials  for  Rope.  Nearly  aU  of  the  above  kinds  of  rope  are  made  up  m 
the  following  materials: 

(i)  Best  Grade  of  Wrought  Iron.  This  is  used  in  high-speed  passengek- 
ELEVAToa  SERVICE  as  it  seems  to  suffer  less  from  the  effects  of  the  stresses  due 
to  the  starting  and  stopping  of  the  cars. 

(a)  Cast-Steel  Wire,  with  an  ultimate  strength  of  from  160  000  to  2x0  000  lb 

per  sq  in,  according  to  the  size  used. 

(3)  Bxtm-Strong  Cast-Steel  Wire,  with  an  ultimate  strength  of  from  zgo  000 
to  230  000  lb  per  sq  in. 

(4)  Plow-Steel  Wire  with  an  ultimate  strength  of  from  200  000  to  230000  lb 
per  sq  in. 

Ordinary  galvanized-wire  rope  should  not  be  used  for  other  than  standing 
lope.    A  short  service  running  through  sheaves  will  break  the  coating  and  permit 
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Wbe  Rope 

Dibl*  ZV.    Striogtli  of  Win  Eop« 
Atnnced  from  the  191a  list  o(  John  A.  RoeUiog's  Sons  ComiMUiy 
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Tnde 
asmber 


Diameter 
incfaet 


Wdsfat 
per  foot. 

hemp 

core 


Approxitnate  breaking- 
load  in  ponndB 


Iron 


Cast  steel 


Minimnin  diameter  of 

dram  or  sheave 

in  feet 


Iron 


Cast  steel 


BOZSTING-ROPE 
Six  strands  of  nineteen  wires  each,  about  a  hemp  core 


I 

Ai 

8.00 

2 

a 

6.30 

2H 

1% 

S55 

3 

1% 

4.85 

4 

x% 

4.15 

5 

i\k 

355 

5% 

1% 

3 

6 

iM 

3.4S 

7 

i^ 

2 

8 

X 

1.58 

9 

% 

I. SO 

10 

% 

0.89 

loVi 

% 

0.6a 

uAh 

Ms 

0.50 

10% 

M 

0.39 

loa 

Ms 

0.30 

lob 

% 

o.aa 

144000 

xioooo 

100  000 

88000 
76000 

66  000 
56000 
45600 

3t90O 

99000 

23600 
17000 

X2  000 

9400 
7800 

5800 
4800 


966000 
axa  000 
192000 

170000 
144  000 

laSooo 

X12000 

94000 

760Q0 

60000 

46000 
3SO0O 

25000 

20  000 
16800 

13  000 
9600 


STANDING  KOPE 
Six  strands  of  seven  wires  each 


14 

12 
X2 

IE 
10 

9 

8.5 

7^ 

7 

6 

5-5 

4.5 

4 

3-5 

3 

a  75 

2.25 


9 

8 
8 
7 
6.5 

6 

5.5 
5 
4-5 

4 

3.5 
3 

2.5 
2.25 

2 

X.75 
1.5 


XI 

1% 

3-55 

64000 

126000 

x6 

XX 

12 

1% 

3 

56000 

X06000 

X5 

xo 

X3 

1V4 

a45 

46000 

92  000 

13 

9 

X4 

xH 

2 

38000 

74000 

X2 

8 

XS 

X 

X58 

30000 

6a  000 

XO.5 

7 

x6 

^A 

1.20 

34000 

48000 

9 

6 

17 

% 

o«9 

17  600 

37  300 

7.5 

5 

18 

»Ms 

0.75 

14  600 

30800 

7.25 

4  75 

19 

% 

0  62 

laooo 

26000 

7 

4.50 

20 

Ms 

0.50 

9600 

90000 

6 

4 

21 

H 

039 

7400 

X5  40O 

55 

3.5 

22 

^is 

0.30 

5200 

XX  000 

45 

3 

,       ^ 

% 

0.22 

4400 

9200 

4 

a. 75 

'       24 

Ms 

0.15 

3400 

7000 

35 

2.25 

3S 

%S 

0.X2S 

2400 

Soeo 

3 

1.75 

The  wocking  kMd  is  to  be  taken  at  one-fifth  tte  bttakJng4ond. 
f«ir«u»Wn  the  diameter  of  the  shcavck 
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rapid  corrosion  of  the  rape.  Becaiufte  of  .the  maay  kinds  and  qualities  of  rof  i 
it  is  well  to  consult  the  manufactuven  as  to  which  kind  will  best  suit  the  cxyodj 
tions  lor  any  particular  service.  The  John  A.  Roebling's  Sons  Companyw  -Xsw  i 
too,  N.  J.,  the  Tientoa  Iron  Company,  Trenton,  N.  J.,  and  A.  Lescken  &  Sonj 
Rope  Company,  St.  Louis,  Mo.»  are  among  the  iaiceat  manufacturera  of  fu.| 
lines  of  ropes. 

I  Coils.  Wire  rope  should  not  be  ooiled  like  hemp  rope,  and  in  order  to  avot<| 
kinkuig,  should  be  taken  from  the  reels  ?nthout  twisting.  If  it  is  not  shipped  oij 
a  reel,  to  avoid  injury  it  must  be  rolled  over  the  ground  like  a  wheel., 

Lobricatioii.  It  is  very  important  that  running  ropes  be  properly  lubrij 
cated,  since,  if  proper  care  is  not  taken,  the  wear  on  the  interior  parts,  bel 
the  wires,  may  be  almost  as  great  as  the  outsde  abrasion.  The  oil  should  penei 
trate  to  the  core  of  the  rope  and  yet  not  drip  o£f  a  few  days  after  appticatiooi 
Information  as  to  the  care  of  rope  may  be  obtained  of  the  Wire  Rope  Lubrica^ 
ting  Company,  Newark,  N.  J. 

Shaaves.  The  size  of  sheaves  recommended  in  the  tables  are  calculated  foi 
a  working-load  of  one-fifth  the  given  breaking-load.  If  smaller  sheaves  are  used 
the  life  of  the  rope  will  be  greatly  shortened,  because  of  the  excessive  beadinc 
of  the  outer  wires. 

Table  ZVL    OalvaniseA,  Steel- Wke  Strands 

For  guys,  signal-cofds,  troUey-line  spaa  wire,  etc    Taken  from  the 

AmeHcan  Steel  k  Iron  Compaior's  Kst 


Diameter  ia 
inches 

Ust  price  per 
xoofeet* 

Weight  per  xoo 
feet 

Approiimate 

brealdag-load 

in  pooads 

% 

I7.3S 

80 

X4000 

»/u 

5. 75 

65 

XI 000 

V4 

4.S0 

52 

8500 

%• 

375 

41 

6500 

% 

2.75 

3P 

5000 

%6 

a. 25 

22 

3800 

% 

I.7S 

13 

2390 

l^» 

X.50 

^ 

x8oo 

M« 

1.25 

7% 

X40O 

%a 

X.X5 

5% 

900 

H 

X.oo 

3V4 

600 

%a 

.80 

> 
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9.  Cottofx,  Hemp  and  Manila  Rope 

Rope  is  made  of  cotton,  hemp,  and  Manila  fiber.  Cotton  is  used  for  small 
tfizes,  only,  and  for  such  purposes  as  saah<ord,  etc. 

Manufacture.  In  the  manufacture  of  rope  the  fiber  is  first  spun  into  yabic. 
From  twenty  to  eighty  threads  are  twisted  together  into  stxands  and  the 
strands,  three  or  four,  are  laid  together,  opposite  in  direction  to  the  twist  in 
the  strands,  but  in  the  same  direction  as  the  threads.  This  causes  the  fibers 
to  be  twisted  as  the  rope  untwists  and  produces  a  balancing  of  forces  that  tends 
to  keep  the  rope  in  shape. 

Cablea  and  HaWMraare  made  up  of  strands  of  rope. 

*  These  pre>war  prices  must  be  increased  as  per  current  price-lists. 


Cotton,  Hemp  and  Manfla  Rope 
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lor  Holiliiii  wean  npkUy  tnm  the  actioa  of  tJke  puUcgrs  and 
alao  fram  die  bending  whidi  caines  a  alight  intenial  motioa  between  the  fibers 
aad  m  chafing  and  griwUng  away  of  tlie  interior. 

Steredore-Rope,  of  the  C.  W.  Hunt  Company,  is  fiUed  with  a  tallow  and 
ifambagD  hibricant  which  decreases  the  intenuil  friction,  lubricates  the  outside 
of  the  rope  and  thus  greatly  prolongs  Its  life. 

Strangth.  The  values  of  the  strength  of  new  rope,  given  in  Table  XVII,  are 
taken  from  the  Specifications  of  the  United  States  Navy  Department,  issued 
a  Junep  xgxo^  at  the  Boston  Ncvy^Yaid.  Haaufacts^vs  generally  adopt  these 
and  wcic^ts  and  daim  a  strength  equal  to  or  a  little  greater  than  the  values 
The  UNTT  STRENGTH  for  the  different  sizes  vari«.s,  being  about  14  000  lb 
per  iq  in  Cor  the  smaller  and  about  to  000  for  the  largest  size.  The  approz- 
inaie  fovmnlav  offered  by  C.  W.  Hunt,  of  720  times  the  square  of  the  drcum- 
feicnoe  in  hidies,  is  equivalent  to  about  9  000  lb  per  sq  in.  American  hemp» 
tarred,  has  about  5%  greater  strength  than  Manila  rope  of  the  same  size.  The 
■avy  spedficatioas  give  for  two-strand  American-hemp  rope,  85%  of  the  strength 
of  the  thiee-strand  rope  of  the  same  material. 

Table  ZVIL    Strength  aad  Weight  of  Rope 
Spedficatioos  of  the  United  States  Navy,  June,  1910 


io 

Diameters 
ia 

Manila  hemp,  plain4aid 

^  American  hemp,  tarred, 
plaia-laid.  three  8t»ads 

Weights 
lb  per  ft 

Bxeakiag- 

loads 
lb 

Weights 
lb  per  ft 

Breaking' 

loads 

lb 

^4 

X 

M 

xH 

xH 

a 

3V4 

3% 
3 

3V4 
3Vi 

3% 

4 

4% 
5 

sH 
6 

7 
$ 

9 
xo 

0.24 
0.32 

0.40 
0.48 
o.s6 

0.64 

0.73 
0.80 
0.87 
0.9s 

X.03 
z.x6 

1.19 
1.37 

x.43 

I.S9 
I.7S 
X.90 

3.33 
2.S4 

a.gy 

3.U 

0.03 

O.OJ3 

0.05 
0.083 
o.to 
o.U 

0.17 

0.2X 
0.36 
0.305 

0.36 
0.43 

0.47 

0.S4 

0.67 
0.83 
1.00 

X.3X 
1.63 

3.17 

3.T0 

3.33 

700 
tooo 

1800 
3500 
3000 
4000 

5000 

5500 
6600 
7800 

9300 

X0500 

1X3^00 
13700 

17400 
3X800 

37  TOO 
3X000 

36300 
4t30O 
60000 
74  300 

0.05Z 
0.06 

0.067 
0.083 

O.XOS 

o.x6 

0.26 
0.33 
0.37 

0.44 

o.si 

0.S9 
0.67 

. » ■  • 

• . .  • 
.  ■  •  • 

•  •  •  ■ 

•  • . . 
.  • » ■ 
« • » • 

750 
1060 

1670 
3340 
3335 
39SS 

4  730 
5770 
7000 
8400 

9800 

ZI  300 

X3  000 
X4S5P 

= 

1 

Manib-hemp  rope  is  made  in  three  strands  and  in  sises  up  to  3  in  in  circumference^ 
Ibvr  stnuuls  axe  used  for  sises  laxfer  than  3  in  in  circufflfanoas. 


408       Resistance  to  Tenskm.    Properties  of  lion  and  Steel    Chap.  1 

WoffUag  Load.  The  woauMO  load  for  slow-epeed  denick  and  liuisliii|?g 
service  is  usually  taken  at  onc-ievcBth  the  BKBAXiMO-ijOiU).  This  makes  90Da< 
allowance  for  the  loss  of  strength  at  splices  and  connectioos.  The  detcrioratiot 
of  rope  eiposed  to  the  weather  is  very  rapid.  For  Manila  rope  from  x  to  i%  ii 
in  diameter,  running  over  sheaves  of  the  diameters  given,  C.  W.  Hunt  in  Trans 
Am.  Soc.  M.  E.,  Vol.  XXIII,  gives  a  table  embodying  approzimatdy  the  fol- 
lowing results  of  experience: 


Table  ZVm.    Wof  Ung  Loads  for  Manila  Bapa 

Working  load  ■>  C  X  breakiog-Ioad  of  new  rope 
D  «"  miniBuoi  diameter  of  sheave  in  inches 


Speed 

Feet  per 

minute 

Kifldofwork 

Valued 
C 

£>  for  rope  of 
diameter  of 

xin 

1^4  in 

Slow 

Medivm... 
Rapid 

so  to  100 
isoto  joo 
400toSoo 

Derrick,  crane,  qtiarry,  etc. 
Wharf,  canto,  etc. 

0.014 

o.os6 
o.oaS 

8 
za 

40 

14 
i8 
TO 

The  wear  in  such  service  is  very  rapid,  a  iV^in  rope  wearing  out  in  lifting  from 
7  000  to  loooo  tons  of  coal.  On  the  other  hand,  a  iH-in  transmis8ion>rope 
running  at  5  Ooo  ft  per  min  and  carrying  x  000  horse-power  over  sheaves  5  ft 
and  17  ft  in  diameter,  Usts  for  years,  the  difference  being  due  to  the  smaller 
stress  and  larger  sheaves. 


It.  Chaina 

Manufactiire.  Large  chains  are  made  by  hand-welding  from  best  wroug^t- 
iron  bar,  and  small  chains  up  to  H  in  are  best  made  of  mild  open-hearth  steel, 
electric-welded.  The  bending  and  welding  reduce  the  strength  so  that  the 
chain  is  not  twice  but  only  from  1.55  to  x.70  times  as  strong  as  the  original  bar 
from  which  it  was  made.  Stud  chain  having  a  bar  welded  across  each  link 
to  stiffen  it  and  prevent  fouling  in  handling,  is  not  as  strong  as  open-link 
CHAIN,  but  has  a  higher  elastic  limit  and  working  strength.  G.  A.  Goodenough, 
in  a  Bulletin  from  the  Illinois  Engineering  Experiment-Station,  finds  the  maxi- 
mum stresses  at  the  elastic  limit  of  the  material  to  be  as  follows:  If  P  is  the 
load,  d  the  diameter  of  the  bar,  and  S  the  stress,  the  formulas  are: 

P  ■  0.5  d*S  for  stud-Unk,  and 
P  ■  0.4  d*S  for  open  link. 

Proof-Tatta.  A  proof-test  is  applied  to  chains  by  the  manufacturers.  The 
load  applied  is  one-half  the  average  breajung-load.  It  serves  to  detect  had 
welds  and  gives  a  chain  a  slight  permanent  set,  so  that  for  working  loads  there- 
after there  will  be  little  stretching  of  the  chain. 

Care  of  Chaina.  Chains  in  constant  use  require  lubrication  and  frequent 
annealing.  They  harden  in  service  and  are  liable  to  unexpected  failure  if  not 
annealed.  It  is  recommended  that  hoisting  chains  and  sling  chains  be  amieakd 
at  least  once  a  year. 
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TiMt  ZOL 


SiiM,  Wtitbti.  n«a(-TMta  tad  A««nif«  Bnaldaf-Losdi  for 
Bnuilce  and  Corapsny,  PbBMlelphla 


1 

D.B.G.  s] 

pedal  crane 

Oaaa 

Approsi' 
mate 

weight 
per  foot 

Snteet 

chains 

Average 

Average 

in 

Proof-test 

breaking* 

Proof-test 

breakiag- 

1 

lb 

load 

lb 

kiad 

r 

lb 

lb 

^ 

% 

X932 

3864 

r68o 

3360 

% 

iVi 

4x86 

8372 

3640 

7280 

\^ 

25 

7728 

15456 

6720 

X3  440 

% 

4.x 

XI  914 

23828 

10360 

20720 

%, 

6.2 

17388 

34776 

X5  120 

30340 

% 

8.4 

22484 

44968 

20440 

40880 

I 

lo.S 

29568 

59«36 

26880 

53760 

x^ 

X3.6 

37576 

75152 

34x60 

68320 

iVa 

x6 

46200 

92400 

42000 

84000 

1% 

19.2 

55  748 

XIX  496 

50680 

XO1360 

1% 

23 

66528 

X33  0S6 

60480 

120960 

1% 

a8 

74382 

X48764 

1% 

3X 

82  3ao 

164640 

'         1% 

35 

94360 

X88720 

2 

40 

107  5» 

215040 

3^ 

46.5 

iax340 

342480 

The  spectficatKNis  of  the  United  Sfcatoi  Navy  Dopartment  require  the  same  proof-test 
<3  is  Riven  above  for  craoe-chain  and  a  breakmg-stnogth  10%  greater  than  that  given 
tor  special  crane-chain. 

Tabitt  ZX.    Proof-Tosls  mad  Avenge  BfeaJdag-Loeds  for  Studded  Chain- 
Cables 

Spedficatwns  of  the  United  States  Navy  Department 


1 

1 

Siseof 

cable 

in 

1 

Proof-test 
lb 

Average 

breaking- 

k>ad 

lb 

Size  of 

cable 

in 

Proof-test 

lb 

Average 

breaking- 

k)ad 

lb 

X 

xVi 

x^s 

34607 
43812 
54x94 
59784 

67516 

82686 

XO0630 

X09771 

x»%s 

2 
2Hs 

2% 

130202 
X38739 
X47  544 
X56623 

225687 
33973a 
354333 
369x60 

x% 

xVis 

xV^ 

xHs 

65  574 
7x672 
78  041 
84678 

XX9  aif 
X29385 

X39  86X 
150783 

2% 
2% 

2% 
2% 

175  591 
2x6779 
338995 
262302 

300373 
368X53 
4047x9 
443069 

x% 
x% 
x% 

91588 
X06232 
X2X937 

x6ax53 
X86  32R 
2x2x88 

3% 

3 

286692 
312  x6s 
339102 

483203 

52s  121 
567823 
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Facton  of  Safety,  For  dead  loeds^  the  VACXoa  of  SArary  masr  be  as  loi 
as  four  provided  the  breaking  of  the  cliain  would  not  imperil  life.  This  is  tb 
factor  generally  quoted  in  catalogues,  but  is  too  low  for  most  purposes  as  tb 
HAXZinTM  FiBEft-siSESS  Is  then  well  above  the  elastic  lout  of  duun-iroE 
Where  loads  are  to  be  raised  repeatedly  with  machinery  which  can  be  operate* 
without  jerks  or  sudden  change  of  speed,  the  use  of  a  factor  of  six  is  goo^ 
practice.  If  a  chain  must  be  used  where  shocks  occur,  the  thstaktaxbov 
LOAD  should  be  calculated,  and  a  high  factor  of  safety  employed. 

Grades  of  Chain.  Giains  op  to  x  K  io  are  usually  made  in  three  grade! 
called  PROOF,  bb,  and  bbb.  The  proof  is  the  cheapest  grade,  and  is  made  it 
longer  links  than  the  others.  This  is  not  ordinarily  proof-tested,  bb  is  thi 
next  grade,  somewhat  shorted  linked,  and  is  proof-tested,  bbb  is  of  stil 
shorter  link  and  moie  carefully  made. 

Crane  Chain  is  finished  in  such  a  way  as  to  be  without  twist  when  hangioi 
with  one  end  free,  so  that  hooks  and  fittings  are  always  fadng  their  prope 
direction. 

Dredge  Chain  is  straightened  as  is  Crane  Chain,  and  made  with  unifora 
links  to  run  over  a  wheel. 

Steel  Loading  Chain  b  made  mostly  in  small  sises  for  use  wlieie  tlie  wrigfa 
compared  to  the  strength  is  to  be  a  maximum.  It  is  the  higbest-grad) 
hand>made  chain. 

Block  Chain  is  fitted  to  the  pocket-wheel  in  which  it  is  to  run.  In  sma] 
sizes  it  b  usually  electric-welded. 

Electric-Welded  Chain  is  made  in  small  fdzes  and  is  rapidly  replacing  th 
hand-made  below  H  io.    It  b  stronger  and  more  uniform. 

Sixes  of  Chain.  Chain  b  ordinarily  made  of  wire  or  rod,  Ha  in  huger  thai 
the  NOMINAL  DiAiCETER,  by  which  it  b  called.  If  chain  b  desired  made  of  wire  a 
the  sise  by  which  it  b  caUed,  it  must  be  specified  as  bxact  sue.  Sted  Loadim 
Chain,  Block  Chain,  and  frequently  Dredge  Chain,  are  made  exact.  Stud 
Link  Anchor  Chain  b  made  of  wire,  H4  in  above  its  vominal  biaiibxsb. 


CHAPTER  Xn 


1.  Sh««r 
Amt  b  the  internal  stress  in  a  body  which  resiits  the  tcndeDCr  of  two  ul}&' 
at  puts  to  sUde  on  «ach  other,  due  to  the  action  □[  two  equal  and  parallel 
ncmal  force*,  called  sbeasinc- 
inxs.  actlnc  on  opiioate  »dcs 
f  the  plane  of  sheu-. 
If  the  piece  abfd  of  Fig.  1  repre- 
nu   a    short    simple    beam    of 
inttJe  Buiteriil  on  which  a  suA- 
!enl  load  is  applied,  it  will  f»1  in 
■titicAL  ESEAi  at  /  and  (,  as 
tnvD,  by  a  sUding  on  the  seclions 
i  the  beam  at  these  pcnnls,  be- 
i<ac  the    upward    force   ol    the 
aOioa  at  ,¥  and  the  downward 

>rce  of  the  load  adjacent  to  5,  pjg_  |_    Sbntliig-faaun  of  Beam 

piost  whicb  it  acu  across  the 

rctioa  at  S,  is  creater  than  the  total  shearinO  resistance  of  the  section. 
crat  is  piescDt  over  the  entire  length  of  the  beam,  and  at  any  section  is  equal 
1  the  reactioQ  at  S  mious  the  weight  of  the  load  between  the  reaction  and  the 
nion  in  questiiHi.  In  general,  the  vertical  sbeac  at  any  section  ol  a  beam 
'  Lo  vertical  loads  is  equal  to  the  algebraic  sum  of  all  the  vertical  forces 
ID  dtber  side  of 
the  section. 

Slii^e  and  Doublo  Shear.    A 

rivet    connecting    two    ban    under 

F4.1    Ei^awli  of  ^igle  Shear  tension  (Fig.  2J   is  subjecledlo  a 


IHKribollni  of  Shear,    Shoir  is  coOHdered  to  be  unitobklv  eiietxiedtsb 
ler  the  section  except  in  cases  of  torsion  and  of  complex  stiosses. 

For  the  ordinary  cases  of  shear  in  rivets,  etc.,  if 

5,  -  the  allowable  unit  strcn  la  shear, 
A  ~  the  area  under  stress, 
ind  f  •  the  tale  shearing-load; 

htn  P-AS.  C) 

The  UltliBCte  Strenfth  InSkear  has  been  determined  for  building  materials 
>y  leiting  niitably  prepared  ipedmens  and  dividing  the  maiimum  load  o1>- 
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served  by  the  am  under  strtai.  For  nuteriil  like  wood,  in  which  there  i 
pluei  of  weakneu,  (eati  muH  be  mftde  which  lake  Uick  into  account.  T 
direction  of  the  force  with  reipect  to  these  planes  must  be  coosidered  in  choc 
ing  the  sate  woreino  stxess  from  the  tables. 

Safa  TorUng  Streaaai  in  Shear.    Table  t  sives  safe  woacmc  itkess: 
in  SBEM  for  thoK  building  materials  usually  subjected  to  iQch  itrewei. 

Tabia  I.    Sat*  Vorkiai  Slrea*  la  Shm  lac  BaJUini  Hatariala* 


MaWri;.: 

Bale  Xrm  in  lb  pet      ' 

3000 

With  the 
(min 

Acn»Ih< 

150 
IJO 

1000 

Dshei 


cw  cases  in  architectural  col 
must  be  pravided  for.    Tl 
one  mo^t  frequently  ariun^  it  il 

frimiiu!  of  the  end  of  the  tii 
Iwams  in  wooden  truiscs. 

Fig.    3    was    made     from 
photograph     of     a     SHr.iKi^i 


I   less  than   about   twen 


the  allowable  working  stresses  in  bending. 
Shaar  at  the  End  of  a  Tla-Baam.    I 

the  Ihrusl  5  ol  the  ralter  tends  to  shear  o( 
which  CD  is  the  trace.    This  area  under  s 

beam  b,  being  &ied,  formula  (1)  gives 

n-{CDxb)S,     or 
The  sfaeir  being  in  the  same  t^rection  as  tb 


Wooden  Bauna.    Failure  U 

that    shown    in    Fig.     1    tatFt 

occurs  in  wood;   but  rectanpilJ 

wooden   beams,    the    length  c 

s  the  depth,  are  liable  to   fail  b: 

ler  about  the  same  load)  that  cans 

In  the  case  of  the  truss-joint  (Tig.  41 
"    ■     part  ^  BCD  along  the  idani  J 

he  thrust  S.    The  width  ol  -M 


CD  -  n.'bs, 
It  grain  of  the  wood,  the  lower  vib 
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Fig.  4.    Truflft-joint 


t  (Fig.  4).  The  horisontal  component  of  the  thrust  of  a  rafter  is 
toooo  lb.  The  long-leaf  yellow  pine  tie-beam  is  lo  in  wide.  How  far 
duuki  the  beam  extend  beyond  the 

point  Z>? 

Sofaitioii.    In  this  case  B  ^  7o  ooo 
b.   From  Table  I,  5t »  150  lb  per 

20  000 

iq  UL    Then  CD 13.3 

10X150  ^ 

B  and  should  be  made   at   least 

13^2  in. 

As  actually  constructed  a  large 

ptrt  of  the  thrust  is  generally  taken 

'.";>  by  a  bolt  or  strap  at  the  foot  of 

I*  rafter  to  hold  it  in  place.    As 

tJsboIt  and  shoulder  seldom  act  together,  either  the  length  CD  on  the  tie-bean? 

ibuM  be  made  long  enough  to  resist  the  entire  thrust,  or  the  bolt  or  strap 

^«9fned  to  do  so  without  relying  on  the  shearing  resistance  in  the  plane  of  CD. 

^  design  of  such  joints  is  more  fully  considered  under  Subdivision  4«  pages 

^i  to  439  of  this  chapter. 

9.  Riveted  Joints 

Use  of  Rivets.  Rivets  almost  exclusively  are  used  in  connecting  the  plates 
tsd  shapes  which  make  up  the  members  of  framed  steel  construction. 

Siret-Delinitions.  A  rivet  is  a  piece  of  cylindrical  rod  with  a  head  forged 
tt]  oae  end  and  usually  with  a  slight  taper  at  the  other  end  of  the  shank.  The 
inp  (Table  IV)  of  the  rivet  is  the  length  betweeen  the  under  sides  of  the  heads 
a^'tdr  driving,  or  the  thickness  of  the  parts  joined.  The  length  (Table  IV)  of 
^  rivet  is  equal  to  the  grip  plus  enough  of  the  stock  to  form  a  head,  and  is 
Beisored  from  the  end  of  the  shank  to  the  under  surface  of  the  head.  The 
iumeier  or  TBE  SHANK  of  a  rivet  is  made  equal  to  its  nohinal  diameter, 

but  rivets  are  driven  into  holes 
/^"^  y^  H  in  larger  in  diameter  and 

upset  by  the  driving  so  as  to 
completely  fill  the  holes.  The 
shearing  values  and  bearing 
values  are  based  upon  the 
nominal  area  and  not  upon 
the  area  of  the  hole. 

Riveting  consists  in  heating 
the  rivet  to  a  welding-heat, 
passing  it  through  holes  in  the 
parts  to  be  joined  and  forging 
another  head  out  of  the  pro- 
jecting shank.  This  may  be 
done  by  hand-hammering;  but 


^Z7 


1 


v^ 


y — \   - 

7 

\ 

/ 

... 

.     \ 

V 

\ 


Ftg.  5.    Forms  of  Rivet-heads 


bops  use  compressed-air-operated  hand-hammeri^  or  large  riveting-machines 
rhich  form  the  head  and  cause  the  shank  to  completely  fiill  the  hole  by  heavy 
re^ure  on  a  die. 

Materiel  of  Rivets.  Rivets  are  made  of  soft  steel  and  of  wrought  iron. 
t^^et-stee!  is  generally  used.  The  head  may  have  any  of  the  forms  shown  in 
Ig.  5,  although  the  first,  called  the  button-head,  is  the  standard  for  structural 
fork.    The  fourth  or  oountersunk  head  is  used  where  it  is  necessary  to  have 

fiat  surface,  as  over  a  bearing-plate. 
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TlM  StaM  of  Riyot^Midfl  difier  liigbtbr  at  diffexwit  nails.  The 
of  the  American  Badge  Company  give  for  the  nXAXEiEa  or  mE  bead,  one  ai 
one-half  times  the  diameter  of  the  shank  phis  \k  in,  and  for  the  aaoBT  of  tl 
head,  0.425  times  the  diameter  of  the  bead.  Countersunk  heads  have  a  su>i 
of  3P^  and  a  depth  equal  to  one-half  the  diameter  of  the  shank. 

The  Pit^  of  Rivets.  By  this  is  meant  the  center-to-center  distant 
between  them  in  a  line  of  riveting.  The  distance  between  lines  of  rivets,  < 
from  the  back  of  an  angle  or  channel  to  a  rivet-line  is  called  the  CA'UGE-Dr 
TiWCE.  By  STAGGEaED  PITCH  is  meant  the  arrangement  of  rivets  midwa 
beti^cen  others  on  successive  rivet -lines  in  order  to  decrease  the  section  le 
than  when  they  are  arranged  in  rectangular  rows,  and  at  the  same  time  to  plai 
a  greater  number  of  rivets  in  a  definite  area.  The  pitch  should  not  be  mac 
less  than  thiee  diameters  of  the  rivet  and  the  distance  from  the  edge  of  tl 
plate  not  less  than  one  and  one-half  diameters,  although  it  may  be  necessai 
to  make  the  distance  less  when  small  angles  are  used.  The  pitch  of  counts 
sunk  rivets  must  be  greater  than  that  of  button-bead  rivets  because  of  tl 
greater  amount  of  material  removed. 

Pmohiat  Rirot^Holaa.  Rivet-holes  axe  made  with  power^pnochcs.  Tl 
N^  SPACING  is  marked  on  the  different  parts  to  be  fastened  together  1^  means  < 
"Wooden  templates  with  holes  drilled  to  locate  the  position  of  the  rivets.  Wh< 
the  different  parts  are  assembled,  the  holes  are  laid  out  by  the  same  teiiplati 
BEOiSTER,  80  that  the  rivets  may  be  inserted  without  difficulty.  Pitnchin 
makes  a  ragged  hole.  The  flow  of  the  metal  under  the  gteat  piesure  haxdei 
it  and  causes  a  loss  in  strength  of  from  it  to  33%  as  reported  by  W.  C.  Unwj 
for  soft  steel.  The  injury  may  be  removed  by  anneaung  or  by  heaming  awa 
the  injured  part  of  the  metal.  Enlarging  a  %-in.  hole  by  reaming  to  x^  i 
has  been  found  to  remove  all  the  injurious  effects  of  punching.  One  meth<j 
practiced  in  the  best  work  is  to  punch  the  holes  Vi«  in  leas  in  diameter  than  ti 
diameter  of  the  rivet^  and  to  ream  them  to  a  diameter  Us  in  greater,  after  ti 
parts  are  assembled  and  bolted  together.  This  removes  the  greater  part  < 
the  injury  from  punching  and  corrects  the  alinement  of  the  holes.  (S< 
Table  XI,  page  400,  and  Table  I,  page  702.) 

Drift-Pins.  When  the  alinement  of  a  hole  is  such  as  to  prevent  the  insertif 
of  the  rivet,  it  is  the  practice  in  some  shops  to  drive  in  a  tapered  DSf ft-piv  an 
distort  the  holes  in  some  of  the  plates  sufficiently  to  set  the  rivet.  This  canst 
local  stresses  and  injury  to  the  plates  and  should  not  be  permitted. 

Shop-Riveting  b  done  with  powerful  air  or  hydraulic  riveting-machi3< 
which  may  exert  a  pressure  of  from  30  to  50  tons,  sufficient  to  upset  a  perf» 
head  on  the  projecting  end  of  the  shank  and  to  completely 'fill  the  hole  ev.' 
though  the  alinement  is  imperfect.  Contraction  on  cooling  causes  great  prK 
sure  between  the  parts,  so  that  it  is  probable  that  in  good  work  the  rivet  is  und^ 
iittle  or  no  shearing-stress,  the  force  being  transmitted  through  the  frictiooi 
resistance  of  the  plates. 

Clearance.  It  is  important  that  the  designer  place  the  rivets  so  they  nu 
he  inserted  from  one  side  and  pounded  on  the  other  for  hand-work,  or  so  tiu 
the  machine  may  reach  them  for  machine-riveted  work.  For  example,  it, 
minimum  distance  from  the  inside  face  of  the  leg  of  one  angle  to  a  line  of  ri\^t 
in  the  other  leg  must  not  be  less  than  i^k  in  for  Ts-in  rivets,  i  in  for  %-'ui.  rivets 
etc.  In  general,  a  distance  ^^  in  greater  than  the  diameter  of  the  head  shoui 
be  allowed  for  clearance. 

Inspection^  The  common  imperfections  in  riveting  are  loose  annns  sn 
ECCENTRIC  HEADS.    Loose  rivets  may  be  detected  by  holding  the  hand  agaim 
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one  side  of  the  rivet-head  and  tapping  the  other  side  with  a  light  hammer. 
If  loose,  aafight  altp  may  be  felt.  The  loose  rivets  should  be  marked  to  be  cut 
out  and  replaced.  The  inspector  should  also  carefully  check  open  boles  left 
lor  field-coanections,  and  see  that  flattened  and.countersunk  rivets  are  as  called 
for.  because  such  work  may  be  done  at  less  expense  in  the  shop  than  in  the 
field,  where  it  may  cause  delay. 

Th«  Faflwe  of  Riveted  Joints  may  occur 

(i)  In  lENSxoM,  by  the  tearing  of  the  plate  through  the  line  of  riveU  (Fig.  8). 

(2)  In  SHEAR,  by  the  cutting  of  the  rivets  (Fig.  7). 

(3)  In  BEARING,  by  the  crushing  of  the  plate  in  front  of  the  rivets,  the  split- 
ting of  the  plate,  or,  in  some  cases,  by  the  shearing  out  of  the  sections  in  front 
d  the  rivets.  In  a  careful  design  of  a  joint  the  strength  against  failure  by  each 
of  these  methods  must  be  invesUgated  (Fig.  6  and  Fig.  9). 


ZJ 


=o==©==o= 


Fig.  6  Fig.  7  Fig.  8 

Figs.  6  to  9.    Methods  of  Failure  in  Riveted  Joints 


IT 


Fig.  0 


The  Steps  in  the  Desifn  of  any  type  of  riveted  joint  are,  (i)  the  selec- 
tion of  the  si2|p  of  the  rivet  to  be  used,  (2)  the  determination  of  its  shearing 
and  bearing  strength  and  the  use  of  the  smaller  value  of  the  two  to  divide  into 
the  total  load  to  be  transmitted  and  thus  determine  the  number  of  rivets, 
(3)  the  arrangement  of  the  rivets  in  the  plate  and  the  investigation  of  its  strength 
in  tension  at  the  dangerous  section. 

The  Size  of  Rivets  is  determined  in  part  by  shop-practice.  Holes  can- 
not be  punched  in  plates  which  are  thicker  than  the  diameter  of  the  punch. 
The  following  table  gives  the  size  of  rivets  used  with  plates  of  different  thickness. 
Some  specifications  for  structural  work  require  all  rivets  to  be  94  in,  except 
where  thick  plates  require  larger  ones. 


Thickness  of  plates 

y4to%8  in 

Hto%     in 

iMatoi%«in 

%  to  I       in 


Size  of  rivets 

%in 

94  in 

%in 

I  in 


Tables  n  and  HI  give  the  sheardto  and  bearing  valxtes  for  different  sizes 
of  rivets  in  plates  of  different  thickness  for  two  values  of  working  stresses  each; 
shear  at  7  500  and  10  000  lb  per  sq  in  and  bearing  at  15  000  and  18  000  lb  per 
sq  in.  Values  for  higher  stresses  can  be  figured  by  proportion  from  these  tables. 
The  lower  stresses  should  be  used  with  wrought  iron  or  in  parts  subjected  to 
live  loads;  the  higher  stresses  where  only  constant  or  dead  loads  are  present. 
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The  SHiAaDfo  value  is  equal  to  the  area  of  the  rivet  multiplied  by  the  woriong 
stress;  the  beabino  value  is  equal  to  the  area  of  the  projected  surface  under 
pressure  multiplied  by  the  working  stress  in  bearing,  or,  if 

/  •■  the  thickness  of  the  plate; 

i"*  the  diameter  of  the  rivet; 
and  Sb  ~  the  working  stress  in  bes^ng; 

then  the  bearing  value    P'mdtSb  (2) 

The  Shearing  and  Bearing  Values  may  be  taken  directly  from  the  tables, 
and  if  a  rivet  is  in  double  shear,  twice  the  quantity  in  the  table  is  to  be  used  for 
its  SHEAKiNG  VALUE.  Quantities  above  the  heavy  broken  lines  are  beaeino 
values  greater  than  the  values  in  single  shear,  so  that  for  these  conditions,  tbe 
number  of  rivets  necessary  in  a  joint  required  to  transmit  a  certain  load  is 
determined  by  dividing  the  load  by  the  value  in  single  shear.  If  rivets  are  in. 
double  shear,  the  number  of  rivets  required  is  found  by  dividing  the  load  by  the 

BEAEING  VALUE. 

Rivet-Proportions.*  The  following  diagrams  show  various  rivet-proportians, 
including  the  dimensions  of  shanks  and  of  finished  and  countersunk  heads: 


^  "/I.  K 


FINISHED  HEADS  COUNTERSUNK  HEADS 

Dlam  head  -  IH  dlam  of 
•bank«»>  H'dept;^  of  licad 
"  %»dlam  of  Jiead 

o  These  pcoportioos  vuy  slightly  at  differeat  milk  and  ta  different  bandbooksu 


Depth  of  head  -  >4  dlam  of 
shank.  Bevel  of  head- OQ^ 
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CooTentioiui]  Stgiie  for  Rivetiog.    The  foHowing  diagrams  show  some 
coQveoticnal  si^s  for  riveting: 


Shop 


Field 


Two  FqO  Heads 


Countersimk  Inside  (Farside)  and  Chipped 


Coiiatersiink  Outside  (Nearside)  and  Chipped 


Coontersonk  both  Sides  and  Chipped 


Inside        Outside 
(Farside)   (Nearside) 


BoihSide5 


Flattened  to  %  In  high  or  Connter- 
sunk  and  not  Chipped 


Flattened  to  y^  in  high 


Flattened  ^  in  high 


Q 


This  qrstem,  designed  by  F.  C.  Osborn,  has  for  its  foundation  a  diagonal  cross 
to  represent  a  countersinlc,  a  blackened  circle  for  a  field-rivet  and  a  diagonal 
stroke  for  a  flattened  head.  The  position  of  the  cross  with  respect  to  the  circle, 
inside,  outside,  or  on  both  sides,  indicates  the  location  of  the  countersink;  and 
similarly,  the  number  and  position  of  the  diagonal  strokes  indicate  the  height 
and  position  of  the  flattened  heads.  Ai^  combination  of  field,  countersunk 
and  flattened-head  rivets  liable  to  be  used  may  be  readily  indicated  by  the 
proper  combination  of  the  above  sums. 


i 
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Table  IV.     Length  oi  Field-Rivets  for  Veziooe  Oripe.     Lencth  of  SiYet-ShaalE 

to  Form  Head 

American  Bridge  Company  Standard.    Dimensions  in  Inches 
f<^rt^a*j  »*-Orip,a— »{  i«_^rip,b-^  }#— Grip,  6 


-LeBfftli >\ 


Lsnctli         ^ 


Diameter 

.^^     • 

Diameter 

J 

Grip 

Grip 
6 

Vs 

% 

% 

T& 

X 

Vi 

% 

^ 

% 

X 

Va 

1V2 

I'^i 

IVs 

a 

2V8 

% 

iH 

ly* 

iVi 

I»S 

1*8 

% 

1% 

x% 

a 

aVi 
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% 

iH 

x% 
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For  wdght  of  rivets,  see  page  2528. 
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Ufle  of  Rireted  Jotnts.  Riveted  joints  are  used  in  boilding-construction 
(z)  in  tie-bar  splices,  (3)  in  floor-beam  connections,  (3)  in  the  joints  of  trusses, 
U)  in  riveted  girders*  and  (5)  in  column-connections. 


r^ 


[ 


Fig.  10.    Lap-joint 


1 


\. 


r\  r\ 


I 


] 


Fig.  11.    Butt-joint  with  Single  G)ver-i^te 


c 


] 


Spliring  of  Tie-Bars.  Tie-bars  may  be  spliced  by  a  lap-joikt  (Fig.  10); 
by  a  BirrT-joiNT  with  a  single  cover-plate  (Fig.  11);  or  by  a  butt-joint 
with     two     cover-plates     (^'ig. 

'"•  r^    ^^ 

The  Bvxtt- Joint  is  symmet-  — ^ ^ »- '^ 

rical  and  more  efficient  than  r- 
the  others  because  of  the  absence  £. 
oi  any  tendency  to  bend  when 
under  a  load.  The  net  area  of 
the  cover-plates  at  the  section 
t^ugh  the  rivets  at  the  end  of 
the  main  plate  must  be  equal  to 


errr? 


Fig.  12.    Butt-joint  with  Two  Cover-plates 


the  net  area  of  the  main  plate  through  the  rivets  at  the  end  of  the  cover-plate. 
r\g.  14  shows  a  better  arrangement  of  rivets  than  that  in  Fig.  13,  because  less 
area  is  removed  at  the  critical  section  of  the  cover-plates.    In  some  cases  it 

may  be  necessary  to  make  the 
aggregate  thickness  of  the  cover- 
plates  greater  than  the  thickness 
of  the  main  plates. 

A  joint  with  one  line  of  rivets 
is  said  to  be  single-riveted, 
one   with   two    lines    double- 

rig.13.  Cover-plate.  Six  Rivets  at  Critical  Sectbn   ^veted,   and   one   with   more 

than  two  hues,  chain-riveted. 

Ezampla  a.    It  is  required  to  determine  the  number  of  rivets  in  the  splice 
of  a  12  by  Vs-in  tie-bar  which  is  subject  to  a  tensile  force  of  65  000  lb. 

Solotiaiii.  Assuming  that  the  load  is  constant,  the  stresses  in  Table  III  may 
be  used.  Assuming,  also,  a  lap-joint  like  that  in  Fig.  15,  and  94-in  rivets,  the 
value  in  shear  of  one  rivet  is  foimd  to 
be  4  420  lb  and  the  bearing  value 
against  a  ^in  plate,  6  740  lb.  The 
number  of  rivets  is  determined  by  the 
shear  to  be  equal  to  65  000  divided  by 
4  420,  or  fifteen.    Since  sixteen  rivets 

are  required   to   complete    a   figure  .         ^         . 

smaller  but  similar  in  arrangement  to   J"*' "•   Cover-plate.    Four  Rivets  at  Criti- 

that  shown  in  Fig.  15,  this  number  is  ^  ^*^*^'* 

used.  There  is  some  latitude  possible  in  the  spacing  of  the  rivets,  but  with  a 
width  of  12  in,  the  horizontal  gauge-lines  are  placed  iVi  in  apart  for  symmetry. 
If  the  pitch  P,  as  shown  in  Fig.  15,  is  required  to  be  three  times  the  diameter 
U  the  livet,  this  diagonal  pitch  across  the  rivetrspadng  must  be  2.25  in»  or 
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greater.    The  length  of  the  horisantal  or  thkd  ade  o£  the  xi^*an|^  triangle 
having  an  hypotenuse  of  2.25  in  and  a  vertical  altitude  of  1.5  in.  Is  x.68  iz^ 

which  requires  that  this  distance 
ED,  etc.,  be  1.75  in,  if  measured 
in  multiples  of  \i  in. 

Floor-Baam  Connectums^ 
The  two  following  4»Tampk*f»  il^ 
lustiate  common  types  of  floor- 
beam  connections. 

Example  3.  It  is  required  to 
determine  the  number  of  %-in 
rivets  to  connect  a  lo-in  25.4-Ib 
I  beam  supporting  24  000  lb  to 
a  15-in  42.9-Ib  I  beam,  using  a 
and   a   bearing-stress  of  18000  lb 


Fig.  IS.    Rivet-qadng  in  Cover-pUte 
of    10  000  lb   per   sq  in 


shear  ing-streffl 
per  sq  in. 

Solution.    From  the  table  of  properties  of  standard  I  beams,  pages  354-5 ,  t  he 
thickness  of  the  web  of  the  lo-in  25.4-lb  beam  is  found  to  be  0.31  in,  say  ^i«  in, 
and  of  the  i5*in  42-lb  beam,  0.41  in,  say  Ti«  in.    Referring  to  Table  III,  page 
419,  the  bearing  values  for  a  %An  rivet  for  these  thicknesses  of  webs  are  re- 
spectively 4  a  10  lb  and  5  890  lb.    The  shearing  value  of  the  rivet  is  4  420  lb. 
The  rivets  in  the  xo-in  beam  are  in  double  shear;  hence  the  bearing  value  gov- 
erns.   The  number  of  rivets,  then,  is  12  000,  the  end-reaction,  divided  by  4  210. 
or  3.    For  the  xs-in  beam  the  shearing  value  is  less,  and  the  number  of  rivets 
required  is  X2  000  divided  by  4  420,  or  3.    Hence  two  standard  connection- 
angles,  6  by  4  by  %  in  and  5  in  long,  may  be  used.    Each  has  three  holes  in  one 
leg  and  two  in  the  other.    The  leg  with  three  holes  is  placed  on  the  lo-in  beam 
with  the  rivets  in  double  shear,  and  the  leg  with  two  holes  is  connected  to  the 
x5-in  beam;  thus,  in  the  latter  case  there  are  four  rivets  where  only  three  are 
required  for  strength.    They  are  driven  in  the  field  during  the  erection  of  the 
structure  and  the  working  stress  is  accordingly  made  less  in  most  specifications 
because  of  the  better  work  possible  with  the  heavy  machines  used  in  shop-work, 
than  with  the  tools  available  in  the  field. 

Esample  4.  It  is  required  to  determine  the  number  of  ^-in  rivets  in  a 
4  by  4  by  H-in  angle-bracket  attached  to  an  x8-in  54.7-lb  beam  and  siqjport- 
ing  a  10  by  x2-in  wooden  beam  on  which  there  is  a  load  of  x8  000  lb. 

Solodon.  The  rivets  are  in  single  shear  with  a  shearing-resistance  of  4  420  lb, 
taken  from  Table  III.  The  thickness  of  the  web  of  the  I  beam  is  Me  in,  giving 
a  bearing  value  of  5  890  lb.  Dividing  9  000  lb,  the  end-reaction,  by  4  420  lb, 
the  controlling  value,  we  find  that  two  rivets  are  insuCBcient.  The  bracket  may 
be  fastened  with  three  ^4-in  rivets  with  a  spacing  of  4  in.  Two  %-in  rivets 
are  sufficient  to  hold  the  bracket. 

Rivets  in  Plate  Girders.  The  methods  of  determining  the  rivets  in  plate 
and  box  girders  are  given  in  Chapter  XX. 

n^j^Aing  streaa  in  Rivets.  While  the  bending  strength  of  pins  at  the 
joints  of  articulated  trusses  is  always  investigated,  this  is  never  done  in  the 
case  of  ftivrrs.  A  hot  rivet  properly  driven  is,  when  cold,  under  a  tensile 
stress  which  is  nearly  equal  to  the  elastic  limit  of  the  material.  This  causes 
great  pressure  between  the  plates  and  a  consequent  frictiooal  resistance  to 
movement,  which,  under  the  usual  conditions,  equals  the  allowed  shearing-force 
on  the  rivet;  and  so,  until  an  initiax.  sup  occurs,  there  can  be  no  bendino 
ffXBSSBSS  in  the  rivet.    In  the  case  of  very  long  rivets  driven  in  holes  where 
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tiiere  it  aa  fmpetfect  alinement  of  the  plates  and  a  consequent  difficulty  in 
leaking  the  rivets  fill  the  holes  completely,  it  is  not  probable  that  any  large 
be&i&ig  stresses  can  occur  in  the  rivets  of  a  structure.  This  has  been  avoided 
b  a  few  structures  for  which  long  taper  rivets  were  specified  to  be  used  in 
bdes  gK4MFT>  with  tapered  reamers,  thus  insuring  a  perfect  filling  of  the  holes. 

Wdrfchi^  Stresses.  Tables  IX  and  ITT  are  based  on  stresses  which  approx- 
bate  those  used  in  the  best  practice.  Table  11  is  used  for  the  few  structures 
izids  <rf  WROUGHT  IRON  and  for  those  places  in  steel  structures  that  are  subject 
to  severe  cx»xiditions  of  service,  as  in  the  floor-systems  of  bridges.  Table  III 
is  i3sed  for  ordinary  structural  work  made  under  the  conditions  governing  in 
Bodem  shop-practice.  For  comparison,  the  following  stresses  taken  from  the 
;;«cificatlaiis  of  Theodore  Cooper  for  Steel  Railroad  Bridges  and  Steel  Highway 
are  given: 


( 

specification  for 

1 

Allowable  stresses  on  rivets,  lb  per  sq  in 

Bearing 

Shear 

■    Steel  railroad  bridges 

1 

'    Sted  highway  bridges 

15  000  (i2  000  on  floors) 
23  500  for  laterals 

i8  000  (14  400  on  floor- 
beams) 
37  000  for  laterals 

9  000  (7  200  on  floors) 

13  500  for  laterals 

10  000  (8  000  on  floor- 
beams) 

14  000  for  laterals 

Kxvcts  driven  in  the  field  are  allowed  two-thirds  the  value  of  shop-driven  rivets* 


S.   Strength  of  Pins  in  Trasses* 

Tnis8*Flns.  In  the  design  of  the  pms  at  the  joints  of  trusses  the  stresses  in 
<>aEAX,  bearing  flexure  or  bending  must  be  investigated. 

The  Shearhig-Force  at  any  section  of  the  pin  is  the  algebraic  sum  of  all 
the  forces  acting  on  the  pin  on  either  side  of  the  section.  The  stress  is  considered 
to  be  imiformly  distributed  over  the  cross-section  of  the  pin.  When  the  forces 
do  not  act  in  the  same  plane  tbey  must  be  resolved  into  vertical  and  horizontal 
components  and  the  resultant  of  these  components  taken  as  the  shear  at  any 
desired  section.  This  may  be  done  by  the  principles  of  graphic  statics,  ot 
by  TRiGONOifETRiCAL  and  algebraical  methods,  the  graphic  method  being, 
for  some^  the  more  rapid. 

The  BeaiiBg  Area  on  the  pin  is  taken  as  the  projection  of  the  area  of 
CONTACT,  the  area  of  this  projection  being  equal  to  the  diameter  of  the  pin 
multiplied  by  the  thickness  of  the  plate.  The  bearing  is  assumed  to  be  uni- 
iocmly  distributed;  hence  for  any  load  the  intensity  of  the  pressure  may  be 
decreased  by  increasing  the  thickness  of  the  plate  or  the  diameter  of  the  pia^ 

Tin  Bending  Moments  on  the  pin  may  be  found  by  the  principle  of 
sunmui  or  by  methods  involving  the  principles  of  graphic  statics  explained 
is  Ghopter  IX  in  finding  the  bending  moments  of  beams.  The  forces  are  con- 
•dcred  to  be  concentrated  at  the  middle  of  the  bearing-plates.  If  they  do  not 
Ke  is  *  plane  with  the  pin  they  must  be  resolved  into  their  vertical  and  hori- 

*Sh)oe  the  introduction  of  rolled-steel  shapes  and  riveted  joists,  pin-joints  for  trusses 
of  modlrrate  span  in  boildings  have  fallen  info  disuse.  Tfie  gfcnerai  princ^Ies  of  their 
dsiipi.  h»«ever,  are  gsvea  heit. 
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zontal  components  and  these  component  forces  in  the  two  planes  treated  a^ 
rately.  The  resultants  in  both  planes  at  any  section  may  be  combined  an 
single  resultant  force  acting  on  the  section  obtained,  and  also  the  conseqi^ 
stresses  due  to  it. 


TaUe  V. 


Shearing  and  Bearing  Values  of  Pins  for  Oae-Inch 
of  Plate,  in  Pouadi  per  Square  Inch 


Diam- 
eter of 

pin, 

in 

Area  of 

pin. 

sqin 

Bearing 

value  at 

12  000  lb 

per  sq  in, 

lb 

Single 

shear  7500 

Ibpersqin. 

lb 

i  Diam- 
1  eter  of 
1    pin. 

1     in 

Area  of 

pin, 
sq  in 

Bearing 

value  at 

13  000  lb 

per  sq  in. 

lb 

1 

shear  7  « 

Ibpersqij 

tons     1 

1 

z 

0.78s 

13000 

S890 

1      4 

12.57 

48000 

47.0 

iV» 

0.994 

13500 

7  455 

^J? 

13  36 

49500 

SO. I 

iV* 

X.337 

15  000 

9  302 

4V* 

14.19 

51  000 

53  2 

1% 

1. 48s 

16500 

XI  133 

4% 

15.03 

52500 

56-3 

1V2 

1.767 

18000 

13252 

4V2 

IS  90 

54000 

59  6 

1% 

a.  074 

19  500 

15  555 

t        4'^'H 

16.80 

55  500 

63.0 

1% 

3.40s 

31  000 

18037 

4*i 

17.72 

57000 

66  3 

iTs 

3.760 

33500 

20707 

4% 

18.67 

58500 

70.0 

3 

3.142 

34000 

33565 

1      5 

1964 

60000 

73  6 

2^^ 

3.547 

3SS00 

26  600 

;  5H 

20.63 

61  500 

77  3 

2Vi 

3976 

37  000 

39820 

:  su 

21.6s 

63000 

8x  2 

2% 

4.430 

28503 

3322s 

1  5^ 

23.69 

64500 

85. 1 

2Va 

4-909 

30000 

36817 

s^L' 

23  76 

66000 

89  I 

36  i) 

S-4I2 

31  500 

40590 

!      S^'s 

24  8S 

67503 

93  2 

aVi 

5.940 

33000 

44550 

!    sn 

35.97 

69000 

97.3 

2T8 

6.492 

34  500 

45690 
tons 

'        5*8 

1 

37.11 

70500 

lOX.I 

3 

7.069 

36000 

36.S 

6 

38.37 

73000 

1      106 

3% 

7  670 

37500 

28.7 

6Vi 

39.46 

73  500 

XIO 

3U 

8.396 

39000 

31.0 

;  6.% 

30. 6S 

75  000 

lis 

3^8 

8.946 

40500 

33  5 

31.92 

76500 

XI9 

3K. 

9  631 

42000 

36.0 

!     fiK'i 

33.18 

73  000 

124 

3»^ 

10.33 

43500 

38.7 

1  6*4 

34.47 

79500 

129 

2^4, 

11. OS 

4S003 

41  4 

3v79 

81  000 

Z34 

3-8 

"79 

46500 

44-3 

,      6-8 

37.13 

82  500 

X39 

1 

^ 


«s).000 


IX  4' 


1 


r 


X 


5Z 


"^ 


\  t  V-^'.OUJ  / 


In  the  Method  of  Moments  a  section  is  taken  at  each  force  in  succession 
and  the  moment  of  the  forces  about  a  point  in  the  section  found,  due  consider- 
ation being  given  to  the  direc- 
tion of  turning.    This  is  done 
at  each  force  on  one  side  of  the 
pin,  if  the  bars  are  arranged 
symmetrically,  and  in  both  tlie 
vertical  and  horizontal  planes. 
Inspection  of  the  results  will 
usually  indicate  which  section 
the   horizontal   and  vertical 
by   using  the  formula 


>  <».O0U         1  K  4' 


4- 


1 


I 


J 


i  *  i  -iO.'XW 


1 


Fig.  16.    Pin-joint 

has  the  greatest  resultant  mouent   when 

components,  H  and  V,  are  combined.    This  is  done 

IP  «>  H*+  P  since,  graphically,  the  resultant  R  is  the  diagonal  of  the  rectangle 
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IiMt  VI.    MaTimnin  Bendiac  Moments  in  Inch-Pounds  to  bo  Allowed 

Fiber-Stresses  of  15  000,  ao  000  snd  22  soo 
Pounds  per  Square  Inch 


lor  MnTimiim 


3iB3n- 

Moment 

Moment 

Moment 

Diam- 

Moment 

Moment 

Moment 

t»a£ 

iorS  « 

forS- 

forS- 

eter  of 

for5- 

for  5  ■■ 

for5- 

vin. 

15  000 

aoooo 

22500 

pin, 

15000 

20000 

22500 

^            in-lb 

in-lb 

in-lb 

in 

in-lb 

in-lb 

in-lb 

I 

1470 

i960 

2210 

4 

94200 

125700 

14x400 

1           •               1 

2  xoo 

2800 

3140 

4M1 

103400 

137800 

155000 

'       1*^4         1          2880 

3  8 JO 

4310 

4H 

113  000 

150700 

X69600 

,     iH 

3830 

5  100 

5  740 

1 

4% 

223300 

164400 

185000 

i^ 

4970 

6630 

7460 

4% 

134  200 

178900 

20x300 

:S             6  320 

8430 

9480     1 

4% 

145700 

194300 

218500 

'.'4               7  890 

Z0500 

II 800     j 

4% 

157800 

210400 

236700 

I-* 

9710 

12900 

14600 

4% 

170600 

227500 

255900 

2 

XI  800 

IS  700 

17700 

5 

184x00 

245400 

276  xoo 

S* 

14  xoo 

18  Soo 

2X200 

5V8 

198  200 

264300 

297300 

^*       1     16  «oo 

22  400 

25  200 

5V* 

213  100 

284  100 

319600 

^»      j     19  700 

26300 

29600 

5% 

228700 

304900 

343000 

»^2           a3  000 

30700 

34500 

sVi 

245000 

326700 

367500 

^           26600 

35  500 

40000      1 

5% 

262100 

349  soo 

393100 

2*1           30600 

40800 

45900      j 

5% 

280000 

373  300 

419900 

^'^           \50po 

46700 

52500      1 

5% 

298600 

3,8200 

447900 

J 

39800 

53000 

59600      ] 

6 

318  TOO 

424  100 

477100 

3^^ 

44900 

59  900 

67400      1 

6% 

338400 

451  200 

507600 

3^4       ',      50  600 

67400 

75800   ! 

6V4 

359  500 

479400 

539  300 

3S 

56600 

75  500 

84900 

6% 

381  soo 

508700 

572300   1 

3^ 

63  100 

84  200 

94700 

6H 

404400 

539200 

606600 

t'^s 

70  xoo 

93500 

105  200 

6% 

42S200 

570900 

642300 

J«» 

77700 

103500 

116  500   1 

«% 

452900 

603900 

679400 

3"» 

85700 

114200 

128500 

6% 

478500 

638000 

717800 

The  foQowinic  is  the  formula  for  flexure,  M  ^Sl/c,  with  die  reductions 
°>*de  to  adapt  it  to  a  beam  of  circular  section: 

M  »  the  moment  of  forces  for  any  section  through  the  run; 
S  >"  the  stress  per  sq  in  in  extreme  fibers  of  pin  at  that  section; 
A  *  the  area  of  the  section; 
d  "■  the  diameter; 
T  -  3.14159. 

The  forces  are  assumed  to  act  in  a  plane  pissing  through  the  axis  of  the  pin. 

The  above  table  gives  the  values  of  M  lot  different  diameters  of  pin,  and  for  three 
>»^\ies  of  5. 

If  the  maxfnntm  value  of  it  is  known,  an  inspection  of  the  table  will  show  what  the 
diameter  of  the  pin  mast  be  so  that  S  will  not  exceed  15  000,  20  000,  or  as  500  lb,  as 
the  requirements  of  the  esse  may  be. 

on  B  and  V.  Example  6  illustrates  the  method  for  the  condition  of  xnclincd 
FOKCES  acting  on  the  pin.  In  Example  5  the  same  method  is  employed  to  deter- 
Bune  the  sze  oC  the  pin  in  a  simpk  joint. 
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BiaiiiitU  5.  It  is  required  to  detennine  the  size  of  the  pin  for  the  jotnt  showi 
in  Fig.  16  in  the  lower  chord  of  a  steel  truss.  The  middle  bar  is  a  vertical  sm 
pension-rod  to  hold  the  chord  in  place. 

Solution.  Beginning  at  the  section  between  the  outer  bars,  the  ali^ebrali 
sum  of  the  forces  on  either  side  of  the  section  is  40000  lb,  hence  this  is  thi 
shear.  At  the  section  next  to  the  suspender  the  sum  is  zero;  therefore  then 
is  no  shear  at  the  middle  of  the  pin.  The  bearing  pressure  is  40  000  lb.  It 
intensity  depends  on  the  diameter  of  the  pin  and  the  thickness  of  the  bars.  Tn 
find  the  bending  moment  on  the  pin  the  forces  are  considered  concentrated  a  I 
the  middle  of  the  bars  and  moments  taken  about  sections  through  the  forces, 
The  moment  at  the  section  through  the  second  bar  is  40  000  lb  X  x  in,  equaj 
to  40  000  in-lb.  If  moments  are  taken  about  a  point  between  the  inner  forccH 
the  same  result  is  obtained.  From  Table  VI  it  is  found  that  a  294-in  pin  at 
30  000  lb  per  sq  in  is  sufficient.  From  Table  V  the'  bearing  value  of  a  2^4 -in 
pin  is  found  to  be  only  33  03o  lb  at  a  stress  of  12  oo9  lb  per  sq  in,  which  makes 
it  necessary  to  increase  the  size  of  the  pin  to  3%  in.  The  shearing  v-alue  of 
this  pin  is  67  000  lb.  In  this  case  the  diameter  of  the  pin  is  determined  by 
the  bearing-stress,  but  it  is  necessary  to  investigate  the  other  stresses  to  be 
sure  of  the  correct  size,  especially  in  case  of  heavy  bearing-plates. 

Bending  Moments  on  Pins.  The  finding  of  the  BE:n>iNG  moment  due  to 
the  forces  acting  on  a  pin  is  usually  the  most  difficult  part  of  the  work  of  deter- 
mining its  proper  size.  In  the  case  of  a  simple  pin,  properly  packed  and  b'in? 
in  the  plane  of  the  forces  acting  on  it,  the  greatest  moment  is  usually  the  prod- 
uct obtained  by  multiplying  the  outer  force  by  the  central  distance  between 
the  outer  bars;  but  when  the  forces  act  in  several  planes  the  work  is  more 
complicated.  The  graphical  method  illustrated  in  the  solution  of  the  tw.> 
following  examples  has  some  advantages;  but  the  method  of  moments  applte ! 
at  the  end  of  the  solution  of  the  first  example  is  equally  rapid  in  practice  1 
hands  and  capable  of  greater  refinement  in  the  results. 

Example  6.  It  is  required  to  find  the  bending  moment 'on  fne  pin  of  the 
joint,  one- half  of  which  is  shown  in  Fig.  17.  The  bars  are  each  x  in  thick, 
the  channel  of  the  vertical  member  H  in  thick  and  the  center  of  the  han^r 
is  %  in  from  the  center  of  the  channel. 

Solution.  Since  the  joint  is  symmetrical  it  is  necessary  to  construct  but  on*'- 
half  of  the  force-diagram  and  equilibrium-polygon  which  really  apply  t <> 
the  joint.  From  the  conditions  of  equilibrium  of  forces,  the  vertical  com- 
ponent of  the  inclined  force  is  upward,  and  equal  to  the  sum  of  the  downwari 
forces,  34  000  lb;  and  its  horizontal  component  acts  with  the  60  000- lb  force, 
to  the  amount  of  17  000  lb,  a  sufficient  amount  to  close  the  force-diagram. 
The  following  construction  is  special,  in  that  but  one-half  of  the  entire  graphical 
diagram  is  shown.  This  is  made  possible  because  of  the  symmetr>'  of  the  joint, 
the  bending  moment  being  constant  over  the  middle  of  the  pin. 

In  the  diagram  (Fig.  IS)  AB  is  drawn  at  an  angle  of  45°  with  the  horizontal, 
and  commencing  at  c,  the  distances  are  laid  off  to  scale  between  the  bars,  and 
the  lines  1-2,  a-3,  etc.,  drawn  parallel  to  the  forces  they  represent  at  the  joint. 
The  oblique  force  is  resolved  into  its  components  1-4  and  1-5. 

The  stress-diagram  (Fig.  19)  is  drawn  as  follows:  On  a  horizontal  line  the 
forces  are  laid  off  to  scale  in  the  order  they  occur  on  the  pin,  1-2,  2-3,  3-4  and 
4-x,  the  closing  of  the  diagram  being  a  check  on  the  correctness  of  the  value  of 
the  forces.  Beginning  at  1,  1-5,  5-6  and  6-1  are  laid  off  to  scale,  parallel  to 
the  forces  in  the  vertical  plane.  From  i  the  line  i-^  is  drawn  at  an  angle  of 
45^  for  convenience  in  making  good  intersections,  and  equal  to  a  convenient 
number,  say  20  000  lb,  in  the  same  scale  to  which  the  loads  are  drawn.    The 
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point  O  is  the  paUt  of  the  streM^iagranw  the  pole-distaoce  being  20  000  lb. 
From  the  principles  of  graphics  the  bending  moment  at  any  point  on  the  pin 
i»  equal  to  the  intercept  between  the  proper  ray  ol  the  equilibrium-polygon 
and  the  closing  line,  multipUed  by  the  pole-distance.  To  complete  the  figures, 
0-2,  OS  and  0-4  are  drawn  from  0,  and  from  c  cd  is  drawn  parallel  to  0-3,  de 
parafld  to  0-3,  ef  parallel  to  0-4  and  fk  parallel  to  o-x .  In  the  same  way 
n  b  drawn  parallel  to  0-5,  st  to  0-6  and  /»  to  o-i.  Then  according  to  the 
above  principles,  the  moment  at  any  section  due  to  the  forces  in  the  horizontal 
pbne  b  proportional  to  the  ordinate  at  that  section  drawn  from  the  line  AB 
to  the  line  cdefk  bounding  the  equilibrium-polygon;  and  the  moments  due  to 
the  vertical  forces  are  proportional  to  the  ordinates  drawn  to  the  line  rr/v,  the 
DunKrical  value  being  the  length  of  the  ordinate  times  20  ooo^  the  pole-distance. 


Fig.  18 


/;« 


JM 


^'>B 


A  W 

Fig.  19  Fig.  20 

Figs.  17  to  20.    Pin-joint  and  Moment-diagrams 


Where  both  moments  are  present,  the  resultant  or  true  moment  is  proportional 
to  the  hypotenuse  of  the  right-angled  triangle  having  for  its  sides  the  ordinates 
in- the  two  planes  at  the  point  in  questtbn.  At  X  this  is  shown  by  the  line  mn. 
This  measures  a^a  in,  and  being  the  longest  diagonal  or  hypotenuse  that  can 
be  drawn  in  the  figure,  it  follows  that  the  maximum  bending  moment  on  the 
pin  is  a^a  X  ao  000  «  48  400  in-lb. 

To  find  the  effect  of  changing  the  arrangement  of  the  members  on  the  pin, 
it  may  be  aasumed  that  the  inclined  bar  is  placed  outside  the  inner  chord-bar. 
The  horizontal  stress-diagram  then  beoomes  1-2,  a-5,  3-4\  4'-!.  The  equilib- 
rium-polygons become  cdef'k*  and  r's't'Wt  as  shown  in  Fig.  20.  In  these  polygons 
the  longest  diagonal  measures  3%  in,  which  gives  a  bending  moment  of  3% 
in  X  30  000  lb  «  75  000  in-lb,  showing  that  the  arrangement  of  the  eye-bars  in 
Fig.  17  is  better.    As  a  rule  the  bending  moment  is  leas  when  those  forces  that 
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\»ppo6e  each  other  are  placed  together.    It  may  be  farther  reduced  by  making 
the  outside  bar  one-half  the  thickness  of  the  main  horiaontal  bars. 

To  check  by  the  method  of  hoxbnts  the  value  of  the  maximum  bending 
moment  obtained  by  the  graphic  method  for  the  first  arrangement;  the  mo- 
ments of  the  forces  in  the  horizontal  plane  are  taken  about  r.    This  gives 

Mh  -  38  500  lb  X  3-0  in  +  38  soo  lb  X  i.o  in  -  60  000  lb  X  2.0  in 
»  34  000  in-lb, 

which  is  the  value  of  the  moment  in  the  horizontal  plane  across  the  middle  of 
the  pin. 
In  the  vertical  plane  moments  are  taken  about  a  point  /,  giving 

Mv  •■  34  000  lb  X  1.5  in  —  22  000  lb  X  0.75  in 
"■  34  500  in-Ib 

From  these  component  moments  the  resultant  maximum  bending  moment  is 

M  ■■  V34  oob*  +  34  soo*  ■■  48  400  in-lb 

Example  7*  Another  illustratioii  of  the  oraphigal  method  of  finding  the 
bending  moment  on  a  pin  is  given  for  the  joint  A  of  the  truss-diagram  shown  in 


Fig.  22 


Figs.  21  to  24.    Force-polygons  and  Ecjufllbriam-polygons  for  Bending  Moments  on 

a  Pin 


Fig.  21.  Fig.  22  shows  the  arrangement  and  size  of  the  members.  The  stresses 
given  in  Fig.  21  are  for  one-half  the  number  of  members  at  the  joint.  As  in 
Example  6,  the  symmetricU  arrangement  makes  it  unnecessary  to  draw  more 
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thaa  one-^isLtf  of  the  force^polygon  and  equilibrium-polygon.    The  web  of  the 
chanoel  is  reinforced  to  make  it  %  in  thick.   ' 


The  line  AB  (Fig.  24)  is  drawn  at  an  angle  of  45"  and  ok,  etc.,  are 

liid  off  to  scale,  equal  to  the  distances  between  the  members.    At  each  point 

of  appficatioQ  of  a  force  a  line  is  drawn  parallel  and  to  scale,  to  represent  that 

force.    The  inclined  forces  are  then  resolved  into  their  horizontal  and  vertical 

components.    The  force-diagram  (Fig.  23)  is  then  drawn,  the  horizontal  forces 

being  laid  off  to  scale  in  the  order  in  which  they  occur,  1-2,  2-3,  3-4  and  4-x. 

The  pole-dlatance  is  then  laid  off  at  an  angle  of  45**  and  equal  to  20  000  lb  to 

the  same  scale  of  forces.    The  pole  o  is  then  joined  with  2,  3,  4  and  x.    Then 

in  Fig.  24,  ab  is  drawn  parallel  to  0-2,  be  to  0-3,  cd  to  0-4  and  de  to  o-i.  _  In 

the  same  way  the  line  hjkB  is  drawn.    From  inspection  it  is  seen  that  kb  is'the 

longest  intercept,  even  longer  than  any  diagonal  that  may  be  drawn  from  the 

tttremities  of  the  horizontal  and  vertical  intercepts  at  any  point  along  AB. 

To  the  same  scale  that  makes  o-i  represent  20  000  lb,  hb  represents  31  800  in- lb; 

therefore  the  bending  moment  on  the  pin  is  31  800  in-lb.    In  Table  VI  a  pin 

2^»  in  in  diameter,  at  a  fiber-stress  of  20  000  lb  per  sq  in,  has  an  allowable 

DKxnent  of  35  500  in-lb,  and  in  Table  V  a  bearing  value  on  i  in  of  31  500  lb. 

A  force  of  31  800  lb  on  %  in  is  equal  to  42  400  for  a  i*in  bar;  so  it  is  necessary 

to  use  a  larger  pin  to  accommodate  the  bearing  requirement.    From  Table  V 

A  pin  3^^  in  in  diameter  is  fotmd  to  be  necessary.    The  shearing  value  of  this 

pin  is  72  000  lb  more  than  twice  the  load,  so,  again,  it  is  the  bearing  that  con- 

tpj\s  the  size  of  the  pin.    If  the  thickness  of  the  bars  is  increased  the  diameter 

of  the  pin  may  be  reduced  to  3  in. 

4.  Strength  of  Bolts  in  Wooden  Trasses  and  Girders 

The  Working  Stresses  for  Bolts  on  which  Table  VII  and  Table  Vm  are 
computed  are  based  on  a  pactor  of  safety  of  five  applied  to  the  average  of 
many  tests  on  dry  timber.  In  some  specifications  it  is  permitted  to  increase  the 
BELUUNG  PRESSURE  between  timber  and  bolts  as  much  as  50%  above  that  per> 
cutted  for  short  struts.  The  values  in  the  tables  are  somewhat  less  than  the 
tests  on  large  trusses  made  at  the  Massachusetts  Institute  of  Technology,  in 
1^97.  would  indicate  as  safe  values.  These  were  reported  in  the  Engineering 
Record,  November  17,  1900.  Table  DC  gives  the  allowable  maximum  tension, 
shear  and  bending  moments  for  wrought-iron  and  steel  bolts. 

Kinds  of  Stress  in  Bolts.  Bolts  in  wooden  trusses  are  subject  to  the 
same  kinds  of  stress  as  the  rivets  and  pins  in  steel  structures.  When  the 
VkcKs  joined  are  less  than  2  in  thick  and  the  bolts  are  tightly  drawn  up  so  as 
to  develop  considerable  fricrional  resistance  between  the  pieces,  the  bolts  are 
proportioned  to  resist  the  total  force  in  shear  and  in  bearing.  When  the 
pieces  are  more  than  2  in  thick  the  bending  is  taken  into  account  and  the  bolts 
must  be  investigated  for  stresses  in  shear,  in  bearing  and  in  bending.  The 
SHEAR  is  assumed  to  be  uniformly  distributed  over  the  cross-section  of  the  bolt, 
and  the  bearino  area  is  the  area  of  the  projection  of  the  bolt  on  the  timber, 
which^rea  19  equal  to  the  diameter  of  the  bolt  multiplied  by  the  length  in  con- 
taa.^The  bearing  strength  is  given  as  a  property  of  the  bolt  although  its 
value  depends  upon  the  crushing  strength  of  the  timber.  The  bending  mo^ 
iCENT  on  the  bolt  u  found  in  the  same  manner  as  for  pins  in  steel  trusses, 
although  the  cases  are  usually  less  complicated. 

niiistrmtioiis  of  the  Use  of  Bolts.  The  principles  involved  in  the  use  of 
holts  in  wooden  trusses  and  girders  and  in  the  use  of  the  tables  may  be  best- 
illustrated  by  the  solution  of  examples  in  each  of  the  foUowing  cases: 
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(i)  Bolts  in  tie-beams,  thin  pieces. 

(2)  Bolts  in  girders  to  support  brackets. 

(3)  Bolts  as  pins  in  the  joints  o£  trusses. 

(4)  Bolt-and-strap  joints  in  trusses. 

C5)  Bolts  under  tension  to  hold  the  foot  of  a  rafter. 

(See,  abo»  "  Joints  m  Wooden  Trusses,"  Chapter  XXVm,  pages  X149  to  1160. 

Case  X.  Bolts  in  Tie-Beams,  Thin  Pieces.  Tie-beams  of  wooden  trusses, 
when  longer  than  30  ft,  are  usually  made  up  of  a  number  of  pieces.  This  con- 
struction is  cheaper  than  the  use  of  a  single  stick.  Two-inch  planks  bolted 
together  are  generally  used.  The  location  of  the  joints  in  the  courses  of  planks 
and  the  number  and  sijk  of  the  bolts  are  the  special  considerations  in  the  design 
of  such  a  joint.  In  general,  the  joints  in  adjacent  courses  are  placed  as  far 
apart  as  possible  and  not  more  than  two  joints  are  placed  opposite  each  oth«r 
in  the  same  section.  The  simplest  case  is  that  of  a  plain  fish-plate  joint  like 
a  common  butt-joint  with  two  cover-plates  as  shown  in  Fig.  12.  The  number 
of  BOLTS  for  such  a  joint  is  found  in  the  same  way  as  the  number  of  rtv'ETS  in 
steel  tie-bars.  The  bolts  must  be  spaced  as  required  in  the  second  colunui  imdcr 
each  timber  in  Table  \^I,  to  provide  against  shearing  in  front  of  the  bolt. 


Table  Vn.*    Safe  Bearing  Value  of  Belts  per  Inch  of  Length  PareHal  to 
the  Grain  in  Timber  and  Distance  from  Center  to  Center  of  Bolta 

or  to  End  of  Timber 


Long-leal 
yellow  pine 

White  pine 

and  short-leaf 

yellow  piae 

Douglas  fir 

1 
White  oak       ' 

Diam- 
eter of 
bolt. 

Bearing 

Bearing 

Bearing 

Bearing 

1 

in 

at  X  400 

Dis- 

at X  xoo 

Die- 

at!  200 

Die- 

at  1400 

Dis- 

lb per 

tance, 

lb  per 

tance, 

lb  per 

tanoe. 

lb  per 

tance. 

sqin. 

m 

sq  in. 

in 

sqm. 

m 

•qm. 

in 

lb 

lb 

lb 

lb 

1 

% 

Z050 

4V2 

82s 

5U 

900 

4y4 

Z050 

3^i    ; 

Vh 

I  235 

5 

960 

5% 

X050 

5 

X225 

4      1 

I 

X  400 

5% 

t  zoo 

6^ 

laoo 

5^ 

1400 

4%     1 

x% 

IS7S 

6Vk 

1237 

7% 

1350 

6V4 

I  575 

5 

ihk 

1750 

7 

1375 

8 

X  SCO 

7 

1750 

5H 

1% 

X92S 

7^4 

xszs 

9., 

X650 

7% 

192s 

6V4 

1V2 

a  zoo 

8^^ 

z  650 

9j4 

1800 

8^ 

2  zoo 

e*4 

1% 

2  450 

10 

Z92S 

zx^ 

1950 

9V* 

2  450 

7^4 

2 

aSoo 

liH 

2  200 

Z3 

2400 

XZV4 

2800 

9 

2Vi 

3x50 

12*4 

2  47S 

14H 

2700 

laV^ 

3x50 

10 

2Vt 

3S00 

14V* 

2750 

z6% 

3000 

14 

3500 

u%   ; 

■       2% 

38SD 

15V4 

302s 

xS 

3300 

ishi 

3850 

12% 

'      3f 

4x0 

X7 

3300 

X9 

3600 

X7 

4200 

I3^i    1 

^          J 

The  distance  from  the  end  is  equal- to  the  diameter  of  the  bolt  pine  like  length  od  iriNcb 
«h«  SBCAia  is  equal  to  the  BSAaiNC  valoe  of  the  bolt  aieaint  the  aBcl>6benL    See 
Notes  with  Table  XVI,  Chapter  XVI.  for  increase  in  allowed  sUtssea. 

*"  Wber  the  effect  of  the  indhied  surfhces  upon  the  unit*  stieiaes  la  taken  iato-acoount, 
the  fomni)*  fioc  (he  normal  intensity  of  stress  for  cylindrical  pins  or  belts,  given  ia  Chapter 
XXVIII,  pace  i448»,augr  be  used.  This  formula  will  give  bwer  values  than  those  ef 
Table  VIL 
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TaM«  Vm.*    Scf«  BMiinc  Value  of  Botti  per  Inch  of  Lengdi  Aenam  tbt 

Grain  in  TimlMr 


'      Diameter 
of  bolt. 

in 

i 
i 
1 

Long-leaf 

yellow  pine, 

lb 

Short-leaf 
yellow  pine 
and  Douglas 
fir.  lb 

White  pine, 
lb 

White  oak, 
lb 

K 

262 

187 

ISO 

375 

% 

3o6 

318 

175 

437 

r 

350 

250 

200 

500 

iH 

394 

281 

22s 

562 

1        ^^ 

437 

312 

250 

625 

1% 

4&3 

343 

275 

687 

iH 

S2S 

375 

300 

750 

in 

612 

437 

3SO 

875 

'             2 

700 

500 

400 

xooo 

Table  IX.    MaTifntim  Allowable  Tenaiod,  Shear  and  Bendinc  Moment  for 

Wrottcht-Iren  and  Steel  BolCa 


f             1 

1 

1 

I 
1 
1 

Net 

area, 
iq  in 

Wrought  iron                j 

Steel 

1  Diam> 
1  rt«rof 
.  bolt, 
'     in 

Tension 

at  12  000 

lb  per 

• 

Shear 

at  7500 

lb  per 

• 

Bending 

moment 

at  15000 

lb  per 

Tension 

at  16000 

lb  per 

• 

Shear 

at  10  000 
lb  per 

• 

Bending 

moment 

at  20000 

lb  per 

1 

sqm. 

sqm. 

» 

sqm, 

sqm. 

• 

1 

1 

1 

1 

lb 

lb 

sqm, 
in-lb 

lb 

lb 

sq  m, 
in-Ib 

«4 

O.102 

3620 

3310 

620 

4830 

4420 

830 

vs 

0.430   1 

5  040 

4SI0 

980 

6720 

60x0 

I  310 

I 

O.5S0 

6600 

5890 

1470 

8800 

7850 

1960 

r^ 

o.<W 

8328 

7460 

2  100 

11  xoo 

9940 

2800 

lu 

0.893 

10  716 

9200 

2880 

14290 

X2270 

3830 

1*^ 

1.057 

12680 

XX  140 

3«30 

X69IO 

14850 

5  100 

I^ 

1.29s 

XSS40 

13250 

4970 

20720 

X7670 

6630 

iH 

X.746 

20930 

X8040 

7«90 

27910 

24050 

10500 

2 

3.302 

27  620 

33560 

Z1800 

36830 

3x420 

IS  700 

2^i 

3.023 

36280 

29820 

X6800 

48370 

39760 

22  400 

2^3 

3.719 

44630 

36820 

23000 

59510 

49090 

30700 

Ak 

4.620 

55  430 

44550 

30600 

739x0 

59400 

40800 

3 

5.428 

65140 

53010 

39800 

86^50 

70690 

53000 

3% 

6.S10 

78120 

62220 

50600 

1 

104160 

82960 

67400     , 

Snmile  8.  A  typical  tie-beam  uaed  aa  a  lower  chord  of  a  Howe  truss  is 
shown  in  Fig.  25.  It  is  50  ft  long,  of  Douglas  fir  and  sobject  to  the  teoaoa  in 
the  different  panels  shown  in  the  figure. 

SnjHtian.  The  tUckness  of  the  plank  is  drawn  out  of  scale  hi  the  figure'to 
ihow  the  joints  mace  dcady.  The  black  circles  show  the  vertical  tension-rods^ 
which  90  nmrfy  cat  tfas  middle  plank  in  two  that  it  b  not  considered  a  part  of 
the  teosila  memibtr.    The  anangement  of  the  plaoxka  and  the  lengths  to  be 


used  muk  be  defwimurd  for  each  case.    In  the  one  diown  thcK  is  but  one 
s{>lice  in  the  middle  pands  where  tliere  is  the  greatest  tension.    The  distance 
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XY  is  12  ft,  which  is  about  as  small  as  will  serve  for  the  transfer  of  the  tensi 
from  A'  to  B.  In  this  beam  the  two  outer  planks,  A  and  A',  must  be  la] 
enough  to  resist  the  whole  tenale  stress  in  the  middle  panels  because  of  i 
joints  in  B  and  C.  At  the  inner  end  of  the  second  panel  there  is  58  000 
tension  which  must  be  carried  to  the  end  of  the  first  panel.    Because  of  t 


■ao'o^ 


35 


bolu 


-11-1  bolts — Y*i*  *y'-H Y' 


■H-ff 


A-309 


trtl 


T-r 


■h-fr 


I    I    ' 


X' 


Mill 


loo* 


A h 


jbs: 


\    \ 


H h- +tT+- 


c^Si^ 


\^ 


■t- 1- 


n 


♦- 


-•-t- 


4-4J 


■4—*- 


I  m  1 1 !  **■ 


M  !   !   !   !M 


m: 


J-_L 


J.J. 


l_  96000  \\mJ  »|^  MOOO  Ito.T- 


00000  lU.T* 


J^ 


-•a: 


Fig.  26.    Plan  of  Built-up  Tie-beam 

joints  in  A  and  A'  this  must  be  transmitted  to  B  and  C  in  order  to  pass  t1 
point  X, 

Assuming  that  39  000  lb,  one-half  the  tension,  is  carried  on  plank  A  to  1 
transmitted  to  C  by  the  shear  and  bearing  on  the  bolts,  and  dividing  this  I 
7  850  lb,  the  allowable  shear  on  a  i«in  bolt,  four  bolts  are  found  to  be  necessac^ 
But  the  bearing  value  of  a  i-in  bolt  in  Douglas  fir  2  in  thick,  is  only  2  400  li 
which  makes  twelve  bolts  necessary.  These  are  required  in  the  distance  A"] 
12  ft. 

From  the  distances  in  Table  VII,  it  is  found  that  the  end-bolts  must  be  5^  i 
from  the  ends  of  the  planks,  say  6  in;  this  leaves  11  ft,  in  which  distance  etgl 
bolts  are  to  be  arranged.    If  four  bolts  are  placed  in  pairs,  two  at  each  end,  2 
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Fig.  20.    Elevation  of  Beam  Opposite  X  of  Fig.  25 

shown  in  Fig.  26,  the  intermediate  spaces  are  iaH  in.  The  bolts  bind  the  bcafl 
together  better  if  they  are  staggered,  as  indicated  in  Fig.  26,  and  not  placed  os 
the  middle  line. 

The  number  of  bolts  mentioned  is  sufficient  to  make  the  splice,  but  thert 
should  be  bolts  in  the  distance  YY\  and  between  the  ends  and  X  and  A'',  to 
bind  the  planks  together.'  These  need  not  be  as  large  or  as  close  together  aj 
the  others;  94-in  bolts  spaced  2  ft  are  sufficient.  There  should  be  two  bolu 
at  the  end  of  the  beam.  Each  bolt  should  be  driven  through  a  hole  of  the  sami: 
size  as  the  bolt  and  the  nuts  should  be  sctewed  up  tight. 

Case  n.  Bolts  in  Girders  to  Support  Brackets.  The  construction  shoTD 
in  Figs.  27  and  28  is  commonly  used  in  cases  in  which  the  requirements  do  not 
allow  the  girder  to  project  its  full  depth  below  the  joists.  The  bolts  shown  in 
Fig.  27  must  be  investigated  for  bearing  and  shear,  and  those  shown  in  Fig.  25 
for  BEARING,  SHEAR  and  BENDING.  In  either  case  the  shearino  value  of  the  bolt 
in  single  shear  must  equal  or  be  greater  than  the  greater  of  the  forces  S  ot  S*. 

The  BEARSfo  per  inch  on  the  wood  of  the  girder,  when  JB  is  in  inches^  is 

(5+50/5 
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This  niuat  bs  kept  within  the  values  given  in  Table  VII  for  the  timber  used. 
For  the  case  shown  in  Fig.  28  the  B£Ndq7G  moment  in  pound-inches  is 

M^SL/2    or    M^S*L/2 
vhichever  is  the  larger.    B  and  L  are  measured  in  inches  and  5  in  pounds. 


Fig.  28 
Figs.  27  and  28.    Bolts  Supponing  Brackets  on  Girders 

Sample  9.  For  the  construction  shown  in  Fig.  2.7  it  is  required  to  determine 
the  number  and  size  o(  bolts,  the  Douglas  fir  girder  'being  8  by  14  in»  with  a 
V^  of  X4  ft,  and  the  Douglas  fir  joists  3  by  12  in,  with  a  spaa  of  20  ft,  center  to 
Center  of  girders.  The  flo^r-load,  including  the  floor,  is  60  lb  per  sq  ft.  The 
ii«les  are  4  by  aVa  by  %  in. 

Sohitioa.  The  floor-area  supported  by  the  girder  is  14  by  20  ft.  At  60  lb 
per  sq  f t,  the  load  b  14 X  20X  6o«  16  890  lb.  The  load  5,  on  one  side,  is 
^400  lb. 

A  *4>iQ  bolt  has  a  shearing-value  of  4  430  lb.  Hence  two  bolts  are  necessary 
to  satisfy  the  shearing  condition.  The  bearing  value  of  the  bolt  in  the  wood, 
across  the  grain,  is.  from  Table  VIII,  187  lb  per  inch  of  length,  or  i  496  lb  for 
^  width  of  the  girder.  The  number  of  bolts  required,  then,  is  16  800  divided 
^'  X  496  or  approximately  11,  which  gives  a  spacing  of  about  15  in. 

Bxample  zo.  In  the  construction  shown  in  Fig.  28,  the  girder  is  6  by  14  in,  of 
Ihogias  fir  and  has  a  span  of  12  ft.  The  joists  are  2  by  12  in  and  have  an  i8-ft 
^pan,  center  to  center  of  girders.  The  floor-load  is  65  lb  per  sq  ft.  There  are 
3  by  4-10  strips  on  the  sides  of  the  girder.  The  distance  L  is  3  in.  It  is  required 
lo  &nd  the  number  and  size  of  bolts  to  be  used. 

The  total  load  on  the  girder  is 

Z2  X  18  X  65  -  14  040  lb 

5-7  020  lb 

load  per  inch  of  thickness  of  the  girder  is 


The 


14  040 


-  2  340  lb 


The  bending  moment  on  one  side  of  the  girder  is 

7020X3  .    « 
«  10  S30  m-lb 

2 

since  the  force  S  acts  at  the  center  of  pressure  on  the  bracket-strip,  1%  in  from 
the  edge  of  the  girder. 

The  shear  is  7  020  lb,  which  requires  two  ^i-in  steel  bolts  at  4  420  lb  for  one 
as  given  in  Table  DC. 

The  bearing  (Table  VIII)  on  a  94-ki  bolt  is  187  lb  per  inch  of  length;  therefore 
it  requires  thirteen  bolts  for  bearing. 
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The  allowable  bending  moment  on  a  %4n  steel  bolt  is  830  ia-lb,  from  Table  I^ 
To  take  caie  of  the  xo  530  in4b  requires  thirteen  bolts.  A  ^/s-in  steel  bolt  K) 
an  allowable  bending  moment  of  i  3x0  Ib-ia,  making  eight  of  them  sufficien 
The  3  by  4-in  pieces  may  be  held  in  place  by  thirteen  H-in  bolts  spaced  1 1  i 
on  centers,  if  two  of  them  are  placed  6  in  from  the  ends. 

Case  m.    Bolts  at  Pins  in  the  Joints  of  Trusses.    For   ties    < 

STKUTs  joined  by  bolts  in  tfa 
manner  indicated  in  Figs.  *2i 
30  and  31  and  having  ti3 
thickness  B  exceeding  2  ii 
the  diameter  of  the  bolt  <^ 
the  number  of  bolts  must  h 
computed  for  shearing,  bslaj 
mo  and  vlexuke. 

For  any  of  these  joints  tfa 
forces  are  as  follows: 

The  single  shear  ■■  S/2 


ELEVATION 


PLAN 
Fig.  29.    Bolt  through  Rafter  and  Tie-beam 


On  the   sections   between   i 
and  B'  (Fig.  30) 

The  bearing  on  the  pin  pe 
inch  of  length  -  S/B  or  S*,  B 

The  greater  is  to  be  used. 
The  bending  moment  ■■  SL/ii 

on  the  assumption  of  a  contin 

uous  BEAic,  uniformly  loaded 

If  there  are  more  bolts  tha: 

one,  the  quantities   obtatnci 


by  the  above  formulas  are  to  be  divided  by  the  number  of  bolts  to  find  the  pari 
to  be  taken  care  of  by  one  bolt. 
In  Fig.  29,  5  is  the  horisontal  component  of  the  thrust  T,  < 

Example  zx.    It  is  required  to  determine  the  diameter  of  a  bolt  for  a  joint 
like  that  shown  in  Fig.  29.    The 
rafter  is  6  by  10  in,  of  Douglas  |C=x 

fir,  the  tie-beams  3  by  10  in,  of     J L 

the  same  material,  the  thrust  in     ^ 
the  rafter  30  000  lb,  and  its  incU> 
nation  30^. 

Solution.  The  horizontal  com- 
ponent of  30  000  lb  at  30°  is  prac- 
tically 26  000  lb.  Then  5  «>  26  000 
lb  and  the  shear »  13  000  lb. 
B  «  6  in  and  L  >  9  in. 

Bearing  per  inch  of  length  on  the  bolt »  36  000/6  ^  4  333  lb 
Bending  moment «  26  000  X  9/12  «  19  500  in-ib 

In  Table  DC,  a  x%-in  steel  bolt  is  found  to  be  neoessaiy  to  resist  a  shear  of 
13  000  lb,  and  a  2Vi-in  bolt  for  a  bending  moment  of  19  500  in-lb.  To  resist 
4  333  lb  end-bearing  presnue  on  i  in  a  larger  bolt  b  required  than  is  given  in 
Table  VII.  Dividing  4  333  by  x  200,  the  allowable  bearing  on  Douglas  fir,  i 
3%4n  bolt  is  found  to  be  necesaary.  This  is  larger  than  it  is  desirable  to  use. 
so  the  joint  must  be  redesigned  with  a  view  to  reduce  the  beaiing  I»res8ure  oo 


Fig.  30.    Bolt  in  Wooden  Tie-beam 
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Iht  bolt.    V  an  S  by  8-111  strut  and  4  by  8-in  tie^ieans  are  aaed,  B  becomefl 
S  in  and  L  12  in.     Thb  gives 

Bcaxiag  pressure  -  26  000/8-  3  350  lb  per  inch  of  length  of  the  bolt 
Bending  moment  -•  26  000  X  ia/x2  «  26  000  ia-Ib 

Tbe  total  shear  at  the  section  on  one  side  of  the  stmt  is  the  same  as  before. 

From  Table  VII  it  is  found  that  a  2%-in  bolt  is  large  enough  to  provide  for 
the  bearing  and  that  a  2V^-in  bolt  is  sufficient  for  the  bending  as  given  in  Table 
DL  Hence  if  an  8  by  8-in  strut  is  used,  there  must  be  a  2%'m  bolt  and 
'J)e  distance  D  must  be  15  Vi  in  (Table  ^ 

'<^)'  f/  •    J ^"-f^ — ■ 

%  8^  /  B   ! :  >  -I 

Ewnpla  la.    For  the  same  construe-  I   *   ]  I  ^   ; 

tiwa  as  in  Fig.  29  and  the  same  con-  ,         ,         \  t  \\  ^    \ 

ctions  as  in  tbe  first  part  of  Example  ^»  ^*  ^         1  ?' ' '  '  J 

n,  it  is  required  to  determine  the  size  ^   ;  j  B   ( 

'f  the  bolts  when  it  is  necessary  to  ^s*-^      -j  B 'I  j  ""^ 

jse  three.  I   ^  "jji       W      1 

Mvdoo.      The  shear,  bearing,  and  r-O-r-O^-^O--, 

bea<fing  moment  are  the  same  as  in  Fig.  31.    Bolts  in  Wooden  Tie-beam 
iumpic    II,  but  because  there  are 

three  bolts  each  quantity  is  divided  by  3  to  detennine  the  force  resisted  by 
ach. 

Shear  —  13  000/3  -  4  333  lb  and  requires  a  %-in  steel  bolt  (Table  DC) 
Bearing  —  4  333/$  -  i  444  lb  and  requires  a  iy«-in  bolt  (Table  VII) 
Bending  moment  -  19  500/3  -  6  500  in*lb,  and  requires  a  i^in  steel  bolt 
fTable  IX). 

In  this  case  the  bending  moment  determines  the  size  of  the  bolts»  which  may 
U  arranged  as  shown  by  the  dotted  drdes  in  Fig.  29. 

Saunple  13.  It  is  required  to  determine  the  diameter  of  the  bolt  for  the 
cunstruction  shown  in  Fig.  30,  in  which  the  inner  beam  is  of  Douglas  fir  and 
^  by  8  ia  in  section*  and  tbe  outer  beams  3  by  8  in,  the  tension  being  24  000  lb. 

Sehitioa.  5  ■-  24  000;    JB  «  6  in;    £  »  9  in. 

Single  shear  on  the  bolt »  24  000/2  »  12  000  lb 
Bearing-pressure  per  inch  of  length  of  bolt  •■  24  000/6  -^  4  000  lb 
Bending  moment  ■-  24  000  X  9/x2  «*  x8  000  in-Ib 

From  Table  IX  a  iH-in  steel  bolt  is  found  sufficient  to  resist  the  shear,  and 
a  sU-in  bolt  large  enough  to  resist  the  bending.  In  Table  VII  the  largest  bolt 
considered,  3  In,  is  too  small  in  bearing  value.  Dividing  the  load  to  be  resisted 
by  I  200  gives  3  H  in,  as  the  diameter  necessary  to  resist  the  bearing.  The 
distance  D  must  be  4  000/(2  X  130)  +  3H  in  or  tSH  in. 

Bsample  14.  If  two  bolts  are  used,  one  behind  the  other,  it  is  required  to 
<letermine  the  diameter  of  the  bolt  that  should  be  used,  the  conditions  and 
loading  being  the  same  as  in  Example  13. 

Solution.    Dividing  the  quantities  obtained  in  Example  13  by  2, 

Single  shear  »  6  000  lb  and  requires  a  ^i-in  steel  bolt 

Bearing  ■>  2  000  lb  and  requires  a  2-in  bolt 

Bending  moment  -•  9  000  in*lb  and  requires  a  i94-in  steel  bolt 

The  allowable  bearing  on  a  i^-in  bolt  is  (2V^  %)  less  than  the  required  amount, 
fio  that  in  general,  since  the  other  requirements  are  more  than  satisfied,  the 
smaller  bolt  woold  be  used.  For  the  i%-in  bolt,  the  distance  Z>  is  gHln.  The 
space  between  the  bolts  may  be  increased  somewhat  beyond  the  vahie  given  in 


436    Resistance  to  Shear.    Riveted  Joints.    Pins  and  Bolts    Chap.  1 


Table  VII,  and  they  may  be  located  oat  of  the  same  line  as  a  further  precal 
tioQ  against  splitting. 

Case  IV.  Bolt-and-8trap  Joints  in  Trasses*  The  construction  shown  | 
Fig.  32  is  sometimes  used  to  connect  the  foot  of  the  rafter  of  a  wooden  truj 
to  the  tie-beam.  When  the  distance  D  is  sufficient  to  resist  the  shea.r  due  \ 
the  thrust  of  the  rafter,  the  strap  is  of  value  only  in  holding  the  rafter  in  plad 
and  there  are  no  greater  pressures  brought  upon  the  bolt.  When  it  is  impoi 
sible  to  make  D  the  necessary  length,  the  bolt  and  strap  must  be  desi^nt^ 
to  resist  the  full  force  in  the  direction  of  the  strap. 

As  the  STRAP  is  usually  not  more  than  from  V^  to  %  in  thick,  its  ^dtl 
is  such  that   the   bearing   between  it  and   the   rafter   is  small    cotnpard 

with  that  between  the  bolt  anj 
rafter.  The  forces  acting  on  the  bol' 
are  the  only  ones  that  need  con 
sideration.    These  are: 

Single  shear  -  5/2  -  the  tei^ 
sion  in  the  strap  on  one  side 

Bharing  pressure  per  inch  o| 
length  ■•  SjB,  where  B  is  the  widti 
of  the  tie-beam  in  inches 

Bearing  pressl^e  per  inch  o| 
length  between  strap  and  bolt  ^  S,  2  i 


'-0. 


To  find  the  value  of  5,  the  forces 
polygon  is  drawn  as  shown  at  the  right 

Fig.  32.    Strap  and  Bolt  at  Foot  of  Rafter     i°  ^ ig.  32.     T  is  drawn  parallel  to  thq 

rafter  and  with  a  length,  to  a  con- 
venient scale,  equal  to  the  thrust.  From  the  end  a  an  indefinite  line  is  drawn 
parallel  to  the  axis  of  the  strap,  and  from  h  another  line  perpendicular  to  the 
seat  of  the  rafter.  These  intersect  at  <r,  so  that  o^,  measured  by  the  same 
scale  used  in  laying  off  7*,  is  the  magnitude  of  the  force  S  in  the  strap.  li  the 
rafter  rests  on  top  of  the  beam,  he  is  vertical,  but  if  the  tie-beam  is  dapped,  as! 
shown  by  the  dotted  line,  the  line  from  h  is  drawn  perpendicular  to  the  bottom 
of  the  notch,  making  the  intersection  at  (f.  It  is  seen  that  notching  the  tic- 
beam  in  this  way  increases  the  stress  in  the  strap. 

Example  zs.  It  is  required  to  determine  the  size  of  a  strap  and  pin-bolt 
to  hold  the  rafter  without  notching  into  the  tie-beam  of  a  long-leaf  yellow-pino 
king-post  truss.  The  rafter  is  6  by  6  in,  is  inclined  at  an  angle  of  45"  and  is 
under  a  compressive  stress  of  18  000  lb.    The  tie-beam  is  6  by  8  in  in  section. 

Solution.  Since  the  inclination  is  45^  a  consideration  of  the  force-polygon 
in  Fig.  32  shows  ah  equal  to  oc,  so  that 

The  force  5  -  the  thrust  T  -  18  000  lb 
Single  shear  on  bolt »  18  000/2  -  9  000  lb 
Tension  in  strap  on  one  side  »  9  000  lb 

Bearing  pressure  per  inch  of  bolt  against  wood  "18  000/6  -•  3  000  lb 
Bearing  pressure  in  pounds  per  inch  between  strap  and  bolt  ■■  9  000// 
in  which  /  equals  the  thickness  of  the  strap. 

The  allowable  pressure  between  the  strap  and  the  top  of  the  rafter  is  550  lb 
per  sq  in  (Table  V^II),  which,  on  the  6-in  rafter,  gives 

Allowable  load  per  inch  of  width  of  strap  -  6  X  350  »■  2  100  lb 

The  strap  then  must  be  18  000/2  xoo  or  8.6  in  wide.  At  to  000  per  sq  in 
in  tension  the  necessary  section  of  the  strap  is  0.9  sq^  in,  requiring  a  thickness  of 
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boot  O.I  m,  a  sufficient  thickness  if  the  strap  were  strong  enough  to  develop  a 

ii^onn  pressure  over  the  rafter.    It  is  not  i^xkI  practice,  however,  to  use  such 

bin  material,  because  of  the  danger  of  loss  of  strength  due  to  corrosion.    No 

setal  less  tfaaa  %  in  thick  should  be  used  in  such  places. 

The  bearing-pressure  per  inch,  between  the  strap  and  the  bolt,  for  a  H-in 
mp—  9 ooa/%  'm  24 000  lb 

The  bolt,  then,  must  take  a  single  shear  of  9  000  lb,  a  bearing  piessure  of 
iooo  lb  agamst  the  wood  for  each  inch  of  length,  and  a  bearing  of  24  000  lb 
XT  inch  oC  length  against  the  strap.  From  Table  IX  a  xH-in  steel  bolt  is 
hf&aent  to  resist  the  shear,  from  Table  V  a  2-in  bolt  is  large  enough  to  resist 
the  bearing  from  the  strap,  and  from  Table  VII  a  3V4-in  bolt  is  found  necessary 
16  icsist  the  3  ooo-Ib  bearing  from  the  wood  per  inch  of  length  of  bolt.  This 
^skes  the  2%-in  bolt  satisfactory  for  the  joint. 

The  pressure  from  the  bolt  to  the  wood,  however,  is  not  parallel  with  the 
snon  but  incUned  at  4S^  The  allowable  pressure  against  wood  across  the 
frain  is  about  one-fourth  of  that  with  the  grain.  According  to  the  formula 
fivcn  in  Chapter  XXVIII,  page  1x38^  the  allowable  pressure  per  square  inch  for 
tnis  case  is  612  lb  instead  of  the  i  409  per  sq  in  allowed  for  direct  compression 
vith  the  grain.  The  reduced  allowabls  pressure  makes  it  necessary  to  use  a 
ivr-inbolt,  say  a  s-inbolt,  which  would  be  impracticable,  for  it  would  ahnost  cut 
t^  tie-beam  in  two.  It  thus  appears  that  this  form  of  joint  is  not  good  design 
i»  a  trusa  of  this  span.    For  shorter 


^^vaos  the  joint  may  be  made  in 
kxwda&cae  with  the  requirements 
Bven.  It  has  the  advantage  of  not 
\nientiDg  any  projections  below  the 
tie-beam. 

Case  V.  Bolts  in  Tension  to 
Hold  the  Foot  of  a  Rafter,  in  the 
joint  shown  in  Fig.  33  the  bolt  is 

subject      to     DOLECT     TENSION     Only. 

The  amount  of  the  tension  S  is  found 
by   the    construction    explained    in 
Case  IV.    The  rafter  may  be  let  into    h^^^^>^^y>^^^ 
the  tie-beam  or  rest  on  top  of  it,  the     Fig.  33.    Bolt  in  Teasfon  at  Foot  of  Rafter 
tension   in    the   bolt   being    less    in 

the  latter  case;  but  it  i*  easier  to  gwst  tha truss  if  the  rafter  is  notched  into 
TBz  BEAM  from  iV4  to  i\^  in  for  ordinary  spans  and  loads,  to  hold  it  while  the 

pieces  are  fitted.    After  this  is  done,  the  holes  may 
be  bored  exactly  where  required. 

Whenever  S  exceeds  about  10  000  lb  for  trusses 

made  of  timber  for  which  the  highest  bearing  stresses 

are  allowed,  a  cast  plate,  as  shown  in  Fig.  34  and 

made  to  fit  the  inclination  of  the  bolt,  sboukl  be  let 

Rg.  34.    Special  Washer   into  the  tie-beam  at  the  head  of  the  bolt  to  distribute 

the  pressure.  The  diameter  of  the  hole  for  the  bolt 
should  be  %  in  larger  than  the  diameter  of  the  bolt.  The  distance  D  must  be 
made  sufficient  to  provide  for  the  horizontal  component  of  5,  at  the  allowed 
worldng  stress  of  the  material  for  shear  with  the  grain. 

The  horizontal  component  is  found  by  drawing  a  vertical  line  from  c  and  a 
horizontal  line  from  a  and  measurinfl;  ad  to  the  scale  of  the  diagram.  For 
safety,  this  force  must  be  less  than  the  product  of  the  distance  D,  the  width  of 
the  beam  and  the  allowed  shearing-stres§  jG;iYen  ia  Table  I,.page  412. 
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Sttmple  x6.    For  the  same  oonditioos  as  in  Example  15,  for  the  size  of  t 

members  and  the  thrust  in  the  rafter,  it  is  required  to  detennine  the  di&ma 
of  the  bolt  and  the  distance  D  for  a  joint  of  the  type  shown  in  Fig.  33.  1 

Solution.  To  find  5,  draw  T  equal  to  18  000  lb,  at  a  convenieot  scale,  al 
parallel  to  the  rafter.  At  a,  draw  an  indefinite  line  perpendicuUr  to  the  raf  tl 
and  at  6  a  line  perpendicular  to  the  seat  of  the  rafter.  This  makes  S  grewA 
than  in  Example  15,  as  oc  now  scales  27  000  lb.  From  Table  DC,  a  i^-in  sn 
bolt  is  sufficient  to  take  this  in  direct  tension.  The  horixontal  oompoofi 
foimd  as  directed  above,  scales  19  000  lb.  The  width  of  the  tie-beam  is  6  I 
which  at  the  allowed  shearing-stress,  150  lb  per  sq  in,  gives  900  lb  as  the  stfC 
that  must  be  cared  for  by  each  inch  of  D.  19  000  lb  divided  by  900  gives  31  « 
the  required  distance  D,  (See,  aho^  Chapter  XXVIII,  Joints  in  Woodd 
Trusses.) 

The  compression  against  the  grain  on  the  end  of  the  cast-iron^  washer  mu 
also  be  investigated.  19  000  lb  divided  by  the  width,  6  in,  gives'3  166  lb  tiu 
must  be  resisted  per  inch  of  width  of  beam.  At  x  400  lb  per  sq  in,  as  an  allow 
able  working  stress,  this  makes  it  necessary  to  set  the  casting  3%  in  Into  tfa 
lower  side  of  the  beam,  which  exceeds  the  depth  usual  in  ordinazy  practici 
Some  tests  made  at  the  Massachusetts  Institute  of  Technology  on  laige  trusses 
and  reported  in  1897.  indicated  that  for  a  jtest  CAUtzcD  to  rxtfturk  the  stressc 
prescribed  for  usual  designs  might  safely  be  more  than  doubled.  Tests  ot 
timber  under  long-continued  loading  indicate  that  rupture  finally  occur 
for  stresses  approximating  one-half  of  those  developed  in  tests  carkied  t< 
IMMEDIATE  FAILCTRE.  Thls,  and  the  fact  that  decay  may  affect  the  stneogth  a 
the  members,  emphasizes  the  wisdom  of  using  consbrvativb  ivork»g-stress£2 
in  this  material. 
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F!g.  85.    Joint  with  Two  Bolts  b  Direct  Teoaioa 

Bxample  17.  It  is  required  to  determine  the  size  of  bolts  for  the  joint  shotra 
in  Fig.  35,  the  thrust  being  65  500  lb  and  the  truss-members  being  made  of 
long-leaf  yellow  pine. 

Solution.  The  tension  in  the  bolts  is  found  first  by  drawing  the  force-polygon 
as  shown  at  the  right  in  the  figure.  To  the  same  scale  that  ah  represents  65  ico, 
ac  represents  96  500  lb.  If  the  load  is  equally  divided  between  the  bolts,  each 
has  a  tension  of  48  250  lb.  From  Table  IX  this  force  requires  a  iVt-Xn  steel 
bolt. 

The  horizontal  component  ad  is  68  350  lb,  which  must  be  resisted  by  the  shear- 
ing strength  of  the  wood  between  the  end  of  the  cast-iron  washer  on  the  under 
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of  the  tie-beani  and  the  end  of  the  beam  restmg  on  the  wall.  At  150  lb 
per  5q  in,  this  requires  68  350/150,  or  455  sq  in.  If  the  beam  is  8  in  wide,  this 
requires  a  length  of  57  in  along  the  beam  from  the  washer  to  the  end. 

The  bearing  of  the  cast-iron  washer  ai^ainst  the  'end-fibers  of  the  tie-beam  is 
also  68  350  lb.  At  an  allowable  pressure  of  i  400  lb  per  sq  in  the  depth  of 
die  washer  should  be  68350/(8  K  i  4<oo)  «  6.x  tn.  This  would  ahnost  cut  the 
beam  in  two.  The  ultimate  strength  of  the  wood  in  compression  is  about  five 
times  the  working;  stress,  and  since  a  considerable  part  of  the  horizontal  force 
tear  be  ressted  by  the  body  of  the  bolt  as  well  as  by  the  friction  of  the  washer, 
it  is  probable  that  with  washers  94  in  thick  there  would  be  little  sign  of  weak- 
cess  at  the  joint  even  when  the  truss  is  fully  loaded. 

TheoreticaUy  the  washers  on  the  top  surface  of  the  rafter  should  be  deter- 
mined by  the  allowable  working  stress  in  compression  across  the  fibers.  This 
for  long-leai  pine  is  taken  at  350  lb  per  sq  in  (Table  VI,  page  454).  The  area, 
then,  is  48  250/350,  or.  138  sq  in.  This  requires  a  washer  ixH  in  square. 
The  8  by  8-in  washer  used,  assumes  a  pressure  of  755  lb  per  sq  in,  but  as  the  tests 
o(  the  Forest  Service  of  the  United  States  Department  of  Agricolture  give  3  480 
R>  per  sq  in  as  the  elastic  limit  for  kmg-leaf  yellow  pine,  it  is  very  likely  that 
there  would  be  no  signs  of  injury  at  this  point,  other  than  a  sught  imdeioa- 
tios,  when  the  truss  is  fully  k>aded. 
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CHAPTER  Xm 


BEABIN6-PLATES  AI9D  BASES  FOB  COLUMNS,  BEAM  £ 
AND  GIBDiaiS.    BBACKETS  ON  CAST-IBON 

COLUMNS* 

By 
HERMAN  CLAUDE  BERRY 

PROFESSOR  OF  MATERULS  OF  CONSTRUCTION,  UNIVERSnY  OF  PENNSYLVANIA 

1.  Bearing-Plates  and  Bases 

The  Purpose  of  Bearing-Plates  or  Bases.  When  a  heavily  loaded  col- 
umn, beam  or  girder  is  supported  on  a  masonry  wall  or  pier,  a  bearing-plate  or 
BASE  of  suitable  dimensions  must  be  used  to  distribute  the  load  so  that  the 
pressure  will  not  exceed  the  safe  bearing  strength  of  the  masooty  (Table  I). 
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Fig.  1.     Simple  Bearing- 
plate 
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Fig.    2.    Beveled    Cast- 
iron  Plaie  with  Pin 


PLAN 
Fig.  S.    Ribbed  Cast-iron  Plate 


The  bearing-plate  is  designsd  to  be  stiff  enough  to  distribute  the  pressure 
under  it  uniformly,  and  its  area  is  determined  by  dividing  the  load  on  it  by 
the  allowable  pressure  per  unit  of  area  (Table  II). 

Simple  Bearing-Plates.  Fig.  1  shows  a  simple  bearing-plate  under  a 
beam.  It  may  be  a  steel  or  cast-iron  rectangular  plate  of  sufficient  thickness 
to  prevent  its  bending  at  the  edge  of  the  beam  from  the  pressure  of  the 

*  See,  also,  Cfaa?tef  XIV,  Subdivisions  8  to  xx. 
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beloir.    For  anchors  for  steel  foesms  on  beariog-plateB,  see  Chapter 
XV,  pagt  619. 

Ca8t-Ir«a  Plates  with  Pin.  ]Rg.  2  is  a  cast-iron  plate  with  a  dowel-pin 
to  fit  inskie  tbe  shell  of  a  cast-iron  column,  or  into  a  recess  cut  in  the  bottom 
of  a  wooden  one.    The  pin  holds  the  base-plate  in  position. 

Cast-Iron  Ribbed  Bases.  Fig.  3  is  a  cast-iron  ribbed  base  for  a  large 
cyimdrkad  cast-iron  column,  capable  oC  supporting  a  load  heavy  enough  to 
break  a  plate  similar  to  the  one  shown  in  Fig.  2,  at  the  edges  of  the  column, 
snfess  the  plate  were  made  unduly  thick. 

TmMm  h.    ADowaUd  Bearing  Pressure  on  Different  Kinds  of  Masooiy 


Allowable 

pressures 

Kind  of  inaaonty 

Lb  persq 
in 

Tons  ptr 

sqft 

From  the  buiUing  laws  of  New  Y 

ork,  X9X7 

Brirk.  in  Kirw  mortftr      

xxo 
x6o 
250 
140 

soo 

8 

x8 

zo 
.^6 

in  Kmr^nd-cement  mort«r 

in  Portland-cement  tnof^r 

RnbMe  masonrv.  id  Porthnd-cement  mott^r- ,  - 

Cxmcrrtu   Portland  cement.  i;2?<i 

1                                -    - 

From  the  building  laws  of  Chica 

go,  19x6 

Rubble,  in  lime  mortar 

60 

zoo 

120 
200 
400 
600 

3SO 

400 

4.. ^2 

7-2 

8.6 

X4  4 
28.8 

43. a 
35.4 

28.8 

'  CooTMrd  nibble,  in  Ume  mortar- ,...,., 

in  Portland-cement  mortar 

.\5hlar.  limestone,  in  Portland-cement  mortar 

granite,  in  Portland-cement  mortar. . 

-  Coocfete.  Portland<ement,  1:2:4,  hand-mixed 

machine-mixed . . 

The  Bases  of  the  Steel  Cores  of  Composite  Columns  used  in  reinforced- 
concrete  construction  have  areas  sufficient  to  distribute  the  loads  of  the  columns 
over  the  concrete  in  the  fooHngs  at  the  allowable  working  stress  of  the  concrete. 
(See,  also,  page  474,  Figs.  14  and  13.) 

Example  i.  The  basement-columns  of  a  warehouse  are  designed  for  a  load 
of  213  000  lb  each.  It  is  required  to  determine  the  size  of  the  base-plates  to 
rest  on  the  concrete  foundations.    (Table  II  used.) 

Solotioa.  At  an  allowable  pressure  of  208  lb  per  sq  in,  the  required  area  is 
3X2  000/208  or  I  020  sq  In.  or  about  32K  in  square.  The  plan  and  section  of 
the  base-plate  is  shown  in  Fig.  3. 

Forms  of  Base-Plates.  For  small  columns  and  wooden  posts  with  light 
loads,  plain  plat  plates  of  cast  iron  or  steel  are  generally  used.  The  cast-iron 
plates  may  have  a  raised  ring  or  cross  to  (it  inside  a  hollow  metal  column,  or 
a  dowel,  from  xH  to. 3  in  in  height  for  a  wooden  one.  If  the  plate  is  very  thick 
the  outer  edges  may  be  beveled  to  save  weight,  as  shown  in  Fig.  2,  but  no  part 
of  it  should  be  less  than  about  H  in  thick. 
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Xtbl*  n.    AlomiU*  Loftdt  oa  Btudtttf*  WMi  BMriaf^natw  oo  Walls 


Bearing  on 

waUp 

in 

Size  of  plate, 
in 

Sale  bearing  va^usoC  plale  in  pouads 

1 

Briclct  laid  in  mortar  of 

fl 

Lime.  XX3* 
lb  per  sq  in 

Lime  and 

cement,  162* 

lb  per  sq  in 

Cement,  208^ 
lb  per  aq  in 

6 

6x  6 
6X  8 
6xxo 

4  070 
5400 
6700 

5800 
7800 
,9700 

7S0O 
xoooo 
12500 

8 

8X  8 
8X10 

7300 
9  000   * 

10200 
x;ixao 

X3  300 
x6  6oo 

8X12 

X0  703 

15500 

30000               1 

xo 

xoxxo 

XI  200 

16300 

30800 

10X12 

X0XX4 

13  450 
15700 

X9  500 
22700 

25300 
37900 

13 

12X12 
X3XX4 
Z2Xl6 
Z2Xl8 

x6z5o 
X8800 
32000 
34200 

23300 
27400 
3Xaoo 
34500 

30000 
35000 

40  100 
45000 

X4 

14X14 
14X16 
X4XX8 
14X30 

33  XOO 

35000 

38  300 
31400 

3X  800 
36300 
40800 
45400 

40800 
46  600 
53400 
58100 

x6 

X6XX6 
16x18 
X6X30 
X6X22 

28700 
32300 
35800 

39  500 

41500 
46600 
5x900 
57000 

53  300 

59*00 
66  700 
73200 

1 

*  These  values  are  slightly  diflferent  from  those  of  the  New  Yofk  Code  (19x6). 

Ribbed  Beset.  •!!  the  caloxlatcd  size  of  a  bearing-plate  is  so  large  that  its 
projection  beyond  the  edge  of  the  column  would  be  more  than  about  6  in,  a 
RIBBED  BASE  Similar  to  that  shown  (Fig.  3)  for  a  cylindrical  column  is  used. 
For  such  bases  it  is  unnecessary  to  consider  the  transverse  stresses.  When 
these  bases  are  bolted  to  the  columns  they  add  greatly  to  the  general  stability 
of  the  supporting  members  because  of  the  greater  width  of  such  bases. 

Proportions  of  Ribbed  Bases,  The  height  H  of  this  type  of  base  should 
be  approximately  equal  to  the  projbctioi^  P,  and  the  diameter  D  equal  to 
the  diameter  of  the  column.  The  projection  C  should  be  at  least  3  in  to  permit 
the  bolting  of  the  column  to  the  base.  The  thickness  of  all  parts  of  the  casting 
should  be  the  same  and  approximately  equal  to  the  thickness  of  the  coluixui- 
shell.  There  must  be  no  thin  webs  as  they  result  in  breakage  from  shrinkage- 
stresses. 

Bsse-Plates  for  Steel  Colamns  sre  usually  nuule  of  steel  plates  and  shapes 
as  shown  on  the  channel-columns  in  Chapter  XIV,  Figs.  17, 18  and  19.  Cast- 
iron  bases  are  sometimes  used  for  very  heavy  columns.  If  conditions  sie 
favorable  to  the  action  of  corrosion  the  cast  iron  is  to  be  preferred. 
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The  Atm  of  B—fing-Plat—  vndn  Bmm»  and  Olrdars  is  found  in  the 
tme  maofier  as  the  area  ol  plates  tinder  Goliinms.  If  the  load  on  the  beam  is 
niformly  distributed  over  the  beam  or  ooncentrated  at  its  middle,  the  required 
irea  of  the  plate  is  one-half  the  total  load  on  the  beam  divided  by  the  allowable 
bearing  per  unit  of  area  on  the  masonry;  but  if  the  load  is  a  moving  load,  the 
srcatcst  possible  end-reaction  must  be  divided  by  the  allowable  bearing.  For 
oample,  a  heavily  loaded  truck  standing  near  the  end  of  the  beam  causes  a 
ivessure  on  the  bearing-plate  much  greater  than  one-half  its  weight.  The 
true  reaction  for  tlie  actual  conditions  must  be  found  by  the  methods  explained 
a  Chapter  DC. 

The  ThidaieM  ol  the  Bearin<-Plate  is  found  by  the  formula  used  to 
(ktennine  the  flexure  of  beams.  It  must  be  determined  in  each  case.  For  a 
t]fpicaj  case  the  forces  acting  are  shown  in  Fig.  5,  which  represents  a  transverse 
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Fig.    S.    Fofoes   Acting 
on  Half  of  Bearing-plate 


vErtical  sectioa  through  one-half  the  plate.  The  vertical  section  at  C,  and 
through  and  parallel  with  the  web  of  the  I  beam,  is  taken  through  the  center  of 
i^  ptatCp  which  ia  the  dangerous  section,  or  section  of  maximum  bending  mo- 
aent 

In  Figs.  4  and  5,  b'  is  the  bearing  depth  on  the  wall; 

/  is  the  length  of  the  plate,  parallel  with  the  wall; 
h  is  the  width  of  the  flange  of  the  beam; 
R  is  the  load  on  the  bearing-plate. 

Rcpladng  the  uniform  loads  by^  the  equivalent  forces  at  the  center  of  gravity 
of  each,  these  forces  are  represented  by  the  longer  arrows.  The  bending  mo- 
ment at  the  section  at  c  is  the  same  as  the  moment  of  the  concentrated  forces, 
giving, 

M^{R/2XlU)-{R/2Xb/4) 
^^  Af-i?/2X(/-6)/4 

pns  is  equal  to  the  resisting  moment  at  the  same  section  c,  or,  at  stress  S, 
^l(cy  in  which  I/c  is  the  sectbn-f actor.  (See  Chapter  XV.)  This  reduces  to 
•^^76.    Equating  the  bending  moment  and  the  resisting  monvnt  there  results 

Sfib'/6  -  Ril  -  ft)/8 

»nd  /  -  0.866  VR(l^b)/Sb' 

For  5  *  3  000  for  cast  iron,  this  reduces  to 

i- 0.0158  V^  (/-*>/*' 


For  5-16  000  for  steel  plates,  it  becomes 

I  -  0.0068s  VRH^b)/!/ 


(i) 


U> 
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Bzample  a.  It  is  required  to  determine  the  Itagth  and  thickness  of  a  cast 
iron  bearing-plate  under  a  wooden  beam  which  is  lo  in  wide  aad  supports  i 
load  of  34  000  lb.  The  plate  is  8  in  wide  and  bears  that  width  on  a  brick  wal 
laid  up  in  lime  mortar. 

Solution.  The  load  on  the  plate  is  24  099/2  «  12  000  lb.  From  Table  H 
the  area  of  the  plate  is  12000/112*  108  sq  in.  Hence,  if  the  width  of  thi 
plate  is  8  in,  its  length  must  be  13%  in.    Then,  from  Formula  (i) 

<  «•  OA158  Via  000  (13^  —  xo)/8  «  X.E5  in 

A  plate  iH  in  thick  would  be  used. 

Bzuaple  3.  It  is  required  to  determine  the  length  and  thickness  of  a  steel 
bearing-plate  under  the  end  of  a  24-in  79-9-lb  I  beam  supported  on  a  12-in  brick 
wall  laid  up  in  lime-and-cement  mortar  and  canying  a  load  of  60  000  lb.  Th< 
width  of  the  flange  of  the  beam  is  7  in.    (See  Table  I.) 

Solution.    The  load  on  the  plate  is  60  000/2  «  30  000  lb 

The  area  of  the  plate  *  30  000/160  ■■  x87><  sq  in 
The  length  of  the  plate  is  187.5/12  »  15.6  in 

Then,  from  Formula  (2) 

/ «  0.00685  V30  000  (15.5  -  7}/ 12  -  I  in 

Standard  Sizes  of  Steel,  Wall  Bearing-Plates.  These  are  given  in  Tabic 
n«  and  are  based  upon  ALLOWABLBrpRESSuaES  of  xx2, 162  and  208  lb  per  sq  ia. 
These  xtnit  prsssures  are  based  upon  the  allowable  pressures  of  the  Nev 

York  and  Philadelphia  building  laws  which  auc  ex- 
pressed in  USDS  per  square  foot.  Because  of  the 
complicated  formula  on  which  the  thickness  depends! 
it  is  best  to  compute  the  thickness  for  each  case. 

Bearing-Plates  under  Columns.  The  general 
rules  already  given  [for  the  proportions  of  ribbed 
BASES  similar  to  that  shown  in  Fig.  3  are  a  sufficient 
guide  for  detailing  such  bases;  but  in  case  simple 
FLAT  PLATES  are  used  under  colunms,  their  thick nesi 
must  be  ooinputed  according  to  the  principles  govern- 
ing bending.    The  stress  in  a  flat  flats  supported 

Fig.  6.    Flat  Bcsring-plate   at  the  middle  and  subjected  to  a  uniform  load  cannot 
for  Column  be  determined  by  the  ordinary  methods  of  mechanics. 

The  approximate  solution  here  given  is  generally 

used  in  the  design  of  base-plates  and  columk-footixgs.    It  gives  values 

found  to  be  safe  in  practice. 

In  Fig.  6,  let  B  -  the  length  of  the  side  of  the  plate  as  determined  by  the 

alkywable  pressure  on  the  supporting  masonry; 
D  »  the  side  or  diameter  of  the  column; 
P"  (B—  D)/2  -•  the  projection  of  the  plate; 
/ «  the  thickness  of  the  plate; 
j4'  -  the  area  of  the  plate  outside  the  column; 
w  «•  the  allowable  bearing  pressure  on  the  masonry  due  to  the 
load  on  the  column. 

Then  in  Fig.  6.  the  pressure  on  one-fourth  of  A\  shown  enclosed  by  the  dotted 
lines  in  the  figure,  causes  sharing  and  bending  stresses  in  the  section  of  the 
plate  along  the  line  ab.  Considering  the  part  enclosed  and  taking  moments 
about  the  section  ab,  the  following  equation  is  obtained  from  the  usual  bend- 


B 

/ 

„     / 

D        .fL 

*     P       » 

b 

N 
\ 

\ 

1 
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iDc-maoicot  formula.    (See  Chapter  XV,  pi«B  557.)    That  is,  the  resistiiig 
mament  equals  the  beodi^  aameDt,  or 

For  the  rectangular  section  at  ab,  this  may  be  written 

•bence                                   t^V^A'Fw/iSD 
wfaich  becomes  f  or  5  ■■  3  000  

/  -  0.0224  VA'Pw/D 
and  for      •  5  -  16  000    

t  -  0.0097  VA'Pw/D 

tnmplo  4»  It  is  required  to  determine  the  size  and  thickness  of  a  cast-iron 
bearing-plate  to  be  used  under  a  wooden  post  12  in  square  in  CEoss-sectton  and 
6s^goed  for  a  load  of  1x5  200  lb.  The  plate  is  to  be  set  on  briciiwork  laid  in 
cesient  moftar  in  New  York.    (See  Table  I.) 

Sohition.  The  required  area  of  the  base  is  115  200/250  i-  461  iq  in.  '\/46x 
*  21^7  and  a  22-in.  square  plate  would  be  used. 

Then  A*  -  461  — 144  -  317  sq  in 

P  -  (22  —  i2)/2  -  s  in 
D  *  12  in 
w  «  250  lb  per  sq  in 

Hence  /  -  0.0224  V3X7  x  5  X  250/12  •  4  in 

This  tbickness  may  be  beveled  to  x  K  in  at  the  edge.  The  computed  thickness 
is  greater  than  is  usual  for  such  plates,  some  formulas  having  more  practical 
(jcstants  which  really  assume  a  stress  of  about  10  000  lb  per  aq  in  in  cast  iron 
is  bending. 

If  the  plate  is  made  of  steel 

i  -  0.0097  V317  X  5  X  250/12  -  i9i  in 

2.  Bearing-Brackets  on  Cast-Iron  Columns 

The  Ususl  Colomn-ComiectionB  for  fastening  beams  and  girders  to  cast- 
iroa  columns  are  shown  in  Fig.  7.*  The  end  of  the  beam  or  girder  is  set  on 
a  SBELP  P,  under  which  is  a  bracket-suppost  C,  cast  on  the  side  of  the  column. 
For  a  single  beam,  one  bracket  is  sufficient;  for  wide  beams  or  girders  there 
should  be  two  ribs.  The  ends  of  the  beams  are  fastened  to  the  column  by 
boiling  to  LUGS  Lt  cast  on  the  column  above  the  bracket.  Sometimes  a  colunm 
is  fastened  by  bolts  passing  through  the  bottom  flange  of  the  beam  and  through 
the  shelf-plate.  This  connection  greatly  decreases  the  lateral  stability  of  a 
building  and  should  not  be  used. 

The  Shelf  and  Brackets,  when  k>aded,  are  subject  to  sheasino  and  bend- 
LNO-STRESSES.  The  SHEAR  at  the  outer  surface  of  the  column-shell  is  equal 
to  the  end-reaction  of  the  beam  it  supports.  The  brnoiicg-stress  is  due  to  the 
application  of  the  load  on  the  shelf-plate  at  some  distance  from  the  surface  of 
the  column.  It  causes  a  tension  at  the  top  of  the  bracket  which  tends  to  tear 
out  the  shell  of  the  column,  and  causes,  also,  a  compression  at  the  foot  of  the 
rib.  The  thickness  of  the  rib  must  be  great  enough  to  withstand  the  com- 
pression from  the  load  above;  and  since  the  stress  is  variable  along  a  section, 

*  See  sho.  Figs.  5  and  7,  piges  457  sad  458. 
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u  along  tbe  line  X,  a  rough  appioiimation  may  be  made  by  assuming  tl 
stress  at  the  eitreme  edge  to  be  twice  the  average  stress,  and  by  further  aasun 
ing  that  the  section  in  the  rib  takes  case  o(  aU  the  compression.  This  iiijJlc& 
unneyressary  to  find  the  center  of  CAAvrry  and  the  mokent  of  xnertia  of  tl 
section  at  X,  both  of  which  must  be  known  if  the  flexure-formula  is  use^ 
This  procedure,  also,  makes  unnecessary  any  assumption  as  to  the  true  positio 
of  the  CENTER  of  PRESSURE  ou  the  top  surface  oC  the  bracket.  With  the  thick 
ness  of  rib  given  in  the  tables  there  is  an  ample  factor  of  safety  for  any  loa 


Fig.  7.    Cast-iroa  Columns  with  Bearing-brackets 

that  may  be  applied  through  a  beam.    The  double  ribs  are  required  when  wide 
beams  are  used,  not  for  strength,  but  to  prevent  the  failuTe  of  the  shelf  from 

ECCENTRIC  loading. 

Tests  of  Cast-iron  Brackets.  Brackets  of  cast-iron  columns  tested  by  the 
New  York  Building  Department  gave  a  shearing  strength  of  4  200  lb  per 
sq  in  on  the  section  at  the  column  when  the  load  was  applied  at  the  end  of  the 
bracket,  and  an  average  of  8  000  lb  per  sq  in  when  the  load  was  distributed  over 
the  bracket-shelf.  The  range  of  stress  in  the  &rst  case  was  from  2  450  to 
5  600  and  in  the  second  from  4  100  to  10  900  lb  per  sq  in.  In  seventeen  out  of 
twenty-two  tests  the  manner  of  failure  was  the  tearing  out  of  a  hole  in  the 
body  of  the  column.  It  appears  that  when  the  thickness  of  the  rib  and  shelf 
b  the  same  as  that  of  the  shell  of  the  column,  there  is  generally  ample  strength 
for  the  support  of  beams  and  girders;  but  that  in  the  case  of  very  heavily 
loaded  beams,  the  shearing  and  crushing  strength  should  be  investigated. 
From  the  results  of  the  tests  mentioned,  a  low  working  stress  for  sheai 
must  be  assumed. 

The  Bevel  of  Brackets.  If  the  shelf  P  (Fig.  7),  on  which  the  beam  rests, 
is  cast  SQUARE  with  the  column,  when  the  beam  deflects,  the  load  is  brought  oa 
the  extreme  end  of  the  bracket,  causing  an  increased  bending-stress  in  the 
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IS  and  tending  to  tear  a  hole  in  tbe  column-shell.  Ta 
ati-otd  this  the  bracket-shelf  should  be  abped  downirard}  away  from  the  coLunm^ 
and  sfaould  have  a  bevei.  oIH  in  to  tlu  foot. 

Standard  Connections  for  Cast-iron  Column!.  Table  III,  published 
angjually  in  the  Pawiac  Rolling  Mtll  Handbook,  tnd  tfittiy  uMil  by  other 
manufacturers,  will  be  found  useful  when  detailing  cast-iron  colunms. 

Tibia  DL    SlmtaMl  CaoiwcttaBa  te  Cast-iron  CelnmiH 
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CHAPTER  XIV 

STRENGTH  OF  COLUMNS,  POSTS  AND  STRUTS 

By 
CHARLES  P.  WARREN 

LATK  ASSISTANT  PEOFESSOK  OF  ARCKITECTUME,  OOLUICBIA  XnOVEMSOY 

1.  Oeneral  Prhidples  and  Definitions 

Slendemess-Rstio.  The  maimer  in  which  a  material  fails  mider  oompressioi 
or  pressure  depends  not  only  upon  its  nature,  but  also  upon  its  dimensions  aii< 
form.  The  ratio  of  its  length,  in  inches,  to  its  diameter  or  least  lateral  dimen 
sion,  in  inches,  l/d,  or  the  ratio  of  its  length  to  Its  least  radius  of  gyration.  i,'r 

is  its  SLENDERNCSS-RATK). 

The  following  average  limits  of  slendernaas-ratios  are  generally  recognized 
in  engineering  practice; 

Solid  wooden  columns,  l/d  from  about  8  to  30; 
Solid  wooden  columns,  l/r  from  about  30  to  xoo; 
Hollow  cast-iron  colimms,  l/d  from  about  8  to  30; 
Hollow  cast-iron  columns,  l/r  from  about  xo  to  70; 
Steel  columns,  l/r  from  about  30  to  130. 

Thraa  Classsa  of  Columns,  (i)  The  actual  compressive  strength  of  a  ma- 
terial  must  be  determined  on  very  short  specimens  in  which  there  is  no  tendency 
to  bend  or  to  buckle.  (2)  The  load  required  to  break  the  specimen  does  not 
change  much  until  l/d  is  about  8  or  10.  or  l/r  is  about  35  or  30.  When  these 
ratios  are  exceeded,  the  specimens  tend  to  fail  partly  by  direct  compression  and 
partly  by  bending.  (3)  When  l/r  is  greater  than  about  200,  the  column  fails 
by  bending. 

2.  Strength  of  Short  Wooden  Colnmns 

The  Safe  Load  for  a  Short  Wooden  Column,  the  length  of  wluch  b  not 
more  than  10  times  the  least  dimension,  may  be  computed  by  the  formula 

„  ,   ,     ,     area  of  cross-section  X  S  ,  . 

Safe  load 1-- z — tt (0 

factor  of  safety 

in  which  5  denotes  the  crashing  strength  of  the  given  material  as  stated  m 
Table  I. 

The  Factor  of  Safety  to  be  selected  depends  upon  the  place  where  the  col- 
umn is  used,  the  load  which  comes  upon  it,  the  quality  of  the  material  and,  in  a 
large  measure,  upon  the  value  given  to  S.  For  lumber  of  ordinary  quality,  con- 
taining no  very  bad  knots,  a  factor  of  safety  of  five  may  be  used;  or,  in  other 
words,  the  safe  stress  per  square  inch  of  section-area  may  be  taken  as  one-fifth 
of  the  values  given  in  Table  I.  If  the  column  is  badly  season-checked,  cross- 
grained,  or  contains  bad  knots,  a  larger  factor,  say  six  or  seven,  should  be  used. 
The  chauracter  of  the  load,  also,  should  be  taken  into  consideration  in  determining 
the  factor  of  safety.  Thus  for  a  wooden  post  supporting  a  brick  wall  a  larger 
factor  should  be  used  than  for  one  supporting  a  floor,  as  in  the  former  case  the 
full  lord  h  at  all  times  on  the  post,  and  the  least  reduction  of  its  section-area  ia 
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of  five  migiit  cauiae  k  to  give  way.  Wooden  posts  supporting  machinery,  or 
Ssjodeo  struts  in  railway  bridges,  should  have  a  factor  of  safety  of  from  six  to 
ei^ht.  if  the  vahies  of  5  ffvca  in  Table  I  are  used. 

Tsble  I.*    Avenco  Crushing-Loads  in  Pounds  per  Square  Inch,  for  Build- 
ing Materials 


Materials 

Crushing- 
loads, 
lb  persq 
in 

Materials 

Crushing- 
loads, 
lb  persq 
in 

Por  stone,  brick,-  concrete 
aikd  maaonry,  see  Chap- 

5 

80000 
55000 
60000 

3500 

4000 

Woods  (continned) 
Cyoress 

5 

3500 
4000 
SQOO 
5000 
4000 
4500 
3500 
4000 
4000 
4500 
3000 

ter  V 

Hemlock 

Uetals 
Cast  iron 

Oak,  white 

Pine.  Iong4eaf  yellow 

Pine,  short-leaf  yellow 

'•brought  iron 

Sttad.  rolled  shapes 

Pine,  Norway 

Pine,  white 

^oods.  witii  the  gnunt 
^edar 

Redwood,  California 

Spruce 

^':testiiat 

Whitewood 

*  See.  abo.  Tabk  XVI,  page  647.  and  Table  I,  page  1138. 

t  Theie  are  values  for  wooden  CDlumns  under  15  diameters  in  height  and  are,  of 
coone.  average  values.  For  the  safe  loads,  per  sq  in,  on  timbers,  perpendicular  to 
tbe  grmin.  see  Table  VI. 


I.    What  is  the  safe  load  for  a  long-leaf  yellow-pine  column,  10  by  10 
in  in  czoas-section  and  12  ft  long,  using  a  factor  of  safety  of  5? 

Solntion.  Area  of  cross-section  — 100  sq  in;  safe  load  per  sq  in  ■■  5  000/5  •■  xooo; 
1 000  X  xoo  "■  xoo  000  lb. 

Example  3.  It  is  required  to  support  a  brick  wall  weighing  80  000  lb  by  a 
Douglas-fir  colunm  11  ft  long.    What  should  be  the  cross-section  of  the  column? 

Solution.  As  previously  stated,  for  these  conditions  it  would  be  wise  to  use  a 
factor  of  safety  of  6.  Then  the  safe  resistance  per  square  inch  of  section-area  > 
4  500/6  -i  750;  80000/750  >-xo6  sq  in  requir(^d,  about  equivaleat  to  a  to  by 
10-in  doss'^ection. 

S.  Strength  ci  Wooden  Cdiunns  or  Struts  Over  Ten  Diameters 

in  Length.    Formulas 

Pormvlas  for  Wooden  Columns.  If  the  length  of  a  solid  column  exceeds 
about  ten  times  its  least  cross-dimension  it  b  liable  to  bend  under  the  load,  and 
hence  to  break  imder  a  less  load  than  would  break  it  if  it  were  shorter  and  of 
the  same  cross-section.  To  deduce  a  formula  which  will  make  the  proper  allow- 
ance for  the  length  of  a  colunm  has  been  the  aim  of  many  engineers,  but  their 
formulas  have  not  always  been  exactly  verified  by  actual  results. 

Until  recently  the  formulas  of  Lewis  Gordon  and  C.  Shaler  Smith  have  been 
used  generally  by  engineers,  but  the  extensive  series  of  tests  made  by  the  Govern- 
raent  at  Watertown,  Mass.,  on  full-sized  wooden  columns,  showed  that  these 
formulas  did  not  agree  with  the  results  there  obtained.  James  H.  Stanwood 
in  the  year  X891  plotted  the  values  of  all  the  tests  made  at  the  Watertown 
Arsenal  up  to  date  on  full-size  wooden  columns.    From  the  results  thus  obtained 
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he  deduced  the  following  straigbt-lxne  foricula  for  long-leaf  ydlow-ptne  axKi 

winte-oak  columns: 

length  hi  jtk^?** 
Safe  load  per  square  inch  -  z  oco  —  lo  X  r — T:r~. — : — r —  (-2) 

breadth  in  inches 

The  author  has  carefully  compared  this  formula  with  the  results  of  actuaJ 
tests,  and  with  other  formulas,*  and  believes  that  for  timber  without  serious 
defects  and  with  not  more  than  xo  or  12%  of  moisture,  it  meets  the  actual  con- 
ditions as  nearly  as  any  other  formula.  He  has  therefore  prepared  Tables  II 
m,  IV  and  V  for  the  strength  of  round  and  square  columns  of  the  sizes  generally 
used  in  practice.  Of  course  other  formulas  must  be  used  when  required  by  cer^ 
tain  city  building  laws.  For  other  sizes  the  loads  can  easily  be  computed  by 
the  formulas.  For  cc^omns  having  bad  knots  or  other  defects,  or  more  than 
10  or  ia%  of  moisture,  or  which,  are  to  be  exposed  to  the  weather  or  known  to 
be  eccentrically  loaded,  a  deduction  of  from  10  to  25%  should  be  made  from  the 
values  given  in  the  tables. 

The  loads  for  columns  of  other  species  of  wood  were  computed  by  the  following 
formulas  of  the  same  form  as  that  of  Formula  (2): 
For  Douglas  fir  and  spruce, 

„  .  .     ,  .    1      „         «         length  in  inches  ,  . 

Safe  l<»d  per  square  inch  -  850  -  8.5  X  b^ti.fat„dM.  ^^ 

For  chestnut,  hemlock,  short-leaf  yellow  pine  and  white  pine, 

„  -  ,     ,  .    ,  length  in  inches  ,  ^ 

Safe  to«l  per  Kiuare  inch-  750-  7-5  X  ^^^^  .^  ^^  (4) 

For  cedar,  cypress,  redwood,  Norway  pine  and  wbitewood, 

^  ,   .     ,  .    ,      ^         ^      length  in  inches  ,  . 

Safe  load  per  square  inch  -  625  —  6  X  ^^ r~r~' — : — r —  (s) 

breadth  m  inches 

In  these  formulas  the  breadth  is  the  least  side  of  a  rectangular  column,  or  the 
diameter  of  a  round  column.  The  round  columns  were  computed  for  the  half- 
inch,  to  allow  for  being  turned  out  of  a  square  column,  of  the  next  size  larger. 
The  formulas  were  used  only  for  columns  with  a  diameter  or  least  side  exceed- 
ing 12  diameters  for  yellow  pine  and  white  oak,  and  exceeding  10  diameters 
for  other  woods. 

4.  TabUs  of  Safe  Load«  for  Wooden  Colitm&a 

TaMee  II,  m,  IV  and  V  give  the  safe  loads  in  pounds  for  round  and  square 
wooden  columns  of  different  cross-sections  and  lengths  and  of  different  kinds  of 
wood.  They  were  computed  from  formulas  as  explained  above  and  are  for 
favorable  conditions  of  material,  seasoning  and  position  in  bnildmgs. 

*  There  are  many  formulas  (or  the  safe  loads  per  square  Inch  of  cross-section  of  wooden 
ceiumnt.    Amoag  those  frequently  UMd  are  the  following: 

American  Railway  Ei«iiicerlng  and  Maintenance  of  Way  AasodatMm, 

P/A  -5(x-//6orf) 

Department  of  Agriculture, 

PM  - 5 (700 -h xs//d)/(7oo -»-x$;/J +/«/<^) 

Winslow  Formula  (Chicago  Law), 

P/A  -5(1 -//8od) 

In  these  formulas,  P  is  the  safe  load  in  pounds,  A  the  aiea  of  the  croa»*sectxon  in  square 
inches,  P/A  the  safe  load  in  pounds  per  square  inch,  5  the  safe  end-bearing  compression 
per  square  inch,  I  the  length  in  inch»  and  d  the  least  side  or  diameter  in  inches.  These 
f(»mulas  give  smaller  safe  loads  than  those  of  Tables  II,  III.  IV  and  V;  but  as  the  loads 
of  these  tables  are  to  be  decreased  for  unfavorable  conditions  and  the  loads  determined 
from  the  three  formulas  mentioned  xnckeased  for  favorable  conditions,  the  icsults  are 
about  the  same. 
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lUto  H.    Sate  Loads  in  Povads  for  Loeg -Loaf  ToUoir-Siae  and  WUt^ 

Oak  CftlnnwM,  Boood  and  Sqoaro 


'  Suecrfcolninn 
in  inches 


4X6 

S^ixoond 

6X6 

<X8 

6Xio 

;}iroand 

SXS 

8XIO 

sXra 

9Vi  round 

loXio 

lOXl2 

ICXI4 

iiVi  Tound.... 
i2Xia 

K2Xi4.-^ 

i2Xi6 

X4XI4 

i6Xi6 

i«Xi« 

30KJ0 


I^ength  of  column  in  feet 


S 


i8 

19 
30 
40 
SO 
38 

64 
80 

96 

TO 

xoo 

130 

MO 
103 
144 
x68 
19a 

256 
324 
400 


JOO 

S90 
aoo 
900 
400 
540 
000 
000 
000 
900 
000 
000 
000 
900 
000 
000 
000 
000 
000 
000 
000 


zo 


16 

x8 
as 
38 
48 
37 

8x 

61 
100 
xao 

X40 
103 
X44 
x68 
19a 

256 

334 
400 


800 
760 
800 
400 
000 
130 
400 
000 
600 

970 
000 
000 
000 

900 
000 
000 

000 
000 
000 

000 
000 


13 


14 


360 
SSO| 
400 
Soo 
600 
710 
SOO 
600 
700 
X90 
600 
700 


IS 
17 
27 
36 
45 
35 
52 
65 
78 
60 

85 
xoa 

X19 

90 

192 

as6 

324 
400000:400 


16 
25 

34 
43 
34 
SO 
63 
76 
S8 
83 
99 


soo 

600 
aoo 

000 
aoo 
800 
3SO 
aoo 
800 
soo 
730 
800 
SCO 


IS 


800,  xx6 

91a  88 

000;  xas 

000x44 

000'  x6s  xoo*  X63  aoo 
000.  X90  ooo]  170  900 
ooo!a36ooo|2a9  xoo 
000324 


25  200 

33600 

42000 
33S90 
49600 
62000 
74400 

57  429 
82000 
98400 
XX4800 
87690 
X22  400 
142800 


r 


0001334000 

000;  400  000 


16 


18 


24  500 

32600 

40800 

32890 

48600 

60800 

73  000i 

S6580 

80800 

97000 
X13100 

86SS0 
X2X  000  xx8 
X4I  XOOIX37 
x6x30o|iS7 
169  xoo;  x6s 

a2S30O22X 

2894001285 

400  000i3SO 


46 

53 
70 
54 

78 

94 
X09 

84 


700 
400 
xoo 

800 
400 

100 

800 
160 

100 

800 
400 
800 

400 
xoo 

800 


20 


76 

9t 

X06 
82 

lis 

134 

XS3 

x6a 

217 
280 

352 


000 
200 
400 
290 
200 
400 
600 
400 
600 


24 


I 


X09440 
X276B0 
145990 
155800 
209900 
x6o 
0001342400 


800272 


Table  in.    Safe  Loads  in  Pounds  for  Douglas-Fir  and  Spruce  Columns, 

Round  and  Square 


Sise  of  coluxnn 
in  inches 


4X6 

5^^  round 

6X6 

6X8 

6X10 

7^i  round 

8X8 

8XX0 

8X12 

9^^  round 

loXxo 

I0XX2 

X0X14 

iiVi  round.... 
12X12 

12X14 

12X16 

14X4 

X4X16 

x6XiO'  ••*••••• 


Length  of  column  in  feet 


8 


x6^ 

25704 
34272 
43840 
32740 
47870 
59840 
71808 
$4150 
85000 

103  000 
XXOOOO 
88290 
X23  400 
X438OO 
X633OO 
X66600 
X90400 
2x7600 


10 


14  280 

IS  790 

24480 
32640 
40800 
31540 
46240 
5V800 
69360 
52650 
74  800 
89760 

104700 
79100 

xiox6o 

X28S20 

X46880 

166600 
X90400 
2x7600 


13 


130SO 
14900 
23256 
31008 
37760 
30340 

44600 

55760 
66910 

51  150 

72760 

87300 

10x860 

naso 

107700 
xas  660 
143600 

149  450 
X70800 
217600 


14 


14030J 

22032 

29376 

36720 

39140 

42970 

53720 

64460 

49580 

70720 

84860 

99000 

75400 

xos  260 

X22800 

140350 

146600 

X67  soo 

194700 


15 


21 

38 

35 

38 

43 
53 

63 

48 
69 
83 

97 

74 

104 

I2X 

138 
145 
165 
193 


430 
S60 
700 
540 
x6o 
700 
240 
820 


580 
470 


16 


30  80S 

37744 
34680 

37940 
41340 

51  680 
63000 
48070 

700  68680 

040  82400 

96  ISO 

73SSO 

Q4O|XO2  80O 

380;  1x9  950 

730  X370S0 

X80JX43760 


900 

000 


X64300 
191  400 


18 


26740 
397x0 
49640 
59560 

40  570 

66640 

80000 
93300 
71700 

100  j6o 
Z17  xoo 

133800 

X40900 
x6xooo 
X88  300 


30 


64600 
77  500 
90400 
69850 
97920 
1X4  240 

130560 
138080 
157800 
X84900 


24 


66z6o 

93000 

106530 

X24  030 

X32400 

XSX30O 
178400 
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TkUe  IV.    Sife  Loads  in  Pooadt  for  Choot&nt,  Bomlock*  Short-Leaf 
TeUow-Pine  and  Whito-Plao  Colmnat  Ro«ad  and  Square 


Sixe  of  column 
in  inches 


4X6 

5H  round.. 

6X6 

6X8 

6XX0 

7Vi  round.. 

«X8 

SXio 

SXiJ 

9Vi  round . . 

loXio 

xoXi2 

loXu 

zxH  round. 
laXM 

iaXi4 

i2Xi6 

14X14 

i6Xi6 

I8XI8 

aoX» 


Length  of  column  in  feet 


13 
14 
aa 
30 
37 
a8 
4a 
sa 
63 
47 
75 
9D 

I05 
77 

10? 

ia6 

144 
147 
19a 

343 
300 


10 


6S0  12600 

130 


7001 

6So> 

3401 

8co| 

900 

240 

800 

360 

960 

000 


13 
ai 
as 
36 

a7 
40 

SO 
61 
46 
66 


0QO\   79 

003'  93 

925 j  6? 

060 1 108 

ooo-ia6 
000,144 

000^X47 
000.192 

000  343 
OOOI3OO 


800 
000 

850 

768 
960 

X52 
440 

000 

ao3 
400 
820 

030 
003 
000 
003 

000) 

000 
000 


12 


XX  520 
13  160 
20520 
27360 
34200 

267S0 

39360 

49200 

S9040 

45x60 

64900 

77040 

89880 

6SI60 

95040 

XI0800 

126700 

147000 

192000 

243000 

JOOOOO 


14 


12370 

X9  440 

25920 
32403 
25720 
37880 
47363 
56830 
43740 
62403 

74880 
87360 

66490 

92883 

108303 

123800 

129300 

192000 
243000 

300  000 


15 


18 
25 

3X 

25 

37 

46 

55 

73 
86 

65 
9X 

ro7 

X22 

128 

X70 

243 

300 


900 

200 

Soo 


x6 


18 
24 

30 


190,  24 

120  36 
400  44 
680  54 
X00<  4a 

S03'  60 
803'  72 
X03|  84 
770I  64 
703'  90 
000' 105 
300  120 
100  X27 
500' i63 
0002x7 
000300 


xS 


360 

480 

600 
660 
480 
600 

720 

400 

633 

840 

833 

700 

840 

900 

000 

900 

000 


35 
43 
52 

41 
58 
70 
82 

63 
88 

103 
X18 
X24 
166 
213 


000 

760 

JOO 

X20 
800 
560 
320 
170 

S6o 
300 
000 
400 

xoo 

800 


20 


•  * 
m    » 


I? 

86 

xoo 

115 

121 
X63 

2X0 


000 
400 
800 
600 
400 
802 


24 


900 

000 

600 


83  060 
95  Tfc 
109  400 
1x6  800 
157  400 
204  100 


000  267  6001264  000.256  000 


I 


Table  V.    Safe  Loads  in  Pounds  for  Cedar,  Cyiiress,  Redwood,  Norway- 
Pine  and  Whitewood  Columns,  Round  and  Square 


Sixe  of  column 
in  inches 


4X6 

fV&  round 
X6 

6X8 

6XX0 

7^  round 

8X8 

8X10 

8X12 

9H  round 

loXio 

«oXi2 

toXi4 

II Vi  round.... 
laXia 

iaXi4 

12X16 

14X14 

16X16 

18XX8 

20X20 


Length  of  column  in  feet 


8 


XX  520 
12350 
19080 
25440 

3X  800 
24  220 
35450 
44320 
53x80 
0  000 

2500 
75000 
87500 
64930 

90000 
109003 

I  JO  003 
122500 
160000 
202500 
4SO00O 


£ 


10 


Z3 


XO550 
1x730 
X82I6 
24290 

30363 
23380 
34300 
42480 

SX  450 
39  030 

55400 
664S0 
77563 
58390 

90  03O 
10^  303 
120000  106 
122  500' I  to 

160  000- 160 

202500202 
250000' 250 


9 
IX 

X7 
23 
26 
22 

33 

4X 
49 
37 
53 
64 
75 
57 
79 
9^ 


800 

iSo 

352 
X40 
920 
540 
150 
440 
730 
863 
960 
803 

603 

140 

7S0 

170 

303 


14    IS 


8 

10 
x6 
21 
27 

21 
32 
40 
48 
36 
52 
63 

73 
55 

78 

9X 

104 


ISO'  loS 
000I143 
500' 202 

00QL250 


700 
490 
490 

93o 
4S0 
660 
000 
003 
000 
800 
520 
003 

S03 
833 
030 

o$o 

000 

350 
870 
500 
000 


31 
39 

% 

51 
62 
72 
55 

77 

90 

102 

107 
142 

183 
250 


16 


oso  15 

403|  ao 

760  26 

360  20 


18 


630'  .. 

830'  .. 

040!  .., 

830l  .., 

85o|  29 

560  37 

270  44 

730!  34 


420'  30 
230j  35 
xio  46 

230  35  ._  .  ,. 
803'  51  o3o|  49 

163'  6t  300 

520  71 
170,  54 
180:76 
050  89 
933  lOI 
400  106 
590  X4X 
060  181 

000  250 


,1 

5X0 

550"  S3 
320'  74 
000  87 
703  99 
400  104 

570139 
760  179 

000  324 


700 

X20 

^O 
640 
570 

SOO 
xoo 

S90 
020 
400 


20 


48 
57 
67 
SI 

72 

85 
97 
460;  103 

26o!x36 
170,176 

500  23X 


300 
840 
480 


69400 

ooo[  80903- 

150'   92503 

300:  gi  400 
960  132  360 
580  171  40c 

900  315  200 
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S.  BcMBtric  Loading  of  Woodon  Cotmnnt 

Genend  Priadples.  When  the  load  on  a  short  column  or  post  is  not  azUl, 
that  is»  when  the  column  supports  a  girder  on  one  side  only,  or  when  the  weight 
!n>m  one  girder  b  much  more  than  that  from  the  others,  the  load  b  said  to  be 
ECCENTUC,  and  the  distance  from  the  point  of  appUcation  of  the  load  to  the  axis 
cf  the  column,  denoted  by  P,  is  called  the  eccektsicity  of  the  load.  It  is  evi- 
dent that  the  stress  in  the  column  will  increase  with  p,  and  that  the  total  unit 
ttres  5,  on  the  side  of  the  column  in  which  the 
ctjinpRsaoa  n  the  greatest,  wOl  be  greater  than  for 
iccqoal  azia]  load. 

Poamda  for  Eccentric  Load.  Suppose  the 
eccentric  load  to  be  applied  as  shown  in  Fig.  1, 
tixn  the  sectional  area  of  the  required  square  or 
rectansnlar  column  may  be  computed  by  the  fol- 
bnring  formula  (See,  also,  page  486): 

The  sectional  area  of  the  column  in  square 
laches  is 

il  -  (P  +Pi)/S  +6  PxP/Sd  (6) 

in  which  A  *  sectional  area  in  square  inches 

P  ■■  concentric  load  on  column  in  pounds 
Pi »  eccentric  load  in  pounds 
S  *  safe  stress  in  pounds  per  square  inch 
p  »  distance  from  axis  of  column  to  cen- 
ter of  bearing  in  inches 
d  *  side  of  column  parallel  with  girder,  in 
inches 


ELEVATION 


OlrderA 


PLAN 


In  afwuming  the  value  of  5,  the  probable  ratio  of 
the  side  to  the  length  of  the  column  should  be  taken 
into  account.  Thus  if  it  is  probable  that  the  length 
will  not  exceed  la  times  the  side,  both  being 
measuzed  in  inches,  for  oak,  long-leaf  yellow-pine  or 
Doogias-fir  columns,  or  10  times  the  side  for  other 
woods,  then  the  value  of  S  for  short  columns  may 
be  taken.  If  the  ratio  will  probably  be  greater  pig.  1.  Eccentric  Load  on 
than  this,  then  the  probable  ratio  should  be  roughly  Wooden  Column 

calculated  and  S  computed  for  that  ratio  by  the 

formula  given  for  columns  more  than  zo  or  12  diameters  in  length,  as  noted  in 
preceding  paragraphs. 

Example  3.  The  lower  post  in  Fig.  1  supports  a  total  load  on  its  cap-pUte 
of  60  000  lb,  including  the  reaction  of  la  000  lb  from  girder  A .  What  should  be 
the  size  of  the  column  if  made  of  Dotiglas  fir  and  if  12  ft  in  height? 

Solotioa.  As  it  is  probable  that  the  column  will  have  to  be  10  in  square  S  may 
be  taken  from  Table  I.  With  a  factor  of  safety  of  5,  this  is  equal  to  4  500/5  «> 
900  lb  per  sq  m.  Pi  •  la  000  lb,  i  -  zo  in  and  p,  the  distance  from  the  axis  of 
the  column  to  the  center  of  bearing  of  the  girder  >■  7  in.  Then  from  Formula  (6), 
the  sectional  area  of  the  coluznn  is 


i(- 


60000      6X12000X7 


■•  66.6  -f-  56  -  Z22.6  sq  in, 


900  900X  zo 

about  equivalent  to  a  12  by  12-in  square  column.    From  Table  m,  it  may  be 
leen  that  an  8  by  io4n  oolumn  OHXcntrically  loaded  wiU  carry  almost  60000  lb. 


i 


4M 
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Hence,  the  eccentric  lotet  fram  the  girder  incnRids  thedlncusiobs  of  the  cross 

section  of  the  column  from  8  by  lo  to  12  by  i  a  in. 

For  wooden  columns  having  a  length  of  over  12  diameters  for  Douglas  fir  an< 
spruce  and  over  xo  diameters  for  other  woods  the  safe  load  per  square  ind 
should  be  found  by  using  Formulas  (3),  (4)  or  (5). 

Kxampto  4.  What  size  will  berequired  for  a  white-oak  colunm,  14  ft  in  len^ti 
to  cany  a  total  load  of  56  000  lb,  x6  000  lb  of  which  act  as  an  eccentric  load  fron: 
a  girder,  the  distance  f rom'the  center  of  bearing  of  the^rder  to  the  column  bein| 
3  in. 

Solorion.  From  Table  II,  it  is  probable  that  at  least  a  10  by  lo-in  columr 
will  be  required,  so  that  5  must  be  calculated  by  Formula  (2). 


5  •  z  000  •  10  X 


length  in  in 
breadth  in  in 


Substituting, 


168      „     „ 
1 000  -  10  X  —  -  832  lb  per  sq  m 
10 


Substituting  in  Formula  (6), 

56000      6X16000X7 
832  833  X  10 

equivalent  to  a  12  by  z2-!n  column. 


68  +  80*  X48  9qin 


€.  Metal  Caps  and  Bolsters  for  Wooden  Columnt 

Ute  of  Metal  Post-Cape.  Whenever  wooden  posts  are  used  in  tiers,  one 
above  another,  each  post  except  the  top  one  should  have  an  iron  cap-plate, 
and  the  upper  post  should  be  set  on  the  cap  of  the  post  below  and  not  on  the 
girder.  Where  a  wooden  post  suHwrts  a  girder,  only,  a  wooden  bolster  may  be 
used  in  place  of  the  cap  but  modem  approved  metal  post-caps  are  always  pref- 
erable to  wooden  bolsters.  Details  of  post-caps  and  bolsters  are  shown  ia 
Chapter  XXU. 

7.  Crushiag  of  Wood  Perpendlenlar  te  the  Grain 

Safe  Unit  Stresses.  The  bearing  of  wooden  girders,  the  ends  of  columns 
resting  on  girders,  and  washers  on  truss-rods,  should  be  proportioned  so  that 
the  quotient  obtained  by  dividing  the  load  by  the  bearing  area  will  not  exceed 
the  safe  unit  stresses  given  in  Table  VI. 


TaUe  VI.    Safe  Loads  for  Wood  Perpendicular  to  the  Grain 


Kind  of  wood 

Safe 
loads, 
lb  per  sq  in, 

Kind  of  wood 

1 
Safe       1 

loads, 

Ibpcrsqin; 

White  oak 

500 
350 
300 
200 
aoo 
250 

r^ftf 

aoo 

Long-leaf  yellow  pine 

Spruce 

200 

Hemlodc 

ISO 
aoo 

150 
250 

Norway  pine 

Cypress 

White  pine 

Redwood 

8hort4eaf  yellow  pine 

1  Chmtnut  ....      ,  ,.     . 

1 
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8.  Gatt-Iroa  Columns* 

CaiMron  Verms  Steel  CoiiiiiiiM.  Although  steel  is  bebg  used  more  and 
"ssn  every  year  for  cc^umns  in  buildings,  it  tviii  probably  never  entirely  supplant 
U5t  iron  for  btiikKngs  of  moderate  height.  For  skeleton  construction,  however, 
vim  the  height  ol  the  building  exceeds  twice  its  widths  riveted  steel  columns, 
v£ik  riveted  connections  with  the  beams  and  girders,  are  unquestionably  better; 
tzx  lot  the  lareer  proportion  of  buildings  of  moderate  height,  cast  iron  will 
(cobahly  have  the  preference  for  some  time  to  come  because  it  is  more  economi- 
oL 

AdimnNigias  otf  Cast-Inm  ColitiiiiiB.  The  commercial  advantages  which 
^AfTx  the  use  o£  cast*iroa  colnnms  are  these: 

ii)  Cheepneas.  As  far  as  the  cost  of  production  Is  concerned,  cast  iron  is 
<^Baper  than  sted.  This  consideration  alone  often  decides  in  favor  of  its  eoH 
l^f^faoA.  The  raw  material  is  easily  transported  as  pig  iron  is  sometimes 
^3^^!^ight  over  as  ballast;  so  that  competition  with  foreign  countries  keeps  down 
t^  price. 

i)  Avaflafailitj.  Cast  iron  is  the  most  available  form  of  iron.  An  iron- 
bjfidxy  requires  no  very  elaborate  plant,  scarcely  more  than  a  few  furnaces 
£^  sand  molds,  and  moreover,  no  very  extensive  capital  is  required  to  operate 
d:  consequently,  the  product  may  be  obtiuned  in  almost  atay  locality.  In 
i^^J^-miUs,  on  the  contrary,  the  machinery  must  be  very  heavy  in  order  that 
t  may  overcome  the  enormous  pressure  due  to  the  resistance  of  the  steel  in 
nifiiog,  and  to  operate  it  requires  a  great  amount  of  power. 

ij>  Btadinesi  with  Which  it  May  be  Obtained.  Columns  and  other  struc- 
tural members  if  made  of  cast  iron  may  be  obtained  much  more  quickly  than  il 
Bade  of  steeL  After  the  pattern  has  once  been  prepared,  a  dozen  castings  may 
be  made  almost  as  quickly  as  one,  and  with  but  very  little  extra  cost,  except 
that  of  the  additional  raw  material  and  the  expense  of  remelting  it.  On  the 
other  hand,  columns  and  girders  built  up  of  rolled  sections  take  considerably 
longer  to  make.  Sections  can  be  punched  only  one  at  a  time,  and  if  they  do 
cot  happen  to  be  of  some  standard  length,  they  must  be  cut  and  fitted  separately 
before  a&  can  be  finally  riveted  together. 

(4)  Phyrical  Advantages.  Cast  iron  is  one  of  the  best  materiab  to  resist 
compression,  its  ultimate  compressive  strength  being  as  high  as  80  000  lb  per 
^  in  and  even  higher.  Moreover,  it  can  be  molded  into  almost  any  desired 
tonn,  and  lugs,  brackets  and  flanges  may  be  cast  upon  a  coliunn  all  in  one  piece 
thus  greatly  simplifying  the  cost  of  erection.  In  fact,  the  ease  with  which  the 
t^cam  and  girder-connections  can  be  made  is  one  of  the  chief  reasons  for  the 
popularity  of  cast  iron.  Finally,  it  resists  fire  better  than  steel  and  it  corrodes 
less  easily.  Because  of  this,  its  use  is  advocated  by  many  for  the  wall  columns 
of  skeleton  structures,  as  these  columns  are  particularly  liable  to  corrode.  In 
the  Mutual  and  Manhattan  Life  Insurance  Company's  Buildings  in  New  York 
(^ty,  for  example,  the  wall  columns  are  of  cast  iron,  whereas  the  interior  ones 
«e  of  steel. 

Ditftdvsntsges  of  Cast-iron  Columns.  The  disadvantages  of  cast  iron  for 
columns  are  as  follows: 

(t)  Physical  DisadTurtages.  Cast  iron  is  hard  and  brittle  and  cannot  be 
punched  or  riveted,  as  the  blows  required  in  driving  the  rivets  would  very  likely 
fracture  the  castings;  consequently,  ail  connections  have  to  be  made  with  bolts. 
A  bolted  connection  even  under  the  most  favorable  conditions  is  not  very  rigid. 

*  Set,  tkob  Chapter  XHI,  paga  44s  to  447- 
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as  it  allows  more  or  less  lateral  movement,  whldi,  in  the  case  of  a  tall, 
building,  is  a  serious  matter.    Owing  to  the  low  tensile  and  shearing 
cast  iron,  the  brackets  supporting  beams  and  girders  are  unreliable  and  requJ 
great  skill  in  designing.    (See  pages  445  to  447.) 

(a)  Defect!  in  the  Castings  and  the  Difflealties  of  Thorough  latpectiaii.  Tl 
castings  themselves  are  subject  to  a  number  of  serious  defects.  In  the  first  pla  < 
owing  to  the  shifting  or  floating  of  the  cores,  variations  in  the  thickness  of  holld 
castings  are  not  infrequent;  in  fact,  it  is  very  difficult  to  avoid  them  even  yni 
the  best  care  and  workmanship.  Moreover,  there  are  apt  to  be  concea.1^ 
cavities,  bbw-holes  or  hooeyoomb,  and  foreign  substances,  such  as  dnders  &z! 
sand,  any  of  which  may  be  on  the  inside  of  a  casting,  where  a  careful  exainixu 
tion  often  fails  to  reveal  them.  The  most  critical  condition,  however,  is  tli2 
due  to  the  uneven  contraction  of  the  metal  during  the  process  of  cooling,  th 
thin  parts  of  the  casting  cooling  and  contracting  more  quickly  than  the  thid 
ones,  thereby  giving  rise  to  initial  sthesses,  at  times  of  sufficient  intensitj 
to  fracture  the  casting  before  any  external  loads  whatever  have  been  place 
upon  it.  In  many  cases  this  trouble  is  due  to  faulty  designing  or  to  care1essae*j 
ill  handling  the  molds;  yet,  even  under  the  most  favorable  conditions,  it  b  s^ 
difficult  to  secure  equal  radiation  from  the  molds  in  all  directions  that  casting 
entirely  free  from  inherent  shrinkage-stresses  are  probably  seldom  produced. 


9.  DMign  of  Cast-iron  Columns 

Common  Forms  of  Cast-iron  Columns.  Figs.  2,  3  and  4  show  somi 
common  forms  of  cross-sections  of  cast-iron  columns.  Columns  of  circular  01 
rectangular  cross-sections  are  alwasrs  made  hollow  and  the  diameter  should  he 
made  as  large  as  possible,  within  reason  of  course;  because  of  two  colunuM 
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Fig.  2 
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Fig.  3 


Fig.  4 


Figs.  2,  3  and  4.    Cross-seclions  of  Cast-iron  Columns 

liaNdng  the  same  area  of  cross-section,  the  one  which,  within  certain  limits,  has 
the  greater  diameter,  and  consequently  the  thinner  shell,  is  the  stronger.  The 
maximum  thickness  of  shell  b  i*4  or  2  in,  because  of  the  difficulty  of  keeping 
the  core  from  shifting  in  columns  of  greater  thickness;  and  the  minimum  thick- 
ness is  y^.  in.  The  latter  is  a  requirement  of  most  municipal  building  codes. 
As  the  maximum  limit  of  diameter,  16  in  may  be  taken;  beyond  this,  built-up 
steel  columns  can  be  used  to  better  advantage  and  are  less  expensive.  The 
minimum  diameter  permitted  by  most  building  codes  is  5  in,  and  the  unsupported 
length  of  the  colunm  is  limited  to  ao  times  the  least  diameter. 

HoUoWy  Cylindrical  Cast-Iron  Columns.  The  most  economical  form  of 
cross-section,  as  far  as  structural  requirements  are  concerned,  is  the  bolIjOW 
CIRCLE  (Fig.  2).  This  form  is  generally  used  for  interior  colunms;  but  for  ex« 
tenor  columns  it  is  not  so  desirable,  because  such  columns  cannot  be  bonded  into 
walls  90  readily,  and  do  not  present  the  same  facilities  for  the  design  of  the  beam 
and  girder-oonnections  as  columns  having  the  othw  forma  of  croas-sectioos. 
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Fig.  5.    ComMctions  for  CylindriciU  CastrJiDn  ColwmM 

Typical  Connactioni  for  a  Cylindrical  Caat-Iron  Colnmn.  Fig.  5  shows 
the  deUiJs  of  a  cyfinddcal  cast-iron  column  with  typical  beam  and  girder-con- 
nections, dimensions  and  specification-notes.  (See,  also,  details  of  connections, 
biackets,  base-plates,  etc^  for  cylindrical  columns  in  Chapter  XTTT,  Figs.  2,  3 
aad  7  and  Table  III  of  same  chapter.) 
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CmMma  ^<tlrr""T  frith  Hallow-SqiMr*  CroM-Sectlon.     The  oolatm 


Th(y  ue  (eDccally  used  foe  will  column)  beca-d 
it  1b  ttaa  to  boiid  Ihcm  Into  tbe  numuy  ttia.n. 
tbey  had  k  drcuUl  section.  Colomoi  of  hotlo 
reclanfukr  'croM-iection  of  unequal  lidet  uv  torn 

Fw    I     B-*k4ped   Cnt»-   '"''^  found  to  be  more  avaJbLble  than  tbosc  of  aqua 

■MtlMofCaM^ioBCahunB    lection. 

The  H-Sliapa  Calona  (F«.  4)  ranks  fUrd   \ 

regatd  to  economy  of  maleriaL    It  ii  pactkularly  irell  adapted  [or  mil  coliuiu 

in  skeleton  construction  for  the  following  reasona; 
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thus  obvi&ting  any  neceaalty  for  driUing,  and  rendering  the 
wwfwfrtoa  of  the  oolwnns  much  easier. 
(3)  Hie  eatiie  surface  of  the  column  may  be  protected  by  paint. 

(3)  When  built  in  brick  walls  the  masonry  fiUs  all  voids,  so  that  no  open  space 
b  left;  and  if  the  column  is  placed  as  shown  in  Fig.  6,  only  its  edges  come  near 
the  face  ol  the  wall. 

(4)  Lags,  and  brackets  can  be  cast  on  such  columns  more  readily  and  effectively 
than  on  cyfindrical  columns,  especially  for  wide  and  heavy  girders,  and  the 
ci^anectioQs  do  not  require  projecting  flange^  which  are  often  in  the  way  on 
cyfindiical  oolumns. 

(5)  An  eccentric  load  may  be  applied  to  the  web  where  its  effect  is  less  and 
vbere  it  is  more  evenly  distributed  than  when  it  is  applied  to  the  outer  rim  or 
shelL 

l>ctalls  of  connections  and  biacketa  for  H-shaped  cast-icon  columns  are  shown 
ia  Fig.  7. 

Detaila  of  Cona«etions  of  CMt-Iran  Cottunns.    The  bearings  of  a  cast* 

iron  column  should  always 
be  faced  true  to  the  axis  of 
the  column,  and  the  columns 
should  be  bolted  together  by 
four  H-in  bolts  for  oolumns 
TO  in  in  diameter  or  less,  and 
by  six  bolts  for  12-in  and 
larger  columns.  Faced 
plates^  as  shown  in  Fig.  5. 
are  inserted  between  the 
flanges  of  columns  to  make 
up  for  any  shortage  in  length 
aiid  also  when  a  column  of 
smaller  diameter  is  placed 
over  one  of  greater  diameter. 
For  convemence  in  erecting 
columns,  the  joint  is  gen- 
erally placed  just  above  the 
beams  or  girders  supported 
by  the  colunms. 

Projecting  Caps  and 
Bates.    A  column  with  or- 


Fig.  9.  Cast-iroa 
Colamn  with  Cap 
and  Base.  Slight 
Projections 


Fig.  8.    Cast-iron  Column  with 

Cp«dft«.  Wrong  Method  „a^tal'<ipTndl^ito.iid 
n^'er  be  cast  as  shown  in  Fig.  8,  that  b,  if  it  is  to  support 
a  load.  In  every  beadng  column,  the  core  should  extend 
in  a  straight  line  from  end  to  end.  Plain  molded  caps  and  bases  may  be  casli 
solid  as  in  Fig.  9;  but  if  more  ornamental  caps  are  desired,  or  heavy  projecting 
basesr  they  shoidd  be  cast  separately  and  attached  to  the  straight  mlumns  by 
screws. 


]§•  Strtagth  of  Cagt-Xroa  Columns.    Fon&iilM 

Fermidas  fer  Cast-Icon  Columns.  The  ultuiate  resistance  of  cast  iroi> 
to  crushing  is  geneiaDy  taken  at  80  000  lb  per  aq  in,  and  for  iwsts,  luntels,  etc., 
where  the  length  is  not  more  than  six  times  the  diameter  or  breadth,  it  will 
usually  be  safe  to  assume  a  wokkimc  strength  of  six  tons  per  square  inch  of 
metal.    For  longer  posts  or  columns^  the  strength  is  affected  by  the  ratio  of 
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length  to  diameter,  but  to  just  what  extent  is  not  known  with  absolute  C3eitaint3 
hence  all  formulas  for  columns  must  be  more  or  leas  theocetical.  The  const 
quence  is  that  while  a  great  many  formulas  have  been  published,  there  is  non 
that  is  imiversally  accepted.  The  two  following  Formulas  *  (7)  and  (S),  wet 
for  many  years  more  commonly  adopted  than  any  others,  as  they  appeared  t 
agree  as  well  as  any  with  actual  tests. 

Formula  for  Hollow,  Cylindrical,  Cast-iron  Colomna  with  Sqoare  Bads 
Ultimate  strength,  in  pounds. 


«  metal-area  X 


L  \        800  X  sq  of  diam  in  in/  J 


(7 


or 


Ultimate  strength,  in  pounds 


8ooooi4 
X  +/V800J3 


in  which  A  is  the  area  of  the  cros^sactioti  in  square  inches, 

*  The  tables  in  the  handbook  of  the  Cambria  Steel  Company  (19x3)  w  baaed  oe 
Formulas  (7 )  and  (8).  and  they  weve  adopted.in  some  building 4a wt.  They  aic  baaed  upioa 
the  form  of  Goidoo't  formula,  which,  in  turn,  is  Raokine's  fonnula  with  d,  the  diametet 
or  least  lateral  dimension,  substituted  for  r,  the  least  radius  of  gyration  of  the  cnxs-scc- 
tion.  Rankine's  formala  is  sometimes  referred  to  as  Gordon*s  formula.  The  values 
obuincd  by  these  formulas  will  be  slightly  in  excess  of  those  given  in  the  old  Chicago 
building  hiw  (see  tabuUtion  in  this  foot-note),  and  considerably  less  than  those  permitted 
by  the  former  building  law  of  New  York  City,  S  »»  11 300  —  30 //r.^  (Pxcsent  code, 

—  9000  —  401/r.  * 

In  1898  professor  W.  H.  Burr  made  an  analysis  of  the  results  of  a  number  oC  experi- 
ments on  fttU-size,  hollow,  cylindrical  cast4ion  columns  made  at  the 'WstertownAxaenal, 
lizsi.,  and  at  PhoenixviUe,  Pa.,  and  1^  plottfaig  the  results  found  that  a  straight-line 
formuU  having  the  equation  5  m  30500—  160 //d,  in  which  5  is  the  ultimate  strength 
of  the  metal  per  square  inch  of  column<area,  lepcesented  the  average  of  the  plotted 
results.  With  a  factor  of  safety  of  4  this  would  become  5  ■■  7  625  —  4of/d  and  with  a 
lactor  of  safety  of  5,  5  «  6  xoo  —  32  l/d. 

According  to  Professor  Burr's  analysts  the  values  for  S  given  in  the  fourth  column  of 
Table  VII  represent  a  factor  of  safety  of  a  little  over  4  for  //d*20,  and  ol  nearly  7  for 

Formulas  for  finding  the  value  of  5  according  to  the  former  codes  of  Chicago  and  Boston. 


1 

Cylindrical  columns                 ' 

Rectangular  columns 

Old  Chicago  Code     Old  Boston  Code 

1 

OM  Chicago  Code 

Old  Boston  Code 

to  000 

10  000 

10  000 

10  000 

^  "'"eood" 

^  "'"  800  d» 

1 

'+ioorf. 

'       X066  d* 

The  former  New  York  City  Building  Code  Formula  was 

S  —  zi300~3o//f 

Compared  with  the  results  of  tests  that  hava  been  made  on  f«B<«ise  cast-iron  columns  it 
has  been  shown  that  while  in  Chicago  a  factor  of  safety  of  8  was  allowed,  the  actual  factor 
of  safety  was  a  little  over  4,  that  in  Boston  it  was  slightly  under  4,  whHe  ia  New  York  it 
was  a  trifle  over  6.  The  formala  in  the  new  (1916)  Chicago  code  is  5  •  xo  000  —  6o//r. 
while  the  new  (1915)  Boston  code  gives  the  values  of  5  for  l/r  from  10  lo  70. 

A  series  of  tests  on  fuU-sise  cast-iron  columns  and  brackets  was  made  under  the  direc- 
tion of  Stevenson  ConsUble,  in  December,  1897,  a  report  of  which,  with  illustrations. 
Buy  be  found  in  the  Engmeering  Record  for  January  8  and  2a,  1898. 
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Fofmvla  for  Hollow,  Recteagnlar,  Cast-Iron  CotniniM  with  Square  Bnds 
Ultimate  strength,  in  pounds 


X  rSoooo  +  fi-H  sq  onength  m  in         \"|     ^^^ 

L  \       1 067  Xsq  of  least  side  in  in/ J 


or 

80000^ 


Ultimate  strength,  in  pounds 


1  +  ^/1067  </« 
in  wluch  A  is  the  area  of  the  cross-section  in  square  inches 

Formula  for  SoUd,  Cylindrlrjil,  Cast-iron  Coloains 
Ultimate  strength,  in  pounds 

^  t  r«  sq  of  length  in  in     H  .  . 

-  metal-area  X     80000  +  i  -H  -rrr, 73: :— :-  I  (9) 

L  366  X  sq  of  diam  m  inj 

or 

Ultimate  strength,  in  pounds ^,  ^^  ^ 

1-^/72660* 

in  which  A  is  the  area  of  the  cross-section  in  square  inches. 

For  H -shaped  columns  use  formula  (7),  taking  d  as  the  least  side. 

The  safe  load  is  generally  taken  at  one-eighth  of  the  ultimate  strength  or 
breaking-load. 

Eccentric  Loading.  Cast-iron  columns  should  not  be  loaded  with  a  heavy, 
ECCENTRIC  LOAD,  that  is,  a  load  applied  on  one  side  of  the  column  without  a 
corresponding  load  on  the  other  side,  as  cast  iron  is  imable  to  resist  very  great 
bending  stresses.  (See,  also,  eccentric  loading  of  wooden  and  steel  columns, 
pages  453  and  485.) 

11.  Tables  of  Safa  Loads  for  Cast-Iron  Columns.    Examples 

Explanation  of  Tables.  As  the  allowable  pressure  per  square  inch  of 
icETAL  depends  upon  the  ratio  of  length  to  diameter,  without  regard  to  actual 
dimensions  (that  is,  it  would  be  the  same  for  a  column  6  in  in  diameter  and  1 2  f t 
long,  as  for  one  8  in  in  diameter  and  16  ft  long),  it  is  practicable  to  prepare  a 
table  which  will  give  the  value  of  the  terms  of  Formulas  (7)  and  (8)  inclosed  in 
brackets  for  all  ratios  of  diameter  to  length,  and  thus  simplify  very  much  the 
computation  for  any  particular  column.  Table  VII  has  been  computed  by 
means  of  Formulas  (7)  and  (8)  for  ratios  of  length  to  diameter  varying  from  8 
to  36,  and  the  same  result  will  be  obtained  by  using  the  values  given  in  this 
table  as  by  using  the  corresponding  fcvrmula.  To  use  this  table  it  is  only  neces- 
sary to  divide  the  length  of  the  column  by  the  least  thickness  or  diameter,  both 
in  inches*  and  opposite  the  number  in  the  first  column  of  the  table  coming  nearest 
to  the  quotient,  find  the  safe  strength  per  square  inch  for  the  column. 
T!iis  load  is  multiplied  by  the  metal-area  in  the  cross-section  of  the  colunm 
aad  the  result  is  the  safe  load  for  the  column.  Examples  (5)  and  (6)  will  illus' 
trite  the  use  of  Tables  VII  to  X. 

Example  5.  What  is  the  safe  load  for  a  lo-in  hollow,  cylindrical  cast>iron 
column,  15  ft  long,  the  shell  being  i  in  thick? 

Solttdon.  In  this  case  the  ratio  l/d,  which  is  the  length  of  the  column  divided 
by  the  diameter,  both  in  inches,  is  18,  and  opposite  18  in  Table  VII  the  safe 
bad  per  square  inch  for  a  cylindrical  column  is  found  to  be  7  117  lb.  The  metal- 
area  of  the  Goltmm,  from  the  table  of  areas  on  pages  43  and  463,  is  equal  to  the 
area  of  a  lo-in  drde  minus  the  area  of  an  8-in  drcie,  or,  78.53  -^  50.26  «■  28.27 
sq  in.  Multiplying  these  two  together,  for  the  safe  load  of  the  column  the  result 
is  28.27  sq  in  X  7  117  lb  per  sq  in  -■  201  917  lb,  or  about  100.5  tons. 
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Tables  VUI,  IX  and  Z.  To  still  further  fadUUte  comimtations.  Tables 
VIII,  IX  and  X,  have  been  prepared,  which  give  at  a  glance  the  safe  loads^ 
baaed  on  a  factor  of  safety  of  8,  for  columns  of  the  more  common  sixes  and 
leogth&  For  lengths  between  those  given  in  the  tables  sufficiently  accurate 
results  may  be  obtained  by  interpolation.  For  any  other  factM-  of  safety, 
multiply  the  safe  load  given  in  the  table  by  8,  and  divide  by  the  new  factor 
of  safety. 

Example  6.    What  is  the  safe  load  for  a  9-in  hollow,  cast-iron  column  of 
square  cross-section  X2  ft  long,  the  shell  being  i  in  thick? 

Solution.  From  Table  IX,  the  safe  load  is  1J9  tons.  The  same  result  may 
be  obtained  by  using  Table  VII.  The  ratio  l/d  in  this  case  is  144/9  "*  i^  and 
the  corresponding  safe  load  in  pounds  per  square  inch  is  &  064.  The  area  of 
the  column  is  32  sq  in.  Hence,  the  safe  load  is  32  sq  in  X  8  064  lb  per  sq  in  •■ 
258  048  lb,  or  129  tons,  which  agrees  with  the  safe  load  given  in  Table  DC  for 
the  same  column. 


Table  Vn.    Breaking-Loads  and  Safe  Loads  in  Pounds  per  Square  Inch 
for  HoUow,  Cylindrieai  and  HoDow,  Reetangnlar,  Cast-Iiua  Columns 

Calculated  by  Formulas  (7)  and  (8) 


Length  in 

Breaking-weight  in  pounds 

Safe  loads  in  pounds  per 
square  inch.    Safety- 
factor  8 

inches  divided 
by  external 
breadth  or 

per  square  inch 

I 

diameter 

Cylindrical 

Rectangular 

Cylindrical 

Rectangular    , 

1 

8 

74074 

75  470 

9259 

9433 

9 

72661 

74350 

9082 

9393 

10 

71 1x0 

73x26 

8888 

9x40 

IX 

6950s 

71870 

8688 

8983 

12 

67800 

70487 

8475 

8  8X1 

13 

69084 

8  257 

8635         ■ 

14 

64257 

67567 

8033 

8446 

IS 

62450 

66060 

7806 

82S7 

z6 

60  606 

645x6 

7576 

8064 

17 

58780 

62942 

7  347 

7867 

18 

56940 

6x360 

7  "7 

7670 

19 

55  134 

59  745 

6892 

7468 

20 

53  333 

58180 

6666 

7272 

31 

5x580 

56610 

6447 

7076 

32 

49843 

55  010 

6230 

6877 

23 

48x63 

53470 

6020 

6684         1 

H 

465x2 

5x950 

58x4 

6494         ' 

25 

44918 

SO  440 

5614 

630s       ! 

26 

43360 

48960 

5420 

6120 

27 

41862 

47530 

5233 

5940 

38 

40404 

46x10 

Soso 

57«4 

29 

39000 

44742 

4875 

559> 

30 

37647 

43  39Q 

4706 

5434 

31 

36347 

42080 

4543 

5260 

32 

35090 

40816 

4386 

5x02 

33 

33884 

39580 

423s 

4  947 

34 

32  T» 

38380 

4090 

4797 

35 

3x608 

37244 

3  9SI 

4^ 

36 

30534 

36x20 

3817 

4515 
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Bucd  OB  Fofmnls  (7I.    Salety-Uccor  8 


Daa-; 

TUcIc- 

Ltngtb  ol  nluinn  in  I«t 

Aiuol 

Wright. 

meWl, 

"to"' 

1         1 

liaft 

1 

'       * 

.0 

" 

» 

M 

M 

. 

fi 

»     » 

"^ 

~~ 
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SH 
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a 

30 
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MO 

li 
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36 

38.7 

6 
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1 
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" 

j* 

1 

if 

le.s 
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40 
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T> 

(6 
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TO 

58 

sa 

" 

13.0 

68.7 
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Tl 

lojj    98 

10 

8; 

«; 

S 

U 

f 

a»3 

y. 

lij    !" 

lOS 

67 

6 

^1 

87.6 

1     ID 

H 

IlS    III 

TC* 

T9 

73 

^ 

6a 

as.. 

784 

89 

8: 

« 

as. 3 

88. 4 

Jm 

161  15^ 

3 

3 

9 

» 

^ 

mX 

980 

149    1*3 

119 

106 

«l 

85 

9*.a 

I'i 

165    1» 

111 

9 

M-9 

IC9.I 

|S>    t15 

I«7l   IS 

38.J 

iH 

197    190 

1* 

HI 

II: 

41.6 

"99 

!  " 

it 
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i 
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»' 

3R.4 
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'M 
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M6 
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la.o 

ui.a 

lifi 

Ma 
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U- 

33S 

169.4 

\  •* 

iM 

UJ 
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M9 

HI 
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18, 

173, 1114 

so.  I 

liC.s 

iH 

iSt 

JS« 

MI 

1891    178 

S-i 

iM 

a, 

rfi 

wo 

J«o 

aiwl  193 

iH 

3C«S 

«8 

*9 

aroja              a4j 

ai9   a07 

f 

iM 

)8o 

ara 
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„3 

.(8.9' 

18J.9 

S 
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^    3H 

Sa              ^? 

as 

^■;l'^ 

S:! 

i0 

3^j3 

276 
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a 

iH 
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iH 

1 
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^e 
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iH 
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Tftbl«  XX.    Safe  Losds  in  Tool  of  2  ooo  Povnds  for  BoUow,  Square  and 
Rectangular,  Cast-iron  Cdlumaa,  with  Square  Ends 

Baaed  on  Fonnula  (8).    Safety-factor  8 


Siae. 
in 


4X  6 
4X  8 
4X  9 
4XX0 
4Xxa 

SX  8 

5X9 

SXio 

SXia 

6X  6 
6X  8 
6X  9 

6X10 
6Xia 
6X1S 

7X  7 
7X  9 
7Xia 

8X  8 
8X10 

8Xia 


Thick- 

nest, 

in 


H 

H 
H 

H 
H 


H 


H 


H 


}i 


H 


Length  of  column  in  feet 


8 


41 
SI 
S6 
60 
70 

64 
81 

69 
89 
75 
96 
86 
III 

63 
80 

7S 

96 

81 

104 

87 


95 

148 
109 
141 


laa 

1S8 
X9a 


10 


34 
4a 
46 
SO 
59 

55 

71 
60 
78 
6S 
84 
74 
97 

57 
7a 
68 
87 
73 
94 

79 

112  I  lOI 


I 


I 


xa 


38 
35 
39 
4a 

49 

48 
61 

Sa 

67 
57 
73 
63 
84 

SI 
65 
60 

78 
6s 
84 


67 
85 


170  <  161   148 


IIS   106 
148   138 


70 

91 
99  I  90   80 

ia9  116  104 

117  106  j  93 

153  138  I  ia3 

80  73 

102  I  94 

9a  I  8s  I  77 

119  109   100 

III  102  I  93 

144  ,  133  lai 


90  83 

us  I  107  t 

140  129  I 

103  i  95  I 

13a  132 


x8x 


167 


14 


41 

53 

45 
58 
49 
63 
56 
7a 

45 
57 
54 
69 
58 
75 

62 

So 

71 
92 

84 
109 

61 

78  j 
70 

91  I 
85 

no  j 

77  I 
99 
119 

113  , 
137 

98 
127 

154 


x6 


x8 


ao 


40  t 

sxi 

47  ■ 
Gx 

51 
66  , 

I 

55  ; 

71  ' 
63 

81 

74 

97  I 

55 

70 

63  I 

8:! 

•"»  I 
I 


77 
99 

70 

91 
109 

80 
104 
las 

90 
116 

14a 


I 


35 
45 
43 
54 
4) 
58 

.  40 
63 
55 

66 
85 

40  ' 
63 
57 
74  I 
69  ' 
89 

64  ' 
83 
100 

73  ' 
9S 
lis 

-! 

107  ; 
130 


a4 


44  ■•• 
57  ... 
51  ... 

66  .... 
6a  ... 
80  ....| 

I   I 
59  ,  49  I 
76  Ci 
91   76  I 

67  '  55 
86  7a 

XOS  87 

75  6a 
97  81 
118  98 


Area  of 

metal, 

■qin 


xa.7S 
XS.75 
17.  as 

X8.7S 
ai.7S 

17.  as 
aa. 00 

18.7s 
24.00 
ao.  as 
a6.oo 
23  as 
30.00 

15-75 
20.00 

18.7s 
24-00 
20.2s 
26.00 

ai.7S 
28.00 

a4.7S 

3a. 00 

29.2s 
38.00 

18.75 

24-00 

ax.  75 
a8.oo 

26.25 
34.00 

ai-7S 
28.00 

33  75 
a4-7S 
3a. 00 

38.75 

27.75 
36.00 

43. 75 


Weight, 

linft 


39.8 
49.' 
53.9 
58.6 
68.0 

539 
68.8 

58.6 
75 
63 
fix 

72 


o 
3 
3 

7 
93  8 


49  a 
6a.s 
58.6 
7S.O 
63  3 
81. 3 


68 

87 

77 

xoo 

91 


O 

S 
3 

o 

4 


118. 8 


58 

75 
68 

87 

82 

X06 

68 

87 

XOS 

77 

ICO, 

lax 

86 
tia. 
136. 


6 

o 
o 

5 

o 

3 

o 
5 
5 
3 

o 

X 

7 
5 

7 
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TaMe  IX  (Coatiantd).    Safe  X«Mds  ia  Tons  of  a  ooo  Pooada  for  HoOow, 
Sgosre  and  Roctangnlar,  Caat'Inm  Colaama,  with  Square  EDds 

Based  oo  Fonnula  (8).    Safety-factor  8 


] 

Length  of  column  in  feet 

Siae. 

Thick- 
ness, 

• 

Area  of 

metal, 

• 

Weight, 
linft 

in 

m 

8 
193 

10 
x8x 

X2 
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14 

x6 

18 

20 

24 

sq  in 
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99 
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63 
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96 

85 
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1x4 

97 
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1X8.8 

I 
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X49 
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1x8 

46  25 

X44.5 

9Xx6 
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196 
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X17 
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iH 
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X58 
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X33 
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iH 
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X83 
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■ 
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139 
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xH 

224 

2x4 
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1 

xW 
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X5S 
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iH 
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245 
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X90 
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58.75 
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loXxS 

239 
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20s 

X93 

i8x 

x68 

X46 

52.00 

162.5 

iH 

293 

280 

266 

25X 

236 

22X 

207 

179 

63.7s 

1992 

loXao 

257 

246 

234 

221 

208 

194 

x8x 

157 

56.00 

175.0 

iH 

3x6 

302 

287 

271 

25s 

239 

223 

193 

68  75 

214  9 

10X24 

294 

281 

267 

252 

237 

222 

207 

x8o 

64.00 

200.0 

iW 

362 

346 

329 

3" 

292 

274 

255 

22X 

78.75 

246.x 

UXM 

^i 

X83 

X77 

171 

X64 

X56 

149 

X4X 

X26 

38. 90 

I2X.7 

207 

20X 

193 

X85 

177 

i63 

159 

142 

44  00 

137.5 

iH 

253 

245 

236 

223 

2X6 

206 

I9S 

174 

53.75 

X68.0 

1^ 

296 

288 

277 

265 

253 

241 

228 

204 

6300 

1969 

laXiS 

235 

22S 

220 

2X1 

201 

X9X 

X8x 

X62 

50.00 

X56.3 

iH 

288 

280 

269 

258 

246 

234 

222 

I9« 

61.25 

191.4 

X2Xx6 

245 

237 

228 

219 

209 

199 

x88 

x6S 

52.00 

X62.5 

12XX8 

263 

256 

246 

236 

225 

214 

203 

x8x 

56.00 

X75.0 

wxao 

2B2 

274 

264 

253 

241 

229 

2x7 

194 

60.00 

187  5 

12X34 

320 

3X0 

299 

287 

274 

260 

246 

220 

68.00 

212.5 

14X16 

26S 

261 

254 

246 

238 

229 

219 

200 

56.00 

X75.0 

14X20 

307 

298 

290 

281 

272 

261 

250 

228 

64.00 

200.0 

14X24 

345 

336 

326 

316 

306 

294 

280 

257 

72.00 

225.0 

16X16 

300 

284 

27S 

271 

264 

256 

247 

229 

60.00 

X87.S 

16X24 

380 

360 

352 

344 

334 

324 

3x3 

291 

76.00 

237.S 

iSXii 

_ 

340 

340 

320 

314 

307 

299 

291 

274 

68.00 

2x2.5 

20X20 

380 

380 

361 

356 

349 

342 

334 

317 

76.00 

237.5 

20X24 

420 

420 

399 

393 

396 

378 

369 

35X 

84.00 

262.5 
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TftU*  X.    Stf» 


Loads  in  Too*  of  a  ooo  Frasda  for 


H-8hM«4,  CMt-ItOB 


Based  on  Formuh  (7)-    Safety-factor  8 


•• 

f^ 

Sise, 
in 

Area  of 
metal. 

Length  of  column  in  feet 

1 

; 

1 

in 

\ 

P 

T-^ — y   j 

a   6  t 

10 

X3 

X3 

14 

f^ 

- 

, 

^1 

'   **  ' 

1 

fi       ml 

6X  6X  H 

I 

X2H 

16 

41 
53 

36 
46 

33 
43 

3X 

40 

iVi 

i9?i 

64 

56 

52 

48 

X5 

x6 

18 

30 

6X  8X  H 

I 

18 

46 
60 

40 
52 

37 
48 

34 

45 

iM 

21H 

73 

63 

59 

54 

7X  7XX 

19 

69 

63 

58 

55 

52 

49 

43 

38 

iH 

a3H 

84 

75 

7X 

67 

63 

59 

53 

46 

7X9X1 

21 

76 

68 

64 

61 

57 

54 

48 

43 

i>4 

asH 

93 

83 

79 

74 

70 

66 

59 

51 

8x  8x  y* 

16H 

66' 

60 

57 

54 

5X 

49 

44 

39 

I 

32 

86 

78 

74 

70 

67 

64 

57 

5X 

IH 

26P4 

105 

95 

9X 

86 

82 

78 

70 

63 

8XI0XI 

34 

93 

85 

8z 

77 

73 

69 

63 

56 

IW 

39H 

114 

104 

99 

94 

90 

85 

76 

69 

I4 

34^ 

134 

132 

J17 

III 

X05 

XOO 

89 

8x 

9X  9X1 

25 

103 

94 

91 

87 

83 

79 

73 

66 

iV4 

30?i 

135 

1x6 

XXX 

X06 

X02 

97 

89 

81 

i\i 

36 

147 

136 

X30 

125 

I30 

114 

X04 

95 

9X10X1 

36 

106 

98 

94 

90 

86 

83 

75 

69 

iV4 

31T* 

130 

130 

IIS 

III 

106 

XOI 

92 

84 

iH 

37^^ 

153 

• 

X43 

136 

X30 

X2S 

XI9 

108 

99 

loXioXi 

28 

Xl8 

XIX 

107 

103 

99 

95 

88 

81 

iM 

3474 

145 

136 

131 

127 

133 

137 

108 

100 

iVi 

40ji 

X7X 

160 

X55 

X49 

144 

138 

X38 

117 

1^4 

46^4 

X96 

184 

177 

171 

165 

X58 

146   134 

10X12X1 

30 

X37 

XI9 

xis 

III 

106 

102 

94 

87 

lU 

36-4 

IS6 

146 

141 

136 

131 

X36 

XI6 

107 

i\i 

43^4 

X84 

173 

166 

160 

154 

148 

X37 

126 

iH 

49H 

311 

19S 

X9X 

184 

177 

X70 

157 

144 

2 

56 

336 

233 

214 

207 

199 

I9X 

X76 

162 

12XMX1 

34 

ISI 

144 

140 

136 

132 

138 

131 

113 

iV4 

4154 

X86 

177 

X72 

167 

163 

158 

X49 

X39 

I  Mi 

49^4 

330 

309 

303 

X98 

X93 

X87 

X77 

X6S 

iH 

56J4 

353 

341 

334 

227 

331 

3l6 

303    X89 

2 

64 

984 

37X 

2^ 

256 

349 

343 

337 

213 

xa'XuXiU 

44H 

197 

188 

X83 

X77 

173 

x68 

X58 

X48 

iVi 

S2\^ 

333 

323 

2X6 

2X0 

204 

X99 

186 

X74 

1^4 

6oH 

368 

255 

348 

Ml 

235 

338. 

3X4 

301 

2 

68 

303 

388 

380 

272 

36s 

257 

341 

336 

aM 

7SH 

335 

319 

310 

301 

292 

285 

368 
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IXl  TspvMp  FomM  tad  Coimeetioiu  af  8Im1  Cdhuu» 

Um  of  Steol  Colttmni,  Struts,  Tmsies,  etc.  Owing  to  the  many  ad- 
~-=XMgti  of  built-up  steel  columns  over  cast-iron  columns,  especially  for  all 
■  Sl&ig^  and  to  the  great  reduction  that  has  taken  place  in  the  cost  of  steel 

^^itructioo,  built-up  columns  are  now  very  extensively  used  in  buildings  of 
'.'-ca  moderate  height;  and  for  skeleton  construction,  or  for  buildings  exceeding 

1  'Tories  in  height,  they  are  certainly  much  to  be  prejferred  to  cast-iron  columns, 
^nj  trusses,  also,  are  now  much  more  commonly  used  in  buildings  than  in 

nncr  years,  so  that  the  architect  must  have  at  hand  data  for  designing  them 
-:i  for  computing  their  strength.  In  the  following  pages  the  author  has  en- 
lavored  to  cover  the  subject  of  columns  and  struts  quite  completely,  to  furnish 
ixh  data  as  will  enable  the  designer  to  decide  upon  the  shape  of  column  or 
mt  it  is  best  to  use,  and  also  to  determine  the  sizes  and  sections  of  such  col- 
^£Qs  with  the  least  labor. 

Types  and  Formt  of  Stoel  Columni .  The  following  are  cross-sections 
rf  the  majority  of  steel  columns  in  general  use,  arranged  in  the  order  of  their  sim- 
ply of  constriiction,  that  is,  the  number  of  rows  of  rivets  they  require: 


Bethlehem  H  col- 


umn 


No  rivets 


Channel^colnmn 
with    plates     or 
lattice-bars 
Four  rows  of 
rivets 


Lally    steel-con- 
crete colimin 
No  rivets 


Plate-and-angle 

oohimo 
Two  rows  of 
rivets 


Plate-and-angle 
column  with 
side  plates 
Six  rows  of  rivets 


Box  column 
Eight  rows  of 
rivets 


Coniidermtiottt  Ooreniiiig  the  Selection  of  Stoel  Cotttmnt.  There  are 
consderations  other  than  simplicity  of  construction  which  sometimes  govern 
the  selection  of  a  column.  Some  of  the  most  important  of  these  are  ezplaiiied 
in  the  following  paragraphs: 

(t)  Cost  and  Availability  of  Bffaterial.  I  beams,  channels,  plates  and  angles 
are  the  most  common  commercial  sections.  They  are  easily  rolled  and  are 
manufactured  by  all  of  the  large  mills.  They  are  reasonable  in  price  and  may 
be  obtained  promptly  in  large  numbers  in  any  locality  where  a  steel  building  is 
likely  to  be  erected.  Patented  sections,  or  the  product  of  one  mill,  do  not,  aa 
a  rule,  fulfill  tbe^e  ooodhions. 
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(a)  Amooot  oC  Labor  Rffiairtd  and  Fadlity  Witk  WUdi  it  caa  ba  PaffbraiaA   Ix 

Shap  and  Field.  In  the  shop  the  complexity  of  the  column-aection  and  t:la« 
number  of  pieces  of  which  it  is  composed  greatly  affect  the  cost  of  labor.  Xl 
there  are  numerous  small  pieces  such  as  lattice-bars,  splice-plates,  etc.,  e&cli 
of  which  requires  cutting  and  fitting  together,  with  frequent  handling,  the  cost 
b  proportionately  great.  The  cost  of  a  column  depends,  also,  largely  upon  thtf 
number  of  rivets  required  and  whether  they  can  all  be  driven  by  machine  2>o 
as  to  avoid  the  slower  and  more  expensive  hand-riveting.  The  same  genera.1 
remarks  apply  to  labor  in  the  field;  the  connections  should  be  as  simple  sls 
possible,  the  rivets  easy  of  access  and  as  few  in  number  as  is  consistent  witH 
strength. 

(3)  Sifliplicity  of  Cooaectiooa  Batwoen  Colonm  and  Supportod  Members. 
This  is  quite  an  important  consideration  in  the  design  of  a  large  building  and 
sometimes  governs  the  choice  of  the  section  to  be  used.  Where  there  are  four 
beams  to  a  column,  on  opposite  sides,  and  all  of  the  same  height,  a  satisfactory 
connection  can  be  made  with  almost  any  section;  but  where  the  beams  are 
spaced  irregularly,  both  in  regard  to  position  in  plan  and  to  height,  and  where 
eccentric  loads  must  be  provided  for,  it  is  very  important  that  the  section  of 
the  column  itself  affords  as  great  an  opportunity  as  possible  for  the  connections 
of  the  beams.  In  this  respect*  possibly,  closed  sections  are  inferior  to  open 
sections  having  a  central  wd). 

(4)  AdapCabUity  to  Cottnediona  Which  Ttaasfer  Compiaeahre  Stresaes 
Ilirectly  to  Axis  of  Cotama.  In  this  respect,  also,  sections  of  an  open  oonatruc- 
tion,  in  which  the  girders  transmit  their  loads  almost  directly  to  the  central 
axis  of  the  column,  thus  avoiding  the  disadvantage  of  eccentric  loading,  are 
superior  to  those  of  a  dosed  construction. 

(5)  Adaptability  to  Chaagee  In  Thickness  of  Metal  in  Memben  of  Colnnms, 
to  Suit  Different  Loads  la  Different  Slaries.  It  is  not  desirable  to  make  the 
columns  carrying  the  upper  floors  of  a  building  very  small,  since  the  beams  and 
girders  supporting  the  upper  floors  are  usually  of  the  same  dimensions  as  tho:3e 
of  the  lower  floors  and  consequently  require  just  as  heavy  and  secure  connec- 
tions. It  is  almost  impossible  to  make  such  connections  with  small  columns, 
and  consequently,  in  order  to  reduce  the  area  of  a  column  in  proportion  to  a 
lighter  load  to  be  carried,  it  is  better  to  reduce  the  thickness  of  the  material 
used  and  to  keep  the  gcnwpal  dimaniions  4>f  the  section  the  same. 

(6)  Adaptability  to  Fire-Piaof  Covering.  Closed  sections  ia  general  can  be 
more  compactly  fireproofed  than  open  sections. 

General  Considerations  Aflfectlng  the  Choice  of  Steel  Colwmni.    It  is 

almost  impossible  to  say  that  any  one  of  the  foregoing  types  of  steel  columns 
is  superior  to  the  others.  Each  has  its  own  good  points,  and  the  column  whose 
section  has  theoretically  the  best  distribution  of  material  may  not  always  be 
the  best  one  to  use,  because  of  the  eccentric  loads  to  be  carried,  or  because  of 
other  conditions.  The  choice  in  most  cases  a'iU  depend  upon  the  personal  views 
of  tlie  designer,  as  well  as  upon  the  local  conditions  as  to  cost  and  manufacture, 
promptness  of  delivery  and  the  details  of  the  problem.  Further  descriptions 
of  the  different  columns,  and  also  the  special  advantages  claimed  for  them,  are 
given  in  the  following  pages. 

Steel-Column  Connections.  When  steel  columns  were  first  designed  it  was 
customary  to  use  cap-plates  to  connect  the  stoty-lengths,  and  the  beams  or 
girders  often  rested  upon  these  plates.  In  modem  practice,  however,  the  col- 
umn-joint is  generally  placed  just  above  the  beams  and  girders  for  convenience 
in  erection  and  the  plates  are  often  omitted     The  r^nmn*  m^  closely  fitted 
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:o0echer  vith  milled  ends*  and  splioe-plates  are  riveted  to  the  sides  or  flange& 
IS  shovn  in  tbe  illustrations  of  typical  steel-coluinQ  details,  Figs.  17  and  18. 
Ai  it  is  impossible  in  these  pas^  to  include  the  subject  of  column-connections 
z  anything  but  a  general  way,  the  only  attempt  that  has  been  made  In  this 
^rectioa  is  to  illustrate  common  forms  of  connections  that  have  been  used  with 
licrent  kinds  of  colimms.  These  will  be  found  in  the  description  of  colunms 
z  the  foUowing  pages. 

HvB^ber  «f  Si-rets  Required.  No  general  rule  can  be  given  for  the  number 
i  rivets  and  size  of  the  bracliets  required  for  column-connections,  as  the  loads 
'J  be  supported  vary  in  different  buildings  and  In  different  parts  of  the  same 
:<Elding.  The  number  of  rivets  required  in  each  connection  must  therefore 
itf  detennined  by  the  rules  given  in  Chapter  XII  for  designing  riveted  joints. 
Coanectioas  for  single  beams,  however,  will  generally  require  the  same  number 
i  rivets  AS  are  given  for  beam-connections  (Chapter  XV,  page  617).  The 
:&ovable  stress  for  rivets  in  coliunn-connections  is  generally  taken  at  10  000  lb 
:cr  sq  in  for  single  shear  and  x8  000  or  20  000  lb  per  sq  in  for  bearing.  (See 
Tables  II  and  III,  pages  418  and  419,  Chapter  XII.) 

Spadns  of  Rivets.  Steel  columns  fail  either  by  deflecting  bodily  out  of  a 
•traight  line  or  by  the  budding  of  the  metal  between  rivets  or  other  points  of 
'ipport.  Hoth  actions  may  take  place  at  the  same  time,  but  if  the  latter  occurs 
Csne,  it  may  be  an  indication  that  the  rivet-spacing  or  the  thickness  of  the  metal 
is  insufficient.  The  rule  has  been  deduced  from  actual  experiments  upon  riveted 
r^omns  that  the  distance  between  centers  of  rivets  should  not  exceed,  in  the 
-"£  of  stress,  sixteen  times  the  thickness  of  metal  of  the  parts  joined,  with  a 
^^rimuxn  spacing  of  6  in,  and  that  the  distance  between  rivets  or  other  points 
f  support,  at  right-angles  to  the  line  of  stress,  should  not  exceed  thirty-two 
T.-Ties  the  thickness  of  the  metal.  The  usual  practice  in  designing  coltunns  is 
t )  sQgyoe  tbe  rivets  the  minimum  distance  on  centers  at  both  ends,  for  a  length 
eqoal  to  twice  the  least  dimension  of  the  column,  with  the  maximum  spScing  of 
6  in  between. 

Steel'-Pipe  Colamns.*    Steel-pipe  columns  are  used  for  interior  construction 
to  carry  beams  and  girders  supporting  floors,  walls  and  chimneys  in  all  classes  of 
builiinscs,  such  as  tenements  and  apartment-houses,  factories,  garages,  churches, 
warehouses,  etc.    A  particular  demand  for  steel-pipe  columns  is  at  the  angles 
o{  show-windows  in  mercantile  buildings.     In  buildings  of  moderate  height 
the  floor- joists  are  usually  supported  by  the  nde  walls  and  the  columns  have  to 
support  only  a  relatively  light  wall  above.    For  sich  places  wrought-steel  pipes 
may  be  advantageously  used  for  the  columns.    They  may  be  used,  also,  for  the 
columns  supporting  the  roof  of  one-story  buildings.    In  the  Borough  of  Brook- 
lyn, New  York  City,  pipe-columns  were  formerly  calculated  by  the  formula 
5—14  000—  80/ /f,  in  which  S,  /  and  r  have  values  as  explained  Ijelow  for  New 
York  and  Chicago  formula.    If  the  columns  are  filled  with  concrete,  the  area  of 
the  cross-section  of  the  concrete  is  multiplied  by  50?  and  the  product  added  to 
the  load  supported  by  the  pipe.     (See,  also,  page  477  and  the  Tables  on  page 
516).     This  formula  gave  a  factor  of  safety  of  four.    New  York  and  Chicago 
Codes  now  use  the  formula,  5»  16  000—  jol/r  in  which  S  is  the  permissible 
unit  fiber-stress,  /  the  length  in  inches  and  r  the  radius  of  gyration  of  the  cross- 
section  of  the  pipe.    This  gives  a  carrying  capacity  greater  than  the  former 
formulas    gave.      In     Philadelphia,    pipe-columns    are    allowed    to    carry 

*  Much  valuable  data  relating  to  steel-pipe  columns  was  furnished  the  editor-in-chief 
by  P.  C.  Pattenoo  and  }.  A.  McCuUougb  of  tbe  National  Tube  Company,  Pittsburgh. 
Pa. 
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about  6%  more  than  is  allowed  In  New  York.  Where  pipe-colamns  are  fil 
with  concrete  the  cast  cap  and  base  are  secured  to  the  pipe  in  each  case  by  c< 
Crete  which  is  reinforced  internally  by  a  pipe  of  smaller  diameter.     V^'hi 
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Fig.  10.    Connections,  Caps  And  Bases  for  Steel -pipe  Colufflos 


these  steeUpipe  columns  filled  with  concrete  are  used,  care  should  be  taken 
tlut  the  pipes  are  entirely  filled,  and  that  there  are  no  air-spaces  in  the  concrete. 
These  concrete-filled  columns,  sometimes  reinforced  with  smaller  pipes,  have 
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t  hi^e  curyins  capacity.  Pipe-cohimns  may  have  their  supporting  power 
alxMit  doubled  in  many  cases  by  concrete  fiHing.  (See,  al9t>,  pamgraph  on  Lally 
Colamn«.  pa«e  477).    One  tjrpe  of  steel  post-cap  used  in  connection  with  pipe. 


Fig.  1 1.    CoaoflctioDB,  Caps  aad  Bases  for  Steel-pipe  Columns 


columns  to  carry  wooden  girders  is  shown  in  Figs.  62  and  63  of  Chapter  XXTI. 
There  are  many  other  forms  of  cast  and  wrought  caps  for  pipe-columns.  The 
design  of  proper  caps  and  bases  is  the  most  difficult  part  of  adapting  tubular 
columns  to  practical  problems  in  building-construction.    Figs.  10  and  1 1  show 
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various  forms  of  steei-pipe  column-connections,  caps  and  bases  sufficiently  sug- 
gestive to  enable  a  designer  to  properly  develop  their  details. 

Advantages  of  SteaUPipe  Columns.  A  wrought-steel  pipe  when  used 
as  a  column  generally  has  the  following  advantages: 

(i)  It  will  support  a  greater  load  per  square  inch  of  cross-section  than  any 
other  shapes  and  styles  of  mild-steel  columns  of  the  same  slendebness-ratio, 
II r,  for  most  of  the  columns  of  different  slendemesa-ralios  recently  tested  (1908 
and  1909)  at  the  Watertown  Arsenal. 

(2)  Its  section  has  the  greatest  passible  least  radius  op  gyration,  r,  for 
the  same  outside  diameter  and  section-area.  This  makes  pipe-columns  espe- 
cially advisable  when  it  is  desired  to  obstruct  the  view  as  little  as  possible,  as  in 
the  corners  of  show-windows,  in  balcony-supports,  etc. 

(3)  It  may  be  used  with  greater  slendcmess- ratio,  //r,  than  any  other  section 
without  reducing  the  load  per  square  inch  in  order  to  conform  to  permissible 
bading- rules,  such  as  those  of  the  New  York  City  and  the  Chicago  building 
codes. 

(4)  Its  curved  walls  permit  the  use  of  relatively  thinner  material  than  may 
be  used  with  columns  with  flat  surfaces;  that  is,  its  thicknes.^  /,  divided  by  tiie 
out»de  diameter,  rf,  may  be  //rf  ■-  Wo  with  as  great  security  from  wrikklin'g. 
called  also  ducklimc,  bulging  or  local  failure,  as  the  box  column,  which 
good  practice  of  competent  engineers  limits  to  Ho  of  the  unsupported  width 
of  flat  surfaces.  The  ratio  //rf  -^^  -i/i'V^o"  is  about  the  limit  of  practicable 
working  of  the  ordinary  lap- weld  process,  and  all  commercial  pipes  have  a  smaUcr 
ratio. 

(5)  Manufacturers  are  now  regularly  making  pipes  for  sizes  up  to  and  includ- 
ing 16  in  outside  diameter,  in  lengths  up  to  40  ft. 

Notes  on  the  Use  of  Steel-Pipe  Coluntts.  The  following  general  notes 
and  suggestions  should  be  observed  in  the  use  of  steel  pipe  for  columns: 

(i)  As  in  the  case  of  columns  of  any  construction,  it  is  obvious  that  com- 
petent designing  and  detailing  as  well  as  proper  fabrication  of  the  f.nd-connfc- 
TioNS  for  pipe-columns  be  insisted  upon.  Otherwise  the  advantages  of  the 
circular  section  may  be  nullified. 

(2)  When  the  loading  must  be  eccentric  care  must  be  exercised  in  the  proper 
selection  and  size  of  pipe  to  be  used.  The  relative  economy  in  the  use  of  the 
circular  section,  however,  increases  with  the  length  and  slcndemessof  the  column 

(3)  A  capital  or  base  should  never  be  screwed  to  a  pipe,  because  cutting 
the  thread  reduces  the  section.  Where  screw- threads  must  be  used,  only  the 
area  below  the  root  of  the  threads  should  be  considered  as  available  for  the  sup- 
porting power. 

(4)  The  ends  of  a  pipe  to  be  used  for  a  column  should  always  be  paced  off 
in  a  lathe,  the  facing  being  normal  to  the  general  axis.  A  pipe  should  not  be 
turned  nor  bored  in  fitting  capitals  or  bases  but,  if  possible,  the  capital  or  base* 
should  always  be  forced  or  shrunk  to  an  even  bearing  on  the  faced  end  of  the 
pipe.  Where  the  capital  or  base  must  be  inserted,  it  is  liable  to  start  a  wrinkle 
or  buckle  and  the  load  should  be  adjusted  to  the  probable  lessening  of  supporting 
power.  The  bearing  surfaces  in  capitals  and  bases  should  t)e.  of  course,  alway<( 
LATiiE-FACED.  It  may  be  found  that  with  careful  foundry-work  it  is  not  neces- 
sary to  bore  the  castings;  but  it  may,  in  some  cases,  be  (heaper  to  use  relatively 
poor  foundry -work  and  bore  the  castings,  as  well  as  face  the  seats. 

(5)  PjN-ENDS  OR  BALL«AND-socKRT  FNUs  are  generally  preferable  to  flat 
or  fixed  ends  for  a  slenderness-ratio  //r.  of  100  or  less,  because  tests  show  that 
columns  so  fitted  usually  carry  heavier  loads  before  failure.    This  is  increasingly 
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(6)  "  All  odunuu  ihould  h«ve  sufficient  stiffness  to  ufeljr  withstand  the 
chioce  dedecting  Faeces  to  which  thty  ma/  be  etpoi^.  This  usually  involves 
'  US  of  ecceatricity  as  well  as  oi  Qexure  due  U> 
[t  is  desirable  to  adhere  always  to  the  trade  si 
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TTIBES.  etc.,  mild  ■voJd  spcdal  production  wbkb  luually  entaib  dcUys  asd  q»clal 

(8|  Table!  XII  and  XIII  give  the  uie  loads  which  standaui  uiil  extsa- 
BiBONo  sleel-pipe  coIuniDs  are  permitted  lo  ctrry  under  the  New  Yot^  and 
ChKaco  codes.  PhiUdelphfa  laws  permit  sGihlly  greater 
loads.  Supplementaiy  tables  of  sate  loads  for  doitble- 
EXTBA  STBONO  stecl-pjpe  columns  are  furnished  by  the 
manufacturer  and  may  be  useful  in  cases  where  a  mini- 
miun  diameter  is  required;  but  it  should  b«  remanbereid 
that  such  pipe  always  costs  more  per  pound,  mring  to  its 
greater  cust  of  manufacture. 
J-  II  Seciioo  of  H-Boam  wid  I-Btam  Strata  and  Colnmu.  Foi 
BtihlchcmHtolumo  «™"  "^  columns  carrying  Ughl  loads,  H  BEAKS  and 
Shoving  Viriaiinn  in  I  BEAHE  are  probably  the  most  economical,  as  they 
Aica  require  very  little  riveting  encept  for  the  splices  and 

connection*.  Owing,  however,  (o  the  narn>w  flaoges  of 
eventhedeepestlbeamsitisnot  practicable  to  rivet  very  heavy  girders  to  them ; 
cor  can  they  ordinarily  be  riveted  to  the  web,  because  the  latter  is  generally  so 
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Fig.  U.    Cooctcte-fiUBl  tolly  Steel  Colun 
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Fig.  IS.    Lilly  ColuDO.    Typiul 
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BilUalmn  Ccdamm.  As  lia  ai  ■hop-wortt  ti  concerned'  the  B 
niLinois  ue  iuM  as  economical  as  Uie  ordinary  H-beain  or 
I-ticuii  CDtunuu  u  tbcy,  ■)»,  are  FoUed  and  not  biait  up 
vulcmMed-  "Hie  only  fabricatioa  required  is  Ibat  for  tbe 
Qlicc-platea  and  connections.  Typical  connedims  are 
tboim  in  FiK-  12  from  wluch  the  simplicity  of  detail  and  ^if-  K' 
Hnail  amount  of  fabrication  required  are  spparenl.     They      "  "'I""* 

Kc,  moreover,  luperior  to  the  I-beam  columns  because  they      '"  '"*  '    " 
iflord   a   widei   Sange  foi  attaching  the  beams  and    girders,   besides  being 


H 


Sectioa 


Beaiini  on  mitoaij  Baring  on  (tetl 

Tit-  IT-*    ConDcctlom  for  Steel  PUte-ind-angle  CoIudhu 
*  Pim  Pocket  CompanioB,  Ciinie((e  Steel  Campanr.  Fiiubnrfb,  Pa. 
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■rare  econamicil  of  oou-Mctioa.    Betfalcliem  cohinuu  >n  rolled  in  five  bz«s. 

6,  8,  lo,  II,  and  14  in  ia  width,  but  by  q>readiiic  the  rails,  u  tbown  in 
Fi(.  13,  tlie  aecUon-uek  oi  e*ch  width  cmn  be  increMeri  coasidenbly.     Thr 
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TVPICAL  CHANNEL-COLUMN  T^TICAL  SPUCE 

Baifof  OB  iicd  ChiDiiEt-caliunni,  diGenal  lim 

Fig.  IB.*    Coaiwcliou  tor  SUd  Ptiti-uKl<huiid  Coluouii 

Bection-neuof  columnjotthclargtsl  size  may  also  be  increased  by  riveting  side 
pUles  to  the  Banaos.  Tables  o(  DIUEHSCDNS  ind  pkOpertiBS  oI  BelUehein 
mlled  steel  coLumna  and  of  the  sate  ujads  they  will  carry  are  given  in  Tables 
XVUI  to  XXI.  Althougb  these  colimuu  have  been  roUsd  in  Gemuuiy  (ioca 
*Ft«i  Packet  Caiii:iuioa,Can>(Q>cStettCoinpwir.'Pittsli«i|h,PL 
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19M,  it  was  not  until  the  esUbfishment  in  xgoS  oC  the  laxger  improved  millfl 
at  BetUeliem.  Pa.,  that  these  sections  became  available  for  use  in  this  country. 
They  are  gradually  superseding  plate-and-angle  and  box  columns,  p&rticularly 
those  of  the  smaller  axes.    The  6-in  columns  have  been  rolled  since  1920. 


laDy  Columns.  Lally  columns  (see,  also,  pages  469  to  474  and  Tables  on 
p2ge  516)  are  patented  columns  made  with  a  circular  steel  shell,  as  shown  in 
Fig.  14,  and  filled  with  a  concrete  composed  of  sand, 
cement  and  blue  trap-rock,  and  thoroughly  com- 
pressed. The  larger  columns  have,  in  addition,  a 
steel  reinforcement,  which  makes  a  light,  but  strong 
axpport.  They  are  in  many  buildings  replacing 
masonry  piers  for  supporting  girders  because  of  the 
saving  in  space,  and  are  extensively  used  in  mill- 
construction.  Typical  connections  are  shown  in 
Fig.  15.  The  I#ally  formula  for  the  safe  loads  in 
tons  is  sivea  with  Tables- XXXLandXXpr,  page 
S16. 

Plate-«iid-Angle  Colnmns.  Four  angles  and  a 
piate  riveted  together  as  shown  in  Fig.  16  are 
ixm  being  extensively  used  in  building-construction; 

particularly  for  columns  havhig 

Man  imsupported  length  of  less 
than  90  radii;  also  for  the  outer 
columns  in  steel-mill  buildings, 
and  for  light  columns  support- 
ing the  roofs  of  railway  stations, 
etc.  Columns  with  this  form  of 
^cross-section  are  especially  con- 
l)  venient  for  making  beam  and 
girder-connections  and  for  splic- 
ing, and  are  also  well  adapted 
to  resist  eccentric  loads.     The 

€^  '^  '   4      width  of  the  plate  is  generally 
U      *^ch  that  the  least  radius  op 
~  I         GYKATiON  is  in  the  direction  rs> 
r^         and  tins  radiuc  ;a«y  De  obtained  directly  from  Tables  X\l 
^*lIJdJh^     and  XVII,  pages  370  and  372. 


Fir.  19.     Steel  Channel- 
coittott  with  Lattice-ban 


ChAOn^l-Colttmns.  Typical  coluun-details  forplate- 
and-angle  and  channel-columns,  taken  from  the  Carnegie 
Pocket  Companion,  19 15  edition,  are  shown  in  Figs.  17  and  18  and  represent 
current  practice  in  office-building  construction. 

Lattico-Columns.  Two  channels,  set  back  to  back,  at  such  a  distance 
that  the  radii  of  gyration  will  be  equal  about  both  axes,  and  connected  by  lattice- 
bars,  as  shown  in  Fig.  19,  make  a  very  desirable  column  for  moderate  loads,  as 
in  the  upper  stories,  or  in  buildings  of  three  or  four  stories  in  height.  For 
greater  loads,  short  cover-pktes  may  be  riveted  to  the  flanges  in  place  of  the 
lattice-bars.  Such  columns  are  very  satisfactory,  especially  for  making  con- 
nections. 

Rule  for  Latticing  of  Cluuiiiels  and.Angli(8.  When  channels  are  oon- 
OKted  by  lattice-work,  as.in  Figv  20,.  in-Ofder.that  theie.may-  not  be  a  tendency 
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in  the  channels  to  bend  between  the  pomts  of  bndng,  the  distance  /  shoald  be 
xn^e  equal  to  the  total  length  of  the  strut  multiplied  by  the  least  ra^us  of  gjrra- 
tion  of  a  single  channel,  and  the  product  divided  by  the  least  radius  of  gyratioa 
for  the  whole  section;  or, 

in  which  /  >  length  between  points  of  bracing; 

h  -  total  length  of  strut; 
f  "  least  radius  of  gjrratton  for  a  single  channel; 
f  1  •>  least  radius  of  gyration  for  the  whole  section. 

This  same  rule  will  also  apply  to  angles,  although  with  them  the  lattice-work. 
b  generally  doubled,  as  in  Fig.  21. 


Fig.  21.    Double  Lattioe-ban  oa  Aagte^ohunns 


It  is  generally  found  desirable  to  make  the  distance  /  less  than  that  obtained 
by  the  above  formula.  The  inclination  of  the  lattice-bars  with  the  axis  of  the 
column  or  strut  is  usually  about  6o^  for  single  and  45^  for  double  bars. 

The  proper  distance  for  d  or  D,  Fig.  20,  for  a  pair  of  channels,  so  that  the  radius, 
of  gyration  will  be  the  same  In  both  directions,  is  given  in  Table  VIII, 
page  359. 

The  following  tabulations  are  taken  from  the  Handbook  of  the  Cambria. 
Steel  Company,  19x5  editbn. 
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Types,  Forms  and  Connections  of  Sted  Cotumos 
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Plsta-aud-JUtf ■  and  Bos  CoIbbuu.  FUte-aml-utflc  columns,  as  ahowa 
m  Fig.  10,  requiring'  but  two  row)  of  lirttt  uc  veiy  economical  nolunuis  for 
bufldinga  of  modenle  hd^t,  a>  tbcy  aSord  eXQellent  opportunities  ior  connect- 
ing the  beans  and  girden.  Tables  of  SAn  loai>s  t.tn  giveo  in  Table  XXIV 
of  this  chipter.  Wheo  ■  more  compact  wctioo  is  required  than  that  afforded 
by  the  larger  sbei,  the  sectioiywtk  may  b«  iacreaaed  by  rivetiag  plates  to  the 
arises  >»  shown  In  n«.  23  wbkb  i*  a  aection  of  one  of  the  colunuu  in  the  Munic- 


Fi(.  II.    Heavy  PIbIc-      ^.  13.    Heavy  P 
ind-nBgle    One-web  and-angla   Tw» 

Colunin  Cohuon 


9  the  eipeiu 


Bethlehem  K  columns,  or  channel  m  boi  ctdumna.  For  high  buildings  or  heavy 
loads,  where  tbe  nqulnd  sectional  arcaa  of  cojiunng  are  greater  than  can  be 
obtiioed  by  uaing  channel-columns  or  Bethlehem  columns  without  Sange-plates, 
BOX  cOLUuns  made  of  plates  and  angles,  as  shown  in  Fig.  33.  which  is  one  of  the 
columns  in  the  Bankers'  Trust  Company  Building,  New  York  City,  will  prob- 
ably be  found  to  be  m«  satisfactory.  The  Chickneas  and  number  oF  web-p1»Ies 
and  flaage-plates  can  be  varied  with  the  load  to  be  supported.  Ordinary  Con- 
nectbns  for  box  columns  are  the  >amc  as  those  for  ctiANirEL-coLTnora,  shown 
in  Fig.  18-  Foe  the  tallest  buildings  and  heaviest  loads  box  columns  with 
nuPLB  WEBS  as  shown  in  Fig.  24  are  the  beat.  They  are  used  in  the  highest 
buildings  erected,  such  as  the  Masonic  Temple  tn  Chlowo,  and  the  Bankers* 
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Trust  BuiUing,  the  Municipal  Building,  the  Woolworth  Building  and  the  Met- 
ropolitan Tower  in  New  York  City.  Fig.  24  is  a  cross-section  of  one  of  the 
columns  in  the  last-mentioned  building.  Details  of  a  similar  column  used  in 
the  Bankers'  Trust  Company  Building  are  ^own  in  Fig.  7  on  page  342.  It 
is  of  course  impracticable  to  give  tables  of  safe  loads  for  plate-ani>-angx.e 
COLUMNS  with  flange-plates  and  for  box  columns,  owing  to  the  great  variety  of 
combinations  that  can  be  used,  but  Example  xo  of  this  chapter  shows  how  the 
columns  are  designed  and  their  strength  determined.    (See  page  485.) 

St«el  Struts  in  Trusses.  These  are  generally  made  of  a  pair  of  latticed 
channels,  or  of  channels  and  plates  for  heavy  trusses  with  pin-connections,  and 
of  either  a  pair  of  light  channels  or  a  pair  of  angles  with  uneven  legs  for  light 
trusses.  For  roof-trusses  having  a  span  not  exceeding  80  ft,  a  pair  of  4  by  6  by 
94-in  angles  is  generally  sufficient  for  any  of  the  (impression-members  unless 
they  sre  subjected  to  transverse  stress;  and  the  minor  struts  are  very  often 
made  of  a  pair  of  3H  by  2H  by  H-in  angles.  The  angles  arc  placed  from  H  to 
H  in  apart  to  permit  the  filler-plates  used  at  the  joints  to  go  between  them. 
For  compcession^members  subject  to  transverse  stress  a  pair  of  channels  gen- 
erally oflfers  the  best  section.  If  necessary  the  channek  can  be  reinforced  by 
plates  at  the  top  and  bottom.  A  pair  of  angles,  with  a  deep  w«b-plate  riveted 
between,  is  often  used  for  the  principles  of  Fink  trusses  where  they  are  subject 
to  a  slight  transverse  stress.  (See,  also,  Fig.  6,  page  1x46.)  For  very  light 
compressive  stresses  and  for  short  members  a  single  angle  is  sometimes  used;  but 
this  is  not  considered  good  practice,  as  It  causes  eccentric  loading  on  the  gusset- 
plates  at  the  truss-joints.  A  pair  of  small  angles,  or  some  other  combination 
with  a  symmetrical  cross-section  should  always  be  used  for  truss-members. 

Where  angles  are  used  in  pairs  they  should  be  connected  by  a  rivet  and  small 
filler-plate  or  separator  every  two  feet  in  length,  to  prevent  them  from  spring- 
ing apart.  In  regard  to  the  maximum  length  of  steel  struts  in  trusses  it  is 
not  considered  good  practice  to  use  a  strut  whose  unsupported  length  exceeds 
150  times  its  least  radius  of  gyration,  or  50  times  its  least  width. 

IS.  Strength  of  Steal  Columns.    Formulas 

Prindptes  Go¥eraliy;.tha  Resistance  of  Built-up  Steel  Columns.  Pro- 
fessor William  H.  Burr  states  *  that  "the  general  principles  Which  govern  the 
resistance  of  built-up  columns  may  be  summed  up  as  follows:  the  material 
should  be  disposed  as  far  as  possible  from  the  neutral  axis  of  the  cross-section, 
thereby  increasing  the  radius  of  gyration,  r;  there  should  be  no  initial  internal 
stress;  the  individual  portions  of  the  column  should  be  so  firmly  secured  to  each 
other  that  no  relative  motion  can  take  place,  in  order  that  the  colunm  may  fail 
as  a  whole,  thus  maintaining  the  original  value  of  r."  The  experiments  made 
by  Professor  Burr  indicate  that  a  closed  column  is  stronger  than  an  open  one. 
It  should  also  be  remembered  that  any  column  such  as  an  I  beam,  channel,  or 
angle,  the  cross-section  of  which  has  a  maximum  and  a  minimum  radius  of 
gyration,  is  not  economical  for  use  under  a  single  concentric  load,  as  the  mini- 
mum radius  of  gyration  must  be  used  in  the  calculation,  and  part  of  the  mate- 
rial is  to  a  certain  extent  wasted  when  the  ideal  efficiency  of  the  column  is 
considered. 

Formulas  for  Steel  Columns.  A  great  many  roamTiAS  are  used  for  cal- 
culating the  strength  of  steel  columns  and  struts,  of  the  lengths  usually  em- 
ployed in  practice,  but  scarcely  any  two  authorities  agree  upon  the  same  one. 
These  formula  may  all  be  grouped  into  two  general  classes,  those  founded  | 

*  Elasticity  and  RcsistAoce  of  the  Materials  of  Engineering,  by  WiUlam  H.  Borr. 
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oo  Kankirb's  MtMiiLk  *  (x  z)  and  thoai6  founded  6n  the  stsaiobt-lxnk  wowttrfm 
ill).  (See  the  following  paragraphsb)  In  the  different  formulas  different  values 
are  a^wigncH  to  the  arbitrary  constants.  Previous  to  xSSft  Rxnkine's  or 
Gosoon's  vormulas  were  almost  universally  used  for  all  columns,  although  with 
more  or  less  variation  in  the  constants  employed.  About  1685  Professor  Burr, 
after  having  conducted  a  series  of  tests  upon  f uU-siae  column-sectioos  deduced 
what  is  now  known  as  the  straigbt-une  formula.  As  this  is  easier  of  applica- 
tioo  than  Rankxne's  vormula,  it  has  gradually  found  favor  with  engineers,  espe- 
cially as  the  results  differ  but  little  from  those  obtained  by  the  older  formula. 

Fommlms  Compured.  Which  one,  oC  all  the  fonnulas  in  use,  should  be 
rfflployed  in  calculating  the  safe  load  for  columns  is  an  open  question,  but  the 
&uthicx'»  after  careful  deUberation,  has  decided  to  recommend  Rankxne's  for- 
MuiA  for  the  following  reasons.  In  the  first  place  it  b  safe  and  conservative 
and  if  it  errs  at  all,  it  is  on  the  side  of  safety;  and  in  the  second  place  it  has  a 
wider  application,  as  the  values  assigned  to  the  arbitrary  constants  have  beeh 
more  gexwrally  agreed  upon,  whereas  there  is  a  greater  variety  in  the  values  of 
the  constants  employed  in  the  straight-une  tormula.  Of  course  one  is  not 
free  to  choose  when  dty  bws  compel  the  use  of  certain  formulas.  No  tables  of 
&.\FE  UOAOS  for  columns,  satisfying  the  requirements  of  all  cities,  could  be  com- 
piled. The  author  has  accordingly  thought  it  best  to  inaert  tbe  various  tables 
of  safe  IjOads  for  different  forms  of  columns  as  computed  in  the  very  latest 
handbooks  akhoni^  not  necessarily  based  upon  Rankine's  roRiiaLA,  and  to 
insert  Table  XI,  spedaDy  computed  and  giving  the  comparative  safe  ix>ads  m 
POUNDS  per  square  INCH  OF  USTAL-AREA  for  oolumns,  as  determined  by  seven 
different  formulas.    (See  pages  493  to  495.) . 

FororaUs  Vwd  In  Bnilding  Codes.  Rankxne's  forkula  (called  Gordon's 
FOKMULA  in  many  codes)  is  specified  in  the  building  codes  of  the  following  cities: 
PhQaddphia,  Pittsburgh,  Baltimore,  and  Milwaukee;  and  in  the  Cambria 
handbook.  The  straight-lime  formula  is  specified  in  the  building  codes  of 
New  York  City,  Chicago,  St.  Louis,  Minneapolis,  Boston,  and  in  many  other 
dtics,  and  is  used  in  the  Carnegie  and  Bethlehem  handbooks. 

Fomrals^  Used  iii  Practice.  The  following  If omitllasy  in  the  opinion  of  the 
author,  represent  the  best  current  practice.  They  are  formulas  for  safe 
LOADS,  S,  in  pounds  per  square  inch  of  cross-section,  on  steel  cofomn»and  struts. 
In  these  formulas  /  is  the  length  of  the  column  in  inches  and  r  the  least  radius 
OF  gyration  of  the  cross-section.    (See,  also^  Chapter  X,  pages  333,  344,  etc.) 

The  SAFE  load,  P,  for  any  column  is  equal  to  .S,  obtained  by  one  of  the  follow- 
ing formulas,  multiplied  by  the  section-area  of  the  coliunn  in  square  inches; 
or  PmAS  (10) 

Rankine's  f  ormnby  used  in  the  Cambria  handbook,  is 

S^        "500  („) 

1  +  ^/36  000  r* 

The  formula  recommended  hy  Professor  Burr  is 

5"- loooo  — 4o//f  (12) 

The  formula  used  by  the  American  Bridge  0)mpany  and  Carnegie's  Pocket 
Con^MUiion  is 

5-  19000—  xoo//f  (13) 

with  a  maximum  of  13  000  lb  per  sq  in. 

*  Rsii&iflis's  foranla^k  scnactfmcs  referred  to  as  Gordon^i  formt#a,  but  Gordon  used 
the  least  lateral  dimension  or  the  diameter  ol  the  column  instead  of  the  least  radixu  of 
gyxasion  of  the  croas-aection. 
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The  formuJa  uied  by  the  American  Railway  Engineering  Asaodatioa  and 
the  New  York  and  Chicago  building  codes  is 

5  -  i6  000  —  ici/r  (14) 

with  a  maximum  oi  16  000  lb  per  aq  in  <of  New  York  and  14  000  for  the  others. 
The  formula  used  in  the  New  York  Qty  binkilng  code  preivkMis  to  1916  waa 

S-isaoo-s8//f  (is) 

The  fbrmtdas  used  in  the  Catalogue  of  the  Bethlehem  Steel  Company  are 

5  -  16  000  -  55  l/r,  for  Ijf  over  55  (16) 

and  5  «  13  000  lb  per  aq  kw  for  l/r  under  S5 

Fowler's  sHgfatly  modified  formula  for  steel  Stmts  in  trusses  is 

5  =  12  500— 5o//r  (17) 

The  value  50  in  Fowler's  foimula  is  41%  when  /  is  in  inches,  and  500  when  / 
is  in  feet, 

For  a  Gomtnriaoii  of  moat  of  these  formulas,  see  Table  XI,  paces  493  to  49S 
and  the  coMPAaATiva  oiagram  or  ^FOsMULas,  page  496. 

14.  Daaign  of  Stael  Colmiint.    SzaaiplM 

Practical  Um  of  CdBinn*PofBndaa.  Unlike  the  beam^bmnila  the  eoiiimii- 
formulas  in  general  uae  do  not  give  a  direct  method  of  ralotlaling  the  dJmi-nriona 
of  a  column  that  will  support  a  given  load,  owing  to  the  pfcamce  in  the  cohimi^ 
formula  of  two  unknown  quantities*  A  and  r,  which  aie  dependent  upon  one 
another.  Hence  in  designing  rolwmns,  the  section  must  hc.ficBt  asaiiiiifid  and 
then  tested  for  the  safe  load  P,  or  for  the  maximum  unit  iiber-atrew  S.  This  is 
an  apparently  roundabout  method  of  designing  columns,  but  unfortunately 
there  seems  to  be  no  more  direct  way.  When  a  colunm  is  to  be  selected  or 
designed,  its  axial  load  P  is  £^ven  and  also  its  length  and  the  condition  of  its 
ends.  A  proper  allowable  unit  stress,  .S,  is  assumed,  suitable  for  the  given 
material  and  for  the  conditions  under  which  it  is  to  be  used,  or  in  accordance 
With  the  requirements  of  the  local  building  code;  or  the  Vahie  of  5^  is  given  in 
the  specification  according  to  which  the  column  is  to  be  designed.  A  cross- 
section  b  then  selected  in  accordance  with  the  prindpies  exfjained  on  pages  467 
to  469.  For  this  assumed  cross-section  A  and  r  are  determined  and  then  sub- 
stituted in  the  formula,  which  is  solved  for  P.  If  the  assumed  dimensions  give 
a  value  for  P  that  agrees  with  the  actual  load,  they  are  correct.  If,  however, 
the  resulting  value  of  P  is  smaller  than  the  actual  load,  the  assumed  size  is  too 
small,  and  it  will  be  necessary  to  choose  a  larger  size  and  solve  again.  If  oa 
the  contrary,  the  actual  load  is  less  than  the  safe  calculated  load,  a  ooluma  with 
a  smaller  element  of  cross-section  is  assumed  and  a  new  value  of  P  obtained. 
After  a  few  trials  a  size  that  gives  a  satisfactory  result  for  the  required  conditions 
will  be  found. 

Examples  inisatrating  the  0se  o^  Column-Formulas  and  Tables.  Since 
the  column-tables  in  the  last  haK  of  this  chapter  give  the  safe  loads  of  the  major- 
ity  of  column-sectioos  of  current  practice,  having  determined  which  section  it 
is  most  advisable  to  use  under  any  given  conditions,  it  is  merely  necessary  to 
consult  the  tables  and  select  the  column  of  the  required  size  to  support  the  actual 
load. 

Eiaiagle  7«  The  following  is  an  example  showing  the  method  of  selecting 
Beislsbim  bollkd  h  golcxmns  for  buildiogs. 
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Shoviag  th0  Method  ui  Stleetfttg  B«tU<hMt  Itoltod  H  CohiaBS 

for  Bolldlaci 

For  mastmtloa,  the  faiterior  columns  of  an  actual  sixteen-^tory  buOding  are  taken  as 
nramplf.    The  stoiy-beigfats  and  the  loads  on  the  columns  are  ghrea  m  the  following 
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Z>  is  the  depth  of  the  column,  T  the  thickness  of  the  flanges  and  B  the  brtadth  of  the 


Cohimna  for  bofldiags  are  uauaMysefeeted  hi  leagths  of  two  stories.  ByinqMetionofthe 
tables  of  safe  ksods  for  H  cohimwe,  it  is  foond  that  no  cokiouis  smaUcr  thaa  X4-ia  H  SK- 
tions  have  sufl&dent  capacity  for  the  lower  stories.  Where  there  is  no  liautation  as  to 
the  size  of  the  column,  the  column  with  the  largest  dimeoaioos  and  having  the  required 
capacity  will  be  the  most  economical.  The  unsupported  length  of  a  column  should  not 
exceed  150  radii  of  gyration,  which  Is  the  limit  of  length  for  which  safe  load*  Mt  given 
in  the  tables.  In  the  best  piaotfce  the  uesappnctcd  length  of  a  colama  is  ireqiwitlir 
required  not  to  exceed  120  or  x  25  times  the  leut  radius  of  gyration;  various  limlte  for 
l/r  are  indicsfed  in  the  tables  by  aigaag  hnes.  The  safe  loads  given  in  the  tables  are  for 
ooaceotric  or  symmetric  ioadiog.  When  the  loads  are  not  ceDtr44y  or  4ymmetricalljr 
applied,  the  size  of  the  column  should  be  calculated  by  Formula  (18),  page  486. 

Baample  8.  Suppose  that  in  a  20'Story  office-building  to  be  erected  in  Chicago, 
the  load  on  each  of  the  first -story  columns,  which  are  x6  feet  in  length,  is  700 
tons.    What  columns  should  be  used? 

Turning  to  Table  XXI.  pig0  515,  giving  the  safe  Iosd»  for  Bethlehem  t4-in 
H  columns  it  is  seen  that  a  x4-in  387.5-lb  coluom,  the  heaviest  rolled,  will 
support  only  549.3  tons;  this  type  of  coluixm,  therofofe»  cannot  be  used.    More* 
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over  a  casual  inspection  of  the  tables  of  safe  loads  for  plate4ind-a&sle  and 
channel-columns  shows  that  they  are  not  suitable  because  of  the  thick  flanges 
and  web-plates  required.  Consequently  the  columns  in  the  lower  stories  wHI 
probably  have  to  be  of  the  box  type,  with  double  or  triple  webs,  as  shown  In 
Figs.  23  and  24.  The  upper  colunms,  however,  may  be  of  the  plate-and-ansle 
or  channel-type,  whichever  will  be  the  more  economical.  The  heaviest  plate- 
and-angle  column,  without  flange-plates  (Table  XXIV,  page  522),  composed  of 
four  6  by  4  by  94 -in  angles  and  one  12  by  ^i-in  web,  will  support,  for  a  length 
of  14  feet,  the  height  of  most  of  the  upper  stories,  469  000  lb;  and  a  channel-col- 
umn (Table  XXVI.  page  541)  composed  of  two  x2-in  yyXb  channels  and  two 
14  by  M-in  plates  will  support  502  000  lb.  The  former  weighs  125  and  the  latter 
Z314  lb  per  lin  ft,  so  there  is  not  much  choice  as  far  as  economy  of  material  is 
concerned.  The  channel-column,  however,  requires  four  rows  of  rivets  while 
the  plate-and-angle  column  requires  only  two  rows,  so  this  added  expense  of 
fabrication  would  have  to  be  considered.  Assuming,  however,  that  the  plate- 
and-angle  type  is  more  desirable,  the  next  step  is  to  design  the  individual 
colutams. 

The  load  upon  each  of  the  uppermost  oolijmins,  which  arc  20  ft  in  length,  is 
70  poo  lb.  Turning  to  Table  XXiy,  aagt  5x8,  it  will  be  seen  that  a  csolumo 
composed  of  four  4  by  3  by  H-in  angles  and  one  8  by  H-in  wdb  will  support, 
for  a  length  of  20  ft,  77  000  lb;  but  this  load  is  below  the  lower  zigzag  line  and 
hence  the  slenderness-ratio  of  the  column  exceeds  120.  Assuming,  for  the  pur- 
pose of  illustration,  that  the  limit  of  //r  is  lao^  a  heavier  section  must  be 
selected.  On  page  si9  of  Table  XXIV,  continued,  it  is  seen  that  the  lightest 
ao-ft  c^umn,  for  which  l/r  does  not  exceed  the  required  ratio,  is  one  composed 
of  four  5  by  3^^  by  H-in  angles  and  one  xo  by  H-in  web,  and  that  for  a  length 
of  20  ft  it  will  support  121  000  lb,  or  51  000  lb  more  than  will  oome  upon  it. 

Continuing  the  design  of  the  columns,  suppose  that  one  in  the  14th  stovy, 
14  ft  in  length,  supports  175  tons,  or  350  000  lb.  From  Table  XXIV,  page  529, 
it  is  fotmd  that  a  oolumn  composed  of  four  6  by  4  by  H-in  angles  and  one  12  by 
H-in  web-plate,  for  a  length  of  14  ft,  will  carry  373  000  lb.  In  the  table,  the 
safe  load  is  calculated  by  Formula  (13),  whereas  the  Chicago  Building  Code 
specifies  Formula  (14).  Hence,  as  this  building  is  to  be  erected  in  Cl^ca^  the 
chosen  column  must  be  tested  by  the  latter  formula.  Its  X  is  29.44  iq  in  and 
ks  least  r,  a.65  in.  To  test  it  by  the  formula,  /  -14  ft  X  12  «  x68  in,  and  l/r  - 
168  in/2.65  in  «  63.  Substituting  in  Formula  (14),  5  -  x6  000  ~  (70  X  63)  « 
16  000  —4  4x0  -XX  590  lb  per  sq  in.  From  Formula  (10),  the  safe  load  for  the 
colnmn,  P  «  i45  -  29.44  sq  in X  ix  590  lb  per  aq  in  -  341 209  lU  which  is  less 
than  the  actual  load.  Therefore,  the  next  heavier  oolunin,  with  angles  tH«  in 
thick,  should  be  selected. 

Exanile  9.  In  an  office-building  to  be  erected  in  Philadelphia,  the  use  of  the 
Bethlehem  rolled-steel  H  columns  has  been  decided  upon.  One  of  these  col< 
umns,  x5  ft  in  length,  supports  170  000  lb,  or  85  tons.  What  should  be  the  size 
of  this  column? 

According  to  Table  XIX,  page  508,  giving  the  safe  loads  for  Bethlehem  col- 
umns, a  lo-in  49-lb  column,  15  ft  in  length,  will  carry  86.3  tons,  an  apparently 
safe  load.  Bethlehem-column  loads,  however,  are  calculated  by  the  straight-line 
formula,  whereas  in  Philadelphia,  RanKlBe's  (called  Gordon's)  formula  is  the 
standard.    Thb  formula  with  the  arbitrary  constants  inserted  is 

5..^— iii£ (See  Table  XI,  i)ai^49S.) 

zxooo 
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From  Table  XIX,  A  «  14.37  SQ  in  ^^d  the  least  f  -  3.49  in;  /  is  15  ft  or  180  b 
//r-  180  in/^  49  «n  ■•  7«-3- 

SubstitutiDg  in  the  formula, 

16  250  16  350  16  250 


5- 


1+ (72.3) 

ZIOOO 


1  +  5227/11000      16227/11 

16  250X11 000      178750000  ,.  , 

-  XI 015  lb  per  sq  In 


16227  16227 

and  foom  Formula  (10),  page  48x1 

P  *  AS  "  X4.37  sq  in  X  X  X  0x5  lb  per  sq  in  «  158  285  lb  or  79.1  tons»  . 

vhich  is  less  than  the  tabular  load.    Hence  the  next  heavier  column,  weighing 
S4  lb  per  sq  ft,  would  have  to  be  used. 

Baeanvlo  xo.  Figure  7,  page  342,  show3  the  cross-section  of  one  of  the 
basement-columns  in  the  Bankers'  Trust  Company's  Building,  New  York  City. 
It  is  30  ft  in  length  and  supports  2  230  tons.    Is  the  column  safe?  

The  first  step  is  to  find  its  least  radius  of  gyration  which  is  equal  to  wljA, 
The  least  moment  of  inertia  of  this  section  was  found  to  be  17  030.  (See  page 
343.)     The  area  is  made  up  as  follows: 

Flanges.  The  flanges  are  composed  of  six  27  by  H-in  plates 
and  two  27  by  ^Hs-in  plates.  The  area  of  the  cross-section  of 
each  37  by  H-in  plate  is  20.25  sq  In  and  of  the  six  plates,  121.50  sq 
in.  The  area  of  the  section  of  each  27  by  ^  He-in  plate  is  18.56 
aq  in  and  of  the  two  plates^  37<x3  sq  in.  Hence  the  total  sectional 
flange-area  is  121.50-1-  37.12  *  158.62  sq  in 

FiANGE-ANGLES.  Each  flange-angle  is  6  by  6  by  ^M*  in*  Its 
section-area  is  xo.38  sq  in.    Hence  for  the  four,  A  *■  xo.38  X  4  "•        4i«53  sq  in 

Outer  Web.  The  outer  web-plates  are  each  18  by  >H«  in. 
The  area  of  each  one  is  x 2.375  sq  in  and  of  the  eight  99-oo  sq  in 

Web.  Each  web-angle  is  6  by  3^  by  iM«  in  with  a  section- 
area  of  8.03  sq  in;  and  for  four  angles  the  section-area  is  32.12'  sq  in 

Web.  The  web  is  composed  of  two  18  by  M«-in  plates,  each 
with  a  section-area  of  10. 125  sq  in.    For  two  the  area  is  20.25  sq  in 

The  area  of  the  entire  section,  therefore,  is  3Si-5i  sq  in 

f*  -  llA  -  17  030/35X.5  -  48.5    and   r  -  V48.5  -  7  in 

/  -  20  ft  *-  240  in  and  //r  ■■  240  tn/7  in  >-  34.3 

Substituting  in  the  former  New  York  City  building  code  Formula  (15),  page  482, 
5-15  300  —  58  X  34.3  -  15  300  —  1 989  «  13  2XX  lb  per  sq  in 

From  Formula  (xo) 

P  ^  AS»  35X.5  sq  inX  13  2x1  lb  per  sq  in«  4643666  lb,  or  3  331  tons. 
Hence  the  column  is  perfectly  safe. 

Iff.  Eccentric  Loading  of  Steel  Columns 

General  Principles.  Where  columns  are  used  in  tiers,  one  above  another, 
the  beams  and  girders  which  they  support  must  necessarily  rest  upon  brackets 
projecting  or  extending  varsring  distances  beyond  the  shell  or  section-areas  or 
axes  of  the  columns.  Such  connections  cause  bending  moments  in  the  columns. 
When  equal  loads  are  applied  at  equal  di^ances  on  opposite  sides  of  a  column, 
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the  bendiiig  momeiits  cuued  by  them  in  the  column  balance  etch  other,  aod 
the  CENTER  OF  STRESS  may  be  considered  as  coindding  «rith  the  axia  of  the 
column.  When,  however,  a  load  is  applied  on  one  side  (Fig.  25)  without  a 
corresponding  load  on  the  opposite  side,  it  is  called  an  EOCEimic  ix>ad  and  the 
area  of  the  cross-section  of  the  column  should  be  increased  correspondingly. 
There  is  unfortunately  no  direct  method  by  which  this  additional  area  can  be 
determined.  The  usual  method  of  procedure  is  to  assume  a  section  in  excess 
of  that  required  to  support  the  total  load  and  then  compute  the  fiber-stress  due 
to  the  combined  halancrd  and  eccentric  loads.  If  this  works  out  too  large 
or  too  small  another  trial  is  made. 

Formula  for  Eccentric  Loads  on  Steel  ColmnAt.    The  following  formula 

(compare  with  Fig.  25)  is  used  to  determine 
the  combined  fiber-stresses  due  to  the  concen- 
tric and  eccentric  loads  (See,  also,  page  453): 

Let     F  -  the  concentric  or  balanced  load  hi 

pounds, 
P\  -  the  eccentric  load  in  pounds^ 
if  ■-  the  bending   moment   due   to  the 

eccentric  load  in  inch-pounds  *  Pix, 
X «  the  eccentricity  of  the  load  P\  in 

inches.    (See  note  below.) 
/«the  moment  of  inertia  of  the  area 

of  the  cross-section  of  the  column 

about  an  axis  at  right-angles  to  the 

diiection  of  the  bending, 
c  «  the  distance  of  the  outermost  fiber  in 

the  cross^section  from  thesame  axis, 
A  ••  the  area  of  column-section  In  square 

inches  and 
5  »  the  actual  fiber-eti^ess  in  pounds  per 
square  inch 


Fig.    25.    Channel<colttnin 
JEiCoentnc  Load.    Elevation 


Then 


5-(P+/»i)/A  +  jrc// 


(t8) 


Note.  In  measuring  the  eocentricity,  the  distance,  x,  is  generally  measunxl 
from  the  axis  of  the  colunm  to  the  center  line  or  half-breadth  line  of  the  bracket 
or  bearing. 

Szamplea  of  Bccentric  Loading  of  Steel  Colnmna.    The  following  ex- 
amples illustrate  the  use  of  the  formula  and 
taMes  in  determining  the  aafe  eccentric  loads  I 

for  steel  columns. 


xT\  _.!  « 


II.  The  total  load  on  the  top  of  a 
column  33  ft  in  length  is  194  000  lb,  of  which 
30  000  lb  come  f  ram  the  end  of  a  girder.  There 
is  no  corresponding  load  on  the  opposite  side. 
(See  Fig.  26.)  It  is  proposed  to  use  a  channel- 
column.  What  is  the  size  of  the  required 
column? 
By  feleiriog  to  Table  XXVI.  page  $39,  it  is  ^ig.  26.  Channd^anm  with 
a  column  composed  -'  ' ^^°^"^  ^^'   ^^'^ 


that  a  column  composed  of  two  la-m 
ao.7-lb  channels  and  two  14  by  H-in  plates  will  support,  for  a  length  of  3^ 
ft,  t^^  000  lb,  a  somewhat  greater  kiad  than  will  oome  on  the  column.  For 
the  sectioc  of  this  columB,/s-t«4i&'4'- m«36  sq  in.  r «  4*99  la  aod  V^** 
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^$4/4.99  i*  89.    Subslitiiting  in  Foiknuk  (ii)«  pife  48x4  to  find  the  safe  unit 


lasoo  12500  12500  12500 

**  I  4.       '       n/^yt  "  *  +  C89)V36  000  "  1  +  7  921/36  000-43  921/36  000 
361 


13500X36000       450000000  ,. 

^ . .  10  3^5  lb  per  sq  m 

43921  43  9*1 

Tbe  actual  stresB  in  pounds  per  square  inch  of  the  column-section  is  found 
by  Fonaula  (18),  5  -  (i*  +  Pi)/ A  +  Mc/I.  P  -  164  000  lb.  Pi  -  30  000  lb, 
A  -•  92.56  aq  in  and  M  ■>  Ptx  in-lb.  x  «  the  distance  in  inches  from  the  axis 
9-3  of  the  column  to  the  outside  of  the  web,  plus  the  distance  from  the  outside 
of  the  web  to  the  center  of  the  bracket.  The  former  distance  can  be  found  from 
Table  XXVI.  It  is  4  in.  Let  the  distance  from  the  outside  of  the  web  of  the 
channel  to  the  center  of  the  bracket  riveted  to  the  web  of  the  channel  be  2  in, 
the  projection  of  the  bracket  being  4  in;  tiaen  x,  the  lever-arm  of  the  moment  of 
the  load  Pi,  or  the  eccentricity,  is  4  in  +  2  in  *  6  in.  M,  therefore,  is  Ptx  or 
50000  lb  X  6  in.  c  is  7  in«  since  the  plates  are  14  in  wide.  /«-«<-  415.  Sab» 
sdtuting  in  Formula  (18) 

164000+30000  .  30000X6X7      «,:_.         c  c  aiu 

S -^ 4 —  8  600  -I-  3  036  -  II 636  lb  per  sq  m 

22.56  415 

As  this  exceeds  the  safe  unit  fiber-stress  of  10  245  lb  per  sq  In,  the  column- 
section  is  too  small. 

For  a  secoad  trial,  consider  a  12-in,  30.7-Ib  channel-cotusm  with  14  by  ^i-in 
plates.  For  this  section,  />.«  •■  473,  A  >-  26^  sq  in,  n^  *  4.26  in  and  l/r  — 
384/4.26  ■•  90. 

12500  13500  12500 


5- 


I  +(9o)V3fi  000   I  -h  8 100/36  000   44  100/36  000 

12500X36000       ,. 

'  -  10  204  lb  per  sq  m. 


44100 
Tbe  actual  stress  from  Formula  (18),  as  before,  is 

-.     164000  +  30000  ,  30000X6x7  .     --  -    -« 

S  -  —^ — ^   f^ H  ' ••  7  444  +  2  664  -  10  X08  lb  per  sq  m 

26.06  473 

As  tins  is  less  than  the  safSe  stress  of  10  304  lb,  the  second  selection  is  safe. 

Sxaaiila  za.  A  Bethlehem  H  column  14  ft  long  carries  90.56  tons,  of  wfaidi 
15.52  tons  are  eccentric,  bang  applied  to  the  flange  of  the  colwnn  as  shown 
in  Fig.  27,  the  distance  from  the  outside  of  the  flange  to  the  center  of  the 
bearing  bdng  2  in.    What  is  the  size  of  the  column  required? 

Tiy  a  i3-in,  84.5-lb  column,  which,  for  a  length  of  14  ft,  or  168  in,  will  cany 
161 .4  tons  (Table  XX).  For  this  column,  A  -  24.93,  n-t  •-  3.03,  /i-i  •  676.1, 
/«-i  «■  228.5  and  /  is  14  ft,  or  x68  in;  hence  l/r  «  168/3.03  ->  55.  Substituting 
in  Formula  (15),  assuming  that  that  formula  is  specified,  5  «  15  200  ~  58  X55  •■ 
13  0x0  lb  per  sq  in.  Since  the  eccentric  load  causes  bendmg  in  a  direction  at 
right-angles  to  the  axis  x-i,  Fig.  27,  the  bending  moment  due  to  the  eccentric 
load  is  Pi,  or  15.52  tons  or  31 040  lb,  multiplied  by  its  lever  arm  x.  which  is  the 
distance  from  die  axis  i-i  to  the  outside  of  the  flange  plus  the  distance  from 
this  surface  to  the  center  of  bearing.  The  former  dimension,  taken  from  the 
'M^'H'^T*  Catalogue,  is-  6Hf  in  and  the  latter  is  2  in;  hence  t «  8H«  in  or  for 
OBDTcnienoc^  6  in*    The  distance,  c  also,  of  the  outermost  fiber  from  the  axis 
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l-x  is  6H«  in,  wliich*  for  convenience  will  be  oonsideced  6  in.    /i^  about  the 
axu  x-i  is  676.x.    Substituting  in  Fonnula  (x8),  5  - (x5o  080+31  040)/ 24.93  + 

(31 040 X  8 X  6)/676.i  -  7  168  +  2  204  *  9  472 
lb  per  sq  in.  As  this  is  far  bdow  the  saife 
stress  of  12  0x0  lb,  the  column  'selected  is 
too  large,  and  a  smaller  one,  probably  a  12-in 
64.5-Ib  column  would  prove  sufficient. 

Suppose,  on  the  other  hand,  the  eccentric 

load  were  applied  to  the  web  and  the  balanced 

loads  to  the  flanges.    The  safe  unit  fiber- 

_ .  stress,  as  before,  is  12  0x0  lb  per  sq  in,  for 

fj     H  ^       ■■     ^  no  matter  how  the  loads  are  applied,  the  safe 

It unit  stress  determined  by  reference  to  the 

t    II     1      II  least  radius  of  gyration,  r%-§,  should  not  be 

exceeded.  Under  the  second  condition  of 
loading  the  eccentric  load,  also,  will  cause 
bending  about  this  same  tods  2-1;  hence  in 
Fonnula  (18)  the  /  for  this  axis,  which  is 
228.5,  niust  be  used.  X"  2  in +0.25  In* 
2.25  in,  0.25  in  being  one-half  the  thickness 
of  the  web.  (See  the  Bethlehem  Catalogue.)  Hence,  from  Formula  (18),  the 
actual  unit  fiber-stress  is  5  »  (150080 +31 04o)/24.92  -f-  (31 040X6  X2.25)/228.5 
•-  7  268  +  I  835  -  9  X03  lb  per  sq  in. 


Fig.  27. 


Bethldaem  H  Column  with 
Eccentric  Load 


11.  Tables  of  Safe  Loads  for  Steel  Columns 

Safe  Loads  per  Square  Inch  of  Metal-Area  for  Steel  Columns  and 
Struts.  To  lesseii  the  labor  of  calculating  the  strength  of  steel  oolumns  and 
struts,  of  whatever  shap^.  the  author  has  computed  Table  XI,  which  gives  saps 
VALUES  of  .S  for  ratios  of  l/r  varying  from  30  to  120.  For  ratios  of  l/r  which  are 
not  whole  numbers,  the  values  can  be  readily  interpolated.  The  values  in  this 
table  should  correspond  exactly  with  the  results  obtained  by  using  the  corre- 
sponding formulas. 

Safe  Loads  for  Steel-Pipe  Columns.  Tables  XII  and  Xm  give. the  safe 
LOADS  for  STEEI/-PIPE  COLUMNS.  These  loads  are  based  upon  the  formula  recom- 
mended by  the  New  York  and  Chicago  Codes,  5  ->  t6  000—  70  l/r,  (See  Steel- 
Pipe  Columns,  pages  469  to  474.) 

Safe  Loads  for  Channel  and  Angle-Struts.  Tables  XIV,  XV  and  XVI 
give  the  safe  loads  for  standard  cHA>rNEX£  and  angles  used  as  struts.  Only 
those  siaes  that  are  most  commonly  used  are  given.  In  Table  XIV  the  safe 
1X>ADS  for  both  the  minimum  and  the  maximum  radius  of  gyration  are  given. 
If  the  strut  is  used  also  as  a  beam,  or  is  stayed  so  that  it  cannot  bend  sidewise, 
the  laxgcr  value  may  be  taken;  but  if  free  to  bend  in  either  direction,  then  the 
smaller  value  should  be  taken.  If  the  struts  are  subjected  to  a  transverse 
STRESS  they  should  be  computed  as  explained  under  the  heading  Strut-Beams, 
pages  571  and  572. 

Safe  Loads  for  Steel-Beam  Columns,  Bethlehem  Columns,  Lally  Col- 
umns, Plate-and-Angle  and  Channel  Columns.  Tables  XVII  to  XXVII, 
giving  the  safe  loads  for  these  columns,  were  not  computed  by  the  author, 
but  by  the  different  manufacturers;  they  are,  however,  believed  to  be  perfectly 
safe,  provided  that  an  increase  in  ana  u  made  for  EccsNTmic  loads. 

Use  of  Table  XI  for  Determining  Safe  Loads  for  Steel  Columns. 

Thb  table  will  be  found  of  great  awstance  in  calculating  the  strength  of  osU 
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amiis  and  of  struts  and  also  in  making  calculations  for  eccentric  loads.  To  use 
it  to  find  the  strength  of  a  column,  it  is  merely  necessary  to  multiply  the  value 
corrcspooding  to  the  SLENDsaNEsa-XATio  of  the  oalumn,  by  the  SEcnoN-AXEA, 
the  result  being  the  baje  JjOAD  the  colimm  can  support.  As  an  illustration  of 
thist  the  column  considered  in  Example  8  has  a  slendemess-ratio  of  65  and  a 
sectioQ-area  of  3944  sq  in.  Its  strength  is  to  be  calculated  by  the  Chicago 
Buildiiig  Code  formula,  the  results  of  which  are  tabuhited  in  the  sixth  column 
oC  Table  XI.  From  this  the  value  of  a  slendemess-ratio  of  63  is  1 1 590  lb 
per  sq  in.  Therefore,  by  the  rule  stated  above,  the  safe  load  is  x  i  590  lb  per 
sq  in  X  29.44  sq  in  «  341  309  lb.  In  Example  10,  the  column  in  the  Bankers' 
Trust  Company  Building  has  a  slendemess-ratio  of  34.3,  and  an  area  of 
35  X -5  sq  in.  The  value  corresponding  to  34,  from  column  5  of  Table  XI, 
is  13  228  and  for  35  it  is  13  170  lb  per  sq  in;  hence  for  34.3  it  would  be  about 
13  2X1  lb  per  sq  in.  Accordingly,  the  safe  load  is  13  2x1  lb  per  sq  in  X35X.5  sq  in 
-•  4  643  666  lb.    Column  5  of  Table  XI  gives  values  for  old  New  York  code. 

Rrample  zj.  What  is  the  safe  resistance  of  a  strut  composed  of  two  5-in 
9-lb  channrK  separated  ^  in  and  free  to  bend  in  either  direction,  the  length  of 
the  strut  being  7  ft  6  in? 

8elirtiiMi.  From  Table  XVIII,  page  374,  the  least  radius  of  gyration  for  this 
section  is  x,  hence  //r*  90/1  ■•  90.  From  the  eighth  column  of  Table  XI,  the 
value  of  5  opposite  90  is  8  000  lb  per  sq  in;  the  safe  load,  then,  is  equal  to  8  000  lb 
per  sq  in,  muldplied  by  the  area  of  the  two  channels,  5.26  sq.  in,  or  42  080  lb. 

Sxampto  14.  What  b  the  safe  stress  fatt  a  7^hi  1544b  I  beam  wheii  used 
as  a  strut?    It  is  90  in  in  length  and  free  to  bend  in  either  direction. 

Solotioa*  From  Table  IV,  page  355,  the  least  radius  of  gyration  of  this  sec- 
tion is  0.78,  and  the  area  is  4.43  sq  in.  l/r  « 90/0.78  "115.4.  From  the  eighth 
column  of  Table  XI,  the  value  opposite  1x5  is  6  750  and  opposite  1 16  it  is  6  700 
lb  per  sq  in;  so  for  x  X5.4  it  would  be  about  6  730  lb  per  sq  in.  The  safe  load, 
tho^ore,  is  6  730  lb  per  sq  inX4.43  sq  in* 29  814  lb. 

By  means  of  the  tables  and  rules  given  in  Chapter  X  the  SEcnoif-AREA  and 
LEAST  KAiMUS  OF  OYXATiON  of  any  Standard  section  or  any  combination  of  sec- 
tions may  be  found;  and  once  these  are  detei^tned  the  strength  of  a  strut  or 
coluixm  may  be  readily  computed,  as  in  the  above  examples.   _    

Use  of  Table  ZI  for  Eeeentrle  Loads  for  Steel  Struts.  A«  an  illustra- 
tion of  its  application  to  determine  eccentric  loads,  refer  again  to  Example  ix. 
The  value  of  l/r  for  this  column  is  89.  The  safe  unit  fiber-stress  was  fouxxd  to  be, 
by  Formula  (xi),  xo  245  lb  per  sq  in.  The  practically  identical  result  can  be 
obtained  by  looking  for  the  value  opposite  89  in  column  2  of  Table  XI.  It  is 
found  to  be  xo  250  lb. 

Proportioii  of  Floor-Loads  Borne  by  Colttnms.  (See,  also,  pages  148 
to  X52.)  In  tall  buildings  it  is  customary  to  reduce  the  cOLUiiN-LoaDS  some- 
what from  the  loads  used  in  calculating  the  floor-beams.  This  is  done  on  the 
theory  that  it  is  quite  impossible  for  the  entire  floor-area  of  every  story  to  be 
loaded  to  the  maximum  limit  at  the  same  time.  For  all  buildings  except  ware- 
houses ft  would  seem,  in  general,  to  be  good  practice  to  design  the  columns  to 
cany  all  the  dead  load  and  75%  of  the  assumed  live  load.  Of  course  city 
laws  vary  in  these  requirements.  Thus,  if  in  an  office-building,  the  dead  load, 
or  weight  of  the  floor-construction,  is  80,  and  the  live  load  80  lb  per  sq  ft,  the  load 
on  the' columns  would  be  80+  60  »  140  lb  per  sq  ft  times  the  floor-area  sup- 
ported by  the  column.  In  some  cases  the  reduction  might  be  even  greater, 
depending  upon  the  live  load  assumed  and  the  position  of  the  column  in  the 
building;  the  reductions  being  greater  in  the  lower  than  in  the  upper  stories. 
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The  Bmidtngr  Code  of  New  York  City  specifies  that  for  buildings  exceeding 
five  stories  in  height  the  column-loads  shall  be  made  up  as  follows:  For  the 
roof  and  top  floor  the  fall  five  loads  shall  be  used;  for  each  succeeding  lower 
floor  it  shall  be  permissible  to  reduce  the  live  load  by  $%  until  50%  of  the  live 
load  is  reached,  when  such  reduced  loads  shall  be  used  for  all  remaining  floors. 
(For  assumed  loads  for  office-buildings,  required  by  the  building  codes  of  sev- 
eral cities,  see  page  151). 

Cotttmn-Sheets.  In  a  high  buildiog  the  colukK'LOADs  vaiy  to  such  an 
extent  and  are  made  up  of  so  many  elements,  that  to  avoid  omissions  and  errors 
it  is  necessary  to  make  a  tabulated  list  of  all  the  loads  transferred  through 
the  columas  to  the  footings.  In  a  building  of  skeleton  construction  the  column- 
loads  include  floor  and  roof-loads,  wind-loads,  spandrel  and  pier-loads,  the 
weight  of  the  columns  themselves  and  their  flre-proof  covering,  and  in  some  cases 
special  loads,  such  as  tanks,  vaults,  safes  and  elevator-loads.  In  tabulating 
the  floor-ix>ads  it  is  advisable  to  separate  the  dead  and  live  loads  for  con- 
venience in  proportioning  the  footings.  (See,  also,  pages  148  to  160.)  Formulas 
for  computing  the  wttm-LOAos  on  columns  are  given  in  Chapter  XXIX;  these 
loads,  also,  are  considered  as  live  loads.  Eccentric  loads  should  ahrays  be 
tabulated  separately  from  the  balanced  column-loads.  On  page  491  -is  sliown 
a  form  of  column-shebt  which  combines  all  ordinary  lequiremeots.  The 
total  load  for  each  story  is  the  sum  of  all  of  the  loads  above.  The  schbdule 
on  page  492  allows  a  very  convenient  form  for  column-lengths  and  oolumn-paits. 

ImpOTtaal  Foteg  Reftrdiag  Safe  Loftdt  •&  Colouig*  (See  psgcs  504  and 
505,  and  517  to  554.)  '*  For  ratios  of  //r  op  to  tao  and  for  greater  ratios  up  to 
200,  use  the  values  given  in  the  following  table  for  the  allowaUe  stress  in 
pounds  per  square  inch.    For  intermediate  ratios,  use  pcoportlonal  amounts."* 


Ratio 

Amount 

Katb 

Affiottnt 

60 

13000 

130 

<500 

70 

xaooo 

X40 

6000 

80 

xz  000 

ISO 

SS99 

90 

xoooo 

x6o 

500a 

xoo 

9000 

X70 

4500 

110 

Saoo 

tte 

4^00 

xao 

70O0 

190 

3500 

"(5).  jFor  bracing  and  combined  stresses  that  to  wind  and  other  loadtng, 
the  permissible  working  stresses  may  be  increased  25  pet  cent,  provided  the 
section  thus  found  is  not  less  than  that  required  by  the.dead  and  live  Wads 
alone.* 

*'(6).  General.    The  effective  or  unsupported  length  of  main  compression 
members  shall  not  exceed  i  ao  times,  and  for  secondary  members  aoo  times,  the 
least  radius  of  gyration."* 
.  The  values  for  ratios  of  t/r  above  120  are  computed  from  the  formula 

5-  i3O0o-*so//f, 

but  the  important  condition  should  be  observed,  that  for  l/r  above  120,  com- 
pression-members should  never  be  used  for  main  members  but  only  as  secondary 
members  subject  to  wind-stresses,  etc.  (Sec,  also,  page  495  for  maximum  ratio 
of  l/r  for  main  members  and  for  secondary  members,  such  as  bracing  struts^  etc.) 

*  From  tiM  Comtrttrtioii  SpeclScatims  of  the  .^merkaa  Bridge  Compaq. 


Coiuinii*oh6ets 
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Character  of  loading 

Column  No.  i 

Column  2 

Story 

Load  on 

column, 

concentric 

Load  on 
column, 
eccentric 

Roof  and  ceiling,  dead  load 

Roof  and  ceiling,  live  load 

Spandrela.  cocnice.  etc 

Elevator* 

i8th 

Tanlcff 

top 

Wind-load 

Total ^ 

Sectional  area  required 

sq  in 

sqin 

From  colttmn  above.* 
Fkmr.  dead  load.... . 

Floor,  live  load 

Spandrdi 

Sales,  vaults,  etc 

X7th 

Wind-load 

Total 

• 

sqin 

sqin 

From  column  above.* 
Floor,  dead  load ....     .  ... 

Floor,  live  load 

Spandrels 

Baae- 

1     ment 

Sidewalk 

Column  and  casing  . 

Wind4oad 

Total 

, 

Sectional  area  reauired 

sqin 

sqin 

Deduct  (W)  live  load 

Pootingi 

Total  footing-load 

« 

Area  of  footing  roQuired 

sqft 

*  In  bringing  down  the  load  from  the  oohimn  above,  the  eccentric  loads  may  be  added 
to  tW  coooantsic  Iffsftt  and  theit  sufls  rrttifrd  ia  the  first  colBssa. 
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Column  No.  x 

Column  No.  a 

RooMine 

Top  of  columns 

1'  6W 

i 

7th  story 
7th  Floor-line 

4 

• 
4"          \.  X 

6th  Story 
eth  Floor-line 

« 

Four  angles  * 
One  plate  7" 

, 

1  yV  It 

5th  Story 
1       sth  Floor-line 

^ 

1 

1 

T 
i 

1 

1 

1st  Floor-line 

1 

4 

f     r 

X'  aH" 

Basement 
Top  of  stool 

XI' 

^             X?^ 

1         ^3 

"  t 

Grade  15.0 

««"     ^i 

Tables  of  Safe  Loads  for  Steel  Cohmms 


4d3 


XL     8afa  Loftdt  fa  Pouada  per  Square  Inch  of  Metal  Area  for  Steti 

Celwnma  and  Strata 
f  —  kagth  m  inches  r  »  least  radius  of  gyratioa  in  inches 


r 

■ 

1 

Rjoildne's 

(Gor- 

don's) 

and 

Cambria 

Phila- 
delphia 

BostoA.t 
before 

19x9 

Wash- 
'  ington. 

D.  Ct 

Chi- 

eagot 

and 

N.  Y. 

Am. 

Bridge 

Co.  and 

Carnegie 

Powier's 
fonnula 

.  ^^ 
struts 

l/r 

1 

•• 

§"" 

*• 

§ 

If  § 

1 
1 

1 
■ 

•• 

«              M 

M 

0 

so 

-    A 

» 

0 

1- 

4 

1 

8 

N 

•A 

ii 

1 

I 

1 

tm 

'So  2 

M 

^ 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

30 

xai9S 

15O30 

153x0 

13460 

13900 

13000 

11  000 

30 

31 

xaiTo 

14945 

1526s 

13402 

13830 

13000 

10950 

31 

32 

WISS 

14865 

15230 

13344 

13760 

13000 

10900 

32 

33 

laiJS 

14785 

15175 

13266 

13690 

13000 

10850 

33 

34 

xaiio 

14  705 

15125 

13226 

13620 

13000 

10800 

34 

3S 

12090 

14690 

1507s 

13170 

13  550 

13000 

10750 

35 

36 

13065 

14  53,'? 

1502s 

13  112 

13480 

13000 

10700 

36 

37 

iao4S 

14450 

14  975 

13  054 

13  410 

13000 

10650 

37 

38 

13  030 

14365 

14925 

12996 

13  340 

13000 

10600 

38 

39 

"995 

14275 

14870 

12938 

13270 

13000 

10550 

39 

40 

11  970 

14185 

148x5 

12880 

13200 

13000 

10500 

40 

41 

"945 

14095 

14760 

13  833 

13x30 

13000 

10450 

41 

43 

11930 

1400s 

14705 

12764 

13060 

13000 

10400 

42 

43 

1x890 

13915 

14650 

12706 

12990 

13000 

10350 

43 

44 

XX  860 

138120 

14590 

12648 

12920 

13000 

10300 

44 

45 

1x835 

13725 

14  530 

12590 

12850 

13000 

10350 

45 

.     46 

11 80s 

I3«30 

14470 

12532 

12780 

13000 

10  300 

46 

1     47 

1x780 

13  535 

144x0 

12474 

13710 

13000 

10150 

47 

i     ^ 

XX7S0 

13440 

14  350 

12  416 

13640 

13000 

10  100 

48 

49 

XX7S0 

13340 

14285 

12358 

13  570 

13000 

10  050 

49 

1     ^ 

1x690 

X3t40 

14220 

12300 

13500 

13000 

10  000 

SO 

'     SI 

1x660 

13x45 

14  160 

12243 

12430 

13000 

9  950 

51 

sa 

1x630 

1304s 

Z4095 

12184 

12360 

13000 

9900 

52 

S3 

11595 

X2  945 

14030 

13  136 

12290 

13000 

9850 

53 

S4 

11565 

12845 

13965 

13  068 

12  230 

13000 

9800 

54 

S5 

"530 

12  745 

13900 

13  0X0 

13  ISO 

13000 

9  750 

55 

56 

XX  500 

12645 

13835 

11952 

13060 

13000 

9700 

S6 

57 

11465 

12545 

13770 

H894 

12  010 

13000 

9650 

57 

58 

11430 

12445 

13700 

II  836 

1X940 

13000 

9600 

58 

59 

1x400 

12345 

13630 

II  778 

II  870 

13000 

9  550 

59 

60 

1x365 

12340 

13560 

11720 

II  800 

13000 

9500 

60 

!    61 

"330 

13  X40 

13490 

1x663 

11730 

12900 

9450 

6x 

63 

1X395 

X3  040 

13420 

11604 

II  660 

13  800 

9400 

62 

63 

1x260 

11940 

13350 

11546 

1X590 

13700 

9  350 

63 

64 

XX  335 

1X840 

13280 

11488 

11520 

13600 

9300 

64 

6S 

XX  185 

11740 

132x0 

II  430 

1X450 

13500 

9250 

6S 

1    66 

XX 150 

1x640 

13140 

11372 

1x380 

13400 

9300 

66 

67 

111x5 

1IS40 

13070 

1x314 

11 310 

13300 

9x50 

«7 

66 
<9 

11060 

1x440 

13000 

11  256 

11  340 

13  300 

9100 

66 

XX  040 

1x340 

1292s 

IX  198 

11 170 

13  100 

9OSO 

89 

*  New  Boston  Code,  10  000— xoo //r ;  maxinium.  t/r,  160;  maximum  stress,  xa  000. 

t  Abo  old  New  York  Code,  Newark,  N.  J.,  Atlanta,  Ga.,  Worcester,  Mass.,  etc. 

t  Am.  RV  Bngrg.  Aas'n  the  sane  up  to  l/r,  100,  for  main  members.    Maximum,  14  000. 
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TaUe  ZX  (CMitiBii«d).    S«fo  Loadi  in  Panada  ptr  ^quatm  faA  ti  M«CaUAr^ 

for  Steel  Colwmne  and  Strati 
I  —  kngth  in  inches  r  •  least  radius  ol  gyntion  in  inches 


l/r 

Ranldne's 
(Gor- 
don's) 
and 

Cambria 

Phila- 
delphia 

Boston.* 

before 

X919 

Waah- 

ington. 

D.  Ct 

Chi- 

casiot 

and 
■  N.  Y. 

Am. 

Bridge 

Co.  and 

Cam^ie 

Po«i4ei'e 

for 

■tmU 

S 

M 

M 

1 

•1 

1 

14 

8, 
«o 

•* 
1 

§ 

M 
h 

8 
0 

+ 

1 

M 

It 

§ff 

< 

1 

a 

l/r 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

70 

IZOOO 

XX  240 

X2S50 

II  140 

xz  zoo 

xaeoo 

9000 

70 

7X 

X0965 

XX  X40 

X2780 

11082 

IZQJO 

XX  900 

8950 

7Z 

72 

X0930 

XX  040 

127x0 

ZI024 

Z0960 

zzSoo 

S900 

72 

73 

XO890 

X0940 

X2640 

X0966 

ZO890 

zz  700 

SS50 

73 

74 

X0S50 

X0845 

X2565 

XO908 

Z0820 

XX  600 

SSoo 

74 

75 

X08IO 

X0  7S0 

12  490 

IOS5O 

Z0750 

1x500 

8750 

75 

76 

10770 

xo£iS5 

12  420 

xo79« 

Z0680 

ZZ400 

8700 

76 

77 

10  735 

X0560 

X2  345 

10  734 

xo6zo 

ZI300 

8650 

77 

78 

10695 

X0  45S 

X2270 

X0676 

10540 

zz  200 

8600 

78 

79 

1066S 

X0  370 

X2I95 

X0618 

Z0470 

zz  zoo 

8550 

79 

So 

xo6z5 

X0275 

X2  X20 

10560 

Z0400 

ZIOOO 

8500 

80 

Si 

10575 

loxSo 

X2  045 

10502 

10390 

Z0900 

8450 

8z 

Sa 

X0535 

100B5 

XI  970 

K0444 

Z0260 

Z0800 

8400 

82 

83 

X0495 

9990 

XI 895 

X0386 

ZOZ90 

Z0700 

8350 

83 

84 

10450 

9900 

XX  825 

10328 

X0X20 

Z0600 

8300 

84 

85 

104x0 

98x0 

ZX755 

10270 

Z0050 

Z0500 

8250 

85 

86 

Z0370 

9720 

ZX680 

ioax2 

9980 

Z0400 

8J0O 

86 

87 

X0330 

9630 

1x605 

ZOX54 

9910 

zoaoo 

Sz50 

87 

88 

xoa9o 

9540 

ZX530 

X0096 

9840 

zoaoo 

8zoo 

88 

89 

loaso 

9450 

XX  460 

zoq^S 

9770 

zoxoo 

8<tfo 

89 

90 

xoaos 

9360 

1x390 

9980 

9700 

zoooo 

6000 

90 

91 

X0165 

9270 

1x3x5 

9922 

9430 

9900 

8950 

9X 

93 

X0X25 

9x85 

1X240 

9864 

9560 

9800 

S900 

92 

93 

10085 

9x00 

XX  X65 

9806 

9490 

9700 

88150 

93 

94 

so  040 

90XS 

XX  095 

9748 

9420 

9600 

8800 

94 

95 

9995 

8930 

IIQ25 

9690 

9350 

9S0O 

7750 

95 

96 

9955 

8845 

10950 

9^ 

92B0 

9400 

7700 

96 

97 

99x5 

8760 

XO880 

9574 

9210 

9aoo 

7650 

97 

98 

9875 

8675 

xoSxo 

9516 

9x40 

9200 

7600 

98 

99 

9830 

8590 

X0740 

9458 

9070 

9Z00 

7550 

99 

zoo 

9785 

85x0 

10  670 

9400 

9000 

9000 

7S00 

zoo 

lOZ 

9740 

8430 

X0595 

9342 

8930 

8900 

7450 

zoz 

xoa 

9^5 

8350 

10525 

9284 

8860 

8800 

7400 

Z02 

IQ3 

9650 

8270 

X0455 

9226 

8790 

8700 

7350 

Z03 

XQ4 

9610 

8190 

10385 

9168 

8720 

8600 

7300 

Z04 

KA5 

9570 

8x15 

103x5 

9  XXO 

8A50 

8500 

7250 

Z05 

106 

9525 

8040 

xoa45 

9052 

8580 

8400 

7200 

Z06 

107 

9480 

796s 

XOX7S 

8994 

8510 

8300 

7ZS0 

Z07 

MS 

9435 

7890 

XOX05 

8936 

8440 

8200 

7  zoo 

Z08 

M9 

9395 

78XS 

xoqsS 

8S78 

8370 

8  100 

70SO 

Z09 

•New  Boston  Code,  20000— 100/ -t; 
t  Also  old  New  York  Code,  Newark. 
4  Am.  R'y  Eagrg,  Ass*d  the  same  up  to 


maximum  l/r,  160;  maximum  stress,  la  000. 
N,  ].,  AtlanU,  Ga.,  Worcester,  Mass..  etc. 
//r,  zoo,  for  main  members.    Maximum,  Z4  000 


Tableg  of  Sale  Loadg  for  Steel  Coliunas 


TaMm  XI  (CcmtiBood).     Safe  Loads  in  Pooads  per  Square  Inch  of  Metal- 
Area  for  Steel  Ceinmna  and  Stmts 

/  *  length  m  inches  r  « least  radius  of  gyration  in  indies 


1 

Rnnkine's 

(Oofw 

doii*ft) 

md 

Cambria 

Phila- 
delphia 

Boston.* 

before 

1919 

Wash. 
ttUluUt 

D.Ct 

Chi- 
cago t 
and 
N.  Y. 

Axn. 

Bridge 

Co.  and 

Carnegie 

Fowler's 

formula 

for 

struts 

Ir 

T 

^ 

^ 

:5 

Hi 

:& 

l/f 

' 

4 

tL 

§ 

H 

M 

§ 

ft 

§ 

8 

1 

8 

1 

•« 

. 

•« 

+ 

M 

- 

- 

1 

■       M 

I      M 

•        M 

n 

'SOS5 

01 

M 

I 

n 

III 

IV 

V 

VI 

VII 

vni 

IX 

no 

9355 

7740 

9970 

88ao 

8300 

8000 

7000 

no 

III 

93IO 

7«S 

9900 

8762 

8230 

7900 

«9SO 

in 

iij 

9365 

7590 

9«30 

£704 

8160 

7800 

6900 

113 

113 

9220 

7S» 

97«o 

8646 

8090 

7700 

6850 

113 

"4 

9180 

7450 

9695 

8588 

80S0 

7600 

6800 

n4 

"$ 

9140 

7380 

9630 

8530 

7950 

7500 

6750 

11$ 

ii« 

9095 

7310 

9560 

8472 

7880 

7400 

6700 

1x6 

"7 

9OSO 

7  340 

9495 

84x4 

78x0 

7300 

6650 

"7 

Its 

f  010 

7170 

9430 

8356 

7740 

7S00 

6600 

1X8 

119 

«970 

7  xoo 

9365 

8  998 

7670 

7  100 

6550 

1X9 

ISO 

1 

8930 

7  035 

9300 

8240 

7600 

7000 

6500 

120 
1 

In  the  CoKPAXATivE  Diagram  (page  496)  or  Compkessxon  Foshulas  the 
romes  of  the  formulas  and  the  maximum  ratio  of  l/t  for  main  members  and 
secondaxy  members  are  as  follows: 


Main 
members 

Secondaiy 
members 

A laexicaa  Bridge  Company 

ISO 

100 

ISO 

300 

Z30 
X40 
1 30 

x6o 

aoo 

X30 

150 
300 

X30 
X40 

lio 
x6o 

Americsn  Baihvar  Engineering  Association 

CUcago  Building  laws 

-Vcw  York  Buflding  Uws 

Philadelphia  Building  Laws 

Boston  Bmldiag  Laws  (since  19x9) 

*  t  S  See  foot-notes  on  pages  493  and  494. 


f  See  important  notes  on  page  490. 
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Strength  of  Coliimns,  Posts  and  Struts 


Chap.  14 


T«fil«  nn.*   Safe  Loads  In  Toni  ef  a  ooo  Ponadt  for  Bztra>StroQ(  Sfe«l- 
Pipe  Colaaua.    See  National  l\ibe  Compaoj'i  Haadbook  for  Yatoct  of  r  Used 


Loadis  in  tons  of  a  ooo  pounds.    Tl&ble  based  on  New  York  and  Chicago  laws.    For* 
mula  used  5  »  z6  ooo  —  70  //r,  in  which 

S  >■  allowable  compressive  stress  for  steel  in  pounds  per  square  bch, 

/<-  length  of  column  in  inches^ 

f  ■■  least  radius  of  gyration  in  mches. 
Loads  aboYe  or  to  the  left  of  the  dgzag  lines  correspond  to  values  of  t/r  greater  than  X20. 


Lengths, 
ft 


40 
36 

33 
30 

27 

24 
33 
30 

xS 
x6 
14 
tj 

13 

IX 
XO 

9 
8 

7 
6 


Nominal  sizes  of  pipe.    Inrfde  diameters  in  inches 


aH 


3       I    3H    I      4      [    4H    1      S 


0.2x8 


Lsngtha, 
ft 


I 

L 


40 
36 
33 
30 

27 
24 

33 
30 

x8 
x6 
14 
13 

13 
TX 
10 

I 

7 
6 

1 


3.9X 

3.7a 

4.53 

534 


0.376 


Thickness  in  decimal  parts  of  an  inch 


69 

71 
74 

76 
•19, 


6.15 
6.96 

7.77 


8.81 

9  83 

X0.86 

XX. 88 

X3.9X 


0.300 


•    ■    •    « 


6.39 
8.sa 

964 
to  7.S 


II. "57 

13.98 

»4.09 

XS.3I 

X6.33 
17.44 

X8.SS 


0.3x8 


S.78 

8.14 
xo.sx 

13. 87 


1406 
15.24 

X6.43 
X7.60 

»8.79 
X9-97 

31. IS 

22.33 
2.1.52 


0.337 


•  •    • 

•  •    • 


7.68 

XO.X9 
12.69 
1^.30 


0.3S5 


•  •  •  •  • 

B    •     •    •     • 


9.74 
12.38 
X5.O2 

17.66 


17-71 

18.96 
30. 33 

2X.47 
23.72 

23  98 

25  23 
26.48 

27  74 
28.99 


20.31 

33. 9< 
24-27 

25.59 

36.91 
38.33 

29.5s 
30.88 

33.20 

33.32 
3484 


0.37S 


•  •  •  •  • 

•  ■  «  •  ■ 

•  «  •  •  • 

XX. 31 

15. 39 
xS.xo 
?o.98 


23.77 
26.56 

29  35 

.10.75 
32.15 

33.54 
i4>M 

36.53 

37.73 
39.12 
40.52 
4X.92 


5.432      0.500 


14.16 

18.09 
23 -ol 

28.64 


31.86 
35  07 
38.39 

41.51 

44.72 

46.33 

47.94 

49. 55 
51.16 

52.76 
54..  J7 

55.98 
57.79 

s8.aji 


22.53 

aS.ix   i 
33 

J2. 


44.86 

48. 5S 
52  31 

56.03 

59  75 

63.48 

65  34 
67.30 

69  06 
70.92 

71.78 
74  64 

76.51 
78.34 
78.  U 


Nominal  siaes  of  pipe.    InsMc  diameters  in  inches 


8 


10 


XX 


z: 


13 


M      I 


15 


Thickness  In  dedm?'!  nnrts  of  nn  inch 


0.500 


S7.60 

35.0s 
40.64 

46.  8^ 


51.81 
57.40 

6x.i3 
64.85 
68.58 

72  30 

76.03 
77.89 
79. 7  J 
81. 6f 

83.48 

85.34 
87.30 
89.06 

89.34 
8Q.^t 


0.500 


40.14 

47 
S3 


58.77 
64.-56 
69.9s 
73.68 
77.40 

8x.t3 
84.86 
88.58 
90.4s 
92. 3t 
94-17 
96.04 

97.90 
99.76 

100.33 
xoo. 33 

TOO. tt 


0.500 


54.25 


61  71 
67.30 
72.89 

78.48 
84.07 
87.80 

91. 53 
95  26 
98.98 

X03.7X 

X04.58 

X06.44 
X08.30 

IXO.X7 
XI3.03 
XI3.70 

Xt2.70 

XX3.70 

itT.-yo 


0.500 


66.80 

74.26 
79.8s 
85.4s 
91.04 
96.63 
00.36 

04.09 
07.82 

1I.S4 
15.27 

17.14 
19. 00 
30. 87 

22.73 
23  70 
23.70 
23.70 
23  70 


0.500 


29.16. 

86.83 

92.41 

98.00 

XO3.60 

109.19 
XX2.93 

xx6.6$ 
X20.38 
124. II 
127.84 
129.70 
131.56 
133.43 
134.70 
134.70 
134.70 
134.70 
134.70 

t 1 1 . 70 


0.500 


95.06 
03.53 

oS.ix 

13.70 

f9..V> 
24.89 
28.62 

32.3s 
36.08 
39  81 
43.54 
45.40 
47-27 
48.44 
48.44 
48.44 
48.44 
48  44 
48.44 
48.44 


0.500 


2: 


07.6a 

X5.08 
20.67 

i;t6.jt7 

31. 86 

37  45 
41 .  f  8 

44 

48 

52  37 
56.  XO 

57.97 
59-44 
59.44 
59.44 
59. 44 
59. 44 
5944 
59.44 
.^944 


o.:,oo 


20.  x8 

27  64 
33.33 

38  83 

44.42 

50.03 

53  75 
57.48 
6x.a^ 

70.45 
7«.43 

70.43 
70.43 
70,43 
70.43 
70.43 
70.43 
7Q.43 


*  Aimisbed  b^  the  Nstioaal  Tabs  Compaay.  Plttsbuisb,  Pa. 
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*  In  Tmm  mt  so«o  Vtooads  far 
Pair  of  Steal  Chaatwls 


499 
oCa 


Distance  between  webs,  H  in 
If  strat  is  free  to  bend  in  either  direction,  use  smaller  load  given 

Stresses  in  pounds  per  square  inch:  ^ 

u  000  for  lengths  of  30  radii  and  under; 
13  500  —  so  l/r  for  lengths  over  30  radii 


I 


i        ' 


Depth, 
in 


12 


zo 


Weight 

per  Tin 

foot* 

Ibt 


33-9 
350 
40.0 

45.0 

50.0 
55.0 


20.7 
35.0 
30.0 

3S.O 
40.0 


15. 3 
20.0 
25.0 
30.0 
35. o 

13. 4 
15. 0 
20.0 
25.0 


Thick- 
ness 
of  web, 
in 


0.40 
0.42 
0.52 
0.62 
0.72 
0.81 


0.28 

o  39 
o.5« 
0.63 
0.76 


0.24 
0.38 

0.5i 
0.67 
0.82 

0.23 
0.29 

0.45 
o.6t 


Area 
of  two 
chan- 
nels, 
sqin 


m 


i9.8o- 
20.46' 
23.  »o 

a6.34 
29 .  28 ' 
32.22 


12.06-^ 
14.64 
17. SS 
20.52 
23  46 


7.78 

8.78 

ZX.72 

14-66 


5.62 
X-47 

X.46 

5-44 
X-4S 
533 
x.46 

5.24 

I  47 
5. 16 


I  34 
4.6x 
r.3X 

4-43 
X.30 

4.28 
x.3f 
4.18 
1.33 
4.09 


1.24 

3.87 
1.26 
3.66 
1.20 

3  S« 
X.3f 

3.4a 
i.a6 

3.34 


X.19 

3-49 
117 
3.40 
1. 15 

i.t2 

1. 17 
3.10 


Length  in  feet 


8 


X0I.S7 
Z18.80 

105.33 
123.48 
120.13 

T4X.I3 

X34.91 
158.88 

150.36 
176.5a 
165.60 
194.16 


59.81 

7a.36 

7a. 32 

88.30 

86.52 

105.84 

101 .  25 

123.48 

116.01 

141.12 


42 
53 
55 
70 

S4 
105 

99 
123 


94 
52 
86 
56 
82 
20 
40 
84 
76 
48 


36.83 
46.68 

41.45 
52.02 

54.85 
70.56 
69.09 
87.83 


118 

lOI 

123 

IIS 
141 
129 
158 
144 
176 

159 
194 


10 


II 


56  93. .55 
80  118.80 

13  96.93 
48  123.481 
30  110.48: 
,12  141. 12 

48123.99 

.8S158.88 

23  138.20 

.52! 176. 52 
.oo;i52.40 
.x6  194.16 


12 


57 
72 
68. 
88. 
82. 

•^: 

123 

no. 

141 


10 

36 

95 

30 
46 
84 

52 

48 

66 
12 


40 

S3 

52 
70 
66 

87 
80 

105 
94 

123 


78 
52 

S6 
IS 
94 
04 
13 
83 

34 


54 
72 

65 

88 

78 

lOS. 

91 
123, 

105 

141 


40 
36 
60 
20 
36 
84 
78 
48 

31 

13 


.14.87 
46.48 

39- 1« 
52.52 

SI.  77 
69.50 
65.31 
86.43 


38. 
S3. 

49- 
69. 
62. 

86. 

75. 
103. 

89. 
120. 


64 
29 
98 
73 
47 
69 

3 
93 
49 


I 


32.91 
45-82 

36.93 
51.81 

48.71 
6B.38 

61. 55 
85.00 


89. .54 
118.80 

92.73 
123.48 
103.66 

141 . 12 
118.50 
158.88 

132.17   ^ 
176.52I176 

145.78;  139 
194.16194 


85 

118 

88 

T23 

100 

141 
113 

1.58 
126 


14 


51 

72 
63 
88 
74 
105 

87 
132 

99 
139 


70 
.36 

.31 
.30 
30 
48 
,10 


48  77  44 

80  118.80 

54  80.09 

48  133.00 

78  91  14 

,12  140.41 

CO  103.08 

.88  157.83 

.06  11400 

,52174.7s 
,33  136.10 
,16  192.00 


49.02 

71.99 
58.83 
87.28 
70.25 
104.25 
83.37 
6s! 121. 16 
96  94.66 
83  138.06 


36.48 
53.63 

47.04 

68.79 
58.80 

85.44 

71-35 

103.04 
85.04 

118.64 


34.32 

SI.  91 

44.10 
67.82 
55.12 
84.19 
67.03 

100.30 
80.16 

116.79 


30.94 
45.16 
34.66 
50.98 
45.65 
67.29 


38.98 

44.501 

32.41 
50.10 

42.57 

66.23 
54.00 
82.17 


43-62 

70.43 
52.03 
85.26 
63.09 

101.78 
72.90 

118.33 
83.96 

134.6s 


.30.01 

50.43 
38.22 

65 -85 
47.77 
81.69 

58.34 

97.41 

70.33 

113.13 


25.07 
43.15 
27.89 
48.64 
36.42 
^.00 
40.48 
79.30 


*  The  values  vuy  sHgMly  with  slight  changes  In  sectlon-axt&s  of  channels. 
t  Of  single  channel. 
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tM^'irr  (ComiiUMd).  Sitf* Loads* i&  Tmi  of  aooo  Pouds  for  Stnsts 

Foniiod  of  a  Poir  of  Stool  ChAUiols 


Distance  between  webe,  H  in 
If  strut  is  free  to  bend  in  either  direction,  use  smaller  load  given 
Stresses  in  pounds  per  square  inch: 
II  000  for  lengths  of  50  radii  and  under; 
13  500  —  so  l/r  for  lengths  over  50  radii 


Depth, 
in 


WciKht 
per  Un 

foot. 

Ibf 


XX.  50 
13.75 
16.35 

18.75 

3t. 25 


9.80 
X2.2S 

14  75 
17.  as 
19  75 


8.02 

10.50 
13.00 
15.50 


6.70 

9.00 

11.50 


5.40 
6.25 
7. as 


Thick- 


of  web, 
in 


o.aa 
o.so 
0.40 

o  49 
0.58 


0.3I 
0.31 

0.41 
0.52 
0.63 


0.20 
0.31 

0.44 
0.56 


0.19 

o  33 
0.47 


0.18 
0.25 
0.3a 


Area 

of  two 

chan- 
nels, 
sq  in 


6.72 
S.04< 

9.sa 
Z0.98 

I2.46< 

S  70' 
7.x6 

8.64 

IO.IO< 

It  58 


4:78^ 

6.14 

7.62 
9.08 


3  90< 

5.26 

6.7* 


1— M- 


in 


I, 

3 
I. 

2. 

1 

2. 

I 

2. 

I 

2 


04 
xo 

04 

99 
03 
89 
03 
82 

03 
77 


0.99 
2.72 
0.99 

a. 59 
0.99 

2.SX 
X.OO 

a. 44 
1. 00 
2.39 


o 

t 

O 

2 
O 
2 
O 

2 


94 
34 

94 

9S 
13 
9S 
07 


0.89 
1  95 

0.91 
X  76 


84 
56 
84 

SO 
84 
47 


Length  in  feet 


S.63 

40.56 

44-44 
47.8a 

55.  xa 

60.61 
63.53 

68.75 


aS 
31 
35 
39 
42 
47 
50 
55 
57 
63 


.II 

.35 

SI 

.60 

.71 

•74 

19 

.77 

.sa 

.91 


23.0a 
a6.i8 
39.89 
33.99 
37." 

42.02 

44.30 
50.16 


18.43 

ai.4S 
25.17 
29. IS 
32. a6 

37- 18 


14-28; 
17.0s 
16.9s 
ao.24 
19.62 
3343 


31.70 
36.85 
38.23 
44  44 
45.05 
52.58 

SI.  93 

60.61 

58.90I 
68.75 

26.39 
31-35 
33. 13 

39-60 
40.18 
47.74 
47.15 
55.77 
54.03 
63.91 


35.89' 

44.44, 
42.25; 

52.58! 
4S.70 
60.61 

55.  as 
68.75 


21.50 
26.18 

27.91 
33.99 
34.6S 
42.02 
41. 40 
50.16 


24.66 
31.3s 
31. 15 
3960 

3756 
47.74 
44.10 

55-77 
50.54 
63.91 


17.13 
21.45 


S.98 
.18 
25.94 
33.99 
32.27 
42.02 

38 

50 


n 


15.81 
21.45 


23.41;  21.65 
29.ISI  28.83 


30.03 
37.18 


27.81 
36.36 


13.17;  12.07 

16. 75,   16.1s 


15.64! 

19.721 
18.  xo 

22.63< 


14.33, 
18.99 
16.59 
21.75 


27.83 

36.85 

33.57 
44.44 
3948 
52.58 

45.51 
60.61 

51  62 

68.75 


19 


22.94 

31-35 

28 

39 
34.93 

47.74 
41.06 

55.77 
47.06 

63.91 


18.46 
26.18 
23.97 
33-99 
29.87 
41.88 
35.66 
49.68 


14-49 
20.9a 

19.87 
27.97 
25.58 
35.20 


10.96 

15.55 
13.02 
18.26 
15.07 
20.87 


10 


25.91 
36.85 
31.24 
44.44 
36.68 
52.58 
42.  a9 
60.61 

68.75 


21.20 

31.35 
26.78, 
39.60 
32.28 

47.74' 
38.0a 

55. 77: 
4357 
63.91, 


13.18 
20.3a, 
18.11 
27.10 
23-35 
34.03 


9-85 
14.96 
11.70 
17-53 
13.54 
19.98 


XX 


23.96 
368J 

28.90 
44.44 

3391 
52.58 
3909 
60.61 
44  34 
68.75 


1- 

16.94 
26.02 
22.00, 
33.32 
27-44, 
40.81 
32.78 
48.33 


19  47 
31  35 
24.60 

39  42 
2966 

47.13 
34.98 
54.73 
4o.o!S 

62.39 

15  42 
as  41 

20.02 
32.48 
25  04 
39.72 
29.89 
47.03, 

11.86 
19.7a  I 

10-351 
26.22 
ai.i3 
3a  8S 


14-36 

■  •  «  • 

16.80 

«  •  •  • 

19.121 


*  The  values  vary  slifditly  with  slight  dianges  in  section-areas  of  channels. 
t  Of  dngle  channel. 
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TaMm  XV.    Saf •  Loftdt  ia  Tons  ol  z  qoo  Fooads  for  8im>lfr-ftf 


Ancles  with  Unequal  Ijegs 

Stresses  in  pounds  per  square  inch: 
XI  000  for  lengths  of  50  radii  and  under;' 
13  500  —  50  l/r  for  lengths  over  50  radii 


an 


6    X4 

5     X3W 
5     X3 
4V4X3 
4     X3H 
4     X3 

3HX3 

3WXflH 
3    XaH 
3    Xa 
aViXa 


ThirV- 
ness, 
in 

r 
axis 
3-3.* 

■ 

H 

0.86 

H 

0.86 

H 

0.76 

H 

0.7S 

Ms 

0.66 

n 

0.64 

Ms 

0.66 

H 

0.64 

Ms 

0.73 

94 

0.7a 

Ms 

0.^ 

H 

0.64 

Ms 

0.63 

H 

0.6a 

H 

0.6a 

W 

0.S4 

H 

0.54 

H 

0.53 

H 

0.53 

H 

0.5a 

^i 

0.5a 

W 

0.43 

H 

0.43 

H 

0.43 

H 

0.4a 

H 

0.4a 

H 

0.4a 

Area, 

sq  in 


3.61 
7.99 

3.05 
5.8X 

3.40 
5-44 

a.  35 
5.06 

2.2s 
5.06 

a.09 
4.69 

X.93 
a. 30 

3.67 

1.44 

a.iz 

a.  75 

X.31 
z.9a 
a. 50 

1.19 
1.73 
a.  35 

Z.06 
X.5S 
a. 00 


Length  in  feet 


43.78 


34.06 
XZ.49 

as  .73 
xo.as 

32.86 

9.3s 
11.07 

17.67 

6.5a 

9-55 

13.34 

5.88 

8.52 

IX.  xo 

4.7X 
6.85 
8.91 

4.X3 
6.03 

7.79 


40.00 


33.29 

10-57 
33.63 

9.28 

30. 67 

8.43 
9.96 

IS. 90 

S.7a 

8.38 

10I78 

5.13 
7.4a 
9.66 

3.88 
5. 64 
7.34 

3.37 
4.93 
6.36 


37. ax 


•  •  •  > 


34 


19.9a    X7 


9.65 
ax.  51 

8.33 

18.47 

7. SI 
6.84 

14. 13 

4-9a 
7.21 
9.2a 

4.39 
6.31 
8.22 


•  •  •  ■ 


8 
19 

7 
X6 

6 

7 
xa 


44 


55 

72 
40 

36 

a7 

S9 
74 
35 


8 


3X 


7 
17 

6 
14 


64 


x8 

79 
a9 

39 
07 


28.86 


xo 


26 


6.86 
15.18 


07 


*  TUs  h  the  least  radius  of  gyration  with  reference  to  the  diagonal  axis  3-3.    (See 
Table  XI,  pages  362  to  365.) 
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TaU*  XV  (Cotttinved).    Safe  L«a4a  is  Tons  of  a  ooo  Pmads  ftir  Sloffa- 

Stael-Aiiila  Strati 


Anoijes  with  Equal  Leos 

StresMs  in  potmds  per  sqttare  inch: 
II  cxx)  for  lengths  (rf  50  radii  and  tmder; 
Z3  500  —  50  l/r  for  lengths  over  so  ladii 


Size. 

in 

Thick- 
ness, 
in 

r 
axis 

3-3/ 

in 

Area, 

sqin 

Length  in  fieet 

4 

5 

6 

7 

8 

9 

10 

6    X6 

H 
H 

1. 19 
x.zS 
1.17 

4.36 
7.11 
9.74 

23.98 
39.10 
53.57 

23.93 

38.96 
53.27 

22.83 
37.14 
50.77 

ai.74 
3535 

48.28 

20.64 
3,1.54 
45.77 

19.54 
31.72 
43.26 

18.44 
2993 
40.7& 

S    XS 

H 

0.99 
0.97 
0.96 

3.61 
5.86 
7.99 

19.8s 
32.23 
43.94 

18.89 
30.50 
41.44 

17.80 
28.68 
38.95 

16.71 
26.86 
36.4s 

15.64 
25.06 

33.95 

1453 
23.24 
31.46 

13 -42 

21.43' 
28.96 

4    X4 

W 

0.79 
0.78 

0.77 
0.77 

2.86 

3. 75 

4.61 
5.44 

14.96 
1954 
2393 
28.24 

13.88 
18.10 
22.13 
26.12 

12.79 
16.65 

20.33 
23-99 

II. 71 
15.22 

18. 55 
21.89 

10.61 
13.78 
16.7s 
19-77 

9-53 
12.33 
14.95 
17.6s 

3HX3>^ 

H 
H 

0.69 
0.68 
0.67 
0.67 

2.09 

3.35 
398 

4.69 

10.47 
16.20 

19.74 
13.26 

9.56 

14.77 
17.95 
21.16 

8.65 
13.34 

16.17 
19.06 

7.74 
11.90 

14.39 
X6.96 

6.83 

10.47 
12.61 
14.86 

3    X3 

H 
H 
H 

0.59 
0.58 
0.58 
0.57 

1.44 

2. II 

a.  75 
3.36 

6.79 
9.88 

12.87 
15.60 

6.06 

8.78 

11.45 

13.84 

532 

7.69 
10.03 

12.07 

4.59 
6.60 
8.60 

10.30 

•  •  ■  1 
...  1 

•  •  •  • 

•  •  •  t 

•  •  •  • 

2HX2H 

H 
H 

0.49 
0.49 
0.48 

0.47 

0.90 
1.19 
1.73 
2.25 

3.87 
5. 10 

7.35 
9-44 

3.32 

4.39 
6.27 
8.01 

a. 76 
3.66 

5.19 
6.57 

•  •  •  • 

•  •  •  « 

■  ■  •  • 

•  •  ■  « 

•  •  •  1 
■  •  •  1 

•  ■  ■  1 

2>4X2U 

H 
H 

0.44 
0.44 
0.43 
0.43 

0.81 
1.06 

1. 55 
1.7S 

3.26 
4.26 
6.13 
7.14 

2.70 
354 
5.0s 
5.80 

*  «  •  • 

2.80 
3-95 
4-53 

•  •  ■  « 

•  «  •  • 

•  •  •  • 

•  •  •  « 

•  •  •  « 

■  •  ■ 

•  •  • 

•  •  • 

2     X2 

0.40 
0.39 

0.7a 
0.94 

2.70 
3-45 

2.16 

2.72 

•  •  »  • 

2.00 

•  •  «  ■ 

•  •  •  • 

•  •  • 

•  •  • 

*  This  18  the  least  radius  of  gyration,  with  reference  to  the  diagonal  axis  3-3.     (Sec 
Table  XII,  pages  366  and  367.} 
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XVL    SiA  loads  in  Tons  of  a  ooo  Poandf  for  Double-Stoot-Aiigla 

cKTBIS 


9 
Long  Legs  Parallel  and  One-Halt  Inch  Apaet           ^HnsHF 

Stresses  in  pounds  per  square  inch:                                        (UP 

zz  000  tor  lengths  of  50  f»dii  and  und?n 

Jil< 

1 
1 

Z3  SCO  —  so  Ur  for  lengths  over  so  radii 

1 

1 

Sixe, 

Thick. 

nest, 

in 

Lent 
r. 
In 

Area 

two 

angles. 

sqln 

Length  in  feet 

in 

5 

6 

7 

8 

10 

XI 

12 

5  X6 

6  X4 

H 

t 

H 

2-49 

a.  65 

X.67 
1.74 

13.  sa 

26.8a 

7.32 
14.94 

74.36 

147. SI 

39.71 

82.17 

74.36 

147.51 

39-71 

82.  XT 

74.36 
147.51 

396s 
.  ft2.X7 

74.36 

X47.51 

38.3s 

80.26 

74.36 

147.  SI 
35  77 
75.07 

73.34 

147.51 
34.47 
72.50 

71. 72 

144.62 

33.14 

69.91 

6    X3H 

H 
H 

X-43 

1.46 

1.49 
1.5a 

6.84 
9.00 

II.  10 

14.12 

37.62 
49.50 
61.05 
77.66 

3757 
49.50 
6x.os 
77.66 

36.  X3 

47.81 

59.27 
75.82 

34.69 
45. 97 
57.05 
73.03 

31 -82 
43.37 
53.51 
67.42 

30.38 
40.41 

50.39 
64.6s 

29.00 
38.56 
48.07 
61.88 

5    X4 

1  5     '>^H 

1 

H 

H 
94 

I.S9 
1. 54 
i.SX 
I-SS 

6.46 

13.38 

6.10 

11.62 

35.53 
68.09 

33  55 

63.91 

35  S3 
68.09 
3355 
63.91 

3^  07 
66.69 

32.70 
62.69 

33.86 
64.38 
31  4? 
60.45 

31.41 
59  45 
39  05 
55.95 

30.30 
57  04 
37.84 
S3. 71 

38.99 
54  62 
26.64 
51-44 

5    X3 

94 

1.37 

X.30 
1.33 
1.36 

5.72 

7. so 

9.22 

10.88 

31.46 
41.2s 
SO.  71 
59.84 

30.50 
40.23 
49.76 
58.94 

29. 15 
38.SI 
47.69 
56.63 

27.80 
36.78 
45.59 
54.23 

25.09 
33.32 
41.40 
43. 42 

23. 75 
31.59 
39.30 

47.05 

22.39 
29.8S 
37.29 
44.66 

4     X3H 
4    X3 

94 

i.as 
x.ao 
1.36 
i.aa 

5.34 

10. 12 
4.96 

9-38 

29.37 
55.66 
37.28 
51.59 

28.35 
53.13 
a6.38 

49.47 

27.07 
50.60 
25.13 

47.18 

25.79 
48.07 
24.00 

44.85 

23.23 
43.01 
31.64 
40.34 

21.94 

40.48 
20.49 
37.94 

ao.66 
39.95 
19.30 
35.64 

3HX3H 

M 
H 
H 

X.12 
1.10 
X.09 
X.06 

2.88 
4.22 

5. SO 
7.30 

15.58 
22.73 
29.56 
38.92 

X4.81 

21. 59 
28.05 
36.86 

14.03 

30.43 
36.53 
34.78 

I3.26j  11.73 
19.28]  16.97 
25.02    31.98 
32.74    28.58 

XO.95 
15.83 

20.47 
26. sx 

XO.18 

14.67 
18.96 
24-43 

3    X2 

aHXa 

1 

M 

Me 
H 

0.93 

0.9a 

0.79 
0.7S 

a.38 
4. so 
1.62 
4.00 

X2.3a 

23.04 

7.86 

19.00 

XX. 45 
21.58 

7.34 
17.40 

XO.69 

20  10 

6.63 

15.80 

9.92 

18.64 

6.01 

14.20 

8.39 
15.70 

a    •    •    • 
•    •    •    • 

7.62 
14.23 

•  •  •  • 

•  •  •  ■ 

•  •  •  • 

■  •  •  • 

•  •  •  • 

a    Xa 
a    X2 

Ms 

0.6a 
o.6x 

t.44 
Z.88 

6.22 
8.06 

5.54 
7.X4 

4.82 
6.20 

4.13 
5.26 

•  «    •    • 

•  •    ■    P 

•  •  ■  ■ 

■  1  •  • 

•  •  ■  • 

•  •  •  • 
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Xftblt.ZYIL*    8«le  Loads  in  Uaita  af  .k«oo  X^aoads  far  Stwil  Biaa 

Calooau 


u 

Allowable  fiber-stress  in   pounds  per  square 

inch: 

3E 

I 

3  000  lor  lengins  oi  do  raoii  or  unoer 
leduced  for  lengths  between  60  and 
Formula  (13), 

S  -  19  000  —  tool/r 
heights  do  not  include  details 
'or  values  for  l/r  above  120.  see  notes  ( 

120  radii,  by 

11 

I 

on  page  490 

Effective  . 
leneth, 

Depth  and  weight  of  sections 

H  beams 

Ibeams 

8-in 
34-3-lb 

6-in 
24.x-lb 

S4n 
X8.9.1b 

4-in 
13.8-lb 

15-in 

4a.?-lb 

X24n 
3X.8-lb 

xo-m 

2S.4-lb 

2 

3 

4 
5 
6 

7 
8 

9 
xo 

XI 
12 

13 
14 

x6 

X7 
l8 

19 

20 

at 

22 
23 
24 
25 

26 

27 
28 

29 

30 
31 

130.0 
X30.0 
X30.0 
130.0 

130.0 
X30.0 
130.0 
130.0 

91.0 
91.0 
91.0 
91.0 

91.0 
91.0 

71.5 
7X.S 
71. 5 
71.5 

71.S 

Sa.o 

52.0 
52  0 

162.2 
162. 2 
162.2 
169.2 

120. 4 

xao.4 

X20.4 
120. 4 

95.8 
95.8 
95.8 

S0.7 

45. 7 
40.6 

35.6 

94.4 

85.3 
76.2 
67.1 
580 

1539 
140. 1 

136.2 

XX2.3 

98.5 

109.9 
98.9 
87.9 
76.9 
65.9 

66.0 
60.S 
S5.0 
49S 

44.0 
38.5 

86.7 
80.9 
7S.I 

693 
63.  S 

57.7 
51.9 

X25.8 

XI9-4 
X13.0 

106.6 
100. 2 

938 

87.3 
80.9 

74.5 

26.7 

24  2 

21. 7 

14.  t 

■■■■«•• 

50.2 

45. 7 
41.  X 

36.5 
32.0 

27.4 

22.9 

86.0 
790 

J8.2 

SI. 3 
44.4 
37.4 

* 

599 
54.4 

48.9 
43.4 

37.9 

26.9 

35.8 
33.0 

30.3 

275 
248 
22.0 

19.3 
16.S 



47.6 

44.7 
41.8 

38.9 

36.0 

33  X 

30.2 
27.3 
24.4 
21.5 

69.0 
6$.8 

62.6 

56.2 
53.0 
49.8 

46.6 

43  4 

40.2 
37.0 
337 

30  5 

Area,  sq  in 

10.01 

7. ox 

5.47 

4.00 

"■49 

9.36 

7.38     1 

/i_i.  in*... . 
ri— 1,  in .  ... 
'i-ti  in*... . 
ri-i.  in . . .  . 

XXS.4 
3  40 

ss.i 

1.87 

4S.I 
9-54 
14. 7 
1-45 

a. 08 
7.9 

I.90 

10.7 

0.9s 
13.8 

441  8 

5-95 
14.6 
1.08 

3X5-8 
4.83 

9  5 
1. 01 

133. t 

4.07 

69 

0  97 

Weight, 
lb  per  lin  ft 

34-3 

»4.l 

18.9 

4a  9 

31.8 

3S  4 

Safe  load- 
thoM  betwc 
lower  heavy 

values  abo 
en  the  hea 
'  line  are  f< 

vc  the  upper  heavy  line  are  for  ratios  o( 
vy  lines  tor  ratios  up  to  X20  l/r;  and 
7T  ratios  not  over  200  //r. 

f//f  not  over  60; 
those  below  the 

*  From  Pocket  Companion,  Carnegie  Steel  Cooqiany,  Pittsburgh.  Pa. 


Tables  of  Safe  Loads  for  Steel  Columns 


505 


Tabte  X?n  *  (CoBtiiUMd).    Safe  Loads  ia  Uaits-of  x  ooq  PooaOs  for  Stoel* 

Besm  Columitii 


Allowable  fiber-stress  in  pounds  per  square  inch: 
.13  000  for  lengths  of  60  radii  or  under 
'Reduced  for  lengths  between  60  and  xao   radii,  bf 
Ponnula  (13). 

5  ■■  X9  000  —  lool/r 
Weights  do  not  include  details 
For  values  for  l/r  above  xaot  see  notes  on  page  490 


Dei>th  and  weight  of  sections 

Effective 

length. 

I  beams 

^in 
2X.Mb 

8-in 
18.4-lb 

7-in 
X5.3-tb 

6-iij 
xa.5*lb 

.  5-in 
xo4b 

4-in 
7.7-lb 

a 

83.0 
83.0 
82.0 

69.3 
69.3 
69.3 

57.5 
57.5 
S6.8 
50.0 

43.2 

36.4 

46.9 
46.9 

37.3 
373 

38.7 

3 

28.5 

24.0 

195 

4 

44.5 
38.5 

32.5 
26.S 

333 

28.0 

32.7 

5 

77.8 

<94 

61.0 
52.6 
44-2 

63.2 

55.6 
48.0 
40.4 

6 

X5.2 
X30 

xo.8 

8.5 

7 

X8.8 
16.x 

13.5 
XO.8 

8 

30.3 

<    26.9 

23s 

ao.i 
X6.7 

X3.3 

23.9 
X9.9 

x6.8 

13.8 
xo.8 

9 

350 
3X.2 

03.6 

19.8 
x6.o 

xo 
11 

40.0 

35.8 
31.5 

273 
23.1 

18.9 

la 

13 
14 

X5 

x6 

17 

1 

18 

» 

19 

ao 

31 

22 

23 

14 
25 

26 

••••••••• 

27 
2S 

29 
30 

3T 

*.. .. 

Area,  sq  in 

6.33 

5.34 

4-43 

3.6X 

2.87 

3. 31 

/j_i,  in*... . 
rui.in..... 

is-t.  in^ 

ff-^,  in 

84.9 

3.67 

5.2 

0.90 

S6  9 

3  a? 

.V8 

0.84 

36.2 

3.86 

3.7 

0.78 

31.8 

3.46 

1-9 
0.73 

12. 1 

3.05 

1.3 

0.6$ 

6.00 

1.64 

0.77 

O.S9 

Weight, 
lb  per  lin  ft 

ai.8 

18.4 

IS. 3 

"5 

10 

7-7 

Safe  load 
those  betwc 
lower  heav 

-values  above  the  uppsr  heavy  line  are  for  ratios  of  l/r  no1 
«n  the  heavy  lines  tor  ratioi  up  to  xao  //r;  and  those  \ 
y  line  of  ration  not  over  aoo  l/r. 

lover  60; 
>elow  the 

*  From  Pocket  Coinpaaion,->Cuiiegie  Steel  Company,  Pittsburgh,  Pa. 
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Table  X9trL*   Safe  Loads  ia  Toot  of  sooo  Pooads  for  Bathlahem  Itollad- 
Steel  8-lBch  H  ColnaBto  with  Square  Bads 


Unsupported 

length, 

ft 


8 

9 

xo 

IX 

la 
13 

X4 
IS 
16 

17 
x8 

ao 

22 

24 

a6 


Area,  sq  in 


/i.„in«.. 
r|.  I,  in. . 
/t-t.  in«.. 
rt-».  in. . 


Weight 
ofeectiont 
lb  per  Un  ft 


597 
59- 7 
58.x 

56.5 

55  o 

535 

52.0 
90.4 
48.9 

47  4 
45. 9 
4a.8 


39-7 
36.7 


9.X7 


IOS.7 
3.40 
35.8 
1.98 


32.0 


Allowable  stresa  in  pounds  per  aquiov  inch: 
13  000  for  lengths  under  55  radii; 
16  000  —  55  l/r  for  lengths  over  55  radii 


66.1 

66.x 
64.7 

74.8 
74  8 
733 

83.4 
83.4 
81.9 

9».» 
93. a 
90.6 

XOT.O 

xox.o 
995 

63.0 

61.3' 

59>7 

71.4 
69.6 
67.7 

79.8 

77.7 
75.7 

88.3 

86.1 
83.8 

97.0 
94.5 
92.1 

58.0 

56.3... 
54.6 

6s.8 
64.0 
6a.i 

73.6 
71. 5 
69.4 

81.5 
79.2 
76.9 

89.6 
87.x 
84.6 

53.0 
51.3 
48.0 

6o.a 

58.4 

-,^1.-5 ... 

67.4 
653 
61. X 

74.6 

72.4 
67.8 

89.3 

79.7 

44.6 

90.9 

57.0 

63.2 

69.8 

4X.3 

47.x 

52.8 

58.7 

64.8 

38.0 

43.4 

48.7 

54.x 

59.9 

X0.X7 

XI. SO 

ia.83 

14.  x8 

15. S3 

xax.5 
3.46 

4X.X 

a. OX 

X39  5 
3.48 
47.2 
a.03 

X58.3 
3.5X 
53.4 
a. 04 

1777 
354 
99.8 

j.os 

197.8 

66.3 

a. 07 

34.5 

39.0 

43.5 

48.0 

S3.0 

X09  9 
XC9.9 
X06.4 

105-7 
X03  o 

100.3 

97-7 
95  o 
92  3 

89.6 

86  9 
81  6 


76.2 

70.9 
65  5 


16.90 

218  6 
3.60 

73  X 
a. 08 


57  5 


Loads  below  the  heavy  line  are  for  lengths  greater  than  xas  mdii 


*  See  Supplementsry  Sections  in  Pamphlet  S-xo.  publiabed  by  the  Bethlehem  Steel 
Company  in  March,  xgai. 
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*  (CoBtiBiMd).    8«r« 


ia  XooB  «tf  a  ooo  Pounds  lor  Botib- 
Qrtinmw  vkk  Sqwre  Bndo 


lencth. 

ft 


9 

ID 

II 
U 

13 

14 
IS 
i6 

17 
IS 


24 

s6 


Area,  sq  in       18.27 


/ri.u»« 

'i-i.  in 

't-9>  in*.  •  • .  • 
^i-fin 


Wdght 

Oi  MCtiOQi 

lb  per  lin  ft 


6a.o 


Allowable  «tren  in  pounds  per  square  inch: 
13  000  for  lengths  under  55  radii; 
x6  000 «-  55  l/r  for  lengths  over  55  radii 


127.8 
127-8 
X26.5 

123.5 
X20.4 

117.3 

XX4.2 
IIX.2 
X08.X 

105.0 
XOX.9 

95-8 


ii 


1 

X36.8 
Z36.8 

X35.6 

146. 0 
X46.0 
X44.9 

154.6 
154.6 
153.6 

163-8 
163.8 

163.1 

X32.4 
X29.I 
125-8 

X41.4 
137.9 
134.4 

149.9 
146.2 
142.6 

159.3 
155-4 
X5X.6 

127.5 

XX9.2 
xx6.o 

13X.0 

127.5 
124. 0 

138.9 
135.2 
131.6 

147-7 

143-9 
X40.0 

Z12.7 

X09.4 
X02.9 

120. 5 
117. 0 

XXO.I 

127.9 
124.2 
XX6.9 

136. 1 

132.3 

124.6 

1  ««■». 

103- 1 

Z09.6 

1x6.9 

173.2 
173.2 
172.6 


168. 

164. 

160. 

156, 
152. 

148 


6 
5 

5 

4 

4 
3 


144. 3 
X40.2 
132.1 

124.0 


83.5 
77.3 


89.8 

96.2 

X02.2 

X09.2 

83.a 

89.2 

94-9 

X0X.5 

US.  9 
107.8 


19.66 


262.5 
3.65 
87.1 

2. XX 


67.0 


Loads  below  the  heavy  line  ars  for  langths  grcater  than  zas  ladii 


21.05 

22.46 

23.78 

25.20 

26.64 

285.6 
3.68 

94-4 

2.X2 

309.5 

3-71 
IOX.9 

2.X3 

333.5 

3.75 
X09.2 

2.X4 

359.0 
3.77 

XX7.2 

2.X6 

3B5.3 

3.80 

X2S.X 
2.17 

71. S 

76.5 

8t.o 

85.5 

90.5 

*  Sec  SapptenKBtary  Sections  in  Pamphlet  S-zo,  inihUshed  by  the  Bethlehem  Steel 
Company  in  March,  192X. 
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Chap.  14 


Safe  LoAds  fai  Tobb  «C  a  ooo  Ponada  for  BetUeham  Roltod- 
SCmI  xo-Indi  H  Cotonuui  with  Square  Bnda 


Unsupported 

length, 

ft 


xo 

XX 
12 

13 
14 
15 

X6 
x8 

20 

22 

24 

26 

98 
30 

32 


Area,  sq  in 

/ii.fn*.... 
rut,  in. .. . 
/f.i.  in«.... 
r,  ,.  in 

Weight 

of  section, 

lb  per  lin  ft 


93-5 
935 
92.x 

90.2 

88.3 
86.3 

845 

80.7 
76.9 

73.x 
69.3 

65.4 


6z.6 
57.8 
54.0 


14.37 


263.5 
4.18 

89.1 
2.49 


49.0 


Allowable  stress  in  pounds  per  squall  iooh: 
13000  for  lengths  under  55  radii; 
16  000  —  55  l/r  for  lengths  over  55  radii 


103.4 
103.4 

102.2 

XX4.2 
XI4.2 
1x3.1 

X2S.0 

125. 0 
"39 

135. 9 
135. 9 
X34-9 

146.8 
146.8 

145  9 

100.  X 
98.0 
95.9 

XX0.8 
X06.5 
X06.2 

X2X.4 
XX8.9 

XX6.4 

X32.2 

129-5 
126. 9 

143.0 

140.  X 
137.2 

938 
89.6 

854 

1039 
993 

94.7 

1X3.9 
XO8.9 

1039 

124. 2 

XX8.8 
113.4 

134-3 
128.5 
X22.7 

81.3 
77.1 
72.9 

90.x 
85.6 
8x.o 

96-9 
93.9 
88.9 

xa8.o 

XQ2.6 

116.9 

IXX.I 
12L3 

•  1579 
157.9 
157.0 

1539 
X50.8 

147.7 

144.6 

X38.4 
X32.2 

xa6.o 
119. 8 
113. 5 


68.7 

.76.4 

83.9 

9t.8 

99.5 

64.5 

71.8 

78.9 

86.4 

937 

60.3 

67.2 

73.9 

80.x 

87.9 

IS.91 

17.57 

1923 

20. 9X 

».S9 

296.8 
4.32 

100.4 
2.51 

331.9 
4  35 

112.2 

a.S3 

368.0 

4.37 
124.2 

2  54 

405.2 

4.40 

136.5 

2.56 

443.6 

4.43 

149.1 
2.S7 

54.0 

595 

65.5 

71.0 

77.0 

107.3 

zox.x 

94.9 


34. S9 


4«3.0 
4-46 

162.0 
a.sS 


82.5 


Loads  bdow  the  heavy  line  are  for  lengths  greater  than  125  radii 


*  See  Sapptementarj  Sectiotts  in  Pamphlet  S~to,  published  by  the  Bethlehem  Steel 
Company  in  March,  x9ax. 
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Tabic  JOL  •  <ContiaB«d).    Safe  LoAda 
bem  R«itod-StMl  lo-Incli  H 


of  a  ooo  Pounds  for  B«flil»- 
with  Sqoara  Bads 


Unsupported 
length, 
ft 


xo 
II 

la 

13 
14 
IS 

i6 
x8 

ao 


34 
a6 

a6 
30 
3a 


Araa,8q  in 


/i>i»in'. .... 
^11,  in. ... 
/t.tt  in^.«.. 
asfin.... 


Weight  oC 

•ection, 

lb  per  lin  ft 


X68.9 
168.9 
X6S.3 

165.0 
X61.7 
158.4 

155- Z 

I4«.5 
143.0 

135. 4 

138. 8 

132  2 


XZ5  6 
XO9.O 
XQ3.4 


2590 


5335 
4..19 

175.  X 
3.60 


AUofwable  stress  in  pounds  per  square  inch: 
13  000  far  lengths  under  55  cadii^ 
x6  coo  —  55  l/r  lot  lengths  over  55  xadii 


80.  z 
80.Z 
79.6 

76.x 
73.6 
69.x 

65.6 
58.6 
51.6 

44.6 
37.6 
306 


190.6 
X90.6 
190. 3 

X86.6 
X83.9 
179.3 

175.5 
X68.Z 
160.7 

1533 
145.9 
138.5 


aQX.9 
aoi  9 
20X.9 

198.0 
194.1 
190.3 

186.4 
178.6 
Z70.8 

X63.Z 
155. 3 

147.5 


3X3.3 
3X3.3 
3X3-3 

309.3 

305.3 

aox.3 

1970 
Z88.9 
X80.7 

X7a.5 
.164.4 
xs6.3 


334-6 

324.6 

334.6 

230.7 
316.4 

3za.x 
307.8 

199.3 
190.7 

X83.X 

173.5 
165.0 


33.6 

16.6 

09.6 


131. 3 

1398 

X48.O 

156.4 

133.8 

X33.O 

139.9 

147.8 

XX6.4 

134.3 

X31.7 

139.3 

37.71 


56s  3 

4.53 

X88.6 
3.6x 


94.0 


39.33 

31.06 

33.80 

34.55 

607.0 
4.55 

aDX.7 
3.63 

65X.0 
458 

3x5.6 
3.64 

696.3 

4.61 

339.9 
3.6s 

743.7 
4.64 

344.4 
3.66 

995 

ZOS.5 

III.  5 

117.5 

336.x 
336. z 
336. z 

333.3 

327.7 
223.2 

318.7 
309.8 

300.8 

X9X.8 
1S3.8 

J21L 


164.9 

1S5  9 
146.9 


36.33 

790.4. 

4.67 
359  3 

3.67 


133.5 


Loads  bdov  the  heavy  line  axe  for  lengtha  greater  than  135  radii 


*  See  SupplenKDtary  Sections  in  Pamphlet  S-xo,  published  by  the  Bethkbem  Steel 
Company  in  March,  1921. 
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8irf«  Loftdfl.  iA  "tmm.  of  »  ooo  Pimiadt  tw  Bcthlehera  Rollad- 
SMmI  ia<4ttili  B  Cftliimni  with  8qaar«  Bnis 


Unsupported 
length. 

/        ft 


AUodvable  stress  in  pounds  per  sqtiu*  inch: 
X3  ooo  for  leQcthft  under  55  radii; 
16  000  —  55  l/r  for  lengths  over  55  radii 


10 
12 
14 

x6 
x8 

20 

22 

24 
26 

28 
30 

34 
36 
38 


Area,  sq  in 


/i.i,  in*.... 
ri.,,  in.... 
/»_,.in*.... 
ri.»,  in.... 

Weight 

of  section. 

lb  per  Ua  ft 


123.5 

123. 5 
122.5 

136.2 
136.2 
135.4 

149. 1 
149  X 

148.3 

1x8.3 
XX4.X 
XO9.9 

Z30.8 
126. 2 

X2X.6 

143-3 
13B.3 
I3B.a 

105. 7 

X0X.5 

97.3 

n7.o 

112. 4 

X07.8 

xa8.2 
1^.2 
118.1 

93.1 
889 

X03.X 
-9gJL 

X13.1 

icR  I 

z6i.o 
161.0 
161. 4 

1559 
ISO  5 
145.X 

139-7 
134  2 

128  8 

123-4 

1179 


84.7 

80.5 
76.3 


9»*9 

89.3 
84.7 


XQ3*0 

98.0 
93.0 


1x2.5 

107.  X 

101.7 


175.0 
175.0 
174.5 

X68.6 
X62.6 
136.9 

151.1 
145-2 
139-4 

133.5 

137. 7 


X8B.0 
188  o 
X87.7 

X81.5 
175.2 
X69.0 

1628 
XS6.5 
IS0.3 

144.0 
137  8 


xai.9 

1x6  o 
X10.2 
104.3 


131.^ 

125  3 
X19.X 
KX2.8 


201.  X 
20X.X 
20X.0 

194- 3 
187.7 
I8X.O 

174.4 
167.7 

x6x.K 

154  4 
147.8 


141. 1 

134.4 
X27.8 

121.  X 


X9.00 


4990 

5. 13 

i6ft.6 

2.98 


64.5 


90.96 

29.94 

24  92 

26.92 

28.92 

3094 

S56.6 

5. IS 

188.2 

3.00 

6X5.6 
5.18 

206.C 

3. ox 

676.1 

5. 21 
238.5 

3.03 

738  1 

5  24 

249  a 

304 

80X  7 
S.27 

270.x 
3.06 

866.8 
5^.30 

291.7 
3  07 

71. 5 

'    78.0 

84.5 

91^5 

9»S 

105.0 

214.2 
2x4.2 
2x4.2 

207.2 
200.1 
193.1 

186. o 

178.9 

171. 9 

164.8 
IS7.7 
150  7 


143  6 
136.6 
129. 5 


32.96 

933.4 
5.33 

313  6 
308 


1X2.0 


Loads  heknr  the  heary  line  are  for  lengths  greater  than  125  radii 


••See  Supplementary  Sections  In  Pamphlet  S-ro,  published  by  the  Bethlehem  Steel 
Company  in  March,  1921. 
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TkU*  ZX*  (CootbiiMd).    StiH  Loftds  in  Toas  of  3  ooo  FMiids  far 
h«m  Sotbd-8lMl  xa^Xnck  H  Columns  with  Sqaare  Ends 


Unnxpportod 

length, 

ft 


Allowable  stre^  in  pounds  per  square  inch: 
13  000  for  lengths  under  $$  radii; 
x6  000  —  55  l/r  for  lengths  over  55  radii 


10 
12 
14 

z6 
18 
ao 

2a 

24 

a6 

28 
3P 
3» 

34 
36 
33 


226.7 
226.7 
226.7 

219.6 
2x2.1 
204.7 

197.3 
189.9 
182.5 

175.0 
167.6 

X60.2 


339.9 
239.9 
339-9 

232.6 
224.8 
217.0 

209.x 

201.3 
193.5 

185.6 
177.8 

X70.0 


353.3 
253.3 
353-3 

366.7 
366.7 
366.7 

tfO.3 

280.2 
280.2 

393.7 
393.7 
393-7 

246.0 

237.8 
229.6 

359-3 
350.6 
342.0 

272.6 
363.5 

3S4.5 

3R6.O 
276.6 
267.1 

22X.4 
213.2 
304.9 

333-4 
924.8 
3X6.1 

345. 5 
336.4 
327.4 

357. 7 
348.3 
33S.8 

196.7 
188.5 

207.5 
198.9 

218.4 
309.3 

339.4 
3x9.9 

180.3 

190.3 

3D0.3 

2x0.5 

.153,8 
145.3 
137.9 


162. 1 
154.3 
X46.5 


307.3 
307.3 
307.3 

399-7 
289.9 
280.x 

270.3 
260.5 
250.7 

240.9 
23X.O 

22X.2 


173.1 
163.9 

155.6 

18Z.6 
173.0 
164.4 

X9I.3 
X82.3 

173-3 

291.1 

X9X.6 

182. 2 

2XX.4 
201.6 

191. 8 


Arvn.  sq  in 


34.87 


/uj»in*. 
ruu  in. 
i«.i.  in«. 
Tf-t.  in. 


X  000.0 

5.36 

335.0 

3. 10 


Weight 

of  sectiont 

lb  per  Un  ft 


118.S 


36.91 


X  069.8 

5-38 

357-7 
3. IX 


125.5 


38.97 


X 141-3 

541 

380.7 

3-13 


133.5 


41.03 


I  2x4.5 

5.44 

404.1 

3.14 


139.5 


43-10 


1389.4 

5.47 

428.0 

3  13 


45. 19 


1366.0 

5-50 

453.3 

3.X6 


146.S 


153.S 


47.38 


X 444-3 

5.63 

477.0 

3.X8 


i6z.o 


Loads  below  tho  heavy  line  are  for  lengths  greater  than  X2S  radii 


*  See  SopphmemaiT  SsctioB*  in  Pamphbt  &-to,  pabiofaed  bf  the  BetUefaem  Steel 
Company  in  March,  Z92X. 
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Tttbte  Zn.*   8«fe  Loftds  in  Toot  of  a  ooo  FMmds  for  B«lhlSh«B  RoOsd- 
StMl  X4-iBch  H  Colamoi  villi  8fpMt«  Sods 


Unsupported 

length, 

ft 


Allowable  streu  in  pounds  per  squaie  inch: 
13  000  for  lengths  under  5S  radii; 

x6  000  —  ss  l/r  for  length!  owr  55  ndii 


xo 

X2 
X4 

i6 

i8 

20 

22 

34 

26 

28 

30 

33 


40 
44 


Area,  iq  in 


/ui.  in«. 
ri.i,  in., 
/i-i,  in*. 
ffc.t.in. 


Weight 

of  Mction, 

lb  per  lin  ft 


IS9.0 

1S9.0 
XS9.0 

IS8.5 
X53.8 

149- a 

144. 5 
X39'9 
X35.3 

130.5 

135.9 
X3I.3 

XXX.  9 


173.9 
173.9 
173.9 

X8S.9 
X88.9 
1889 

304.0 
304.0 
304.0 

319.I 
319.  X 
3x9.x 

3343 
334.3 
334.3 

173.9 
X68.5 
163.4 

X88.6 
Z83.3 
177.7 

304.0 

198.1 
193.3 

3x9.1 

313.9 
306.6 

334.3 

338.0 

231. 3 

158.4 

X53.3 
X48.3 

X73.3 
166.7 

z6x.3 

186.3 

X80.4 

174.6 

300.3 

X94.0 
X87.7 

3x4.6 

307.9 
301.3 

143.3 

138. 1 
X33.X 

155.8 

XS0.3 

144-8 

166.7 
163.8 

156.9 

x8x.4 
X7S.X 
168.8 

194.5 
X87.8 

i8x.i 

X33.9 

X33.8 

X45.X 

X56.3 

X67  7 

X03.6 


XX3.8 


X33.9 
IXX.9 


133.4 
I3X.6 


X43.6 
X3X.O 


154.3 

X4CK9 


34.46 


884.9 
6. ox 

394.5 
3.47 


835 


36.76 


976.8 
6.04 

335.4 
3.49 


91.0 


349  5 
349  5 
349.5 

349-5 
343  o 

335  9 
338.8 

331.7 
314-5 

307. 4 
300.3 

193-3 

179  o 


164.7 
150.5 


"39. 06 

3X.38 

33.70 

36.04 

X070.6 
6.07 

3S«.9 
3.S0 

1X66.6 

6.X0 

387.8 

3.53 

1364.5 

6.13 

430.3 

353 

1364.6 

6.x6 

453.4 

3-55 

99.0 

106.5 

114.5 

133. 5 

3B.38 


1466.7 

6.18 

486.9 

3  56 


130.S 


Loads  belovr  the  heavy  line  are  for  lengths  greater  than  ifls  radii 


*  Sec  Sup|>icnientary  Sections  in  Panphkt  S-io,  pnfaliibad  by  the  Bethfefaem  Steel 
Conypany  in  March,  X93I.  -  ..  .       
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Tabto  ZZI  *  (ConHiHwit)^  'Safe  Loads  la  Tons  «f  a  ooo  Pnoiida  for 
Ubma  BolM-^lad  X4*iBch  H  Cdtomat  wUk  Sfun  Ends 


1 

Uasupported 

length. 

.nr. 

Allowable  stress  in  pounds  per  square  inch: 
X3  000  for  leugths  under  55  radii; 
x6  000  —  55  '/^  for  lengths  over  55  radu 

ft 

4- 

rr^ 

lO 

za 
14 

x6 

I8 

ao 

23 

34 

36 

38 

30 

33 

36 

363.8 

263.8 
363.8 

363.8 
357.4 
3499 

343.4 
334.9 

227.4 

330.0 
3X3.5 
305.0 

190.0 

279-2 

279.2 
279-2 

379  2 

272.S 
264.6 

256.7 
348.9 

34X.0 

333  z 
325.3 

317. 3 

30X.5 

394.7 
394.7 
394-7 

294.7 
388.x 

2798 

371. 5 
363.3 

354.9 

346.6 

338.3 

330.0 

3x3.5 

3x0.x 
3x0.1 
3x0.x 

3x0.1 
303.4 
294.7 

386.0 

377.3 
363.6 

2599 
35X.3 

343.5 

325.1 

335.7 
335.7 
325.7 

325.7 
3190 

309.9 

300.8 

29*. 7 
382.6 

373. 5 
264.4 
255.3 

237.x 

34x3 
34x3 
341.3 

34x3 
334  6 

335.1 

3Z5.6 
306.1 
3966 

387.x 
377.6 
368.x 

349  X 

4r» 
44 

I7S.X 

x6o.i 

X85.7 

X70.0 

196.9 
X80.3 

307.7 
X90.3 

3x8.9 

300.7 

330.x 

axx.x 

1 
Area,  sq  in 

40.59 

42.95 

45.33 

47.71 

50.  IX 

52.51 

,  luuin* 

rui.  in 

'  rt.,.in 

ISM.4 

6.3X 

519.7 
3.58 

1674.7 

6.34 

554.4 

359 

1783.3 

6.37 

589.5 

3.6x 

Z  894.0 

6.30 

636.X 

3.62 

3  007.0 

6.33 
663.3 

3.64 

3  133.3 

6.36 

6990 

3.65 

'      Weight 

1   of  section, 
'  lb  per  Unit 

238.0 

X46.0 

154.0 

z6a.o 

170. 5 

178.5 

1               Loads  below  the  heavy  line  are  for  length.9  greater  than  X35  radii 

» 

•  See  SupplemeBtary  Sections  ia  Pamphlet  S-xo.  published  by  the  Betfalchtm  Stael 
Company  in  Blarch,  1921. 
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TcU*  TD  *   (CoBtiniMd).    Smi^  toads  in  Tom  of  3  ooo  Pomids  for  Bodi* 
lohom  KoDod-Stool  I44aeh  B  CotaSMt  with  Sqmm 


Uii8u;>ported 

length, 

ft 

S 

^C. 

Allowable  stress  in  pounds  per  squsze  inch: 
Z3  000  for  lengths  uader  55  radii; 
16000  —  55  l/r  for  Isngths  over  55  radii 

r — t: — n 

n^- 

zo 
za 
Z4 

x6 
z8 
ao 

22 

24 
26 

28 

30 

32 

36 
40 
44 

357.0 

357.0 
357.0 

357.0 
350.3 
340.4 

3305 
320.6 

310.7 

300.8 

290.9 
281.0 

26Z.2 

372.8 
372.8 
372.8 

372.8 

366.Z 

355.8 

3455 
335.2 

324.9 

314.6 

304.3 
294.0 

273.4 

388.6 
388.6 
388.6 

388.6 
38X.9 
37Z.2 

360.5 
349-8 

339.X 

3284 
317.7 
307.0 

285.6 

403  5 
403  5 

403. 5 

403  5 

396.9 
385.8 

.174.8 
363. T 
352.6 

341. 6 
330.5 
3x9.4 

297.3 

4x9  4 

419  4 
419  4 

419-4 
412.9 
410.5 

390.0 

378.5 
367.  X 

355.6 
344-X 
332.6 

JO9.7 

435.4 
435  4 

435.4 

435.4 

429  0 
4x7.2 

405.3 
393-4 
38X.6 

369  7 

357.8 

345.9 
322.2 

45x4 
45x4 

45X.4 

45X.4 
445  2 
433  0 

420.7 
408.4 
396.2 

3839 
371.6 

3S0.4 
3348 

24X.4 
23Z.6 

252.8 
232.2 

264.2 
242.8 

275- 1 
253. 0 

286.8 
263.8 

298.5 
274.8 

3x0.3 
J85.8 

Area,  aq  in 

54.92 

5735 

59.78 

62.07 

64.52 

66.98 

69.4s 

/n.  in* 

^.i.in 

/.-fin* 

»-*.».  ia 

2  239.8 

6.39 

736.3 

3.66 

2  359.7 

641 

744.2 

3.67 

248Z.9 

6.44 
8X2.6 

3.69 

9603.3 

849.8 
3.70 

2730.2 

6.5Z 

889.3 

3.71 

28J9.6 
6.53. 
9394 
3.73 

299I-S 

.     6.56 

970.0 
3.74 

Weight 

ofiection. 

Ibperlinft 

Z86.5 

X9S.0 

203.5 

azz.o 

2X95 

227.5 

2Q6.0 

Loads  bdow  the  heavy  line  are  for  lengths  graater  than  iss  ndii 

"*  See  Suppfewiefttary  Sections  io  Pamphlet  S-tOy  publisfaed  hy  the  Brthlehtm  Steel 
Company  in  March,  X9az. 
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Roltod-Stoel 


in  TooB  of  a  ooo  Povods  for-  B«thU- 
9  Coltunns  with  Square  Ends 


t 

•      length, 
ft 

^ 

Allowable  stress  in  pounds  per  sqture  inch: 
13  000  for  lengths  under  55  radii; 
x6ooo  —  55'/f  for  Ifngths  over  SS  radii 

P 

1 

xa 

X4 

x6 
xS 

ao 

22 

24 
26 

2S 

30 

32 

1 

36 

467.6 
467.6 
467.6 

467.6 
46x5 
448.9 

4362 

423.6 
410.9 

398.  a 
38S.6 

372.9 
347.6 

483.8 
483.8 
483.8 

483.8 

477.9 
464.8 

45X8 
438.7 
4257 

413.6 
399.6 
386.5 

360.4 

500.0 
500.0 
500.0 

500.0 

494.4 

480.9 

467.4 
454.0 

440.5 

427.1 
413.6 
400.2 

373.3 

5x6.4 
516.4 
5x6.4 

5x6.4 
5x0.9 
497.0 

483.2 
469  3 
455.5 

441.6 

427.8 
4x3.9 

386.3 

532.8 

532.8 
532.8 

532.8 
527  6 
5x3  3 

499.x 
484.8 
470.6 

456.3 
442.1 
427.8 

399.4 

549  3 
549  3 

549  3 

549  3 

.S44  3 
529.6 

5x5.0 
500.4 
485.7 

47X  X 

456.4 
44X.8 

4x2.5 

1 

40 
44 

322.2 

296.9 

334.3 

3Q6.X 

346.4 
3x9.5 

358.6 

330.9 

370.9 
342.4 

383.3 

354.0 

Area,  sq  in 

71.94 

74.43 

76.93 

79.44 

81.97 

84.50 

Ii-i.  in« 

• 

Ti.it  tn 

/*-i.in« 

rt-».in 

3  X2S.3 

6.59 
I  oil. 3 

3.75 

3262.7 

6.62 

1 053. 2 
3.76 

3402.x 

6.65 

X 095.6 

3.77 

3S44.X 
6.68 

1 138.7 
3.79 

3688.8 
6.71 

XX82.4 
3.80 

3836.x 

6.74 
X226.7 

3.8x 

Weight 

of  section, 
lb  per  Un  ft 

3445 

aS3.o 

261. 5 

270.0 

278.5 

287. 5 

Loads  below  the  heavy  line  are  for  lengths  greater  than  125  radii 

•  See  Supplementary  Sections  in  Pamphlet  S-io,  published  by  the  Bethlehem  Steel 
Company  in  March,  1921. 
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Chap.  2 


Teble  ZZn. 


Stie  Loftdi  ixi  Tons  of  a  ooo  PMads  for  Light-Wofgkt  Lallx 

Coll 


Factor  of  safety  between  4.5  and  5 
Calculated  by  the  formula,  P  «  Agdi  500  ~  140 l/d)  +  ii«(x  000  —  xx  l/d) 
in  which  il^  and  Ag  are  the  areas  of  steel  pipe  and  concrete,  in  square  inches,  /  the 


length  in  inches,  and  i  the  outado  diomftrr  ol  pipe,  in 

inches 

Outside 
diam- 
eter, 
in 

Weight 

per 
linear 
foot, 

in 

Length  of  column  in  feet 

6 

7 

8 

9 

10 

XX 

X2 

13 

X4 

15 

16 

3 

4 

aM 
5 

6 

1 

9.64 
1309 
17.0a 
21.05 
25.90 
36.83 

6 

9 
13 
14 
ao 
a8 

6 

9 
13 
14 
20 
a8 

5 
8 
xa 
13 
19 
27 

•  •  ■  • 

8 

X2 

»3 

19 
27 

•  •  • 

7 

XX 
X2 
18 
26 

•  ■    • 

*  ■    ■ 

xo 
II 

18 

a6 

•  ■    ■ 

•  ■    • 

•  •    • 

10 

X7 
as 

•  ■  ■ 

•  •  • 

17 
»4 

•  •    • 

•  •   • 

•  «    • 

•  ■    • 

x6 
23 

«3 

22     , 

Tibio  xsm. 


Safo  Lotds  is  Tons  of  a  000  Poanda  foi  EoaTy-Wo'cbt 
lAlly  Colnniiui* 


Factor  of  safety  between  4*5  uid  5 

These  loads  can  be  greatly  increased  by  reinforcing  the  concrete 

Calculated  by  the  formula,  P  -  A^iii  500  -  140  l/d)  +  A^d  000  -  xx  l/d) 

in  which  Ag  and  A^^Tt  the  areas  of  steel  pipe  and  concrete,  in  square  inches,  /  the 
length  in  inches,  snd  d  the  outside  diaiielfif  of  pipe,  in  inches 

Outside 

diameter, 

in 

Weight 

per 
linear 
foot. 

lb 

1 
• 

Length  of  columns  in  feet                                   | 

6 

8 

XO 

IS 

14 

x6 

x8 

ao 

A 

aVi 

s 

5H 
6H 
7*» 
8N 
9H 
io5i 

11^ 
12J4 

15 

ao 

24 
«9 

36 
49 
64 
8x 
xoo 

"3 

X46 

169 

12 
16 
20 

S7 
32 
45 

58 

74 

93 

III 

X3X 

150 

XX 

X5 

x8 
a6 
3> 
43 
56 
72 

89 
X09 
128 
X46 

xo 
14 

17 
34 

41 

54 

69 

87 

107 

124 
144 

9 

X2 

x6 
aa 

28 

40 
52 

67 

8S 

X04 

X4X 

XX 

15 
21 
26 
38 
51 
65 

8a 
xox 

XX9 
139 

X9 
24 

35 
49 
6a 

79 

99 

X17 

X35 

aa 

34 

46 
60 

77 

96 

X13 

133 

1 

t 

1 

32 
44 

57 

75 

93 
III 
130 

*For  areas  of  cross  sections  of  metal  and  concrete,  and  for  other  data  used  in  compu- 
tations for  determining  safe  loads  by  formula,  see  Handbook  of  the  United  States  Column 
Company,  Cambridge,  Mass.    (See,  also,  pages  469  to  474f  >>nd  page  477*) 
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Lm4>  la  out!  of  I  ooo  Fsaads  for 
Colniiuis 


te. 

a 

Allowable  fiber  •stress  in  pounds 

ner  sauare  inch: 

■  ml  ^- 

^ 

t. 

13  000  for  lengths  of  60  radii  or  under 
Reduced  for  lengths  between  60  and  xao  radii,  by 
Formula  (13). 

S  -  19  000  —  100  l/r 

\   For  values  for  l/r  above  120,  see  notes  on  page  490 

12 

WelH)late6"XH" 

Web^te8"XK" 

Effective 

itnafih, 

1 
1 

8X 

8x 

•£X 

k 

1 

'♦X 

5^ 

IS 

1 

5 

6 

69 
63 
56 

49 
43 

8x 

88      1 

94 
86 

79 
72 
65 

57 

1X0 

lOI 
lOX 

1x9 
1x9 

1              7 

7« 
73 
66 
60 

54 
49 

83 
76 

? 
63 

56 

50 

X03 

95 

87 
78 

70 
63 

8 
9 

lO 

96 

89 
83 

76 

70 

63 

S7 

115 
107 

zoo 

92 
85 

78 

70 

ZI 

38 

35 
32 

28 

as 
33 

x8 

u 

SO 

47 
43 

39 

36 
32 

38 

25 

13 

43 
40 

37 

34 
32 

23 

30 

45 
42 

39 

35 
32 

33 

52 
48 

44 

40 

36 
32 
38 

•  «  •%  •  m  • 

IS 

l6 
17 
i8 

S2 

49 
46 
43 

33 

30 
27 
23 

60 

56 

Si 
49 
45 

41 
38 
34 

30 

19 

30 

21 

23 

23 

2.1 

2S 

'               26 

'               27 

1          ■    28 

29 

30 

::::::::   :::::::  i 

Area,  iq'in 

5. 74 

6.36 

6.74 

7.24 

8.48 

7.76 

9.12 

1  /i-i.itf« 

''w.  in 

/«.ln* 

'^w.  in 

34-3 
3.4S 
6.3 

1.04 

391 
3.50 

10. 3 

1.38 

42.6 
3. 51 
XO.3 

1.34 

8X.3 

3-35 
10.3 
X.X9 

96.9 
3.38 
12.9 
X.33 

90.x 

3.41 
x6.o 

X.44 

107 

3.43 

30.2 

1.49 

WHKht. 
IbperUnft.. 

19.6 

31.5 

33.1 

34.8 

29.2 

26.4 

3X.2 

The  safe  load-values 
tbote  betweeii  the  heav] 
heavy  line  are  for  ratios 

above  the  upper  heavy  line  are  for  ratios  of  l/r  not  over  60; 
f  lines  are  for  ratios  up  to  xao//r;  and  those  below  the  lower 
not  over  soo  l/r 

*  From  Pocket  Companion,  Carnegie  Steel  Company,  Pittsburgh,  Pa. 
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Talto  XIIV*  (Cdiitinii9d>«    flfti*  Uads  te  QkOlt  c(  i 


AUowftUe  fibftr««tfeM  id  pounds  per  square  iach: 
13  ooo  for  lengths  of  60  fadii  or  trader 
Reduced  for  lengths  bettreca  60  and  120  radii,   by 
Formula  (xj). 

5  •-  19000  —  xoo//r 
Weights  do  net  include  rrvet-taeads  or  other  details 
For  values  for  t/r  abort  xaa*  aee  notes  on  page  490 


.12 


Effective 
lensfth, 


6 

7 
8 

9 

10 

II 

u 

13 
14 

IS 

16 

17 

x8 
19 

20 

21 
22 
23 
24 
25 

26 

27 
28 

29 

30 


Area,  sq  in 


/1-4,  in«. 
ri-j.  In. 
/«,  in«. 


Weight, 
Ibperlinft. 


Web-plate  8"X5ie" 


SI 

8X 

I; 


I2S 


120 

112 
104 

96 

89 
8t 

7$ 


62 
58 

54 
SO 
47 

43 
39 
3S 
3t 


9.62 


no 
3  38 
ao.7 

1.47 


3i 

"Efts?* 


142 
142 


8<N 

•ax 

^X 


138 
130 

X2X 

HI 

104 

95 
86 

77 


141 
X4I 
141 


«N 


I 


n 
X 


73 
68 

55 

51 
47 
42 
38 
34 


136 
128 

121 

«3 

105 
97 

89 
81 


75 

71 
67 
63 

59 
55 
51 
48 
44 

40 
36 


x6i 
x6x 
161 

149 

140 
X3I 
123 
114 

105 

97 
88 


Web-plate  8"XH 


// 


9 

1^ 


X 

2 


^3 
79 
74 

70 
66 
6x 
57 
53 

48 
44 
39 


168 
x68 
166 

154 

145 
i|6 

127 
118 

109 

lOO 

90 

8x 

77 

72 
68 
63 
59 
54 

49 

45 
40 


8  rS 

•ax 

3  "in 

'^X 


x88 
x88 
x88 


175 

165 

155 

145 
135 

124 

114 
104 


98 
93 
88 


u 

63 
58 

53 
48 


32.9 


208 
208 


196 

X85 

174 

163 
152 

141 

X30 
X20 


IIO 

105 
XOO 

94 
89 
83 
78 
72 

67 
62 

S6 
51 


10.94 

X27 
3.40 
24.9 
LSI 

10.86 

12.42 

X2.92 

14.48 

122 

3-35 
30.3 
1.67 

141 
3.36 
36.3 
I  71 

143 
3-33 

37.2 
1.70 

x6i 
334 
435 

X.73 

37.3 

37.3 

42  s 

44.2 

49  4 

16.00 


178 

333 

50.2 

177 
54.6 


The  safe  load-values  above  the  upper  heavy  Une  sie  for  ratios  of  l/r  not  over  0o; 
those  between  the  heavy  lines  are  for  ratios  up  to  iso  l/r;  and  those  below  the  lower 
heavy  line  are  for  ratios  not  over  200  l/r 


*  From  Pocket  Cooipsaion,  Carnegie  Steel  Company,  Pittsbuxgh,  Ps. 
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TUI*  xnv'  (CSBllDud).    S«r*  ImO*  ta  DniH  of  i  ooo  Peond*  tor  nnv 


AHoHblc  fibBMttew  in  |>ound»  per  »qu»re  loeh: 
IJ  ooo  (OT  l»ng»h«  ol  60  r»du  or  under 

Pomiul.  (IJ). 

i^ 

i 

>:        -tf 

k= 

WeighU  do  not  inEliid<  HvM^iMdl  or  other  detajll 
For  vatoM  for  I/r  above  iio.  tea  note*  on  lUce  410 

1 

Web-ptate  io"XM" 

Web-plmte  K."X«." 

Web-pUW  I0"XH"    ( 

1^ 

i 

k 
1 

i 

i 

i 

, 

1 

1 

% 

*. 

^ 

-       - 

i, 

w 

i 

s 

s 

198 
198 

_S? 

7 

1 

a 

lO 

154 

l6o 

z 

II 

58 

7» 

71 

8t 

w 

;« 

z 

!fa 

I'M 

40 

f 

TO 

81 

u6 

IM 

.3S 

IBS 
17S 

54 

IS 

36 

SO 

*;  1  ^ 

H 

lOI 

116 

148 

E 

u 

36 

60 

64 

3t 

S> 

« 

SI 

a6 

N 

a 

46 

8« 

64 

AlB.*qi<l 

"  '        "     '             '             '             '        " 

i 

nvs 

\ 

/s 

f„.1o   .... 

\ 

ibteSfth   . 

, 

M.4 

^MtO 

v«6o; 

heivr  line  •»  for  i»l 

0*  ■««  o™r  100  I/r 

•  ran  Pocfctt  ConpudoB.  CUBnh  Stad  CoMVOtf,  TiOtbitk,  P«. 
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Tatla  ZXnr*  (Coatiiitt«d). 


Safe  Loads  ia  Ualla  of  i  ooo 
■nd^Angie  Colnmns 


Pomda  for  Plat** 


J? 

k  i    '\ 

9         Allowable  fiber-stress  in  pounds  per  square  inch: 

+!        1 

^  ^           13  ooo  for  lengths  of  6o  radii  or  under 

^            Reduced  for  lengths  between  6o  and  I20  radii,  by 
^   "*-                Formula  (13), 

•Si     ""■■ 

^j     ^ 

V 

5  ■■  19000  —  IQO  l/r 
Weights  do  not  include  rivet-heads  or  other  details 
'     For  values  for  l/r  above  lao,  see  notes  on  jMige  490 

Is 

Bffective 
length. 

Wcb-pUte  io"XH" 

Web-plate  io"XH" 

Web-pl. 
xo"xH" 

• 

"5^ 

•ax 

il 

ll 

il 

ii 

3  ro 

*x 

■»0 

'♦X 

& 

!:- 

!J 

s* 

V 

^ 

^ 

^ 

;b 

^ 

;b 

^ 

6 

232 

235 

266 

296 

312 

34X 

370 

386 

7 

232 

236 

266 

296 

3x2 

34X 

370 

386 

8 

232 

236 

266 

296 

312 

34X 

370 

386 

9 

232 

236 

266 

296 

312 

341 

370 

386 

10 

It 

232 

236 
236 

266 

266 

296 

296 

3x2 
312 

341 
341 

370 
370 

386 

230 

386 

u 

13 

14 

220 
210 
200 

236 

266 

296 
296 

312 
3x2 

341 

341 

370 
370 

386 

235 

I    266 

386 

226 

257 

M 

302 

333 

3«3 

378 

IS 

190 

218 

248 

278 

291 

321 

3S0 

36s 

l6 

180 

209 

238 

267 

280 

309 

337 

351 

17 

170 

201 

229 

257 

369 

297 

32s 

338 

IS 

160 

*F 

230 

247 

258 

285 

31a 

325 

19 

ISO 

184 

210 

237 

247 

274 

299 

3x2 

ao 

140 

I7S 

201 

226 

236 

262 

287 

298 

21 
29 

130 

167 
158 

191 
182 

216 
206 

225 

2x4 

250 
238 

274 

26X 

285 

123 

272 

23 

118 

ISO 

172 

195 

203 

226 

249 

258 

24 

113 

141 

163 

18S 

192 

2x4 

236 

245 

25 
26 

2 

108 

IPJ 
98 

132 

154 

I7S 
164 

181 
170 

203 
191 

223 

210 

232 

126 

1      144 

2X8 

121 

139 

IS7 

164 

X8I 

19ft 

207 

2S 

u 

117 

134 

152 

158 

175 

193 

200 

29 

113 

130 

146 

IS3 

169 

186 

X93 

30 

83 

109 

laS 

I4X 

147 

X64 

179 

187 

Area,8q  in 

17.87 

18.19 

20.47 

».7S 

24.00 

26.24 

28.44 

29.69 

/i-i.in* 

3IS 

319 

361 

401 

412 

451 

489 

Soo 

fi-i.  m 

4.20 

4.19 

4.20 

4.20 

4.14 

4.15 

4.15 

4.10 

/»-t.in* 

82.3 

119 

139 

160 

I6s 

186 

206 

2x3 

I'M.  in 

2.15 

2.56 

2.61 

2.65 

2.62 

2.66 

2.69 

2.68 

Weii^t. 

lb  per  Un  ft.. 

60.8 

62.0 

70.0 

77.6 

8X.8 

89.4 

97.0 

101.3 

The  safe  lo 

ad-values  above  the  upper  heavy  line  are  for  ratios  of  l/r  not  over  60; 

those  betweei 

n  the  heavy  lines  are  for  ratios  up  to  120  l/r;  and  those  below  the  lower 

heavy  line  ai 

"e  for  ratios  not  over  200  l/r 

*  Fcoan  Pocket  Companion,  Carnegie  Steel  Company,  Pittsbttxfh,  Pa. 
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•  C 


). 


Safe  Loads  in  Uails  «f  i  ooo 
snd-Ani^  Coliuniis 


Pooads  for  Flst^ 


I. 


35 


z^ 


h=. 


Is 


Allowable  fiber-stress  in  pounds  4>er  square  inch: 
X3  GOO  for  lergths  of  60  radii  or  under 
Reduced  for  lengths  between  60  and   lao  radii,  by 
Formula  (13), 

5-19  000  —  100  l/r 
Weights  do  not  include  rivet-heads  or  other  details 
For  values  for  l/r  above  xao.  see  notes  on  page  490 


Effective 
lencth. 


6 

7 
8 

9 

10 

IX 

u 
13 
14 
IS 

16 

17 
18 

19 

90 

31 
29 

as 
94 

9S 

96 

37 

98 

99 
10 


Area,  sq  in 

ly-i,  in*  . . . . 
fi-i,  in. ... . 

/m.  in* 

r»-^.  in 

Weight, 
lb  per  fin  ft 


Web-plate 
19"XH" 


8X 


114 


-♦x 

ft 


ZI9 
XO4 

96 
89 

8x 
73 
«S 


139 
1    139 


8^^ 

*ax 
^x 


193 

115 
xc6 

98 
89 
80 


sTl    79 


55 

59 

48 

44 
40 

36 

39 

98 


67 

63 
58 
54 
50 
45 

4X 

37 
33 


X48 
148 
148 


Web-plate 
l9"XMe" 


"SX 


157 
157 


X40 
131 

123 
114 
X06 

97 
89 

80 


76 
7X 
67 
63 

59 

SS 
50 
46 
49 

38 


X57 

147 
138 

199 

I90 

XXI 

XOX 

9a 


84 

79 
75 

70 

65 

61 

S6 
59 
47 
49 

38 


178 
178 
178 

159 

149 
139 
199 

119 
X09 

99 


Web-plato  i9"XH" 


ix 


1^ 
187 
187 


Jx 
*x 


177 

167 
156 

145 
134 
194 
XI3 

X09 


917 

9X7 

9X7 

9X7 
917 


""^ 

—98" 

87 

tl 

89 

77 
79 

80 
75 

67 

69 

•63 

64 

57 

58 

59 

53 

47 

48 

49 

910 

901 

191 

x8x 
171 
x69 

X59 

149 

X39 

X93 


IIS 

XXO 

105 

zoo 

95 

91 
86 
81 
76 
71 


*x 


949 
949 
949 

949 

949 


937 

996 

9X5 
905 

194 
184 

173 

x6a 

159 

141 
130 


195 

X90 

1x4 
X09 

X04 


93 
88 
83 


8.76 


99.8 


10. 19       XX. 36 


999 

964 

5.04 

5. II 

x6.o 

30.9 

X.35 

X  41 

34  6 


19. XX 


295 

304 

5.09 

5.01 

99.6 

30.3 

1. 61 

1.58 

390     41-6 


13.67 


350 
5.06 

36.3 

X.63 


46.8 


14. 49     16.70  I  X8.69 


35<i 
4  99 
37.3 
1. 61 


491 
5.09 
70.6 
9.06 


49  3  '  56.9 


476 
5  05 
89.3 
9.10 


63.3 


>«« 


8X 

^^ 

•♦x 


10 


966 

966 

966 

366 
966 


964 
959 

941 
939 

9X8 

906 

195 
X84 

X79 

x6x 

149 


141 
135 

199 

193 

118 

119 

106 

XOX 

95 


90.50 


596 

5.07 

94-6 

9.15 


69.7 


The  sale  load-values  above  the  upper  heavy  line  are  for  ratios  of  l/r  not  over  60; 
those  between  the  heavy  Itnes  are  for  ratios  up  to  X90  l/r;  and  those  bdow  the 
I  lower  heavy  line  are  for  ratios  not  over  303  IJr 

*Ynm  Pocket  Companion,  Carnegie  Steel  Company,  Pftttboigh,  Pft. 
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Strength  of  Coltumis,  Posts  and  Struts  Chap.   1 


,Tkbt«  XZrr  •  (Coatteaed).    Sifc  Loadt  in  Vtfis  ol  x  ooo  VoaafU  for 


r 


tad-Angla  Cohimtw 


X! 


^^ 


2 


1= 


•Ji 


Allowable  fiber-stress  in  pounds  per  tqaare  inch: 
Z3  000  for  lengths  of  6o  radii  or  under 
Reduced  for  lengths  between  6o  and  zao  raoii.  by 
Fonnula  (13), 

5  ■■  X9000  -  100  Vr 
Weights  do  not  include  rivet-heads  or  other  detaik 
For  values  for  l/r  above  zao,  see  notes  on  page  490 


Effective 
length. 


6 

7 
8 

9 
xo 

II 

22 
Z3 

14 
15 

16 

17 
18 

19 
ao 

91 
92 

23 
24 
25 

26 

27 
28 
29 

30 


Axea.sq  in 


/,-,.ln«.... 
r^-i.  in.... 
ii^.  in*.... 
fM,  in  ... . 


Weight, 
lb  per  Un ft.. 


Web-plate 
ia"XH" 


•ax 


276 
276 
27< 
276 
276 

276 

276 


274 

264 

254 

244 
234 

224 

214 
SO4 

194 
184 

iS 

155 


X47 

142 

X37 
132 

127 


2X.22 


544 
S06 

2.56 


3^5 
305 

305 
305 

305 

305 
305 

30s 


Web-plate  i2"XJ'i 


Web-plate 


Jv 


3^ 

325 

325 

335 
32s 

325 
335 


295 

284 

274 

2^3 

252 

241 

230 

220 
209 

.1 

166 


160 

IS4 
149 
143 


323 
312 

300 

988 

277 
265 

253 
342 

23P 
2X8 

207 

X95 
X83 


X73 
167 
162 
i.s6 

XfO 


8^ 

•ax 

'•X 


354 

354 

354 

354 
354 

354 

354 

354 


3S3 
3B3 

3^3 

383 
3S3 

3S3 
383 

383 


342 

317 

305 

% 

267 

a55 

242 

230 

217 

204 


X92 

179 
X73 
x66 


373 

^45r 

359 

389 

346 

375 

333 

361 

IS 

347 
333 

293 

318 

279 

304 

366 

290 

253 

27« 

239 

262 

226 

248 

213 

234 

203 

196 
189 
X83 


^23 
199 


23.50 


60s 

5.07 

160 

2.61 


72.5   '   80.1 


as. 00 

27.24 

2944 

741 

'^ 

265 

3X.60 

33.76 

3S.26 

623 

2  57 

683 
5. OX 

X86 
261 

794 
S  ox 

228 
2.69 

849 
5.01 

249 
2.72 

257 
2.70 

852 

92.8 

X00.4 

X07.6 

XX4.8 

1x9.9 

36.76 


88s 

2.69 


X35.0 


The  safe  l^id- values  above  the  upper  heavy  line  are  for  ratios  of  l/r  not  over  60: 
those  between  the  heavy  lines  are  for  ratios  up  to  lao  l/r;  and  those  below  the  lower 
I  h«avy  line  are  for  ratios  not  over  200  l/r 


*  From  Pocket  Compaaioa.  CarQegie  Steel  Company.  Pittsburgh.  Pa. 
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1^21 


ThM»  XD¥*  CCwitiBMd).    Sufe  IrfMds  fai  IMli  «f  i  «oo  BMunto  for  Ptettf- 


Allowabla  fiber«streu  in  pounds  per  square  inch: 
13  000  for  lengths  of  6o  radii  or  under 
Rsduced  for  lengths  between  6o  and  120  radii,  by 
Formula  (13), 

5-19  000  —  100  l/r 
Weights  do  not  include  rivet-heads  or  other  details 
For  values  for  l/r  above  120,  see  notes  on  page  490 


iz 

12 
13 
14 
IS 

z6 

17 
X8 

19 
ao 

n 

32 
23 
24 

as 
96 

27 

38 

29 

30 

31 
32 

33 
34 

35 


Area,  sq  in 


/i-i.  m«. 
fi-i.  xn. 
Jm.  jn«. 
r>^.  in. 


Web-plate  I2"XH 


ft 


j|^8§ 


if 


Weiaht, 
lb  per  Un  ft.. 


383 
3S3 
383 
383 
383 


3^ 
368 
357 
346 
334 

323 
3x2 

301 
289 
278 

267 
256 

244 
233 
222 

21 X 


>s« 


^o 


428 

428 

428 

428 

428 
428 


^0 


458 
458 

458 

4SS 
458 

458 


203 
197 

X9X 
X86 


419 
407 
395 
383 

370 
358 
346 
334 
322 

310 
297 
285 
273 
a6z 

349 
237 


447 
434 
42X 
407 

394 
38x 
368 
355 
342 

329 
3x6 

303 

290 
277 

364 

250 


o 


487 
487 
487 
487 
487 

487 


475 
461 

447 
433 

4x9 
405 
39X 

377 
363 

349 
335 

32X 

307 
293 

379 
265 


22Z 
213 


242 

235 
229 


257 
250 
243 


29.44 


916 
S.S8 

291 
3x4 


zoo.  2 


32.94 


X073 

S.7I 

348 

3.25 


1X2. 1 


35.22 


XI36 

5.68 

368 

3.23 


Z20.I 


37.50 


X197 

5  65 

388 

3.22 


X27.7 


Web-plate  i2"X>i" 


Ix^^ 

ixcv 


o 


507 
507 
S07 
S07 
507 


S06 

476 
46t 
447 

432 

417 
403 
388 

373 

358 
344 
329 
3x4 
299 

28s 


|xSS^ 


272 

257 
249 


39.00 


X2IS 

5. 58 

394 

3.Z8 


132. 8 


fX  w 

;b 


553 
553 
553 
553 
553 

553 


542 
526 
5x0 
495 

479 
463 
448 
432 
4x6 

401 
385 
369 
354 
338 

323 

307 


294 
287 
279 


42.50 


X377 

S.69 

45X 

3.26 


144.7 


The  safeload-valnes  above  the  upper  heavy  line  are  for  ratios  of  l/r  not  over  60; 
those  betwv>en  the  heavy  lines  are  for  ratios  up  to  120  l/r\  and  those  below  the  lower 
heavy  line  are  for  ratios  not  over  200  l/r 


'  From  Pocket  Companion,  Carnegie  Steel  Company,  Pittsburgh,  Pa. 
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Stiength  of  Columns,  Posts  and  Stmts  Goap.  14 


Tibto  ZZnr  *  (OontiiuMd).    Sofo  Loads  in  Uoils  of  i  ooo  Pooads  for  Plate- 


, 

\2      . 

r-^ 

l--/^  . 

/    V^ 

^C^ 

Allowable  fiber*strest  in  pounds  per  square  inch: 

+:      1- 

F^ 

13  000  for  lengths  of  60  radii  or  under 

^  I 

Reduced  for  lengths  between  60  and  rao  radii,  by 

Formula  (13). 

k 

5  «  19  000  —  100  l/r 

^ 

Weights  do  not  include  rivet-heads  or  other  details 
For  values  for  l/r  above  iio,  see  notes  on  page  490 

• 

< — cr-' 

12     • 

Effective 
length. 

Web-plate  I2"XH" 

Web-plate  12"XH" 

IxSSi 

ix5- 
K3X 

*x«? 

''^•'S 

-'^^^S 

*x;rv 

*x«r 

*Xf,5 

^ 

^ 

^ 

;b 

^ 

^ 

II 

58a 

610 

630 

675 

731 

7«6 

12 

582 

610 

630 

675 

73X 

766 

13 

58a 

610 

630 

675 

731 

766 

14 

582 

610 

630 

675 

731 

766 

IS 

58a 

610 

630 

675 

731 

766 

i6 
17 

58a 

610 

630 

675       1       7ax 

7« 

5^ 

596 

6X3 

Cfij 

^ 

763 

i8 

553 

579 

594 

644 

74a 

19 

536 

56a 

576 

5»l 

674 

731 

ao 

sao 

544 

5S8 

606 

654 

700 

ai 

503 

Sa7 

540 

587 

634 

679 

22 

487 

509 

532 

568 

614 

658 

aj 

470 

49a 

504 

548 

594 

in 

34 

454 

475 

486 

539 

574 

616 

35 

437 

457 

468 

$10 

554 

595 

26 

4ai 

440 

4SO 

491 

534 

574 

a? 

404 

432 

431 

47a 

514 

553 

28 

388 

40s 

4X3 

453 

494 

53a 

ag 

371 

368 

395 

434 

474 

5XX 

3Q 

354 

370 

377 

4x5 

454 

490 

31. 

338 

353 

359 

396                434 

469 

3a 
33 
34 

3ax 

335 

34X 

377 

414 
394 

448 
437 

309 
301 

333 
31S 

33X 

Al 

351 

3A1 

409 

35 

293 

306 

313 

34a 

37X 

399 

Area,  sq  in 

44.74 

46.94 

48.44 

5X.94 

55.44 

58.94 

A-i.  in< 

1437 

I  495 

1513 

1682 

1856 

3  037 

ri-x,in 

5.67 

5.64 

5.59 

*J 

5.79 

5.88 

/>-t.  in*. . . . 

47a 

49a 

499 

613 

671       ' 

»'>-«.  in 

3  as 

3.a4 

3.  ax 

3.37 

3.33 

3  37       , 

Weight, 
lb  per  Kn  ft.. 

1 

15a.  3 

1599 

165.0 

176.9 

188.8             300.7 

The  safe  loa 

d-values  a 

bove  the  upper  heavy  line  are  for  ratios  of  l/r  not  over  60: 

those  betweer 

1  the  heavy 

lines  are  for  ratios  up  to  120  l/r\  and  those  below  the  lower 

heavy  line  an 

e  for  ratios 

not  over  200  l/r 

*  From  Pocket  Companion.  Carnegie  Steel  Company,  Pittsburgh,  Pa. 
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S25 


IkUa  TXPr*  (CMtiaaad; 


).    Safe  Loads  in  Units  of  i 


ooo  Poonds  for  Plato- 


,  /K 

1*  ^ . 

are  inch: 

»rSn 

^ 

Allowable  fiber-stress  in  pounds  per  squ 

a;      '  •<; 

f^T 

Z3  000  for  lengths  of  60  radii  or  under 

+1      L. 

.A 

Reduced  for  lengths  between  60  and  Z20 

radii,  by 

*!                 r 

1, 

Formula  (13). 

^'    l4 

'fe-^ 

5-19  000  —  100  l/r 

^i.    r*^ 

^ 

Weights  do  not  indude  rivet-heads  or  other  details 
For  values  for  l/r  above  120.  see  notes  on  page  490 

"T 

ITT^ 

Wcb-plato  I2"XH'' 

Effective 
letytb. 

«^a^ 

ix|5 

XI 

812 

857 

903 

948 

994 

1039 

Z2 

8l2 

857 

903 

948 

994 

1039 

t             13 

8X2 

857 

903 

948 

994 

X039 

Z4 

8X2 

857 

903 

948 

994 

1039 

1             « 

8X2 

857 

903 

948 

994 

1039 

i6 

812 

857 

9CO 

^ 

994 

Z039 

1             '7 

812 

857 

903 

948 

994 

Z039 

^* 

791 

840 

m 

937 

9M 

Z034 

'              19 

769 

817 

864 

9x2 

960 

1007 

ao 

747 

794 

840 

887 

934 

980 

21 

72s 

77X 

8X7 

862 

f? 

^ 

23 

703 

748 

793 

837 

832 

23 

631 

72s 

769 

8x2 

8:6 

899 

24 

659 

702 

745 

7S7 

830 

872 

25 

637 

679 

721 

762 

805 

845 

26 

615 

i6s7 

697 

738 

779 

8x8 

27 

593 

634 

673 

7x3 

753 

791 

28 

571 

61X 

649 

688 

737 

764 

29 

549 

588 

633 

663 

70X 

737 

30 

527 

S6S 

60X 

638 

675 

710 

31 

5Q5 

54a 

577 

613 

649 

684 

32 

483 

lU 

553 

588 

623 

657 

33 

46X 

529 

56J 

597 

630 

34 

35 

439 

47^ 

SOS 

53S 

513 

571 
545 

603 
576 

427 

456            484      1 

Area*  sqin 

62.44 

65.94 

6944 

72.94 

76.44 

79-94 

/i_i,  in* 

2  224 

24x8 

26x8 

2825 

3038 

^^2 

)r|_|,  m 

5. 97 

6.06 

6.14 

6.22 

6.30 

6.38 

/»_•,  in* 

728 

785 

842 

899 

9S6 

1014 

r»-t,  in 

3  41 

3  45 

3.48 

3-5X 

3.54 

3.56 

Weight, 
lb  per  Un  ft.. 

2X2.6 

224.5 

236.4 

248.3 

260.2 

272.1 

The  safe  lo 

ad-values  1 

sibove  the  upper  heavy  line  are  for  ratios  of //r  r 

lot  over  60; 

those  betweei 

a  the  heav: 

f  lines  are  for  ratios  up  to  120 //r;  and  those  belo' 

w  the  lower 

hokvy  line  art 

e  for  ratios 

not  over  200  l/r 

•  Fiom  Pocket  Compaaioa.  Carnegie  Steel  Company.  PitUburgb.  Pa. 
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Strength  of  Columns,  Posts  and  Struts  Chap.  14 


Tatle  niV*  (CoBtimied). 


Saf  •  Loads  la  Volts  of 
and-Aiiglo  Coittntas 


1 000  Povsds  tef 


t  tncht 
dii.  by 

its 
490 

Allowable  flbw^resi  in  pounds  i»er  sqnaio 
13  000  for  lengths  of  60  radii  or  under 
Reduced  for  lengths  between  te  and  120  rai 
Formula  (13). 

5  *  X9  000  —  xoo  l/r 
Weights  do  not  indude  rivet-heods  or  other  dets 
For  values  for  l/r  above  iso«  see  notes  oa  page 

'  r  1.  "f  • 

BflTective 
length. 

Web-plate  X2"XH" 

Web-plate  X4"XH" 

«b 

V  IT* 

;b 

-Sxlrs 

0 

IX 
12 

14 
15 

X6 
17 
x8 

19 

20 

21 
22 
23 
24 
25 

26 

27 
28 

29 

30 

31 
32 
33 
34 

35 

1085 
X085 
108s 
X  085 
1085 

1085 
X085 

I  X30 
X  130 
X  X30 
X  130 
I  X30 

1 130 

X  130 

1 130 

39a 
392 
392 
392 
392 

422 
422 
422 
422 
422 

452 
452 
452 

452 
452 

474 
474 
474 
474 
474 

497 
497 

497 
497 
497 

387 

375 

363 

352 

340 

328 
317 
305 
293 
261 

270 
2^ 
246 
235 
223 

2IX 

415 
403 

390 

377 
365 

352 
340 
327 
314 
302 

251 
239 

444 
431 

417 

404 
390 

323 
26^ 

255 

470 
456 

442 
42B 
4X5 

401 
3»7 
373 
359 
345 

331 

317 
303 
289 
275 

X 

X0&2 

X026 

996 
970 
942 

858 

830 

802 

746 

718 

634 
606 

46S 

X  xox 
1072 

1043 
1 014 

9S6 
9*7 

? 

840 

8tx 

7«2 

753 

725 

638 

453 

439 

425 
410 
396 
38X 
367 

353 

338 
324 
309 
295 

281 

227 

220 

214 

208 

201 

343 

1      261 

205 

200 

194 
x88 

936 

229 
222 

2X6 

2SI 
244 
237 
2» 

t 
253 
245 

Area,  sq  in 

8344 
3486 

6.46 
X07X 
3.58 

284.0 

86.94 

30.19 

32.47 

34.75 

36.50 

38.25 

/i-i.itt* 

»'i-i.  in 

/w.ln* 

r»-i.  in 

3  721 
6.54 
1 128 
3.60 

1061 

6.46 

291 
3.10 

1351 

6.45 

311 

309 

1436 

6.43 

33X 

3  09 

6.49 
360 

3.14 

1643  ; 
3.19 

Wdffht. 
lb  per  lin  ft.. 

a95.9 

X02.8 

X10.8 

XX8.4 

X24.3 

130.3 

The  safe  load- values  abov'e  the  upper  heavy  line  are  for  ratios  of  l/r  not 
those  between  heavy  lines  are  for  ratios  up  to  x  Jo  l/r\  and  those  below  t 
heavy  line  are  for  ratios  not  over  aoo  l/r. 

over  60: 
he  lower 
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Ikbl*  XZir*  (CMitiiiittd). 


Safe  Loads  in  Unila  of  z 
aad-Aa^e  OoliBmna 


•oo  Poonda  Idr  Plata- 


-I-!     1  i,r  1 


5=^ 


T 


Allowable  fibernttress  in  pounds  per  square  inch: 
13  000  for  lengths  of  6o  radii  or  under 
Iteduced  for  lengths  between  6o  and  xao  radii,  by 
Formula  (13). 

S  -  X9000  —  xoo//r 
Weights  do  not  include  rivet*heads  or  other  details 
For  values  for  l/r  above  Z20,  see  notes  on  page  490 


BfTective 
length. 


XI 
13 
13 
14 
15 

16 

17 
18 
19 

ao 

ax 
22 
23 
24 
as 

a6 

a? 
08 

a9 

30 

31 

33 
34 
35 


,  sq  m 


Vi.fn 

^M.>n 

/»-i.in« 

ff-^.  in 

^Wciffht, 
lb  per  Tin  ft., 


?^ 


Web-plate  i4"X^fc" 


520 
520 
520 

sao 
$ao 


507 

493 
478 

463 

448 
433 
418 
403 
388 

374 
359 
344 
329 
314 


»7S 
S67 
260 


40.00 


1749 
6.61 

4x7 
3  23 


136. a 


543 

543 

543 
543 
543 

543 


533 

517 
502 

487 

472 
456 
44X 
426 
410 

30S 

380 

364 
349 
334 

3x8 
»3 


Web-plate  I4"X^* 


// 


Jx8« 


S66 
566 
566 
566 
566 

566 


59S 
595 
595 
595 
595 


551 

535 
518 
50a 

486 
470 
454 
437 
421 

405 
389 
373 
356 
340 

324 

30B 


595 

561 
544 
527 

5x0 
493 
476 

459 
442 

424 
407 
390 
373 
356 

339 
322 


290 

282 
375 


"298" 
290 
282 


3x2 
304 
295 


41.75 


1857 

6.67 

446 

3  27 


142.2 


43-50 


18S5 

6.58 

451 

3.22 


148.  X 


45.74 


X970 

6.s6 

472 

3.2X 


155. 7 


•5X  •*>'K 

C5   i!X 


6« 
623 
623 

623 

623 
623 


COS 

587 
569 

55X 

533 

S15 
497 

461 

443 

42s 
407 
390 

372 

354 

336 


327 
3X8 
309 


47.94 


2053 

6.54 
492 

3.20 


x^.3 


The  safe  load- values  above  the  upper  heavy  lice  are  for  ratios  of  t/r  not  over  60; 
those  between  the  heavy  lines  are  for  ratios  up  to  laol/r',  and  those  below  the 
lower  heavy  line  are  for  ratios  not  over  200  l/r 
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Tftbit  XZIV*  (ContlBMd).    Bale  Loftds  ia  Vnitt  of  i  ooo  Pmmds  for  PUt»- 

•ad-Aagle  Cohimiio 

.A      '«   vl^  . 

AUowmble  fiber-stress  in  pounds  per  square  inch: 
13  000  for  lengths  of  60  radii  or  under 
Reduced  for  lengths  between  60  and  lao  radii,  by 
Formula  (13). 

5-19  000  —  100  l/r 
Weights  do  not  include  rivet-heads  or  other  details 
For  values  for  l/r  above  1 20.  see  notes  on  page  490 

■^■-ij-^r- 

Effective 

length, 

ft 

Web-plate  I4"XH" 

S*.JX 

«b 

•aXii*-- 

0 

to 

rx!c 

II 

12 

13 
14 
IS 

i6 

17 
l8 
19 

20 

>               21 
22 
23 
24 
25 

i     -> 

27 
28 

99 
30 

3* 
39 
33 
34 
35 

646 
645 
646 
646 
646 

691 
691 

737 
737 
737 
737 
737 

737 

ri2 
782 

782 
782 
782 

7M 

828 
828 
828 
828 
828 

828 

873 
873 
873 
873 
873 

873 
f  873 

9x9 
9x9 
9x9 
9x9 
919 

9x9 
9x9 

643 

624 

606 

587 
568 

549 
530 

5" 
493 
474 

455 
436 
417 
399 
380 

361 

675 

635 
635 
615 

^ 

556 
536 

517 

497 
477 
457 
4.18 
4X8 

398 
378 

736 

70s 
634 
664 

643 

632 

603 
581 
560 

540 
519 
49s 

477 
457 

436 
415 

■77^'" 

754 
733 
711 

689 
668 

646 

6*5 
603 

S8i 
560 
538 
516 
495 

473 
459 

803 

780 

758 

735 
713 

645 

633 
600 
577 
554 
539 

509 
437 
464 

859 

!? 
80s 

782 
758 
734 
7x1 
687 

?♦ 
640 

617 
546 

599 

499 

901 

87« 
85X 

897 
80a 

778 

753 
798 

704 

s? 

655 

6jo 
605 

581 
Si6 
539 

507 

345 

336 
336 

317 

365 
3S6 
346 

39^ 

1  "  430 

3S5 
375 

41s 
404 

444 
439 

1     'I' 

\      461 

489 

Area,  sq  in 

49  «9 

53  19 

56.69 

60.19 

63.69 

3006 
6.87 
728 
3  38 

67. 19 

70.69 

/i-i.  in« 

ri-i.  in 

/»-t.  in« 

''•-1.  in 

3081 

6.47 

499 

3.17 

2302 

6.58 

556 

3  23 

2529 

6.6i 

613 
3  2Q 

2764 
6.78 

671 
3-34 

3955 
3.49 

35x2 

7.05 

849 

3.45 

Weieht. 
lb  per  lin  ft.. 

1693 

181. 2 

X93  I        aos.o 

216.9    928.8 

240.7 

The  safe  load-values 
those  between  the  hea 
lower  heavy  line  are  foi 

above  the  upoer  heavy  line  are  for  ratios  of  t/r  not  over  60; 
vy  lines  ara  for  ratios  up  to  I33  t/r;  and  those  below  the 
r  ratios  not  over  200  l/r 
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Table  XXnr*  (Cootiaiied).    Sale  IrfMUle  in  Uafts  of  i  ooo  Pooadf  for  Plate- 

aad-Ailtle  Colnmiia 


.A 

'•  <K  . 

are  inch: 
radii,  by 

etails 
(0  490 

Allowable  fiber-stress  in  pounds  per  iqu 
Z3  000  for  lengths  of  60  radii  or  under 
Reduced  for  lengths  between  60  and  lao 
Formula  (13), 

5  »  zo  000  —  zoo  l/r 
Weights  do  not  include  rivet-heads  or  other  d 
For  values  for  l/r  above  zao,  see  notes  on  pai 

.♦.  ,f  \I.\ 

'Y 

TTT" 

Effective 
leivth. 

Web-plate  I4"XH" 

ll|5 

^^   f*    M 

§v-|x 

II 
la 
13 
14 
15 

i6 
17 
i8 
19 

ao 

2Z 
32 
33 
34 

as 

26 

27 

26 
39 

30 

31 
3a 
33 
34 

35 

964 

?^ 
964 

1  013 
I  010 

z  ozo 
I  ozo 
I  ozo 

z  ozo 

lOZO 

1055 
Z05S 
Z055 
Z055 
Z05S 

Z055 
105s 

z  zoz 
I  zoz 
z  zoz 
I  zoz 
z  zoz 

z  zoz 
I  zoz 

z  Z46 

Z  Z46 

z  Z46 
z  Z46 
z  Z46 

z  Z46 
z  Z46 

1 198 
1 Z96 

I  Z9S 
z  Z93 
1  Z98 

z  Z98 
I Z98 

z  Z9S 
z  Z98 

I Z98 

949 
934 

898 

872 
847 

82Z 

796 

770 

744 

693 
668 

643 
617 

540 

99S 

971 

945 

%l 

86s 
839 

8Z3 

786 

759 

?S 

679 
653 

600 

573 
546 

z  046 
ioz8 

991 

963 

853 

825    . 

797 

770 

743 

715 

687 
659 
6v 
604 

577 

J25 

z  C07 
1038 

z  ozo 
98z 
953 

924 

89s 

867 
838 

8zo 

78Z 

753 

724 

639 
6zo 

Z  Z44 
ZZZ4 

Z084 

1055 
Z025 

9J7 

1?? 

848 

8z8 
789 

759 
730 
700 
67Z 
64Z 

1174 
Z  Z46 

z  ZZ9 
z  09Z 
Z064 

I  03J 

Z009 

98z 

954 
926 

899 
87Z 
843 
8z6 

788 

5Z7 

Area,  sq  in 

74.19 

77-69 

8Z.Z9 

B4.69 

88.  Z9 

92.  Z9 

A-i.  in* 

»'i-i.  in 

/*-i.in* 

f  f-2.  in 

3776 
7.13 

3"S 

4048 

7.22 

956 

3  SZ 

4327 
7.30 
Z014 

3  S3 

461S 
7.38 

Z07Z 

3  S6 

4910 
7  46 

ZZ28 

358 

5Z20 

7.45 
1493 

4.03 

Weisht. 
lb  per  lin  ft.. 

353.6 

264.5 

376.4 

388.3 

300.3 

3Z3.8 

The  safe  la 
those  betwee 
lower  heavy  1 

ad- values  i 
n  the  heav 
ine  are  for 

ibove  the  upper  heavy  line  are  for  ratios  of  l/r  n 
y  lines  are  for  ratiSis  ttp  to  Z20  //r;  and  those 
ratios  not  over  aoo  l/r 

ot  over^: 
below  the 

*  FfOB  Pocket  Compaaioo,  Carnegie  Steel  Compaay,  Pittsburgh  Fk. 
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TltUa  UV*  (ConttaiMd).    Safe  Lotda  in  Units  of  i  ooo  Pounds  for  PUte- 

md-Angle  Cotimiiis 


^  «  i^ 


L..1-A 


T 


AHowable  fiber-stress  in  pounds  per  squase  inch: 
tj  000  for  lengths  of  6o  radii  or  under 
Reduced  for  lengths  between  6o  and  xso  tadii,  hy 
Formula  (Z3>. 

S  *  Z9  000  —  100 //r 
Weights  do  not  include  rix^et-heads  or  other  details 
Fbr  values  for  l/r  above  xao.  see  notes  oo  page  490 


Effective 
length. 


IX 
13 

13 
14 
15 

x6 
17 
x8 
19 
so 

2X 
23 
33 

34 
25 

36 

37 

38 

39 

30 

31 
33 

33 
34 

35 


Arca.sq  in 


/i-i.  in*. 
f|.,.  in. 
/»-t,  m*. 
fr~f.  in . 


Weight, 
lb  per  fin  ft. 


1350 
2  350 
I  350 
I  350 

X  350 

I  350 
Z350 

1350 
I  350 

X  250 


339 

301 
172 
X44 
115 

087 
058 
030 
001 

973 

944 

916 

887 
859 
830 


96. X9 

5  457 
7.53 
1579 
4  OS 

327.4 


Web-plate  X4"X>6" 


^x^ 


^ 

« 


K-Jx 


I  3X5 
X  315 
13x5 
I  315 
I  135 

I  3X5 
I31S 

X3X5 
131S 


X367 
1367 
1367 
X367 
13^7 

1367 
X367 

1367 
1367 


X  3bS 

1377 
I  246 
X  216 
I  iS$ 
X  154 

I  123 
X093 
X  062 

Z031 

X  000 

970 

939 
90S 

877 
847 


■3S4   t 


14X9 
I  419 
I  419 
X419 
X419 

X4X9 
1419 

14x9 
X  419 

X  419 


X47X 
X47X 
X47I 
X47X 
1471 

I47X 
X47X 

I47X 
X47I 
X47X 


1333 

X  yii 
1  269 

X  237 
X  206 

1 174 
X  142 

X  HI 

X079 
1047 

X  015 
9U 
952 
930 

8S9 


xox .  X9 


X0S.X9 


5484 
7.36 
X581 
395 


344.3 


5830 
7  44 
X  666 

398 


357.8 


X09.X9 


6187 

7  53 

X752 

4  01 

1X3  19 


371.4 


6552 

7.6X 

X837 

4.03 

385.0 


X533 
X533 
X533 
X533 
X533 

1533 

1533 

1533 
X.S23 

1533 


1.188 

1443 

X497 

I35»> 

X409 

X463 

1333 

X375 

X  438 

X  290 

X343 

1393 

I  238 

X308 

X3S9 

X  235 

1274 

1334 

I  192 

X  241 

1389 

X  160 

X  207 

I  354 

I  127 

X  173 

X  330 

XO94 

X  139 

z  X85 

X  062 

X  106 

X  150 

1029 

1072 

X  xis 

f. 

10.^8 

X  081 

loos 

X  046 

93X 

97  X 

X  oil 

XI7.X9 

6938 

7  «9 
1933 

4.05 


398.6 


.      The  safe  load-values  above  the  heavy  line  are  for  ratios  of  Ifr  not  over  60;  and 
those  below  the  heavy  line  are  for  ratios  not  over  120  //r 
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TtMm  ZZI¥*  (CoBdDved).    Sale  Unto  In  Uaita  «f  a«oo  I^mada  lor  Plate- 

aadnAsfle  Ciilwimia 


IT 


li 


A^ 


L.l.J 


T 


T" 


AHowabld  fiber-strena  in  pounds  per  •qvare  inch: 
13  000  for  lengfbs  of  60  radii  or  under 
Reduced  for  lengtha  between  60  and  lao  nulii,  by 
Formula  (13). 

5-19  000  —  100  l/r 
Weights  do  not  inchide  rivet-heads  or  other  details 
For  values  for  l/r  above  lao.  see  aotes  on  page  490 


EfTcetive 
length. 

Two  web-plates  X4"XM 

1" 

00 

§^-|X 
•vXmoo 

XI 

xa 
13 

X4 
15 

16 

-    X7 
18 
19 

ae 

21 
aa 
as 

24 
25 

26 
27 
28 
29 

30 

3t 

3a 
33 
34 

3S 

1593 
1592 
X59a 
159a 
159a 

iS9a 
X592 
X59a 
xS9a 

1657 

X657 
X657 
X6S7 
X6S7 

X657 

1657 
X6S7 
X6S7 

X657 

X73B 
X738 
X728 
1738 
1738 

1738 

X73S 

X738 
1738 

X738 

X738 
1738 
1738 

1787 
1787 
X787 
X787 
1787 

1787 
1787 
X787 
X787 

X787 

178T 
1787 
1787 

1845 
X845 
X845 
X845 
X845 

X845 
X845 
184s 

X845 

184s 
1845 

X845 
1845 

1904 
1904 

X904 
1904 
1904 

1904 
X904 
1904 
1904 

X904 

X904 
X904 

X904 

X590 

ISS3 
xsx6 

1479 

.^^ 

X369 
X333 
1395 
ias8 

1333 

ZX85 
X 148 

I  XIX 

1074 

XC38 

X6S3 
x6i6 
XS80 

X543 
XS07 

1470 
1434 
1397 
13i6o 
X334 

1  2S7 
X  25X 
I  314 

X  1:7 

X  I4X 

1695 
1661 

'                        • 

1626 
tS92 
X557 
153a 

X4B8 

Z4SS 

X4X9 
X384 
X349 
13:5 

X7S6 
X  731 

168S 
i6se 

1614 
1578 
XS43 

fS07 
I  471 
X436 
X400 
1365 

1 818 " 

X78x 

X744 
X708 
I  671 

X635 
X598 

X56x 

xsa5 
X488 

X4$i 
X4I5 

X879 
X843 

176^ 
1739 
X69X 
1653 

x6i6 
X578 
X54X 
X503 
1465 

Area,  sq  in 

X33.44 

X37.44 

X3a.94 

X37-44 

<4X-94 

X46.44 

ly-n*  in*, .... 
r,-,.  in  .... 

/s-B-i.^* 

''a-t.m 

70x4 
7.57 
X946 

3.99 

7254 

7.54 

'4^ 

7  559 
7-54 
2831 
4.6X 

7981 
7.6a 

a9S3 
.   4.63 

84XS 
7.70 

3074 
4.6s 

8859 

Weight, 
lb  per  Ua  ft.. 

4X6.4 

433.6 

453.3 

467.6 

482.9 

498.a 

Safe  load-values  abon 
bdovr  heavy  line  are  for 

'e  the  heav: 
ratios  not  c 

/  line  are  U 
)ver  xao  l/r 

ir  ratios  of 

l/r  not  ova 

■  60:  those 
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Tiibte  SZnr«  (CoatfaMMd). 


Safe  Loads  in  Units  of 
sadF^knfle  Cotnmns 


I  ooo  Pounds  for  Plate* 


./K 

f  A.. 

a  t«  .  ..   -  * 

•           »m 

ds  per  sqn 

under 

>  and  xao 

ol/r 

s  aod  other 

lotesonpaf 

are  inch: 
radii,  hy 

details 

EB  4IOO 

«•      — 

CD' 

4 
1 

Allowable  noer-ciress  in  pour 
13  000  for  lengths  of  60  radii  or  1 
Reduced  for  lengths  between  6< 
Formula  (13). 

5  *  X9  000  —  xo 
Weights  do  not  include  rivet-head 
For  values  for  l/r  above  X20.  see  1 

1- 

X  ^^ 

Bffective 
length. 

Two  web-plates  xV'XH 

f» 

00 

00 

,x„^ 

to 

t 

IX 

la 
13 
X4 
15 

x6 

X7 
x8 

19 

ao 

ax 
aa 

23 

34 
35 

a6 

37 

a8 

29 

30 

3r 
32 
33 
34 
35 

X949 
1949 
X949 
X949 
1949 

1949 
X949 
X949 
1949 

1949 

1949 
1949 
1949 

3037 
3037 

a  037 
a  037 
aoa7 

ao37 
3037 
ao37 

3037 

2037 

3  037 

ao37 
2037 

ao37 

3037 

ao9a 
209a 
ao9a 
3093 
3093 

2092 

3093 
3093 
ao9a 

ao93 

909a 
ao9a 
ao9a 

0093 
3093 

2X57 
2x57 
2x57 
2x57 
2x57 

2X57 
2IS7 
2XS7 
aX57 

2X57 

2X57 
2x57 
2x57 

2x57 
2x57 

3  333 
3  333 
3  333 
3  333 
3333 

3  aaa 

2  222 
3333 

3  333 

3333 

9333 
3  333 
2  333 

a  333 

a  aaa 

a  367 
8a87 

2  367 

9387 
2387 

9387 
9387 

9367 

9987 

9387 
9387 

9967 

9a67 

9987 
9987 

I  9X8 
X879 

I  841 
x8oa 

X7«3 
1724 
X686 

l«47 
x6o8 
1569 
XS30 

X492 

3009 

197a 

1935 

i8a5 
I7«9 
1752 
I  715 
1^79 

3077 

2Q39 

a  003 

X964 
1936 

1889 
185X 
X813 
1775 
1738 

2x46 

a  107 
3068 

3039 

X99I 

X9S2 
X913 
X874 
X836 
1797 

a  3X4 
3  175 
3  135 
3  095 
2055 

20x6 
1976 
X936 
X896 
X857 

9a63 

9  343 

aaoa 

9x6x 

9X30 
2079 

1957 
19x6 

Area,  sq  in 

149.94 

XS5-94 

X60.94 

165.94 

170.94 

175.94 

/i-i.  in* 

n-i.  in 

/.-t.in* 

Tm.  in 

8916 

7.7X 

3  233 

464 

9248 

7.70 

4049 

5.X0 

9  741 

7.78 

43x6 

5X3 

10348 

786 

4383 

5.14 

10767 

7.94 

4  549 

5.x6 

1X996 
8. ox 

4716 
5.X8 

Weight, 
lb  per  lin  ft.. 

5X0.1 

530.5 

547.5 

564.5 

S8X.5 

S98.5 

Safe  load-^ 
below  the  he 

values  abo 
iavy  line  ai 

ve  the  heavy  line  are  for  ratios  ol 
■e  for  ratios  not  over  xao  l/r 

Iff  not  ov« 

sr  60:  those 

*  From  Pocket  Compaaion.  Carnegie  Steel  Company  Pittsburgh.  Pa. 


Tablet  of  Safe  Loads  for  Sted  Columns 


Allowtble  fili«r-«tren  in  pound)  per  kibu 
I]  000  for  lencthi  of  to  ndii  or  under 
RcdM«l  for  lengtlu  b*tw«*s  Go  and  ijo  b 


-^-=\    Pot 


S    -  19  000  —  lOOl/r 

Weichti  do  not  indode  rint-beadi  or  other  di 


Two  io4n  chuuicla 


II 


1| 


II 


I! 


7#f 

aoj 
197 

]S    ; 


Weiiht. 
lb  petltn  ft. 


le  btlinen  the  hra 


•  Fmm  Pockn  Com 


D,  CuDtfie  SIhI  Compuy.  Pitubunh,  Pi. 


(34 


StKngtli  o£  Columnsi  Fbsis  and  Struts  Chap.   14 


Tftbto  ZXV*  (CoadniM^.    Stf«  toadi  Id  Uaito  of  i  ooa  Foimda  for  lo^ttch 

Chjanri>»Cftltinini 


AllowaUe  fiber-^tma  in  pou^s  per  •quare  inch: 
13  000  for  lengths  of  60  radii  or  under 
RMlttMd  for  lengths  between  60  and  xao  x»dii.  by 
Formula  (13). 

5  —  19  000  —  100  Xfr 
Weights  do  not  tndude  rivet-heads  or  other  details 
For  values  for  i/r  above  xao.  toe  notes  on  page  490 


Effective 
length. 


XX 
X2 

X3 
X4 
X5 

x6 

17 
x8 

X9 
ao 

ax 

22 
23 
24 
25 

26 

27 
28 

39 

30 

3X 
3a 

33 
34 
35 


sq&n 


/*-!.  in*, 
ri-i.  in., 
/m.  in*. 


Weiflfht. 
lb  per  Tin  ft.. 


^1 
si 


3211 

32S 
32ft 

338 
328 

338 
338 


334 

315 

30T 

298 

369 
281 
272 
263 

255 

246 

237 
229 
220 

2X1 
203 

X94 
X85 

X77 


534 
4.60 

310 
350 


859 


Two  lo-in.  channels,  two  X2-in  plates 


348 
348 
348 
348 
348 

348 

348 


I 
I 


I 

"3. 


i 


»N 


367 
367 
367 
367 
367 

367 

367 


Is 


««» 


343 

334 

325 

316 
307 
397 
288 

279 

370 
26X 
252 
242 
333 

224 
2X5 
206 

196 

X87 


359 

349 
339 

329 
319 
310 
300 
290 

380 

270 
260 

251 

341 

a3x 

231 
3XX 

201 


3S6 

386 
386 
3S6 
386 

386 
386 

ItT 

367 
357 


J* 

-5.5 


*i       ! 


405 
405 

405 

405 
405 

405 


Is 

u  c 


424 
424 
424 
424 
424 

424 


ll 


c 

Si 


c 


443 
443 
443 
443 
443 

443 


343 
233 
222 

212 


403 
393 

38X 

370 


347 

359 

336 

348 

336 

337 

316 

336 

305 

3x4 

395 

303 

385 
274 

X 

264 

270 

353 

359 

X94 


20s 


348 

337 
226 

2X6 


433 

411 

399 
388 

376 
364 
353 
34X 
330 

iS 

39s 
283 

37X 

360 
248 
337 


437 
434 

4X3 

400 

*7 
37S 
363 

350 
338 


363 
35X 

339 


211 


327 
22X 


I  r*\ 


2S.36         26.76 


581 
4.66 

328 

3.50 


9t.o 


28.20 


559 
4-45 

333 
3  44 


95  9 


29.70       3X.X4 


606 

583 

4  53 

4.33 

35X 

354 

3  44 

3.37 

loi.o  1    105.9 


33.64 


630 

4-39 

373 

3  37 


XIX. o 


34.08 


XX5.9 


'^1 

U  Q 


463 
463 
463 
463 
463 

463 


457 


43X 

4X8 

405 
393 

379 
366 

3S4 


335 

»I 

3x3 

328 

30X 

315 

288 

302 

276 

389 

276 

263 

2S0 


343 

337 


35.S8 


X2X.0 


608 

655 

4. 23 

4.39 

373 

390 

3.30 

3-31 

Sale  load«values  above  the  upper  heavy  line  are  for  ratios  of 
those  between  the  heavy  lines  are  for  ratios  up  to  X20  Hr\  and 
lower  heavy  line  are  for  ratios  not  over  200  //> 


lit  not  over  60: 
those  bdow  the 


•  From  Pocket  Companion.  Careegis  Steel  Company.  Pittsburgh.  P4 


Tables  of  Safe  Loada  for  Steel  Cohmms 


685 


ZZV«  iCmtimmadh    Safe  Lottda  in  JMt»  of  x 


Fsoadt  for  x»lach 


W^...--^ 

i      Ail 

13  00 

Rcdu 

F< 

Weig] 
2    For  V 

-i 

e«^        ^ 

« 

. .   e  . 

■            « 

t 

1 

*'        1 

1 

■ 
1 

owaUa  hoerminas  ui  pounos  per  square  incn: 
0  for  lengths  of  60  radii  or  under 

srmula  (13), 

5  ■■  19  000  —  100  l/r 
bts  do  not  include  rivet-heads  or  other  details 
aluos  lor  L/r  above  I30.  see  notes  on  page  490 

y 

-«---14'--- » 

Two  lo-ia  cbanneUt  lattioed 

Two  lo-in  channels,  two  14-in 
plates 

1 

Effective 
lensth. 

is 

-TOO 

M 

• 

•28 

11 
II 

oJS 

M 

II 

(^  a 

X  c 
1   • 

|l 

•8.5 

II 

13 

13 
14 
15 

i6 
17 

116 
116 

W6 
zx6 

116 
Xi6 

Z16 

116 

IS3 
153 
IS3 
153 

153 

153 

153 

153    1 

191 
191 
191 
191 
19X 

191 
191 

229 

229 
229 
229 
229 

229 
229 

352 
3S3 
353 
353 
353 

353 
352 

352 

352 

352 

353 

375 
375 

375 
375 
375 

375 
375 

375 

375 

375 

375 

298 
298 
298 
298 
298 

298 
298 

398 

398 

298 

298 

312 
312 
312 
312 
312 

313 

313 
312 
312 
312 

313 

!             '* 

189 
184 
179 

174 

id4 
159 
154 

149 
144 
139 
134 
129 

124 
119 
114 
109 

104 

224 

3l8 
311 

305 

199 
193 
187 
180 

174 

168 
162 

156 
149 

143 

137 
131 
125 

19 

ISO 
146 

143 

XJS 
131 

137 

133 
119 
115 
113 

iqB 

104 

100 

96 

93 

88 

so 
3r 

Z14 

III 

103 
100 

98 
95 

87 

84 
81 
78 
75 

73 

33 

>             34 
35 

36 

37 
38 

39 

30 

31 
33 

33 
34 

35 

346 
341 
335 

330 

335 
319 
314 
309 

303 
198 

187 
182 

51 

36l 

356 

3S0 
344 
338 

330 
314 
309 

303 

197 

382 
376 

270 
363 

257 
350 

344 

338 
331 
325 
319 

^3 

3ofl  ' 
302 

29s 

288 

282 

375 
268 
261 
355 

348 
341 
335 
338 

331 

121 

Area,  sq  in 

8.92 

11.76 

14.70 

17.64 

19.42 

21.17 

32.92 

34.01 

A-i.in* 

r^,.tn       .. 
iM.in*.-.... 
r»-«.in 

134 
3.87 

197 
4.70 

XS8 
3.66 

341 
4.  S3 

183 
3. 52 

384 

4-39 

207 
342 

333 
4.28 

416 
4.63 

4.36 

46S 
4.70 

398 
4.33 

520 

426 
4.31 

452 

442 

4.39 

Weight, 
tb  per  lin  ft.. 

39  3 

49  4 

59  4         69.4 

«5.7 

71.7 

77.6 

81.7 

Safe  load-values  at 
ttaoae  between  the  he 
bwer  heavy  line  are  f 

x>ve  the  upper  heavy  line  are  for  ratios  of  l/r  not  over  60; 
«V7  lines  are  for  ratios  up  to  lao  l/r;  and  those  below  the 
or  ratios  not  over  300  l/r 

*  From  PodMt  Compaoion,  Cvmgio  St«cl  CQmpaojr,  Pittsbvgh,  Fa. 


d 


536 


Strength  of  Coliinms,  Posts  and  Struts  Chap.  14 


TaMm  ZZV*  (ContinMd).    Bait  homdm  In  Vnllt  ol  x  poo  Poods  for  xo-tach 


JS^ 

r'^^^ 


f 


•m 


.iM 


<::: 


I 


^ 


u, 


^ — S~"^ 


Allowable  fiber-otress  in  pounds  per  oqixare  indi: 
13  ooo  for  length!  of  6o  radii  or  under 
Reddeod  for  lengths  between  6o  and  uo  radii,  by 
Formula  (13). 

5-19  000  —  TOO  l/r 
Weights  do  not  include  rivet-heads  or  other  details 
For  values  for  l/r  above  X20,  see  notes  on  page  490 


Effective 
lexu^tht 


zx 
xa 
13 
X4 
xs 

z6 
X7 
18 

19 

90 

21 

22 
23 
24 
25 

26 

27 
28 

39 

30 
31 

33 

33 
34 

3$ 


Area,  sqin 


ri_i,  in. 
/m,  in«. 
f»-t.  in. 


Weight, 
lb  per  lin  ft.. 


335 
335 
335 
335 
335 

335 
335 

335 

33S 

335 

335 


330 
333 
316 
30s 

301 

267 

279 
272 

265 
2S8 
251 
243 
236 


25.76 


544 
4.59 

470 
4.27 


S7  6 


Two  zo-in  channels,  two  Z4>in  plates 


1^ 


358 
358 
358 
358 
358 

358 
358 

358 

358 

358 

358 


u  a 


380 
380 
380 
380 
380 

380 
380 

380 

380 

360 

380 


352 
344 
337 
329 

32X 

3X3 
306 
298 
290 

282 

275 
267 
259 
25X 


374 
365 
3S7 
349 

34X 
332 
324 
316 
306 

299 

291 

283 
274 
266 


» 

nels, 
tcs 

§•£ 

il 

•8.§ 

•g.9 

i* 

r 

396 

419 

396 

419 

396 

4X9 

396 

4x9 

396 

4x9 

^ 

419 

396 

4x9 

396 

419 

396 

4x9 

396 

419 

396 

4x9 

4x0 

379 

40X 

371 

392 

362 

382 

353 

373 

345 

364 

336 

355 

327 

346 

3x9 

336 

3x0 

327 

30X 

318 

293 

309 

284 

300 

275 

291 

•S8 


44X 
44X 
44X 
44X 
44X 

44X 
44X 

44X 

44X 

44X 

44X 


432 
422 

412 

4P3 

393 
383 
373 
364 
354 

344 
335 
325 
3x5 
306 


27.51 


4>00 

499 
4.26 


93  6 


29.26 


99  S 


30.45 


652 

622 

4.72 

452 

527 

54X 

4.24 

4.22 

X03.6 


32.20 

676 
.  4.58 

570 

4.2Z 

109.5 


33.95 


1x5.5 


Is 
H 


464 

464 
464 
464 
464 

464 
464 

464 

464 

464 


372 

361 

35X 
34X 
33X 

320 


35-70 


I2X.4 


453 
443 
433 
423 

412       ( 
402 


732 

790 

4.64 

4.70 

598 

627 

4.20 

4.19 

Safe  load- values  above  the  heavy  line  are  for  ratios  of  l/r  not  over  60:  and  those 
below  the  heavy  line  are  for  ratios  not  over  X20  l/r 


i 


*  From  Pocket  Companion,  Caraegie  Steel  Conspany,  Pittsburgh.  Pa. 


Tables  of  Safe  Loads  for  Steel  Columns 


£37 


Tlifale  ZX7*  (OoBlinMd).    Safe  Unds  ia  Uailt  o(  x  ooo  Pooadi  for  to-lMh 


-l^^i 


■    ^ 


^  i- 

K 


I 


-H 


I 


.--■-- 1*"-'? 


^ 

^ 


Anowabte  fiber-stress  in  pounds  per  square  inch; 
13  000  for  lengths  of  60  radii  or  under 
Reduced  for  lengths  between  60  and  tao  radii,  by 
Formula  (13). 

5  »  19  000  —  TOO  l/r 
Weights  do  not  include  rivet-heads  or  other  details 
Fbr  values  for  l/r  above  lao.  see  notes  on  page  490 


^ 


Two  xo-in  channels,  two  z^in  plates 

Effective 
length, 

liannels, 
a  plates 

banneb, 
plates 

If 

hannels. 
plates 

hannels. 
n  plates 

hannds, 
plates 

«-7 

^'.S 

O.S 

^•.s 

0-7 

W'B 

ft- 

V 

IE 

480 

502 

525 

548 

571 

593 

12 

480 

502 

525 

548 

571 

593 

13 

480 

502 

525 

548 

571 

593 

14 

480 

502 

525 

548 

571 

593 

IS 

480 

502 

525 

548 

571 

593 

16 

480 

502 

525 

548 

571 

593 

17 

480 

502 

525 

548 

571 

593 

18 

480 

502 

525 

548 

571 

593 

19 

480 

502 

525 

548 

571 

593 

ae 

480 

502 

525 

548 

571 

593 

n 

477 

500 

522 

544 

567 

589 

22 

467 

488 

5rt 

532 

554 

575 

23 

456 

477 

499 

520 

541 

562 

24 
as 

446 
435 

466 
455 

487 
475 

508 
495 

t^6 

1$ 

26 

424 

444 

464 

483 

503 

52a 

27 

4x4 

432 

452 

47X 

490 

^ 

28 

403 

42X 

440 

^ 

478 

29 

ig 

4X0 

429 

46s 

^ 

3f> 

399 

417 

434 

452 

469 

3t 

37X 

388 

40s 

422 

440 

456 

32 

360 

2Z 

^ 

410 

427 

443 

33 

3S0 

365 

^ 

4x4 

430 

34 

339 

354 

370 

385 

40X 

416 

35 

328 

343 

359 

373 

389 

403 

Area,  sq  in 

36.89 

3B.«4 

40.39 

42.  X4 

43.89 

45  «4 

/i-i.in« 

7S7 

814 

873 

932 

994 

XO56 

ri-i.  in 

4-53 

4.59 

4.6s 

4.70 

4.76 

4.81 

/«.in« 

637 

666 

695 

723 

752 

780 

r»-i,  m 

4.16 

4. 15 

4.15 

4- 14 

4  14 

4x3 

Wei«ht. 
lb  per  lin  ft.. 

X2S  S 

X3ti$* 

X37.4 

X43  3 

149  3 

XSS.2 

Safe  load-values  above  the  heavy  line  are  for  ratios  of  l/r  not  over  60:  those  be- 
low the  heavy  line  are  for  ratios  not  over  120  l/r 


*  From  Foeket  Compaaion,  Came^  Steel  Company,  Pittsbuigb,  Pa. 


638  StKength  of  Columns,  PobU  and  Struts 

Tkfcto  ZX?«  (CoMdnrnd).    Safe  LMds  i&  Uaila  of  x 


Chap.  14 
for  lo-faob 


r^b 1? Ol. 

« 

•           m 

1          I 

I 

r 

Allowabto  nD«r»stress  tn  pounos  per  aquafe  men: 

..  '' 

13  000  for  lengths  of  60  radii  or  under 

u  ' 

mr-^ 

r 

Rsdnoed  for  lengths  betweea  60  and  lao  radii,  by 

Formula  (13). 

1 

1 

S  ■•  19000  —  100  l/r 

t  ,r4^ 

1 

I 

k 

Wdghts  do  not  tncfaida  riv«t-hc*ds  or  other  details 

J — — 

For  vahics  for  l/r  above  xao.  sm  notes  00  pass  490 

Effective 
length. 

Two  lo-in  channris,  two  14-in  plates 

channels, 
-in  plates 

channels, 
a  plates 

channels, 
-in  plates 

channels. 
in  plates 

channels, 
-in  plates 

channels, 
in  plates 

£•2 

J3  • 

:9x 
*5 

IX 

tio9 

63a 

654 

^ 

700 

733 

12 

609 

633 

654 

677 

TOO 

733 

13 

609 

63a 

654 

677 

700 

733 

14 

609 

63a 

654 

677 

700 

733      ; 

15 

609 

63a 

654 

677 

700 

733      ' 

I6 

«09 

Cisa 

«S4 

677 

TOO 

723 

17 

609 

63a 

654 

677 

700 

733 

i8 

609 

63a 

654 

677 

700 

733 

19 

609 

63a 

654 

677 

700 

723 

20 

ai 

609 

€33 

654 

677 

700 

733 

60a 

624 

647 

669 

691 

714 

aa 

588 

610 

63a 

654 

675 

§1 

^ 

575 

596 

617 

639 

ti6o 

24 

561 

583 

603 

634 

644 

66s 

as 

547 

S66 

588 

608 

618 

648 

a6 

533 

SS3 

573 

«8 

6ta 

<33 

^ 

530 

539 

550 

$ 

616 

aS 

506 

525 

544 

563 

? 

39 

493 

5fl 

539 

547 

56s 

3P 

479 

496 

514 

533 

549 

5fi7 

31 

465 

^ 

500 

517 

533 

560 

33 

451 

46B 

485 

5? 

517 

^ 

33 

437 

454 

470 

487 

50a 

518 

34 

434 

440 

455 

471 

486 

50a 

35 

410 

435 

441 

456 

470 

48s 

Area,  sq  in 

46. 83 

4858 

50.33 

$a.o8 

53.83 

55  58 

i^i-i.  in* 

1  018 

1080 

1144 

iao9 

1375 

1343 

ri-uin 

466 

4.73 

4.77 

4.8a 

4.87 

4.93 

/»-t.  in* 

788 

816 

845 

874 

903 

931       , 

»"?-«.  in 

4.10 

4.10 

4  10 

4  10 

4.09 

4.09 

Weight, 
lb  per lin  ft.. 

159.3 

165.2 

171.3 

177.1 

183. 1 

189.0 

Sale  load.i 

rslues  aboi 

^e  the  heavy  line  are  for  ratios  of  //r  not  over  60;  those  be> 

*  low  the  heavy  line  are  1 

or  ratios  not  over  lao  l/r 

*  From  Pocket  Coameoioa,  Carnegie  Steel  Company,  PitUbouh*  Fa. 
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589 


Tafel*  JUru*    fiitf«  XotdB  is  Wttm  of  i  «eo  Pmuto  foe  x»>lnch  Clmwiol 


£ 


." 


-U«— ♦ 


r"^ 


d 


i.^ 


il 


^ 


.[^..14^'g— Xj 


Allowable  fiber-ttreoo  in  poundo  per  oqusre  inch: 
13  000  for  lengths  of  60  radii  or  under 
Rodnced  for*  lengths  between  60  and  lao  radii,  by 
Formula  (13)* 

5  «  X9  000  —  100  l/r 
Wei^itt  do  not  indnde  liTCt-hoads  or  other  detiila 
For  values  for  l/r  above  130.  see  notes  on  page  490 


Effective 

Icxisth, 


SI 
12 

13 
14 
xs 

x6 

17 
18 

X9 

90 

31 
» 

23 

24 

as 

96 

27 
sS 

29 

30 

31 
32 
33 
34 
35 


Area,  sq  in 

/i-i.ia* 

ft-^t  in 

/»-«.in* 

Tfitt  tXk 

Wetsht. 
lb  per  fin  ft.. 


Two  X2-in  channels,  latticed 


» 


s 


^1 


157 
XS7 
XS7 
IS7 
157 

157 
157 
157 
157 
157 

157 
157 


155 

153 

149 

146 
142 


133 

IS 

123 

ISO 

117 


12.06 


256 
4.61 

244 
4.50 

50.4 


191 
191 
191 
191 
191 

191 
191 
191 
191 
191 

191 


n 


229 
229 

229 

229 
229 

239 
339 
239 
239 
339 

239 


368 
368 

368 
368 
368 

368 

368 
368 
368 
368 


190 
186 

X83 

178 
174 

170 
X66 
X63 
158 

154 
150 
X46 
143 
138 


335 

330 

215 

3X0 

205 

300 

195 
190 
X85 

x8o 

175 
170 

165 

x6o 


359 

253 
348 
343 

336 
330 
334 
3X8 
3X3 

ao6 

300 
194 

x88 
183 


Two  X3-in  channels,  two 
X4-in  plates 


Il 

8* 


^1 


^M 


u  a 


293 
293 
293 
293 
293 

293 
293 
293 
293 
293 

293 


316 
316 
316 
316 
316 

316 
316 
316 
316 
316 

316 


390 

383 

377 
371 

26s 
258 

353 
346 
239 

333 

337 

330 

314 
3C6 


313 

305 
298 
291 

384 
377 
371 
364 
357 

350 
343 
336 
330 
333 


14.70 


388 
4.43 

279 
4.36 


59-4 


J5 

''ft 


339 
339 
339 
339 
339 

339 
839 
339 
339 
339 

339 


334 

326 

3x9 
3x3 

304 
297 
390 

363 

275 

368 
360 

353 
346 
338 


17.64 

30.58 

33.56 

24.31 

323 

4.38 

316 

4.23 

359 
4.17 

351 
4.13 

658 
5.40 

415 
4.39 

730 
5.48 

444 
4.37 

69.4 

79.4 

76.7 

82.7 

86.06 
803 

5.55 

88.6 


Sale  loac^valucs  above  the  heavy  line  axe  for  ratios  of  l/r  not  over  60; 
below  the  heavy  line  are  for  ratios  not  over  xso  l/r 


those 


*  Ffoa  Pocket  Companion.  Carnegir  Steel  Company,  Pittftburgh,  Pa. 
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Tftbto  IIVI^  (GootiftMd).    Ma  Lotds  ia  UWts  of  i  oao  VttandA  for  i»-4iMh 


^:-''yx 

«  inch:. 

•''^ 

4.1 

r^ 

Allows  M0  ODer-strcss  ta  poitnaa  per  sqtMi 

13  000  for  lengths  of  60  radii  or  under 

'i  1 

-1 

Redticed  for  langths  batwasn  60  and  lao  rs 

fH 

Formula  (13)* 

s 

I 
1 

1 

S  «  19  000  —  100  l/r 

1 

i.M 

I 

k 

WeighU  do  not  indude  rtv«t>lieads  or  other  dctaila 

— i — 

Fbr  values  for  t/r  above  zjo,  see  notes  00  pass  490 

W-^A-y-A 

BfTcctive 

Two  xa-ln  chanoeU.  t«o  u-in  plates 

i's 

• 

II 

|l 

ll 

11 

len^h. 

H 

8- 

1*31 

IX 

36a 

384 

396 

419 

441 

464 

4S7 

12 

36a 

3S4 

396 

419 

441 

464 

487 

13 

36a 

3fU 

^ 

419 

441 

464 

487 

14 

36a 

3B4 

^ 

419 

44Z 

464 

487 

15 

3fia 

3B4 

396 

419 

441 

464 

487 

1            I6 

36a 

384 

3^ 

419 

441 

464 

4»7 

17 

36a 

3B4 

»s 

4x9 

441 

464 

487 

i8 

3^ 

^ 

i 

4x9 

441 

464 

487 

19 

36a 

384 

4x9 

441 

464 

487 

2a 

36a 
36a 

384 

JB4 

396 
^  1 

4x9 

441 

464 

487 

4ZS 

409 

440 
431 

463 
453 

485 

474 

3S5 

3n 

rf7 

as 

347 

^ 

378 

400 

421 

443 

464 

24 

339 

JSo 

^ 

S° 

4XX 

432 

453 

25 

33a 

3Sa 

361 

38X 

40X 

422 

44a 

26 

324 

344 

35a 

IS 

33» 

4xa 

431 

a? 

3x6 

335 

344 

383 

40a 

42X 

2S 

308 

3a7 

335 

354 

37a 

^' 

4x0 

39 

300 

318 

326 

344 

36a 

2t 

Si 

30 

292 

310 

3x8 

335 

353 

371 

31 

a84 

3M 

309 

3a6 

343 

361 

377 

3a 

277 

% 

300 

317 

333 

350 

3^7 

33 

^ 

^* 

3^ 

323 

340 

356 

34 

26X 

a77 

a83 

% 

3x4 

330 

345 

35 

a53 

268 

274 

304 

320 

334 

Anea.sq  in 

27. Bx 

29.56 

30.45 

3a. ao 

33.95 

35.70 

37.45 

/i-i.in« 

878 

954 

9x0 

986 

X063 

X 142 

1223 

ri-i,  in 

5.62 

5.68 

5-47 

5.53 

5.60 

S.66 

571 

/f-«.in« 

SOX 

530 

537 

56s 

594 

622 

6sx 

Tf-i,  in 

4.34 

433 

4.ao 

4.X9 

4.X8 

4.X8 

4.17 

Weight, 
lb  per  Tin  ft.. 

94  6 

10D.5 

X03.6 

109.5 

XXS.5 

X2X.4 

xa7.4 

Safe  load-valoes  ab(» 

vfe'the*haav|  line  are  for  ratios  of  l/r  not  over  ( 

So;  those 

belovr  the  heavy  line  m 

re  for  ratios  not  over  uo//r 

*  From  Pocket  Companion,  Cfemegie  Steel  Company,  PHtsbofgh,  Fs. 
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TWM«  ZZVX*  (CootiBiMd).    (Safe  Lm4b  ia  U^li  «f  i  oo*  Ponads  loc  i>-Inch 


by 


Allowable  fiber-ctrMS  to  poandi  p«r  aqoare  inch: 
X3  ooo  for  lengths  of  60  radii  or  under 
Reduced  for  lengths  between  60  and  zao  radii. 
Formula  (13). 

5  «  X9  000  —  zoo  iff 
Weights  do  not  indode  rivet-heads  or  other  detaib 


^^      weignis  oo  noi  mciuae  nvef-neaas  or  oinnr  aeuuia 
^    Por  values  for  i/r  above  xao.  see  note,  on  page  490 


Effective 
length. 


XI 

xa 
X3 
14 
15 

x6 

X7 
18 

X9 

ao 

az 
22 
23 
24 

2S 

26 

27 

28 

29 

30 

3Z 
32 
33 
34 
35 


Area,  sq  in 


/i-irin« 

Ti— |,  m . . . . . 

/>^4.  in« 

y»-i»in 


Weight. 
lb  per  Tin  ft.. 


S02 
50a 
502 
502 
502 

502 

502 

502 

502 
502 


498 

487 

476 

46s 

453 

442 

43X 

4^ 

% 
386 


352 

341 


38.64 


XI74 

5.52 

659 

4.13 


Two  ia>in  channds,  two  Z4-in  plates 


|5 

Si 
ft- 


525 
525 
52s 
52s 
52s 

52s 
525 

52s 
52s 
525 


521 

509 

497 
486 

474 

462 
451 
439 
427 
4x5 

404 
393 
380 
368 
357 


548 
548 
548 
548 
548 

548 
548 
548 
548 
548 


543 
531 
5X8 
506 
494 

482 
469 
457 
445 
432 

420 
408 


371 


571 
571 
571 
571 
57X 

571 
^7X 
571 
571 
57X 


565 
553 

540 
527 
5x4 

502 

470 

463 

450 

438 

425 
4x2 


It 

I? 

V 


I 
I 


I 


Si'*** 


593 
593 
993 
593 
593 

593 
593 
593 
593 
5^3 


588 

575 
561 
548 
535 


506 
495 


466 

455 

442 

426 
4x5 
402 


S2 

£? 
609 

609 

609 


6ox 
587 
573 
559 
545 

532 

5X8 

504 
490 
477 

463 
449 
435 
42X 
408 


632 
632 
632 
632 
632 

632 
632 
632 
632 
^32 


623 
609 

594 
580 

566 

552 

537 
523 
•509 
494 

480 
466 
452 
437 
423 


131. 4 


40.39 

42.  X4 

43*89 

45.64 

46.83 

48.58 

X  258 

558 

688 
4.X3 

X340 

5.64 

7x7 

4.12 

1424 

5  70 

745 
4.12 

XS09 

5.75 

774 

4.X2 

5-.S8 

779 
4.08 

1544 

5.64 

808 

4.08 

137.4 

143.3 

Z49.3 

155.2 

X59.3 

X6$.2 

\  8 


JO  * 

=r3: 


654 
654 
654 
654 
654 

654 
654 
654 
654 
654 


645 
63X 
616 
60Z 
586 

57Z 
557 
.642 
5«7 
512 

497 
483 
468 

453 
438 


50.33 

X630 
5.69 

837 
4.08 


X7X.2 


Safe  kxid-valttes  above  the  heavy  line  axe  for  ratios  of  //r  not  over  60;  those 
bdewthe  heavy  ttaaare  for  ratios  not  over  X2o  llr 


*  Fram  Pocket  Companion,  Carnegie  Sled  Company,  Pittsbtti;^  Pk. 
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TabU  XZn*  (OoatfMMd).    8af*  UmU  la  UaMa  0(1000  ^aads  (or  ts-CBob 


Gfeaaasl-ColaflUH 

h-Vr\-M 

,A          J« i. 

Allowable  fiber-stress  in  pounds  per  squats  inch: 

1 

1 

r3r 

-«t'- 

13  000  for  lengths  of  60  radii  or  under 

*-^- 

Jl 

Reduced  for  lengths  between  60  and  X30  radii,  by 

Formula  (13). 

1 
1 

5-19  000  —  100  l/r 

,i  .<¥ 

1 

— 1— 

k 

Weights  do  not  include  rivet>heads  or  other  details 
For  values  for  i/r  above  Z30,  see  notes  oa  poge  490 

■TV  jt    ri 

Effective 

Two  la-ln  channela,  two  X4-in  plates 

Is 

• 

II 

is 

channels, 
-in  plates 

is     is 

ll 

length. 

If 

•9.9 

H 
1.9 

£± 

ft" 

ft'" 

ft" 

=2! 
ft5 

£± 
ft" 

XI 

©n 

700 

733 

745 

768 

791 

8x4 

Zl 

!ZZ 

700 

733 

745 

768 

791 

•8X4 

13 

677 

700 

733 

745 

768 

791 

8x4 

14 

677 

700 

733 

745 

768 

791 

8X4 

15 

677 

700 

733 

745 

768 

791 

8x4 

Itf 

677 

700 

733 

74S 

ISI 

791 

8x4 

17 

677 

700 

733 

745 

768 

79X 

8x4 

x8 

677 

700 

733 

745 

Z2 

791 

8x4 

19 

677 

700 

723 

745 

ISI 

791 

8x4 

31 

677 

700 

733 

745 

768 

791 

8u 

668 

6B9 

7X3 

734 

757 

?S 

803 

33 

653 

674 

69s 

7x7 

739 

783 

33 

637 

658 

679 

s: 

733 

743 

765 

34 

633 

643 

?J 

704 

785 

746 

35 

607 

6a6 

646 

667 

687 

T07 

738 

36 

*?! 

610 

«30 

650 

670 

689 

709 

37 

576 

594 

6X4 

633 

653 

673 

691 

36 

561 

578 

597 

6x6 

635 

^ 

673 

39 

545 

563 

S81 

599 

6x7 

654 

30 

530 

547 

564 

583 

600 

6x8 

635 

3t 

5tS 

531 

548 

565 

^ 

600 

617 

33 

499 

5t5 

533 

548 

IS 

^ 

599 

33 

484 

499 

515 

531 

^ 

580 

34 

469 

483 

499 

5x5 

530 

546 

563 

35 

1 

453 

467 

48a 

498 

513 

538 

543 

Ai«e,sqin         53.08 

53.83 

55.58 

57.33 

59.08. 

60.83 

6a.s8 

/i-i.  in< 

I  719 

Z808 

1899 

I99» 

3087 

3  183 

3360 

/U.inV.... 

u* 

S.80 
«94 

5.85 
933 

5.89 
9SI 

'^ 

/,s 

6.04 
1037 

rt-t.  »n 

4.08 

4.07           4.07    1 

4.07 

4.07 

4.07 

4.07 

WeiKht. 
lb  per  lin  ft.. 

177. 1 

183.  X 

X89.0 

195.0 

300.9 

306.9 

3r3.8 

Safe  load-valtiet  abo 

ve  the  heavy  line  are  for  ratios  of  l/r  not  over  60;  those 

below  the  heavy  line  ai 

re  for  ratios  not  over  130  l/r 

*  t'rem  Pocket  Companion,  Carnegie  Steel  Company,  Ptttsbutgh.  Fa. 
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TWH»  XXfl*  (Cotttl&nd).    fltf*  Loads  in  Haiti  of  i  om  Fsands  for  is-<a«1i 


^--">-l. 

1 

»  N^ 

1 

7^     ^ 

^     13 « 

Lllowable  fiber-stress  in  pounds  ptr  square  inch:   | 

1        ^^ 
1 

• 

30O  for  lengths  of  60  radii  or  under 

-:    ^ 

_l        Reduced  for  lengths  between  60  Snd  xao  rSdii,  by   | 

3& 

Ponnula  (13). 

i 

-i.     w© 

5-19  000  —  100  l/r 

i    .rA* 

—U. 

ights  do  not  indude  rivet-htads  or  other  dotaib 
values  for  l/r  above  tao.  see  nDtea  on  page  490 

;  V  ,    'g — ^    '" 

r«---lfr ♦! 

\ 

BfTectittt 
lenstlv 

Two  la-in  channels,  two  x6-in  plates 

•9.S 

li 

u  a 

it 

•3.9 

1 

8 

1 

.S 

It 

a  '* 

1.3 

Is 
H 

-8.9 

II 

•S.S 

ua4 

ji'l 

Xli- 

^^ 

•0^ 

.0^ 

£i 

U>^A. 

£S 

*" 

I?- 

r 

"k-^ 

ft" 

ft" 
749 

i^ 

^5 

It 

619 

645 

67t 

697 

733 

76a 

788 

814 

840 

M 

6x9 

645 

671 

697 

723 

749 

76a 

788 

8X4 

840 

13 

0X9 

645 

671 

697 

733 

749 

76a 

788 

814 

840 

'4 

6x9 

645 

671 

697 

733 

749 

76a 

788 

8X4 

840 

15 

6x9 

645 

671 

697 

733 

749 

76a 

788 

814 

840 

i6 

0X9 

645 

671 

697 

733 

749 

76a 

788 

8r4 

840 

17 

6x9 

645 

67t 

697 

733 

749 

76a 

788 

814 

840 

,             18 

6x9 

645 

671 

697 

733 

749 

76a 

788 

814 

840 

19 

0x9 

645 

671 

697 

733 

749 

76a 

788 

814 

840 

1            ao 

6x9 

645 

071 

697 

733 

749 

76a 

788 

814 

840 

at 

0X9 

645 

671 

697 

733 

749 

76a 

788 

814 

840 

22 

0x9 

645 

67r 

607 

733 

749 

76a 

788 

8x4 

840 

.   Z3  ... 

0X9 
0X9 

64S 
645 

67C 
671 

.097 

607 

733 
733 

.249. 
749 

703. 

763  1 

.    788 

814 

840 

7*7 
773 

fti3 
797 

ft3ft' 
8aa 

as 

6x0 

<35 

^ 

^ 

711 

73« 

747 

96 

599 

633 

648 

•  673 

697 

7ax 

73a 

756 

781 

805 

37 

587 

6x1 

615 

6S9 

S? 

707 

718 

74X 

766 

789 

as 

575 

574 

6aa 

646 

669 

693 

703 

736 

750 

773 

39 

30 

563 
553 

^ 

533 

6x9 

655 
643 

X 

688 
674 

1^ 

734 
719 

757 
74X 

3K 

540 

56a 

583 

606 

6aa 

649 

659 

68x 

703 

734 

33 

528 

549 

571 

593 

614 

635 

644 

66s 

687 

708 

33 

5X6 

537 

558 

579 

600 

6ax 

630 

650 

67a 

693 

34. 

504 

535 

545 

566 

586 

606 

615 

635 

656 

676 

35 

493 

51a 

533 

553 

573 

593 

600 

620 

640 

660, 

Area,  sqln 

47.64 

4964 

51. 64 

53.64 

55.64 

57.64!  58.58 

60.58 

0a.  58 

64.S8 

/Ki.in* 

1581 

X678 

X777 

1878 

X980 

a  084    7ot5 

axi9 

aaas 

3333 

ri^t.  in 

5.76 

5.81 

^i2 

5.93 

5.97 

6.oii    5.87 

5.91 

5.96 

6.or 

/U.in* 

1  tax 

ri64 

xao6 

1349 

X  aoa 
4.8a 

1334'  1349 

X39a 

1434 

1477 

r,^in..... 

4.85 

4.84 

4.83 

.4.83 

4.8x;    4.80 

4.79 

4.79 

4.78 

Wdsht. 
lb  per  lin  ft.. 

X63.0 

168.8 

I7S.6 

183.4 

x89.a 

196.0   199*3' 

ao6.o 

aia.S 

aiQ.6 

Skfe  lM<WvaI«Mi  obo^  the 

1  hiavy  line  are  for  mtloo  oC  l/r  not  over  < 

So;  those  b»-  | 

low  the 

heav 

'ylli 

lea 

XV  forn 

itiosttO< 

(overi 

tao 

l/r 

1 

,*  From  Focket  Compaoioo.  Carnegie  Steel  Company.  Pittsbuigb.  Pa. 
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Tahia  ZZVI*  <G«ftlteMd).    8af a  Loads  in  Uaiti  ol  i  ooo  Poaada  for 


fill— |fff^.<d||llM«M 

x*>-i 

?        Allowable  fiber-stress  in  pounds  par  aqtiara  tach: 

1 

79 

-la  —  ^ 

T       Z3  ooo  for  lengths  of  6o  radii  or  under 
«        Reduced  for  lengths  between  6o  and  zao  ladii,  by 

-— 1 — 

-*-            ] 

Pormula  (za). 

1 

5  «  xq  oao  —  zoo  l/r 

i^ 

^^^      Weights  do'  not  include  rivet-heads  or  other  details 

i — — 1 

r>.     Por 

values  for  l/r  above  zao,  see  notes  on  page  490 

rH^,^jt  M^j 

r*---l«---- — -^ 

Bffective 
le^rth» 

Two  ZJ-in  channels,  two  z6-in  plates 

1 

c 
« 

1 

•9 

channds, 
in  plates 

channels, 
-in  plates 

channels, 
in  plates 

channels, 
-in  plates 

II 

channels, 
-in  plates 

in  plates 

1^ 

channels, 

n  plates 

a± 

^5 

f* 

4x 

=?« 

^* 

f* 

*- 

*" 

«^ 

ft'^ 

ft- 

ft" 

A- 

ft" 

ft- 

ft 

xz 

866 

893 

9x8 

944 

970 

996 

Z022 

1048 

X074 

z  zoo 

12 

866 

893 

918 

944 

970 

996 

Z022 

X048 

X074 

z  zoo 

13 

866 

893 

9x8 

944 

970 

996 

zoaa 

I  048 

X074 

z  zoo 

14 

866 

893 

9x8 

944 

970 

9i 

zoa2 

X048 

X074 

z  zoo 

15 

866 

893 

918 

944 

970 

996 

Z022 

1048 

X074 

X  xoo 

x6 

866 

893 

918 

944 

970 

9^ 

zoa3 

Z048 

X074 

X  xoo 

17 

866 

893 

918 

944 

970 

^ 

zoa2 

Z048 

X074 

X  xoo 

z8 

866 

«93 

918 

944 

970 

^ 

zoa2 

X048 

X074 

X 100 

19 

866 

893 

918 

944 

970 

!^ 

Z022 

X048 

X074 

X  100 

so 

866 

893 

918 

944 

970 

996 

Z0t2 

1048 

X074 

X  100 

az 

866 

893 

9x8 

944 

970 

^ 

zoa2 

Z048 

X074 

X  100 

22 

866 

893 

918 

944 

970 

^ 

xoa2 

Z048 

X074 

X  too 

23 

34 

!? 

893 

918 

944 

970 

996 

X022 

Z048 

X074 

z  xoo 

U4 

«9 

ti^ 

940 

9« 

993 

1 017 

X  043 

xott 

X093 

35 

847 

8TS 

933 

947 

973 

997 

loaa 

xa47 

X073 

96 

37 

«30 

814 

854 
837 

IS 

i 

J93S 

953 
934 

9n 
957 

X  008 

98X 

xoa? 
xooo 

Z050 
zoa9 

as 

797 

820 

844 
826 

867 

9x4 

937 

96X 

96s 

X007 

39 

780 

803 

848 

873 

^ 

1^ 

94X 

964 

986 

30 

764 

785 

808 

830 

853 

876 

930 

943 

965 

31 

747 

768 

791 

8X3 

834 

857 

!!! 

s; 

933 

943 

33 

730 

751 

773 

794 

815 

837 

*^ 

9ot 

933 

33 

IS 

734 

755 

775 

797 

818 

838 

859 

88x 

1!^ 

34 

7i6 

737 

757 

778 

799 

818 

839 

860 

35 

So 

699 

730 

739 

759 

779 

798 

819 

839       85S 

Area,  sq  in 

66.58 

68.58 

70.58 

73.58 

74.58 
2901 

7«.58 

78.58 

80.58 

82.58 

84.58 

/i-i.  in*.,... 

3443 

3  555 

2668 

3783 

3020 

3^X4X 

3364 

3389 

3  5x6| 

ri-i.  in 

6.06 

6.10 

6.15 

6.10 
X648 

•^* 

6.28 

•J2 

6.36 

6.41 

6.45 

/t-i.in* 

Z530 

Z563 

X605 

X690 

X733 

X776 

x8i8 

X86x 

X904 

r»-?.  in 

4.78 

4.77 

4.77 

4.76 

4.76 

4.76 

4.75 

4.75 

4.75 

4.74 

Weiffht, 
lb  per  Tin  ft.. 

326.4 

333.3 

340.0 

246.8 

353.6 

260.4    267>3 

374.0 

360.8 

3679 

Safe  load^^mlues  above  tl 

le  heavy  line  are  for  ratiot  of  l/r  not  over  60;  those 

below  the  heavy  line  are  lot 

'  ratios  not  over  lao  l/r 

*Froai  PM^et  Companion,  Caracgk  Steel  Compaay,  Plttsbiiiiii»  Pa. 
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TaMm  'XXWtL^/Btim  Lolult  la  VaHs  of  t  ooo  Pooada  for  xs-lBch  Clnaiiol-' 


'^«i- 


12 


i_y±^ 


r 


:3 


r* — ytr— 


^ 


Allowable  fiber-stress  in  pounds  per  square  inch: 
X3  ooo  for  lengths  of  60  radii  or  under 
Reduced  for  lengths  between  60  and  xao  indii,  by 
Formula  (13). 

5  —  X9000  —  too  l/r 
Weights  do  not  include  rivet-heads  or  other  details 
For  values  for  l/r  above  xao.  see  notes  on  page  490 


lensth. 


XX 

xa 
X3 
X4 
X5 

x6 

XT 
x8 

19 


2X 

aa 
as 

24 

25 

a6 
a7 
a8 

29 
30 

3X 
3a 
33 
34 
35 


Area,  sq  in 


/i_i,  in*, 
ri^.  in. 
7m.  in«. 
ft^.  in. 


Weisht, 
lb  per  Un  ft. 


Two  xs*in  channels.  latticed 


.^8 


as7 
aS7 
257 
as7 
aS7 

aS7 
a$7 
257 

257 
257 

257 
aS7 
257 

a$7 


257 

asa 
247 
243 
a38 
233 


aa4 
ax9 
214 
209 


a68 
368 
aG6 
a68 
a68 

a68 
a68 
a68 
a68 

a68 

a6B 
a68 
a68 

a68 


4I 


306 
306 

3o6 
306 

306 
306 
3o6 
306 
306 

306 
306 
306 

306 


a66^ 

a6x 
a56 
asx 
246 

34X 

a36 
asx 
aa6 
aai 
ax6 


301 

^ 

a84 
a78 

a7a 

366 
a6o 

254 
249 
243 


344 
344 
344 
344 
344 

344 
344 
344 
344 
344 

344 
344 
344 


TWo  x5-in  channds.  two 
x6>ini>lates 


II 


343 

336 

329 
33a 

316 

309 

302 

a96 

289 
a8a 
376 
269 


4x3 
4x3 
4x3 
4x3 
4x3 

4x3 
4x3 
4x3 
413 
4x3 

413 
4U 
4x3 

4Z3 


407 
400 


h 

IS 


439 
439 
439 
439 
439 

439 
439 
439 
439 
439 

439 
439 
439 

439 


43a 

424 

4x5 
407 
399 
390 

38a 

373 
36s 
357 
348 


19.80 


635 

5.63 

49X 


8o.a 


ao.sS 

a3.52 

26.48 

31.80 

33-80 

640 
558 

S04 
4-95 

695 

5.43 

552 

4.84 

750 
5.3a 

597 
4-75 

X334 

6.48 

747 
4.85 

X459 

6.57 

789 

4.83 

84.2 

93.1 

X08.3 

X06.8 

XX3.6 

I" 

•0 


465 
46s 
465 
465 
465 

465 
46s 

^ 
465 

46s 

46s 

465 
46s 

46s 


457 

448 
440 
43X 
4aa 
4x3 

404 


35.80 


1586 

6.66 

832 

4.83 


xao.4 


Safs  load-val«Ms  aboye  the  heavy  line  are  for  ratios  of  l/r  not  over  60;  those 
bdow  the  heavy  line  met  for  ratios  not  over  xao  l/r 


*  Faxm  Pocket  Companion,  Cacnesie  Sted  Company,  Pittsbargh,  Plu 


546 


SUength  of  Colutts$^  Posts  and  Stmts  Chap.  14 


ChuuMlpCdltaiiiM 


j_^T.-l 

^  ? 1 

■^"^ 

i 

r 

Allowable  fiber-itren  t&  poundt  per  eqiiafc  mwis 
X3  000  for  lengths  of  60  radii  or  und«r 

1           ' 

--9'---i 

Reduced  for  lengths  between  60  and  120  radii,  by 

Is   - 

_l 

Formula  (13). 

• 

1 

5  -  19000  —  100  l/r 

+  ,r^ 

•1 

1 

u 

Weights  do  not  include  riyet-heads  or  other  details 

-1— 

For  values  for  l/r  above  120,  see  notes  on  page 

490 

w '      g — tr\ 
r~-»"-- — -'i 

Effective 
teitfth. 

Two  x5-ia  channels,  two  i6oin  plates 

11 

1^ 

9  *4 
9*3. 

If 

It 

•SJ 

H 

M  a 

• 

' 

1 

1^ 

1? 

ai 

XX 

491 

517 

528 

554 

580 

606 

632 

12 

491 

5x7 

528 

554 

580 

606 

632 

13 

491 

SI7 

528 

554 

580 

606 

632 

14 

491 

SI7 

528 

554 

580 

606 

632 

IS 

491 

SI7 

528 

S54 

580 

608 

632 

x6 

491 

517 

528 

554 

580 

606 

632 

17 

491    ' 

317 

S28 

554 

580 

606 

632 

l8 

491 

SI7 

528 

554 

580 

6o« 

632 

•    19 

49X 

S17 

528 

5S4 

580 

606 

632 

20 

491 

SX7 

528 

554 

580 

606 

632 

21 

49Z 

S17 

528 

554 

580 

6c6 

632 

22 

491 

517 

528 

554 

580 

606 

632 

23 
24 
as    — 

491 
491 

S17 

528 

554  . 

580 

606 

632 

527 
SIT 

552 

578 

804 

629 

-482- 

*>7. 

6x7 

36 

473 

498 

507 

531 

555 

3? 

60s 

27 

464 

488 

497 

520 

544 

569 

592 

28 

454 

478 

486 

510 

533 

557 

S8o 

29 

445 

468 

476 

499 

522 

545 

^ 

30 

435 

458 

466 

488 

5X1 

533 

556 

31 

426 

448 

456 

478 

1i 

522 

543 

32 

416 

438 

446 

467 

5X0 

53X 

33 

407 

428 

436 

456  . 

477 

498 

5x9 

34 

3? 

418 

425 

446 

466 

487 

507 

35 

388 

408 

415 

435 

454 

475 

494 

ATea»  sq  in 

37.80 

39.80 

40.58 

42.58 

44.58 

46.58 

48.58 

/w,in« 

X7IS 

1847 

I  861 

1994 

2  139 

2267 

a  406 

ri-i.in 

6.74 

6.81 

6.77 

6.84 

6. 91 

698 

7  04 

/M.ln« 

875 

9x7 

930 

^ 

10x6 

xosS 

X  lOX 

rt^  |P 

4.81 

4.80 
134c 

4.79 

4.78 

4.77 

4.77 

4.76 

Weikfat. 
lb  per  lin  ft.. 

127.2 

X38.0 

144.8 

151. 8 

158.4 

x6s  2 

Tables  ol  Safe  Loads  for  Steel  Cohisms 


5^ 


ZZVn*  (Coitintted).    Stfto  Loalte  In  Salts  «f  i  oo»'BMais.  Idc  1^4^ 


Kl3« 


ABowabto  fiber-ttrsM  ia'pouilds  per  witiare  inch: 
13  000  for  lengths  of  60  radii  or  under 
Radncied  for  leogths  between.  60  and  120  radii,  by 
Formula  (xj)* 

5  "■  19  000  —  zoo  l/f 
Weights  do  not  indvide  rivet-ltfads  or  other  details 
For  Tslues  for  l/r  above  xso^  see  notes  on  page  490 


r* 10- 


Bffective 
letigth. 


Wdsht, 
lb  per  lin  ftu. 


11 
4? 


644 
644 
644 
644 
644 

644 
644 
644 
644 
644 

644 
644 
644 

"ST 
627 

614 
603 

589 

S77 
164 

S5I 

S36 
5x4 
501 


Two  X5>i&  channels,  two  i6.in  plates 


j-4 


670 
670 
670 
670 
670 

070 
670 
670 
670 
670 

670 
670 
670 


6SI 

638 
62s 

6X2 

S99 
586 

573 
560 

547 
534 
530 


696 

696 
696 
696 
696 

696 
696 

696 
696 

696 

696 
696 
696 


A 

4 


677 

663 
649 
636 
633 
609 

595 
S81 
568 
554 
54X 


722 
732 
733 
732 
733 

729 

723 
723 
733 
733 

73J 
733 

733 


n 

4m 


71S 
701 

687 
673 
659 
645 
631 

6x6 
603 
588 

574 
560 


748 
748 
748 
?48 
748 

748 
748 
748 
748 
748 

748 
748 

748 


74X 
727 

<S3 

634 

609 

595 
580 


774 
774 
774 
774 
774 

774 
774 
774 
774 
774 

774 
774 
774 

752 

737 
721 
706 
69X 
676 

66z 
646 
630 
6x5 
600 


786 
786 
786 
786 
786 

786 
786 
786 
786 
786 

786 
786 
786 


777 
761 

746 
730 
715 
699 
684 

668 

653 
637 
633 
606 


49-52 

51.52 

53.52 

55.52 

5752 

59.52 

3322 
6.85 

1106 
4.73 

3461 
6. 91 

1  X49 
4.72 

2603 

6.97 
I  192 

4.72 

2746 

7. 03 

X334 

4.7X 

3891 

7.09 

1277 

4.7X 

3039 

7. 15 

1330 

4.71 

168.4 

175.2 

182.0 

Z88.8 

19s. 6 

303.4 

60.48 

2946 
6.98 

Z322 

4.68 
305.6 


Ssfe  laad*vatues  above  the  heavy  line  are  for  ratios  of  Ifr  not  over  60;  those 
below  the  heavy  line  are  for  ratios  not  over  120  Ifr 


*  rram  Focket  Companioo,  Carnegie  Steel  Company,  Pittsboish,  Fa. 
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Stvength  of  ColumiiSy  Posts  and  Struts 
nVII*  (CoaliBiMd).    Sife  Lottds  in  VaitB  4f  i 


Chap.    1 4 
tor  I! 


^mi-,;-—^, 

./h        * — iL, 

Allowable  flber-tinaf  in  pounds  per  aqtiare  inch: 

T^ 

r^ 

-y- 

13  000  for  lengths  of  60  radii  or  under 

1 

.1 

Reduced  for  lensths  between  60  and  120  radii,  by 

— H — 

Formula  (13). 

1 

5-19  000  —  xoo  l/r 

1 

1 

k 

Weights  do  not  include  rivet-heads  or  other  details 

t    ./f^ 

— 1 — 

•  Per  values  for  l/r  above  iao«  see  notes  on  page  490 

fv     Jg     V! 

1 

f-»— Ifr- ■>! 

1 

Effective 

Two  is-in  channdt.  two  i6-in  plates 

• 

P 

■ll 

• 

4- 

S 

Iff^. 

1! 

1* 
•S.S 

•3-? 

II 

1* 

U3  • 

ir 

.0  • 

!9  *^ 

ZI 

8xa 

838 

864 

890 

9x6 

942 

968 

u 

8» 

838 

864 

890 

9x6 

942 

968 

13 

8X2 

838 

864 

890 

9x6 

942 

968 

14 

8ia 

838 

864 

890 

9x6 

942 

968 

15 

8xa 

838 

864 

890 

916 

942 

968 

zS 

8xa 

838 

864 

890 

9x6 

942 

966 

n 

Sxa 

838 

864 

890 

9«« 

942 

966 

l8 

8xa 

838 

864 

890 

9x6 

942 

966 

19 

Bl2 

838 

864 

890 

9x6 

942 

966 

ao 

Sxa 

838 

864 

890 

9x6 

942 

968 

ai 

Sia 

838 

864 

890 

9x6 

942 

968 

a 

Sxa 

838 

s* 

890 

9x6 

942 

966 

24 
25 

Sxa 

838 

864 

•  890 

9x6 

942 

968 

7S6 

827 

8xz 

SS 

Is 

SJ 

930 
912 

9sfi 

937 

a6 

770 
73« 

1 

22 
80a 

806 

868 

IS 

IS 

1 

29 

Taa 

745 

768 

791 

8x4 

837 

9> 

705 

728 

751 

773 

796 

8x8 

841 

31 

689 

7x1 

734 

756 

T? 

800 

832 

32 

©73 

695 

7x6 

738 

760 

5* 

803 

33 

657 

& 

^ 

720 

741 

7«3 

34 

34 

64Z 

«6a 

703 

723 

744 

764 

35 

6>5 

645 

665 

685 

705 

725 

745 

Ami,  tqia 

6a.  48 

64.48 

66.48 

6B.48 

70.48 

72.48 

74.48    1 

/i-i.Jn* 

3094 

3244 

3396 

3590 

3707 

3865 

4036 

rM.in 

704 

75 

7.15 

7.20 

7. as 

7.30 

7.35 

/M.in* 

136s 

1450 

1493 

1 536 

'4^ 

Z63I 

rt-t-in 

4.67 

4.67 

4.67 

4.67 

4.67 

4.67 

Weiffht. 
lb  per  Tin  ft.. 

■ 

2X2.4 

ax^.a 

236.0 

233.8 

339-6 

246.4 

253.2 

S*lr'kMul>valoei  aboi 

re  the  heavy  line  ase  for  mtkss  of  i/r  not  over  60;  those 

below  the  heavy  line  ai 

rt  for  ratios  not  xmte^ao4^ '        •       - 

*  From  Pocket  Compaaioa,  Camesie  Steel  Compaoy,  Fittsbaigh,  Fa. 


Tables  of  Safe  Loads  for  Steel  Columns 
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ZXnX  •  (CoatlMed).    8«f«  Loftds  la  Uollt  off  «oo  WmtadB  fee  XS-&Hh 


.  }^^r 

t 

1 

1 

1 

1 L 

V 

JL 

AlloWMe  fiber«tretein  'pounds  per  square  jach 
13  000  for  lengths  of  60  radii  or  under 
IUd«oed  for  tengtha  between  60  and  xao  radii,  by 
Formula  (13). 

5  -  19  000  —  100  l/r 
Weights  do  not  include  rivet>heads  or  other  details 
Fbr  valuea  for  l/r  above  xao,  see  notes  on  page  490 

]x.«.>--^^ 

RfTectivv 

Two  i5-in  channels,  two  xS-in  plates 

i 

It 

:?.S 

a 

•*> 

it 

Is 

It 

^  a 
It 

ft 

XX 
X2 

1               13 

1               IS 

x6 

19 

ao 

at 

23 
23 
24 

1     ^ 

1               37   . 

433 
433 
433 
433 

433 

433 
433 
433 
433 
433 

433 
433 
433 

433 
433 

433 
433 
433 

46a 
463 

46a 

463 
463 
46a 
46a 
463 

463 
46a 

^ 
463 

46a 

463 

463 

463 

49X 
49X 
49X 
49X 
49X 

49X 
49X 
49X 
491 
49X 

49X 
49X 
491 
491 
491 

49X 

491 
•  491 

S3X 
S3X 

531 

531 
S3X 
S2l 
S2l 
Sil 

S3X 
531 
S3I 
53X 

53X 

531 

531 

550 

550 

SSO^ 

550 

550 

550 

550 
550 
550 

550 

550 
550 
550 
SSO 
SSO 

SSO 
SSO 

560 
S6o 
S6o 

S6o 
560 

!£ 
560 

560 
560 

560 

s6o 
s6o 

S6o 
S6o 

2! 

2? 
589 

589 

2? 

2? 

2? 
589 

589 

2? 

2? 

2* 
589 

589 

6x9 
6x9 
6x9- 
6x9 
6x9 

•  619 
6x9 
6x9 
6x9 
6x9 

6x9 

6x9 
6x9 
6x9 
6x9 

6x9 
619 

38 

39 
30 

31 
33 
33 
34 
35 

Sao 

SX3 
503 

% 

ATI 
460 

549 

539 
530 

53X 

Sia 
503 

494 
485 

55A 

549 
540 

530 

531 
513 

50a 

493 

586 

557 

547 
537 
537 
5X8 

6x5 

605 
594 

584 

% 
5S3 
543 

4aft 

43X 

4X4 

407 
400 

456 
449 

441 
433 
436 
418 
411 

468 
459 
451 
443 
435 

Area,  sq  in 

3330 

35. 55 

37.80 

40.05 

43.30 

43.08 

45.33 

47.58 

A-t.in* 

ri-i.in         . 

/i-«»in* 

r«-«.»n 

1433 

6.54 

X069 

X564 
6.63 
X  130 
5.64 

I  707 
6.73 
X  190 
5.6x 

1853 
6.80 

X  351 
5.59 

1999 
6.87 
X3t3 

S..S7 

30x4 

6.84 

X333 

S.56 

2  164 
6.91 
X393 
5.54 

33x6 

6.98 

1453 

5.53 

^      Weight, 
lb  perlin  ft.. 

XII. 9 

1x9.6 

137. a 

X34.9 

X43.5 

X46.5 

xs4.a 

X61.8  1 

Sftfe  lood-Talaes  above  the  heavy  line  are  for  ratioi  < 
beknr  the  heavy  line  are  (or  ratios  not  over  xao  l/r 

9f  l/r  not  over  60;  those 

*FroB»  Pocket  CompaaioBp  Caiaegie  Steel  Compaay.  PIttsbvghv Fla* 


£50 


Strength  of  Columns,  PosU  aad  Stnttft  Cbap.  1^ 


Ikftto  ZZVn*  (faaHwuii).    Sitfa 


in  IMto  of  t  «M  ruii<  Hf  ts^ted 


JL"**>" 

Allowable  flbeiwstnas  in  pounds  per  squars  inch: 

r^ 

-li'--i 

t3  000  for  lengths  of  60  radu  or  under 

*A  ^ 

1       Redaeed  for  lengths  between  60  and  lao  radii,  by 

. .  _- 

Formula  (13). 

1 

5  "  19  000  —  xoo  l/r 

ly^ 

1 

A      WeighU  do  not  include  rivai4ie«ds  or  other  details 

P^..jp>.— tli 

Bffective 

Two  xs-in  chapnris,  two  x8-in  plates 

II 

Is 

• 

II 

ll 

% 

ll 

lei^li. 

1"^ 

1* 

•g.s 

J3  • 

1? 

I- 

4? 

4*" 

4± 

XI 

M 

677 

886 

7x5 

745 

774 

803 

833 

xa 

648 

677 

666 

715 

745 

774 

803 

832 

13. 

648 

677 

686 

715 

745 

774 

803 

832 

14 

648 

677 

666 

7X5 

745 

774 

803 

832 

15 

648 

.    6n 

666 

7x5 

745 

774 

803 

833 

x6 

648 

«77 

6B6 

715 

745 

774 

803 

833 

X7, 

648 

677 

686 

715 

745 

774 

803 

833 

x8 

648 

877 

686 

715 

745 

774 

803 

833 

19 

648 

877 

666 

715 

745 

774 

803 

833 

ao 

648 

877 

686 

715 

745 

774 

<03 

832 

.     ax 

648 

«77 

686 

715 

745 

774 

803 

833 

22 

648 

877 

686 

715 

745 

774 

803 

833 

23 

648 

«77 

686 

715 

745 

774 

903 

833 

24 

<48 

677 

666 

715 

745 

774 

!^ 

833 

35 

648 

877 

666 

7x5 

745 

774 

803 

833 

26 

«48 

677 

666 

715 

745 

774 

803 

833 

27 
aS 

648 

677 

686 

71S 

745 

774 

803 

833 

&43 

07X 

w 

736 

764 

793 

821 

39 

632 

860 

668 

696 

733 

Tf5T 

^ 

807 

30 

621 

849 

657 

684 

7XX 

738 

793 

31 

8x0 

537 

645 

672 

V^ 

735 

753 

779 

3a 

% 

820 

634 

660 

685 

7x2 

738 

764 

33 

81S 

622 

648 

673 

698 

735 

7SO 

34 

578 

6q3 

610 

636 

660 

685 

Si 

736 

35 

S67 

593 

599 

624 

648 

672 

733 

ATC«»SQiB 

49S3 

52.08 

53.n 

55.02 

57.37 

59-53 

61.77 

64.02 

/i^.m* 

2470 

2627 

2525 

2682 

284X 

3002 

3x66 

33J3 

r*.i»in 

7.04 

7.XO 

6.92 

698 

7.04 

7.10 

7.16 

7.21 

/»^in* 

X5U 

X57S 

X589 

X649 
5.48 

X  7x0 

I77X 

X832 

1893 

•'M.in 

5.51 

5  50 

549 

5.46 

5  45 

5.45 

5-44 

WeiKht. 
Ib^erUnft.. 

X69.S 

X77.X 

179.5 

187.  X 

194.8 

202.4 

2X0.1 

317. 7 

Salt  loftd-^tm  aboye  the  hmvy  Uxm  asv  for  ratios  ollfrxuatL  over  te;  those 

below  the  heavy  line  are  for  ratios  not  over  xao  i/r 

*  FVoBk  PoekcC  Cowpaaioa,  Camsfis  Steel  Company,  Fittsb»gh.  Fs. 
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(CoatiiMM4)«    Ui9  LM4i  te  Unlli  ol  z  «oo  Pwnds  for  ts-Iock 


^^^r-t . 

Alfj^^Ks 

t>«.    AW 

^  -  .    •  -  • 

• 

^v. 

t 

-U 

1 

f 

AllOWaDis  nocr^imiM  m  pounus   pec   wiihuv    mva: 

13  aoo  for  liBncths  o(  60  radii  or  under 
Radooed  for  lengtba  betwaea  60  and  lao  radii,  by 
Pormula  (za). 

5  "  Z9  000  ~  xoo  l/r 
Weifhta  do  not  indude  rivet^heada  or  other  details 
Wot  vahjM  for  l/r  abova  xao.  see  notes  on  page  490 

1 

1 

• 

U 

]E^.k.-^4 

BfTcctiTc 

Two  15-ia  chanaclB,  two  iS^in  platee 

•3S 

•8-? 
^5 

is 
il 

•3.9 

1* 

II 

5m 

^1 
II 

It 

if 

XX 

xa 
13 
14 
15 

X6 

^1 

19 

ao 

ax 

33 

u 

as 

37 

39 

30 

31 

33 

33 
34 
35 

841 
841 
841 
84X 
84Z 

841 
841 
84Z 
841 
841 

841 
841 
841 
84Z 
841 

841 
841 

871 

871 

871 
871 

V^ 
871 

87X 

871 

871 

871 
871 
871 
571 
871 

871 
871 

900 
900 
900 
900 
900 

900 
900 
900 
900 
900 

900 
900 
900 
900 
900 

900 
900 

939 
939 
939 

939 

939 
939 
939 
939 
939 

939 
929 

939 
939 
939 

939 
939 

958 
958 
958 
958 
958 

958 
958 
958 

^2 
958 

958 
958 
958 
958 
958 

958 

958 

9S 
968 

988 

968 
988 

968 

968 

988 
968 

X0X7 
10x7 
X0X7 
Z0X7 
1 017 

X0X7 
X0X7 
10x7 
XOI7 
X0X7 

X0X7 
X0X7 
X0X7 
X0X7 
X0X7 

X0X7 

987 
970 

936 
9x9 

86l 
853 

X015 

963 

938 

839 

8U 
800 

786 

771 

757 

743 

•738 

8S7 
843 
838 

8x3 
798 

754 

870 
855 

839 

& 
809 

7^ 

15? 

863 

866 

Jso 
834 
8x8 
803 

943 
936 

909 

893 

t& 

844 
837 

AznuBqin 

64.73 

66.96 

69.33 

71.48 

73.73 

75.98 

78.33 

/•-i.m« 

tm.  in 

/M.in* 

rf-i.in 

3a3x 
7.0s 
1903 
5.43 

3387 
7. II 

1964 
5. 43 

3556 
7.17 

3  035 

3. 41 

3737 

7.33 

3066 

540 

3900 

7.37 

3  X46 

5.40 

4076 

7.33 

3307 

5.39 

4  3S5 

7.37 

3368 

5.38 

Weight, 
lb  per  lin  ft,. 

aao.x 

337.7 

335  4 

343.0 

350. 0 

358.3 

366.0 

1     Safe  kMd''iraltiM  abo' 
1  below  the  heavy  line  ar 

re  the  heavy  line  are  for  ratios  of  l/r  not  over  60;  those 
e  for  ratios  not  over  X3o  l/r 

*  From  Pocket  Companloa,  Caraegie  Steel  CoBapaoy,  Plttstargh,  Pa. 
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TAbl«XZVn 

*  (ContiBaed).    8af«  Loads  ia  Uails  oi  i  ooo  IPouadm  for  Z5-I»ci 

Cbatuui-^k 

4vnnffff 

^"^r-i . 

Allowable  fiber^ress  ta  pounds  per  aqnare  inol&s 
13  000  for  lengtltt  o(  60  radii  or  under 
Reduced  for  lengths  between  60  and  xso  radii,   by 
Formula  (tj), 

5  -  X9  000  —  xoo  l/r 
Weichts  do  not  indudtt  rivet-heads  or  other  details 
Fbr  values  for  l/r  above  tso.  see  notes  on  pase  490 

-Uj— 

1. 

1 L 

k 

'lx„.i?..„ti 

Effective 

TVo  x5-Ld  channela.  two  xS-in  plates                                    1 

|5 

II 

• 

ft 

II 

1^ 

4- 

h  1 

lei^h. 

• 

-8.9 

if 

la 

XX 
X3 

13 
14 
15 

1046 
X046 
X046 

X  046 
X046 

X075 
1075 
X075 
X075 
X075 

XI05 
X  X05 
X  105 
X  xos 
X  X05 

1 134 

XX34 
XX34 
ZX34 
X134 

I X63 
1 163 
1 163 

X  X63 
X  163 

X  333 
X  333 
1233 
X  333 
X333 

X380 

X38o 

X380 
1380 
1380 

I6 

1046 
1046 
z  046 
1046 
X046 

X075 
1075 
1075 
X075 
1075 

1 105 
X  X05 
X  xos 
X  xos 
X  X05 

XX34 
1x34 
I134 
1  X34 
1x34 

X  X63 
X  X63 
1 163 
X  X63 
I  X63 

X  323 
X  233 
X  333 
X  323 
1333 

X360 

1380 
X380 

zsBo     1 
1380     1 

31 
23 
33 
34 
35 

X046 
X046 
1046 
X046 
Z046 

X075 
X075 
1075 
1075 

X07S 

X  xos 
xxos 
X  xos 

Z  IDS 

X  105 

I  X34 
XI34 
XX34 
1x34 
XX34 

XX63 
X  163 
X  163 
X  X63 
X 163 

I  333 

X  333 
X  333 
X  333 
X  333 

X360 

zaSo 
xaSo 

X360 

1280 

36 

27 

Z046 

X  075    '    X  X05 

X  X34 

1 163 

1333           1360 

XQ44 

X073 

I  xos 

I  X3X 

XXS9 

i  3X(5 

•X27S 

38 
29 

30 

z  006 
X  009 

991 

X0S4 
ioj6 
X017 

1083 
X064 
X04S 

I  ZI3 
XO93 
XO73 

X  139 
X  119 

1099 

1 195 
X174 
XIS3 

X3S3 

X23I 

iXaoB 

31 
32 
33 
34 
35 

973 
955 
937 
919 
90X 

980 
96a 
943 
925 

ioa6 
X007 

969 
950 

XOS3 
1034 
X014 

995 
975 

XQ79 
1059 
X039 
10x9 
999 

X133 

X  XZX 

X090 
X069 

J045 

1x86 
X 164 
1 142 
1 120 

X098 

Area,  sq  in 

80.48 

82.73 

84.96 

87.23 

89.48 

93.96 

96.48 

/i-i.  in* 

ft~.i,  in .... . 

/»-i.in« 

rt-t,  in 

4436 
7.42 

2329 
5.38 

4619 
7.47 

2389 
5.37 

48QS 

752 

2  450 

5. 37 

4994 
7.57 

2  SIX 
5.37 

5X8S 
7.61 

2  572 
5.36 

5  575 

7.70 

2693 

5.35 

S976 

7.79 

a  815 

5.3S 

Weight. 
Ibperlinft.. 

273.6 

38X.3 

388.9 

396.6 

304  2 

319.S 

334.8 

Safe  load-values  abo' 
bdovr  the  heavy  line  ai 

99  the  heavy  line  are  Cor  ratios  of  l/r  not  over  60;  those 
« for  ratios  not  over  xso  l/r 

*  From  Pocket  Companion.  Csmcsgie  Steel  Company.  Pittsburgh.  Ps. 
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(Camlatwd).    Safe  LoaAa  ia  Valts  ol  t  ooo  Pooadi  for  i^Ia^ 


H^ 


k.. 


nP 


-^ 


> 


2 


Allowable  fiber-stress  in  pounds  per  square  inch: 
X3  ooo  for  lengths  of  60  mdii  or  under 
Reduced  for  lengths  between  60  and  lao  radii,  by 
Formula  (13). 

5  "  19  000  —  zoo  l/r 
Weights  do  not  include  rivet-heads  or  other  detaik 
For  values  for  l/r  above  lao.  see  notes  on  pace  490 


IX 

za 
13 

Z4 

ZS 

x6 

17 
z8 

19 


31 


23 

34 


a? 

30 

3Z 
39 
33 

34 
3S 


Area,  sq  in 


ri-t.  in. 
/U  ia«. 
r«-t,  in. 


Weight, 
lb  per  Hn  ft. 


Two  15-in  channels 


35  lb 


I 


kh 


!-!> 


Z340 
Z340 
Z340 
1340 
1340 

1340 
Z340 
1340 
Z340 
1340 

1340 
1340 
1340 
1340 
1340 

1340 


S     8. 


X  408 
z  406 
z  40B 
z  408 
1406 

Z408 
Z408 
z  408 
Z408 
Z408 

z  408 
z  408 
Z408 
Z408 
z  408 

Z406 


45  lb 


Z33X 
Z307 

1284 
z  a6x 

z  238 

Z  3Z4 

z  zoz 

ZZW 
ZZ45 


Z394 
Z309 
I3U 

Z3M 

Z395 
z  270 
Z346 

Z  221 
ZI97 


4S5 
485 
485 
485 
48s 

4S5 
48s 

485 

4«5 
4S5 

485 
485 
485 
485 
4S5 


485 

w 

439 
413 

387 

36Z 
335 
309 
a83 
257 


Tiwo  Z5-in,  45-lb  channels 


I 


IjSs 


Z547 
Z547 
Z547 
Z547 
ZS47 

ZS47 
Z547 
ZS47 
ZS47 
ZS47 

ZS47 
ZS47 
ZS47 
ZS47 
ZS47 

Z547 

ZS47 
ZS47 
Z547 


Z6l3 

z6ia 

Z6l2 

z6ia 

Z6Z2 

z  612 
1612 

Z6l2 

Z6l2 

z  612 

Z6X2 
Z  6X2 
Z  6X2 
X  6X2 
X6X2 

z6za 

Z6Z2 
Z6l2 
Z6X2 


Ik  1! 


1543 

Z5Z9 
Z49S 
Z47X 
Z447 
Z4^ 


Z607 

z  582 

ZS57 
Z532 

ZS07 
Z482 


677 

677 

677 

677 
4S77 

677 
677 
677 
677 

677 

677 
677 
677 
677 

«n 

677 

677 

677 

677 


670 
644 

6x8 


540 


km 


74a 

742 
74a 
74a 
74a 

74a 
74a 
74a 
74a 


Z74a 

Z74a 
Z74a 
Z74a 
Z74a 
Z74a 

Z74a 

Z74a 
Z74a 
Z74a 


Z735 

Z708 
z68z 
Z654 
Z627 
z  600 


ZQ3.08 


6037 
7.6s 
2919 
5.3a 


350.5 


Z08.33 


6x23 
7.5a 

3  02X 

5.a8 


368.4 


zz4.a3 


6233 

7.» 
3x48 

5.  as 


388.4 


ZZ8.96 


6397 

7.33 

4240 

5.97 


404.5 


za3.98 


6843 
7.43 


42X.S 


ZI8.9B 


7300 
7.sa 

4  573 
5*98 


'438  s 


X33.98 


7769 
7.6x 

4740 
5.95 


455-5 


Safe  load-values  above  the  heavy  line  are  for  ratios  of  l/r  not  over  60;  those 
below  the  heavy  Une  are  for  ratios  not  overiao  l/r 


*From  Pocket  Conpaafea.  Carnegie  Steel  Coaipaay.  Pittsboigh,  Pa. 
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.TfiU*  XX^m*  (C9ncliid«d).    Safe  LimU  i»  Uatti  tit  k«m 

CluuinalTColttnas 


pMuiAi  lor'x»4nfi& 


• 
r^ 

2 

0-. 

A  11#%«fl*Ml^t A      A^A^    m^^^ 

• 

.j_ 

lare  inch: 
xBdii,  by 

totalis 
6  490 

>• 
> 

■< 

.L 

Aiiowatue  aoer-strtoaM  in  •puuniis  per  squ 
13  000  for  lengths  of  60  radii  or  under 
Reduced  for  lengths  between  60  and  120 
Formula  (13). 

5-19  000  —  xoo</r 
Weights  do  mot  include  livet-lftBads  or  other  <! 
For  values  for  //r  above  120.  see  notes  on  pag 

< 

1 

\r^ 

Effective 
lensth, 

Two  X5-in.  45-lb  channels 

4x1* 

hi' 

Hfx 

IX 
X2 

13 

14 
IS 

x6 

1             ^7 
X8 

X9 

30 

2X 
23 
23 
24 
25 

26 

27 
28 

29 

3X 

32 

33 

34 
3S 

x8o7 
1807 
X807 
X807 
X807 

X807 
X807 
1807 
X807 
X807 

x8o7 
X807 
X807 
X807 
X807 

x8o7 

1807 
x807 
1807 

X872 
X872 
X872 
1872 
X872 

X872 
X872 
X872 
X872 
X872 

X872 
X872 
X872 
X872 
X872 

X872 

X872 
1872 
1872 

Z937 
X937 
X937 
X937 
1937 

X937 
1937 
X937 
X937 
X937 

X937 
X937 
1937 
X937 
X937 

X937 

T937  • 

X937 

1937 

2002 

2  003 
2003 

3  003 

2  003 

3003 
2003 
2003 
2003 
2002 

2003 
2003 
3003 
2003 
2003 

2002 

2002 

2002 
2  002 

2067 
2067 
2067 
2067 
2067 

2067 
2067 
2067 
2067 
2067 

2067 
2067 
2067 
2067 
2067 

2067 
2067 
2067 
2067 

2x32 
2132 
2  132 
2x32 
2132 

ax32 
2x32 

2X32 

ax3a 
2x32 

2x32 
2x32 
2132 
2  132 

2  X32 

2  X32 

2  132 
2132 
2132 

1798 

1770 
X742 
X7I4 
Xtt6 
X658 

tI43 

1834 

X805 
X776 

X747 
X  718 

1926 

xSS 

X836 
x8o6 

I77S 

I99X 

X960 
1929 
1897 
lM5 

X83S 

2054 

2  022 

1989 

X9S7 
192s 
X893 

2  1X8 

2085 

2  052 
20x9 

1985 
1952 

Area,  sq  in 

X38.9« 

8351 

7.70 

4907 

594 

X43.98 

148.98 

XS3.9« 

IS8.9« 

X63.96 

lM.in< 

f[i-i*  in 

/U.in«;..,. 
rt-i.  in 

8744 

7.79 

SO73 

5.94 

7.88 

5  240 

S.93 

9770 
7.97 

S407 
593 

10301 
8.0s 

SS73 
5  92 

XO846 
8.13 

5  740 
59» 

Wciflrht, 

'  lb  per  lin  ft..       473$ 

4895 

'    S06.S 

523S 

S40.S 

SS75 

Safe  load- values  abon 
1  below  the  heavy  line  ar 

re  the  heavy  line  are  for  ratios  of  l/r  not  ovei 
e  for  ratios  not  over  X20  l/r 

r  60:  those 

"  From  Pocket  C<T«paak>a,  Carnegie  Steel  Costpaay.  PUtsbwgb,  Pa^ 
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OIAPTER  XV 

STRENGTH   OF   BEAMS  AND  BEAM   GUDEBS.    FRAM- 
ING AN0  ^SONNSCTING  STEEL  BEAMS 

By 
CHARLES  P.  WARREN 

LATE  ASSISTANT  PROfESSOR  OV  ARCHITECTURE,  C0LU1IBIA  tmiVERSITY 

1.   0«ii«ral  PtlneiplM  of  th«  Flozure  of  Boams  * 

Deflliiiioiis.  A  structural  member  placed  in  a  generally  horUooUl  position 
upon  two  or  more  supports  or  projecting  from  some  other  construction  is  called 
a  BEAM.  A  GiROER  IS  a  beam  carrying  -smaller  or  secondary  beams.  A  canti- 
xjs\'ER  BEAM  u  a  beam  supported  at  the  middle,  or  having  one  end  fixed,  as  in  a 
wall,  and  the  other  end  free;  or  It  is  the  part  of  a  beam  which  overhangs,  or 
projects,  b^ond  a  support.  A  simple  beam  is  one  which  rests  upon  two  sup- 
ports, one  at  each  end.  A  coNiiNUons  beam  rests  upon  more  than  two  supports. 
Tbe  distance  between  the  supports  of  a  simple  beam,  or,  when  so  specially  desig- 
nated from  center  to  center  of  the  bearings,  Is  the  span.  It  is  usually  designated 
by  I.  The  loads  on  beams  are  either  ttnipormly  distributed  or  concen- 
TRAtCD.  A  uniformly  distributed  or  uniform  load  includes  the  weight  of  the 
beam  itself  and  any  load  spread  evenly  over  it,  such  as  the  wdght  of  a  wall. 
Uniform  loads  are  estimated  by  their  intensity  per  tmit  of  length  of  the  beam, 
in  pounds  per  linear  foot.  A  uniform  load  per  finear  foot  is  represented  by  v, 
and  the  total  uniform  load  by  u^  or  fK.  A  concentrated  load  is  a  single  applied 
weight,  such  as  a  column  and  its  load,  or  the  load  from  another  beam,  and  is 
designated  by  P- 

Strouat  and  Daformatloiia.  A  load,  on  a  simple  beam  causes  the  fibers  to 
bend  or  deflect,  and  eventually  to  break  across,  or  in  othm  words,  a  load  induces 
zransvsbse  or  jiEXURAi.  stresses  in  thofibem.  Sin^e  it  is  impossible  to  bend 
or  deflect  a  simple  beam  without  causing  a  shortening  of  the  fibers  on  the  upper 
or  concave  side  and  an  elongation  of  the  fibers  on  the  lower  or  convex  side,  a 
load  on  a  beam  causes  compression  in  the  upper  fibers  and  tension  in  the 
lower  fibers,  while  between  the  two  there  is  a  neutral  layer  or  surface  of  fibers 
which  is  unchanged  in  length  and  which  is  called  the  neutral  surjage  of  the 
beam.  In  a  cantilever  beam  the  reverse  is  the  case,  the  upper  fibers  being 
in  tension  and  the  lower  ones  in  compression. 

Iiaipa  Datanniiiad  by  Szpatimaiit.  Ffom  ezperimeata  it  has  been  found 
that  the  amount  of  dongation  or  shortening  of  any  fiber  is  directly  propor- 
tional to  its  distanoe  from  the  neittrftl  surface  oi  a  beam;  hence,  if  the  elastic 
LOOT  is  not  csceeded,  tbe  stresses,  also,  are  proportional  to  their  (fistances  from 
this  neuttal  surface.  The  trace  of  the  neutral  surface  on  a  cross-section  of  a 
beam  is  called  the  nxuiral  axis  of  the  cross-section.  Within  the  elastic 
limit  of  a  sastcrial  tlie  neutral  surface  passes  through  the  CBRnRS  OP  gravity 
of  the  croas-sections  of  a  beam  for  all  materials. 

B«odlnf  MooMrti  aad  EaalaliAg  Moaunta.*  To  determina  the  strength 
of  any  beam  to  resist  tbe  effects  of  any  load  or  scries  of  loads,  two  things  must 

*  Sec,  also,  Chapter  IX,  pages  324  to  331. 
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be  determined:  first,  the  moment  or  moments  of  the  external  destructive  force 
or  forces  tending  to  bend  and  brealL  the  beam,  which  is  called  the  uaximuic 
BENDING  moment;  and,  secondly,  the  moments  of  the  combined  redstances  of 
all  the  fibers  in  the  dangerous  section  of  the  beam  to  being  broken,  which, 
in  their  summation,  are  called  the  moment  of  resistance  or  the  resisting 
moment. 

The  Medioda  el  Fiadliig  the  Bendlac  Jtemeote  far  aoy  toad  or  series 
of  loads  are  explained  in  Chapter  IX.  The  moment  of  resistance  is  equal  to 
the  SECTION-MODULUS  or  section-factor,  denoted  by  //c,  multiplied  by  the 
unit  stress  on  the  outermost  fiber  of  the  materia^  denoted  by  S,  and  it  equals 
the  bending  momenL 

Hence  M  -  SI/c  (x) 

This  is  known-  as  the  FUEXUUB-toitJiULA  and  it  Is  the  fundamental  formula  for 
designing  beams.  Formulas  for  finding  the  section-moduli  of  common  shapes 
are  given  in  Chapter  X,  and  the  values  of  I/c  or  the  section-moduli  of  the 
standard  rolled  shapes,  are  given  in  the  tables  in  the  same  chapter. 

The  Coefficient  of  Strength,*  sometimes  given  in  tables  of  steel  beams,  is 
the  maximum  distributed  load  that  a  beam  of  one  foot  span  would  support 
without  producing  a  fiber-stress  exceeding  the  safe  limit,  generally  16000  lb 
per  sq  in.  As  the  strength  of  a  beam  varies  inversely  as  its  span,  the  safe  load 
for  any  span  may  be  obtained  by  dividing  this  coefficient  by  the  span  in  feet. 

Factors  el  Safety.  In  order  that  a  beam  shall  just  be  able  to  cany  a  load 
and  not^break,  that  condition  of  equilibrium  must  exist,  in  which  the  maxi- 
mum bending  moment  in  the  beam  is  equal  to  the  sectioo-aaoduius  multiplied 
by  the  ultimate  strength  of  the  material.  In  order  that  a  beam  may  be 
abundantly  safe  to  carry  a  given  load,  the  product  of  the  section-modulus  by 
the  ultimate  strength  of  the  material  must  be  several  times  greater  than  the 
maximum  bending  moment;  and  the  ratio  which  this  product  bears  to  the 
maximum  bending  moment,  or  which  the  dreaiung-loao  bears  to  the  8AFb 
u>AD,  is  known  as  the  factor  of  Safety,  that  is, 

Y>  ^      t     t^       ultimate  Strength 

Factor  of  saf^y  ■■  ■  ■  ■    . . -= — 

working  stien 

nitlsiate  Strengths  and  Safe  Flber-Stretaea.  By  the  STKCNCtB  or  tbe 
itATBRiAL  is  meant  a  certain  constant  quantity  which  is  determined  by  experi- 
ment, and  which  is  known  as  the  ultimate  breaking  strength.  This 
value  is  of  course  different  for  each  material.  Table  I  gives  the  values  of  this 
constant  divided  by  the  factor  of  safety,  or  in  other  words,  the  working  stress, 
for  most  of  the  materials  used  in  building-construcrion.  The  section-moduli 
multiplied  by  these  values  will  give  the  safe  resisting  mom£nts  for  the  beams. 
The  values  of  5  in  Table  I  for  steel  are  about  one-fourth  those  of  the  breidcing- 
loads;  for  cast  in>n,  about  ooe^stxth;  for  aversge  specimens  of  wood,  one-sizth; 
and  for  stone  and  concrete,  one-tenth.  The  safe  compressive  strength  of  cast 
iron  for  the  compression^side  of  beams  is  x6  000  lb  per  sq  in,  in  the  New  York 
Building  Code.  This  is  considered  too  high  by  some  engineers  and  the  author 
recongonends  loooo  lb  per  sq  in.  This  value  has  been  used  in  calculating  the 
safe  loads  for  cast-iron  columns.  (See  Chapter  XIV,  page  461.)  The  safe 
loads  for  the  sted  shapes  given  In  the  tables  in  this  chqiter  are  al  computed 

*  The  values  for  coeffideats  of  strength  have  been  omitted  from  most  of  the  tables, 
loUowiQg  the  poBcy  of  some  of  the  htm  huadheokt,  )is  the  safe  loads  for  beans,  for 
mraple,  can  be  as  readily  detenBined  laon  the  daU  of  the  taUes  directly,  as  faj  the 
pracces  of  dividing  tttch  oocffidents  by  tbe  spans.  See.  however,  pages  s9S  to  S9z  snd 
633  to  6a8. 
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GO  the  value  of  16000  lb  per  aq  in  for  5,  but  these  fuU  loads  should  be  used 
with  caution,  and  reduced  when  necessary  to  satisfy  any  unusual  conditions. 
For  xiveted  steel  girders  14  000  lb  per  sq  in  was  the  value  formerly  given  to  S, 
but  the  usual  value  now  is  x6  000  lb  per  aq  in. 

Table  L    Safe  Unit  f!b«r-Streaset»  S,  for  Flezore  of  Beams  * 

It  is  to  be  noted  that  these  are  avenure  values,  especiijly  those  for  wood.    For  allowable 
bi«her  strtHes  lor  timber,  see  also,  notes  on  pages  6a8,  637  and  647. 


Materials 
Wood  unseasoned  f 

Values  of 

lb  per  sq  in 

Materials 
Wood  unseasoned  f 

Values  of 

5. 

lb  per  sq  in 

Cast  iron,  tension-eide 

Cast  mm.  compreasion-side 
Wrought      iron      (rolled 
beams) 

3000 
x6ooo 

xaoop 
x6oao 

x6ooo 

34000 

700 

800 

800 

looe 

900 

600 

X  200 

X  aoQ 

800 

Redwood,  California , 

Short-leaf  yellow  pine 

Spruce 

7S0 

1000 

700 

XSOO 

700 

305 

SO 

30 

x8o 

145 

X25 
IXO 

400 
30 

so 

16 

xo 

White  oak 

Steel  (rolled  beams) 

Steel  (riveted  girders)  both 

n^narm    

White  pine 

Bluestone  fUgging  (North 
River) 

Steel    (mns,    rivets    and 

Brick  (common) 

bolts) 

Brickwork  (in  cement).... 
(Granite  (avenge) 

Cedar 

Chestnut 

Limestone  (average) 

Marble  (average) 

Croress ,,,,.,. 

Dnnffbui  fir, 

Sandstone  (average) 

Slate  (averaae) 

Elm , 

Hemlock 

Concrete  (Portland)  x  :  a  u 
(Concrete  (Portland)  x  :  a :  5 
Concrete  (natural)  x:a:4.. . 
0)ncrete  (natural)  x;a:s.. . 

IXKUSt 

Long-leaf  yellow  ^ne 

Norway  inne 

*  For  a  compBri8<m  of  values  given  in  different  building  laws  see  Table  XVII,  page  648, 
Chapter  XVI.  Ctmp^n,  also,  with  Table  XVI,  page  647.  Chapter  XVI.  For  ultimate 
stresses  for  woods,  see  Tables  XVIII  and  XIX,  pages  650  and  651,  Chapter  XVI.  For 
ssie  loads  for  unit  beams,  see  Tables  II  and  III,  page  638,  Chapter  XVI. 

t  Add  from  30  to  40%  for  seasoned,  protected  timber,  used  without  impact. 

Beama  nnsymmetrically  Loaded  or  of  Irregular  Cross-Section.  There 
are  certain  loadings  and  cross-sections  of  beams  that  occur  most  frequently  in 
building-construction,  and  for  which  tables  have  been  worked  out  that  give  the 
safe  bsuis  directly;  but  for  a  beam  unsymmetrically  loaded,  or  for  a  b^Eun  of 
irregular  cross-section,  it  is  impossible  to  compute  tables  for  strength,  as  in  each 
casetbe  values  must  be  computed  by  determining  either  the  section-modulus, 
//c,  required  to  resist  the  maxxmum  bending  moment,  or  the  maximum  bend- 
ing moment  that  may  be  allowed  for  a  given  value  of  the  section-modulus. 

Genergl  Formulas  for  the  Flexure  of  Beams.*  The  general  formula  for 
any  beam  in  a  state  of  flexure  under  any  sjrstem  of  loading  is 

Maximum  bending  moment  in  inch-pounds  »  section-modulus  X  5 
or 

Jf ■«  -  SI/c 
Also 

maximum  bending  moment  in  in-lb 


(2) 
(2)' 


Section-modulus  « 


I/c  -  Mm^/S 


(3) 
(3)' 


*  See,  also,  Chapters  IX,  X  and  XVI. 
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Section-modulus  — 

lU-nU^fS  (5)' 

By  Bubatitatiog  foe  tbe  bendioi  mnmjTin  tbcir  vdues  in  termi  of  the  locda 
and  the  •pani,  tbe  foUowiug  fomiulaa  which  ipply  to  beuni  of  uiy  anu-MCtioa 
ait  readily  deduced. 

S.   Fonnnlaa  tor  Safe  Loada  for  Beana  for  DlBuant  CoDdltkMW 
of  Lcadlsf  and  Support 

//c  •  the  xctioa-modului: 
5  -  [he  >afe  unit  fiber-MTeu  io  pouods  per  squue  tnch; 
H'  •  tlie  total  imilonn  losd  In  pounds; 
^  —  the  ooncentrated  load  ia  pounds; 
I  -  the  span  in  feet. 
Values  of  l/c  for  tba  varkxa  ihapei  and  lixei  of  itnictural-steel  ■hapca  an 
^ea  ia  the  tables  of  Chapter  X. 

Call  I 

BMm  Fixed  at  Oae  Bod  and  Loadad  with  ■  Coacentralad  Load  P,  Vmi  (ha  ri«« 
End  <F1»  1). 
From  Fonnula  (4) ', 

if_-5//iic 
Fimn  Gate  I,  Cbaptei  IX. 


and  the  safe  load  in  pounds  is 

P-5//11J,  (0 

Fig.l.    CaatSmrBu.    Lead   ,nd  the  sectJou-modulus  Is 

-"^"•^  lU-'^Pl/S  («' 

Jbmm^  1.    A  Heel  T  bar  is  &ie4  at  ooe  end  in  ■  biict  wall,  and  loaded  at 

tbe  other  end  with  600  lb,  the  distance  /  being  ^  it.    What  is  the  siie  ol  the  bai 

required  to  suHXirt  the  load  with  safely?     (In  all  examples  the  weights  of  tbe 

bc«nu  are  ne^ected,  unless  patticulariy  mentioned.) 

Soiudoo.     Allowing  16  000  lb  per  sq  in  (or  the  value  of  S,  Formula  (6)'  gives 

l/c-  (iiX6ooX4)/i6ooo-i.S 
The  neit  step  Is  to  ascertain  what  T  bar  hli5  a  section-modulus  equal  to  lA 
to  Table  XIV,  page  369,  the  nearest  section-modulus  to  this  is  i.g,  coiretpond- 
fng  to  a  J  by  4  by  M-in  T  bar. 

.For  an  I  beam,  by  Table  IV,  page  jss,  lU  -  1.8,  tbe  same  as  tor  the  T  bar, 
knd  call*  ias  a  3-in  6.j-lb  I  beam. 


Focmdu  foe  Safe  Loads  for  Beams,  etc  fiU 

c«M  n 

Wiaia  Plnd  at  Om  End  ud  Liadad  with  ■  DnitorBlT  Didrftatvd  Losd  W 
«%-  t). 

From  Formula  (4] ' 

Frun  Cue  11,  Chapter  DC, 

Heoce 

Wl/a-SI/i2£  ' 
tad  the  safe  load  in  pounds  b 

W~SI/6d  (7) 

and 

I/c-iWI/S  (7)'    Fig.    a.     C«nIilfVQ    Bom.      D». 

-_      .  ..r..  .   -     ...       ■        I  tributtd  Liad  ova  EodR  Spu 

■xanpla  a.    What  is  the  sue  <rf  a  can- 
tilever steel  t  beam  required  to  carry  a  uolformly  distributed  load  of  150  lb  per 


ft  over  a  length  ot  6  ft? 


X  6  -  goo  lb.    Substituting  !□  Formula  (7)', 


In  Table  IV,  page  355,  the  nearest  section-modulus  to  this  is  1.9.  wliicb  is 
that  of  a  j-in  T-5-lb  beam,  the  heaviest  of  that  depth.  However,  as  the 
lightest  4-in  beam,  also,  weighs  7.5  lb  per  ft  it  probably  would  bo  selected  be- 
cause of  its  greatci  stiffness,  although  its  section-modulus  is  3,  still  greater 


_1L 


Case  in 

la  and  Loaded  with  a  Concentiated  Load  at  the 

From  Formula  (4}' 
Jf™  -  SI/ii  c 
From  Case  IV,  Chapter  DC, 

and  the  safe  load  in  pounds  is 


m 


Fig.  S.    Sfamfc  Beam.    Load  si  HMdte  of  Spu 


I/C-3PI/S       («' 
.  •  }.    What  steel  I  beam  will  safely  support  a  coDcentrated  load  of 
7  tont  appUed  at  the  middle  of  a  15-lt  span? 

SdDlioa.    P  '  7  tons  -  14  ooo  lb.     Substituting  m  Formula  (S)', 

Kciertiag  tgsia  la  Table  IV.  PMe  ziS,  it  is  Men  that  a  ii-in  3j-lb  beam  bM 
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a  section-modulus  of  37.8,  while  a  12-iii  40.8-lb  beam,  the  next  larger  size, 
has  a  section-modulus  of  44.8.  The  35-lb  beam,  however,  would  undoubtedly 
be  safe. 

Case  IV 

Beam  Snfpoctad  at  Both  Sada  and  Loaded  wlUi  a  Uaifbnalir  XMstributad  Load 
(Fig.  4). 


Fig.  4.    Simple  Beam.    Distributed  Load  over  Eatiie  h 
From  Formula  (4)' 


From  Case  V,  Chapter  TX, 

Hence 

and  the  safe  load  in  pounds  is 

and 


M^' SI /lie 

Wl/S^  SI/12  c 
W^2SI/id 
I/c'sWl/iS 


.c 
I 

I. ' 


(9) 

(9)' 

Example  4.    What  steel  I  beam  will  safely  carry  a  uniformly  dis* '  ^^uted  load 
of  I  030  lb  per  ft  over  a  spa.i  of  35  ft?  ''^• 

Sol'itioa.    W  -  «>;  -  I  OD3X  25  -  25  000  lb.    Substitutii;  in  Fc*'-^.-»'!la  (9)', 

3  X  25  000  X  as 


I/c 


58.6- 


2X  16000 

From  Table  IV,  pa^e  354,  the  nearest  section-modulus  is  58.9,  whicK'is  that  of 
a  15-in  4i.9-lb  beam. 

Case  V 

Beam  Supported  at  Both  Bads  and  Loaded  with  a  Piatribofd  Load  Over  a  Part 
of  the  Span  (Pig.  §>< 


Fig.  5.    Simple  Beam.    Distributed  Load  over  Part  of  Span 

In  this  case  the  load  is  generally  given,  and  the  problem  is  to  determine  the 
siae  of  the  required  beam.    This  can  be  done  accurately  only  by  ^ompttti^ 


Fonnulu  lex  Sal«  X-oadi  lor  Beams,  etc  £61 

«  opLuned  for  Cue  VIU.  Cluptei  IX.  ud 
mtaotitutitiX' ttan  value  thiB^MtDd  ia  Fixmoki  (j}'ot  (j)'. 

"■*—!■'*  5.  What  stcct  I  beam  will  rafdy  carry  a  uniformly  distributed  load 
of  I  100  lb  pel  ft  oVET  part  of  tbe  qian,  beginning  at  a  poiot  5  ft  (rcDi  tllC  left 
nactkHi  and  exteodioff  over  a  diitance  of  6  ft,  tbe  qwn  ol  the  beam  beins  iS  ft? 
aolnben.  Tbe  first  step  is  to  fiiwt  the  point  of  marimum  bending  moment, 
whidi  B  the  point  o(  no  ahcar.  Otnriausly  the  niiiiniiini  shear  is  jiut  U  the 
tisht  of  the  nactioD  nanst  the  load,  which  in  this  case  is  the  left  reaction. 
To  find  the  left  reaction  (see  Chapter  IX,  page  314)  tbe  center  of  momenta 
»  taken  at  tbe  light  reaction  and  the  equation  of  momenls  is  Ai  X  iS  ft  - 
(i  aoolbx6[t)x  lolt-o.  18 Ri -  79  000  and  A- 4  000  lb.  The  shear  just 
at  Uie  light  of  Xi  is  therefore  +4  <kk>  lb  which,  ft  the  wdght  of  tbe  beam  itself 
ia  not  considend,  remains  unchanged  for  every  lection  of  the  beam  belween  the 
Idt  reaction  and  the  uoiCramly  distributed  load  of  1 100  lb  per  ft.  From  there 
on  in  passing  to  the  right,  the  shear  is  dimiiiisbed  at  tbe  rate  of  i  aoo  lb  per  ft; 
and  it  becomes  lero,  therefore,  at  a  point  4  ooo  Ib/i  aoo  lb  pei  ft  •  3.3  It  to 
tbe  right  of  Ibe  5-ft  ppint.  Hence  the  point  of  no  shear  and  consequently  the 
point  of  tnaiimum  bending  moment  is  at  5  't  +  3-3  't,  or  8.J  ft,  from  the  left  end. 
The  equation  for  the  """">'""  bending  moment  at  this  pnnt  is,  tbenlor^ 
Jfau  -  4000  lb  X  8.]  ft  -  <i  no  lb  X  3.3  ft)  X  3.3/1  ft 

B  jjMoft-Ib  —  6sMft-B>  -  16  666  It-b,  or  3 19  991  in-lb 
From  Fonmda  (3),  1/e  -  319  99'  In-lb/iS  ooo  lb  per  sq  in  -  >o.  From  Table 
IV,  page  35S,  t]ie  nearest  section-modulus  corresponding  to  this  is  mj.  that 
of  a  9-ir  1  j-lb  beam.  A  lo-in  >s.4-lb  beam,  however,  being  stronger  and  stifler, 
would  .Tobahly  be  used.  Tbe  lo-In  13.14-lb  beam  is  what  is  termed  a  svr- 
puHEMfAiy  BEAM.    (See  Caw  VIII,  Ch^tcr  IX,  and  pages  351  and  353.) 

Caae  TI 
Beunbvpettad  at  Balk  ladi  aad  Loaded  wi 
tbe  MIMI*  Oic-  •). 


FI»  0.    Sbaiii  Baam.    CooccotiatHl  Load  at  any  Fofat 
From  Formula  (4}', 


From  Cin  VI,  Chapter  IX, 

If  _  -  Pmi/l 
Hence 

Pmn/I~  SI/11  c 
■nd  the  tale  load  in  pounds  Is 

P-SIl/iiam 

I/c'iiPmH/lS 
■>.  »  and  f  being  b  feet. 
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Bxampl*  6*  A  steel  I  beam  ao  ft  in  ipan  U  to  wappcfrt  a  ooDdentimted  load  of 
24  000  lb  at  a  distance  of  6  ft  from  tiie  left  aupport.  What  must  be  the  aiae 
aoil  weight  of  the  beam? 

Soiatioa.  In  this  case  P  »  14  000  lb»  /  «  ao  ft»  m  -  6  ft,  n-  14  ft  and  S  « 
x6  000  lb  per  aq  in. 

Then  Formula  (xo)'  gives 

12x94000x6x14  . 

-  —  7S«o 


I/c 


20  X  16000 


Table  IV,  page  354*  the  nearest  value  for  the  section-moduhis  J/c  Ux  axis 
i-i  is  abovr  75.6,  or  Sx.a  for  a  x5-in  6o.^lb  beam.  An  x8-in  5S-lb  beam  having 
a  secdon-modulus  of  88.4  woi4d  be  used,  unless  oonditions  fix  the  bead-room, 
as  it  weighs  5  lb  per  ft  less,  and  being  deeper  is  consequently  staffer. 


Cam  Vn 

Beam  Supported  at  Both  Bnds  and  Loaded  Srmmetcically  with  Two 
Concentrated  Loads  (Fig.  7). 


Hg.  7.    Simple  Beuk.    Eqesl 


Placed 


• 

From  Formula  (4)'  and  Case  VII,  Chapter  IX,  each  of  the  safe  loads  in  pounds 

»  P^  Si/ 12  cm  (XI J 

and 

T/c- 12  Pm/S  .  {iiy 

Bzample  7.  A  X2<in  steel  channel,  12  ft  in  span,  supports  half  the  loads  of 
two  lo-in  beams  4  ft  from  each  end.  Each  beam  is  designed  to  carry  x6  000  lb. 
What  is  the  size  and  the  weight  of  the  channel  required? 

Solution.  The  channel  supports  only  one-haU  the  load  on  each  beam;  hence, 
P  -  8  000  lb,  m  «  4  ft,  5-16  000  lb  per  sq  in,  and  by  Formula  (ii)', 

..       i2X8tx>oX4 

^A- — ;ri;^ — -  ^4, 

XDOOO 

which  is  the  aectioa-modultts  of  a   12-ia  as-lb  channel.    (See  Table  VIII. 
P>^  359-)    Exact  table-value,  23.9. 

Weight!  of  Beams  in  Flexaro-FormuUt.  It  will  be  noticed  that  in  for- 
mulas (11)  and  (xi)'  the  span  of  the  beam  is  not  taken  into  account,  and  if  the 
beam  itself  had  no  weight  there  would  be  no  difference  in  the  fiber-stresses 
no  matter  how  far  apart  the  loads  P  were  placed.  In  reality,  however,  steel 
beams  have  considerable  weight,  and  to  be  absolutely  correct  an  example  such 
as  the  one  above  should  include  the  weight  of  the  beam,  which  would,  of  comsc 
be  a  uniformly  distributed  load.  The  maximum  bending  moment  of  the  beam 
can  be  found  graphically  as  explained  on  psge  329,  and  the  value  of  I/c  com- 
puted by  Formulas  (3)'  or  (5)'.  Where,  however,  the  loads  are  spaced  so  as 
to  divide  the  beam  into  three  tqual  parts,  as  in  the  last  example,  one-third  of 
the  weight  of  the  beam  may  be  added  to  P  with  sufficient  accuracy.    Thus,  the 


B. 
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ight  of  the  chtttinel  in  the  above  exampie  between  the  sufiportil  would  be 
35  tt>X  13,  or  300  lb,  and  F  would  be  8  x^  Ib^  which  would  give  a  value  for 
I/cd  24.  X .  The  factor  of  safety  in  the  loads  allowed  is.  generally  large  enough 
to  offset  the  ^ight  effect  pnxiuced  by  the  weight  of  the. beam;  but  if  the  full 
load  assumed  is  likely  to  be  imposed  on  the  beam,  then  allowance  must  be  made 
for  the  weight  of  the  beam  itself. 

Case  Vm 

Svpported  at  Both  Ends  and  Loaded  gymmetrleaily  with  Serefal  Co»- 
Lted  Loads  (Fig.  •). 

In  this  case  it  Is  necessary  to  compute  the  maximum  bending  moment  in  the 
beam  and  proportion  the  beam  by  Formulas  (3)'  or  (5)'. 

Example  8.  A  steel-beam  girder  is  to  be  designed  to  support  a  brick  wall, 
16  in  thick  and  wdghiog  138  000  lb,  over  an  opening  22  ft  wide.  The  girder 
must  also  support  the  ends 

of     four    xo-in    floor-beams  I* "~* ■**^'  •         -^ 

spaced  as  in  Fig.  8,  each 
beam  carrying  16  000  lb. 
What  is  the  size  and  weight 
of  the  girder  required?  k-34^'4*- — »*- -*!♦•• 

Solution.  The  first  step  pig.  8.  Simple  Beam.  Several  Concentrated  Loads 
IS  to  make  an  altowance  for  Symmetrically  Placed 

the  weight  of    the    girder. 

The  total  load  on  the  girder  (neglecting  the  weight  of  the  girder  itself)  -*  138  000 
lb  +  4  X  8000  lb  (one-half  the  load  on  each  beam)  -  170  000  lb,  or  85  tons. 
As  this  is  much  more  than  the  heaviest  single  rolled  beam  will  cany,  it  will  be 
necessary  to  use  a  pair  of  beams  and  the  load  on  each  beam,  therefore,  will  be 
42.5  tons.  Considering  for  the  present  the  entire  load  as  uniformly  distributed, 
Table  IV,  page  577,  shows  that  to  support  42.5  tons,  or  85  000  lb,  over  a  span 
of  22  ft  requires  a  a4-in  8.vlb  beam.  The  girder  then  will  weigh  between  sup- 
ports a  X  85  X  22  «i  3  740  lb,  or  about  4  000  lb.  This  added  to  the  weight  of 
the  wall  makes,  for  the  total  dbtributed  load,  142  ooo  lb.  The  next  step  is  to 
determine  the  ^'^"'"n'n  beading  moment. 

By  the  formulas  given  in  Chapter  IX  the  maximum  bending  moments  for 
the  various  loads  may  be  fonnd  as  follows: 
For  the  wall  and  girder  (Case  V,  page  326), 

jf^,"X';"°°°- 390500  ft-n> 

0 

For  the  beam  Bi  (Case  VI,  page  327), 

,.  8oooX3>4Xt8H     *  ;., 

i/iMM 23  545  ft-lb 

22  •     ..  ■    • 

For  the  beam  Bi  (Case  VI,  page  327), 

ir  8qooX8^Xi3H        .      ^,^,. 

22 

The  beams  being  spaced  symmetrically  from  the  middle  of  the  span,  the  bend- 
ing moments  for  Bt  and  B4  will  be  equal  to  those  of  Bt  and  Bi  respectively. 
Plotting  the  bending  moments  to  a  scale,  in  the  manner  explained  for  Figs.  17 
and  18,  page  330,  the  diagram  shown  in  Fig.  9  is  obtained.  The  greatest  bend- 
ing moment  is  the  ordinate  Af »  which  scales  486  500  ft-lb<  or  5  838  000  in-lb. 
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Hou.  Since  the  loads  are  symmetrically  placed,  this  ordinate  is  over  the 
middle  point  of  the  girder,  but  it  isdrawn  to  otte  side  In  the  figure  in.arder  not 
to  confuse  it  with  the  ordinate  M,  the  maximum  bending  moment  for  the  uni- 
formly distributed  load.    Substituting  thfe  value  of  Mg  in  formula  (3)', 


I/c 


5  838000  in-lb 
16  000  lb  per  sq  in 


-365 


the  section-modulus  for  both  beams,  or  182.5  for  one  beam.    From  Table  IV, 
page  354,  it  is  found  that  a  a4-so  90-lb  beam  has  a  section-modulus  of  185.8. 

and  two  90-lb  beams  will  just  answer. 
The  assumption  of  a  uniform  distribution 
of  such  a  loading -over  every  foot  of  a 
girder  usually  results  in  the  selection  of 
lighter  beams  than  are  indicated  by  the 
second  solution,  in  which  each  concen- 
trated load  is  considered  as  really  con- 
centrated at  a  point.  The  two  beams 
should  be  securely  bolted  together  with 
separators  near  each  connectbn  of  beams 
Bu  Bt,  Bt,  B*,  and  at  each  end  of  the 
girder. 

A  DOUSUE-BEAic  GIRDEK,  howwer,  is 
not  considered  the  best  kind  of  gilder  to 
use  under  thb  condition  of  loading,  as  it  is 
not  good  construction  nor  economical  of 
material.  As  a  general  rule  beam  gir- 
ders should  be  used  only  when  the  loads 
can  be  apptted  to  the  upper  flanges  of 
both  beams.  Transferring  a  load  directly 
to  the  web  of  one  beam,  even  though  it 
is  connected  with^  the  othin* 'beam  by 
means  of  separators,  does  not  insure  as 
equal  distribution  of  the  loading.  The  author,  therefore,  recommends  in  this 
case  a  riveted  beam  girder  or  a  riveted  plate  girder.  The  method  above 
indicated  applies  to  any  method  of  loading,  the  only  diffecence  ia  the  cal- 
culation  being  in  the  determination  of  the  maximum  bending  moments. 

Indinod  Beams.  The  strength  of  beams  inclined  to  the  horizontal  may  be 
computed,  writh  sufficient  accuracy  for  most  purposes,  by  using  the  formulas 
given  for  horizontal  beams,  and  taking  the  horizontal  projections  of  the  beams 
as  the  spans. 

S.  Steel  Beams  and  Girders* 

Materials  Used  for  Beams.  Practically  the  only  materials  used  in  struc- 
tural work  for  beams,  at  the  present  day,  are  wood,  steel  and  reinforced  concrete. 
As  wooden  beams  are  alwa3rs  rectangular  in  cross-section,  the  general  formulas 
used  in  this  chapter  can  be  much  simplified  by  substituting  for  I/c  its  value  in 
terms  of  the  breadth  and  depth  of  the  beam.  Formulas  for  wooden  beams  will 
therefore  be  found  in  Chapter  XVI.  Cast  iron,  also,  is  occasionally  used  far 
beams  or  lintels,  but  as  this  material  is  much  stronger  in  resisting  compression 
than  tension,  the  beam  must  be  of  a  special  shape  in  order  to  use  the  material 
to  advantage.    The  strength  of  cast-iron  beams  is  therefore  considered  under 

*  For  the  deflcctwp  of  steel  beams,  see  Chapter  XVIIL 


Fig.  9.    BendiagHBioment  Diagram  for 
Beam  Shown  ia  Fig.  8. 
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a  9edal  heading  in  Chapter  XVL    Fonnulas  for  rdnfbfced-concrete  beams  are 
ghren  in  Cliapter  XXEV,  pages  924  to  939;  and  Chapter  XXV,  page  99a. 

Fonas  ef  Sta^  Baama.  Since  1893,  steel  beams  have  superseded  wrought- 
xTQfa  beams,  and  the  Utter  are  now  never  used.  Any  shape  of  rolled  steel  may 
be  used  9s  a  beam,  but  the  I  shape  b  the  most  economical,  as  it  possesses  the 
greatest  resistance  for  a  given  weight  of  metal.  Next  to  the  Z  beam,  in  economy, 
is  the  channd,  then  the  deck  beam;  angles  and  tees  are  the  least  economical 
of  all  shapes.  The  following  values  show  the  safe  loads  per  pound  of  steel,  for 
the  various  shapes^  for  a  lo-ft  span;  the  same  ratio  would  hold  for  other  spans. 

xo-in  Z  beam      xo-in  rhannrl      zo-in  deck-beam      4  by  6-in  angle       4  by  5-in  tee 
X04  94.6  83.0  38.7  az.6 

The  Daapeil  Beams,  the  Strongaat»  Stiffaat  and  Most  BconomicaL 
The  STRENGTH  of  a  wooden  or  steel  beam  of  rectangular  cross-section  varies  as 
the  SQUARE  OF  TBE  DEPTH,  directly  as  the  breadth  and  inversely  as  the  length, 
and  the  snrFNESs  varies  directly  as  the  cube  or  the  depth,  directly  as  the 
breadth  and  inversely  as  the  cube  of  its  length;  hence  the  deeper  beam  will 
have  the  greater  strength  and  stiffness  in  proportion  to  its  sectional  area.  With 
I  beams  these  relations  do  not  hold  strictly,  because  of  the  variation  in  the 
fonns  of  the  cross-sections,  but  they  are  appronmately  true.  It  therefore 
follows  that,  for  any  given  span,  it  is  more  economical  in  floors,  where  other 
conditions  wiU  permit,  to  use  deep  beams  spaced  farther  apart  or  to  use  one  deep 
beam  in  place  of  two  shallower  beams.  Thus  if  a  distributed  kiad  of  39  tons 
Is  to  be  supported  over  a  span  of  x6  ft,  one  30-in  6s-lb  beam,  two  X5*in  42-lb 
beams,  or  three  i3-in  40-lb  beams,  could  be  used;  but  the  20-in  beam  would 
weigh  only  i  105  lb,  allowing  for  6^-in  bearings,  as  compared  with  i  438  lb  for 
the  1 5-in  beams  and  3  040  lb  for  the  i3-in  beams,  and  the  bolts  and  separators 
would  be  saved. 

Light  and  HeaTj  Steal  Baams.  Licbt  beams  are  more  economical  than 
heavy  beams  or  the  sake  depth,  except  when  the  span  is  so  short  that  the 
safe  load  is  governed  by  the  resbtance  of  the  web  to  buckling,  in  which  case  the 
BBAVY  beams  sie  the  more  economicaL 

Maxifflom  Safe  Loads  for  Steel  Beams.  All  loaded  beams  are,  in  general, 
subject  to  three,  kinds  of  stresses.  The  most  destructive  are  generally  those 
due  to  the  bending  MOsiheNTS,  and  have  already  been  considered.  The  secohd 
kinds  are  those  which  tend  to  shear  a  beam,  or  to  make  one  part  slide  on 
the  other  vertically.  (See  paragraph  on  Shearing-Stresses  in  Steel  Beams  and 
Girders,  page  567.)  These  stresses,  however,  seldom  need  to  be  considered 
except  In  the  case  of  riveted  girders  and  short  beams  with  very  thick  webs. 
The  third  kind  of  stress  is  that  which  tends  to  cause  the  web  of  a  beam  to 
BtJCKUs;  and  in  a  steel  beam  over  a  span  very  short  in  proportion  to  the 
depth  of  the  beam,  the  resistance  of  the  web  to  buckling  generally  determines 
the  m«»tni«im  load  that  the  beam,  without  stiflFeners  on  the  web,  will  support. 
(See,  also,  pages  183,  183  and  567.) 

Safe  Loada  for  Steel  Beams.*  To  save  time  in  calculating,  tables  of  safe 
loads  for  structural  and  supplementary  beams  and  channels  used  as  beams 
under  conditions  of  transverse  loading,  have  been  prepared,  which  give  the  uni- 
VOBMLY  DiSTBiBimBD  SAFE  LOADS  in  thousands  of  pounds  for  spans  customary 

*  Part  of  the  matter  of  the  following  paragraphs  rdating  to  steel  I  beams  has  been 
adapted  Iv  pormiiakm,  from  the  Pocket  Companion,  Carnegie  Steel  Company,  Pitts- 
burgh, Pa. 
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ia  boilding-^oiutnictioa.    They  ara  baaed  upon  an  esBtreme  Fms-sniass  of 
z6  ooo  lb  per  Bq  in  oa  the  fibers  fartheit  from  the  neutnl  surfaoa  d  the  beam. 

The  Tables  of  Safe  Loada  for  Aaclea  and  Toea,  pages  j86  to  591,  give 
the  values  at  the  same  fiber-stress  on  spans  of  one  foot,  from  which  the  safe  load 
for  any  span-length  may  be  obtained  by  direct  ditision,  and  also  the  values  for 
those  spans  at  which  the  allowed  safe  load  will  produce  a  deflection  of  Hto  of 
the  span^length.  The  loads  in  all  cases  iodude  the  weight  of  the  beam,  which 
should  be  deducted  in  order  to  arrive  at  the  net  load  which  the  beam  wUI  support . 
For  several  concentrated  loads  or  for  a  combinatkin  of  distributed  and  ooncefi> 
trated  loads  it  will  be  necessary  to  use  the  methods  previously  explain^  under 
Case  VIII,  page  563. 

Uae  of  Tablea  for  Concentrated  Loada.  To  use  any  of  the  foUowinj; 
•tables  for  cdNCBKifcATBD  ioads,  find  the  equivalent  distributed  load  by  multi- 
plying the  concentrated  load  by  the  factor  given  in  Table  IV,  page  63s,  and 
then  uae  the  beam  having  a  safe  load  equal  to  the  load  thus  found. 

In  addition  to  the  conversion-factors  in  that  table  the  following,  ako,  will  be 
found  convenient: 

For  two  equal  loads  applied  at  one-third  the  span  from  each  end,  multiply  one 
load  by  sH- 

For  two  equal  loads  applied  at  one-fourth  the  span  from  each  end  multiply 
one  load  by  3. 

For  a  beam  fixed  at  one  end,  and  loaded  at  the  other,  multiply  by  8. 

For  a  beam  fixed  at  one  end,  and  unifonnly  loaded  over  the  entire  length, 
multiply  by  4. 

0ntt8ual  Conditions  of  Loading  of  Beama.*  It  is  assumed  in  all  cases 
that  the  loads  are  applied  normal  to  the  axis  i-j  as  shown  in  the  tables  of  the 
properties  of  sections  in  Chapter  X,  and  that  the  beam  deflects  vertically  in  the 
PLANE  or  BENDING  ONLY.  If  the  Conditions  of  loading  involve  the  introduc- 
tion of  foroM  outside  this  plane  of  loading,  the' allowable  safi' loada  Unst  be 
determined  from  the  general  theory  of  flexure  in  aocordaaoe  with  the  mode  of 
application  of  the  load  and  its  character.  Tina  applies  partsoularly  to  iinsym- 
ICETRICAL  SECTIONS,  such  as  angles,  which  should  be  ,used  under  thoae  condi- 
tions of  loading  where  the  section  can  deflect  vertically  only,  being  rigidly  se- 
cured against  lateral  deflection  or  twisting  throughout  the  entire  span. 
In  all  such  cases  of  eccentric  loading,  the  actual  safe  loads  would  be  considerably 
lower  than  the  tabulated  safe  loads,  which  have  been  based  upon  the  most 
favorable  conditions  of  loading. 

Vortical  Doflecthm  of  Steel  Bmubs.*  In. the  caae  of  beams  intended  to 
cany  plaatered  ccilinga,  experience  indicatea  that  the  VBaiiCAi*  DBn.QCTiON, 
to  avoid  cricldng  the  plaster,  should  be  limited  to  not  mom  than  Mm  of  the 
apan-length.  This  SPAN-Uirrr  for  steel  beams  is  approximately,  in  feet,  twice 
the  depth  in  inches  and  b  indicated  in  the  tables  by  the  lower,  broken,  hori- 
aontal  lines.  Beams  intended  for  such  purposes  should  not  be  used  for  greater 
spans  unless  the  allowable  tabular  safe  load  exceeds  the  actual  load  to  be  sup- 
ported. As  the  dead  load  of  a  floor  is  supported  by  the  flqor-beams  before  the 
plaster  is  applied,  only  the  deflection  due  to  the  live  load  really  ne^  to  be 
considered.    The  vertical  deflection  of  beams  b  explained  in  Chapter  XVIII. 

Lateral  Deflectloa  of  Stoel  Benau.*  The  Ubular  safe  loads  ara  based 
upon  the  assumption  that  the  compression-flanges  of  the  various  sections  are 

*  Part  of  the  matter  of  thb  paragraph  has  been  adapted,  by  permiwdott,  beta  the  Pockal 
Companion,  Carnegie  Steel  Company,  Pittsburgh,  Pa. 


Sted  Beams  and  Giideis  5^ 

secand  at  pfoper  iateivab,  agdnst  lateral  i>EnscTiO!7,  by  the  use  of  tie-rods 
Of  by  other  means.  The  lateral  unbraced  lenotb  of  steel  beams  and 
plrders  should  not  exceed  forty  times  the  width  of  the  compression-flanges. 
When  the  unbraced  length  exceeds  ten  times  the  width,  the  tabular  safe  loads 
should  be  reduced.  An  explanation  of  the  method  of  reducing  the  tabular  loads 
vhen  the  unsupported  length  exceeds  ten  times  the  flange-width  is  given  in 
Chapter  XVIII,  page  670.    (See  Bethlehem  Handbook  for  sidewise  deflection.) 

Sheaxing-StreasM  in  Steal  Baama  and  Girdan.*  The  safe-load  tables  for 
beams  and  rhannHs  are  computed  solely  with  reference  to  safe  unit  stresses 
DUE  to  VI.EXU3E,  and  the  ssife  loads  uniformly  distributed  on  the  spans  given 
viU  not  cause  average  sbearinc-stresses  in  the  web  greater  than  the  10  000 
lb  per  aq  in,  the  average  safe  working  strength  of  steel  in  shear.  When, 
however,  beemos  are  loaded  with  heavy  loads  concentrated  near  the  supports, 
or  whea  beams  of  short  span  are  loaded  with  uniformly  distributed  loads  to  their 
fall  carrying  capacity  as  regards  flexure,  the  bending  moments  may  be  small 
ia  comparison  with  the  reactions  at  the  supports,  and  the  beams  may  fail  along 
the  neutral  surface  as  a  result  of  LONorruDiNAL  shearing-stressbs,  or  they  may 
Bucxi£  as  a  result  of  the  combined  longitudinal  ahd  vertical  web-stresses. 
On  such,  spans  the  safe  shearing  or  buckling  strength  of  the  web  rather  than 
the  resistance  of  the  flanges  to  bending-^stresaes  may  limit  the  carrying  capacity 
of  the  beam. 

BwckHng  Values  of  Beam- Webs.*  The  vertical  shearing-stresses  or 
the  vertical  compressive  components  of  the  web-stresses  may  under  some  con- 
ditions exceed  the  safe  resistance  of  the  beam  to  buckling,  and  there  remains 
the  possibility  that  a  web  or  web-plate,  which  is  amply  secure  against  the  safe 
allowed  shear  of  10  000  lb  per  sq  in,  will  not  be  of  sufiicient  strength  when  con* 
sidered  vt  a  column.  In  such  cases  provision  must  be  made  for  security  against 
BCCKt.iNG  either  by  stiffeners  or  by  an  increased  thickness  of  the  web  or  welv* 
plate.  (For  the  determining  conditions  for  web-buckling  of  steel  beams  in  gril- 
lages, based  on  direct  compressbn,  see  page  183.) 

Conditiona  of  Web-Bodding  of  Steal  Baama.  There  are  two  conditions 
of  weB'BUCXLing  (see,  also,  foot-note  for  paragraphs  relating  to  Tables  II  and 
UI). 

(i)  The  part  of  the  beam  bearing  on  the  support  is  subject  to  direct  com- 
pression, and  the  web  over  this  part  must  be  capable  of  resisting  it.  If  this 
area  is  too  small  the  end  of  the  beam  will  fail,  as  a  column,  causing  the  web  to 
BUCKLE.  It  is  therefore  necessary  to  calculate  the  required  length  of  the  bear"* 
ing. 

(2)  The  beam  thranghout  its  length  belweeu  the  supports,  or  in  case  of  a 
cantilever  beam,  from  its  end  to  the  support,  is  subject  to  sbi^ar.  It  5s  gen- 
erally supposed  that  the  shear  develops  stresses  of  tension  and  coitintESStoif 
in  the  web;  that  these  stresses  act  at  right-angles  to  each  other  In  the  plane  of 
the  web  and  at  an  angle  of  45^  with  the  neutral  surface  of  the  beam;  and  that 
these  diagonal  strb^sss  are  equal  in  magnit^ide  or  intensity  to  the  vertical 
shear  at  any  point.  It  is  the  compressive  stress  that  tends  to  buckle  the 
web. 

Formulaa  for  Safa  Buckling  Raalstanca  of  Steal  Ba^ma.*  In  regard  to 
the  first  condition  of  buckling  a  series  of  experiments  has  been  made  on  beams 
of  various  depths  and  wcb-thkknesses  to  arrive  at  a  basis  for  a  simpler  method 
of  computation  to  use  in  the  mvestigation  of  the  safe  buckleno  resistance  of 

*  Part  of  the  matter  of  this  paragraph  has  been  adapted,  by  permission,  faom  the 
Pocket  Companion,  Camagle  Steel  Company,  Pittsbuxgh,  Pa. 
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beams  with  unsupported  webs*  and  fiom  these  experiments  the  following  for- 
mulas *  have  been  deduced: 


rirnr 


i""i""i  Safe cnd-rcaction  ^-  SbXtla-\--] 

Safe  interior  bad  P- 356X/[iii  +  -] 


In  these  formulas,  R  is  the  end-reaction,  P  the  concentrated  load,  /  the  web- 
thickness,  d  the  depth  of  the  beam,  m  half  the  dbtance  over  which  the  concen- 
trated load  is  applied  and  a  the  whole  distance  over  which  the  end-reaction  is 
applied;  while  5b  is  the  safe  resistance  of  the  web  to  buckling,  in  pounds 
per  square  inch,  by  the  straight -line  formula 

S^m  19000—  looj/ar 

d/i «  /  in  the  column-formula  f.  The  first  formuU  is  general  and  applies  to 
any  condition  of  loading.  The  second  formula  covers  the  case  of  a  single  load 
concentrated  at  the  middle  of  a  span;  it  can  be  extended  to  cover  a  Sjrstcm  of 
concentrated  loads  provided  the  sum  of  the  distances  ai  is  not  less  than  a. 

Tables  n  t  and  m  X  give  for  beams  and  channels  with  unsupported 
webs: 

*  These  formulas,  in  order  to  satisfy  the  first  condition,  are  used  in  the  Pocket  Com- 
panion, 19x5  Edition,  Carnegie  Steel  Company,  Pittsburgh,  Pa. 

t  This  is  the  colnmn-formula  used  by  the  American  Bridge  Company  and  in  Caracgie  '• 
Pocket  Companfon,  5  being  the  alk>wable  coMPEKSStvs  imrr  stsbss  in  pouads  per 
square  inch  within  the  usual  Units  of //r.    See  Formula  (xi),  page  4gi. 

t  In  regard  to  the  shearing  of  steel  beams,  allowable  web-shears,  etc,  the  value,  for 
example  (see  Example  zs,  this  chapter,  and  on  pages  i8a  and  183  of  Chapter  II).  ol 
42  000  lb  per  sq  in  for  a  xa-in,  3X.Mb  X  beam,  given  In  Table  II,  page  575,  taken  from 
Carnegie's  Pocket  Companion,  is  based  on  the  allowed  direct  shear  without  including  the 
condition  of  web-crippling.  That  is,  the  4a  000  lb  b  determined  by  taking  the  area  o? 
the  web,  0.35  X  zs*  4-»  sq  in  sad  multiplying  it  by  10 000  lb  per  sq  in,  which  is  the 
value  there  used  for  the  safe  unit  abearing-atreas. 

The  beam  is  therefore  calculated  as  being  good  for  4a  000  lb  sheak,  but  it  is  necessary 
to  make  a  further  investigation  to  ascertain  whether  the  stresses  due  to  shear  wfll  cause 
the  web  of  the  beam  to  buckle.  As  stated  in  the  paragraph  on  page  567,  on  the  Buckling 
Values  of  Beam- Webs  there  are  two  conditions  of  web-buckling  or  web-crip[rfing. 

In  the  case  of  a  plate  girder  the  end-stiffeneis  provide  fen*  the  first  oondltlott,  and  the 
intermediate  stiffenos  for  the  second  condition.  The  web  itself  may  then  be  counted  on 
for  its  full  shearing  value.  In  the  case  of  beams,  however,  it  is  not  generally  economical 
to  oae  stifleBers,  so  that  the  web  alona  naist  aseet  eveiy  conditioB. 

The  Carnegie  Pocket  Companion  gives  a  formula,  reproduced  in  the  pteoeding  peiS" 
graph,  and givea  the  derived  lengths  of  bearings  in  Tables  II  and  III,-  to  satiaCy  the  first 
condition.  Some  of  the  formulas  used  in  the  manufacturers'  handbooks,  for  »*»»«— iimm 
safe  shear  based  on  web-buckling  for  the  second  condition,  are  as  follows: 

Pamk  Steel  Corapaay,       K-    '^"^/'^ 
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Bethlehem  Steel  Company,  T* 
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(t)  **  The  allowed  web-vesistance  Sb,  in  pounds  per  square  lach,  computed 
from  this  compressioQ-fbrmula.    (See,  also,  page  1813.)  

(3)  **  The  dbtance  a,  or  the  distance  over  which  the  end-reactioii  must  be  dis* 
tiibuted  when  the  shearing-stieas  V  in  the  web  is  the  nuudmnm  allowable 
stress  of  lo  000  lb  per  sq  in. 

(j)  **  The  allowable  end<reaciion  R,  when  tf  is  taken  at  sM  in,  which  is  the 
usual  length  of  beam  actually  resting  on  the  4-in  angles  ordinarily  used  in  build- 
ing-construction for  beam-seats. 

(4) "  The  allowable  shear  V,  on  the  gross  area  of  the  cross-section  of  the  beam 
or  channel-webs,  at  10  000  lb  per  sq  in." 

In  regard  to  the  second  condition  of  web-buckuno,  the  iCAxncuic  allow- 
ABLS  SHEAR  may  be  calculated  by  the  formula. 


1+      '^ 


15001* 


ia  which  V  •-  the  maximum  safe  web-shear  In  pounds;  d  -•  the  depth  of  the 
beam;  /  —  the  thickness  of  the  web;  and  A  -•  the  height  between  the  flange- 
fiUets.     (See  Example  15,  this  chapter  and  also  example  on  pages  182  and  183.) 

"  In  addition  to  these  data  which  have  to  do  with  the  maximxth  loads  on  beams 
and  channels  as  computed  from  the  web-resistance,  Tables  11  and  HI  give, 
sbo.  the  MAXIMUM  BENDING  MOMENTS  in  foot-pounds,  obtained  by  the  multi- 
plication of  the  8BCTIOM-MODULUS  of  each  section  by  the  allowed  riBER-STRESS 
of  16  ocx>  lb  per  sq  in  and  the  division  of  the  product  by  12  in  order  to  reduce 
to  a  foot-pound  basis.  These  maximum  bending  moments  may  be  used  on 
inspection  instead  of  the  table  of  properties  to  ascertain  the  proper  size  of  a 
section  to  be  used  in  any  particular  instance.** 

in  all  of  which  Y  ■>  the  maximum  safe  web-shear  in  pounds;  d  m  the  depth  of  the  beam; 
I  »  the  thickiicas  of  web;  and  A  «•  the  distance  between  the  flange-fiUets. 

It  b  to  be  noted  that  the  length  of  the  element  in  compression  on  the  45*  line  is  k  Va, 
and  that  the  square  of  this  length  is  3  ^.  It  is  this  vahie,  2  A',  that  is  substituted  for  ^ 
in  the  cotumn-fonnula  used  by  the  Cambria  Steel  Company  in  deducing  its  formula  for 
shear  based  on  web-budcUng.  The  tensile  stress,  however,  tends  to  keep  the  compressive 
stress  from  buckling  the  web,  and  for  this  reason  the  Passaic  and  Bethlehem  engineers 
take  the  more  liberal  value  of  3  000  fi  instead  of  x  500  fi.  The  Passaic  Sted  Company, 
however,  used  the  more  conservative  unit  value  of  xoooo  lb,  reduced,  instead  of  the 
X2  000  lb  used  1^  the  others.  The  Passaic  and  Cambria  formulas  give  about  the  same 
results,  a  x2-tn.  3xH-Ib  Z  beam  by  the  former  having  a  safe  shear  of  33  352  lb  and  by  the 
latter,  33  zS8  lb. 

The  Passaic  Steel  Company  is  no  longer  in  existence  and  thdr  handbook  is  out  of  print. 
The  Bethlehem  Steel  Company's  handbook  has  tables  for  Bethlehem  shapes  only.  If. 
ID  any  case,  no  table  of  maximum  shears  of  beams,  based  on  web-cripplingf  is  at  hand,  it 
is  suggested  that  the  values  may  be  determined  from  the  formula, 

y,  ^   000  dt 


.+        ** 


1500/* 


in  which,  as  before,  V  ■■  the  maximum  safe  web-shear  in  pounds;  d  «  the  depth  of  the 
beam;  /  «•  the  thickness  of  the  web;  and  h  «^  the  distance  between  the  flange-fiUets* 
For  the  beam  mentioned  and  used  in  Example  15,  page  571,  in  this  chapter  and  in  the 
example  on  pages  183  and  z&s,  d  »  12  in,  t  ^0.35  in,  k  «  9.763  in,  ^  wo^iias 
A*  ■"  95.S96644  and  Y  *  33  x88  lb..  This  formula  is  recommended  as  being  the  most 
conservative,  although  there  is  not  a  great  difference  in  the  results,  and  the  formula  of 
the  former  Passaic  Sted  Company  is  retained  elsewhere  in  ISidder's  Pocket-Book.  See, 
br  exaasple,  psfs  6a6  and  Table  III  of  Chapter  XX.    Editor-fai-chief. 
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TaUe  Vn  is  a  table  oomimtcd  by  Mr.  Kidder,  giving  the  strength  of 
small  rectangular  steel  channels  or  grooved  steel.  These  are  often  used  for 
supporting  metal  lath  in  suspended  ceiling^  and  the  table  will  be  found  useful 
in  determining  the  siae  to  use  for  any  given  span  and  spacing^ 

4.  Tablet  of  Safe  Loada  for  Steel  Baama  and  Girdara.    Bzamplea 

Bzamiile  9.  Direct  Bending  from  a  ITnifonnly  Distributed  Load.  As  an 
illustration  of  the  use  of  these  tables  let  it  be  required  to  determine  the  proper 
size  and  weight  of  an  X  beam  to  carry  safely  a  uniformly  distributed  load  of 
34  000  lb  over  a  span  of  20  ft,  the  wdght  of  the  beam  not  being  included. 

Soiutioii.  From  Table  IV,  page  $7%  a  15-in  so-lb  beam  will  carry  34  400  lb. 
The  weight  of  this  beam  is  50  lb  X  20  ft  -  i  000  lb,  making  a  total  load  to  be 
supported  of  35  ooo  lb.  This  is  so  little  in  excess  of  the  safe  load  that  the  excess 
need  not  be  considered.  Had  the  difference  been  more,  however,  the  next 
heavier  beam  should  be  used. 

Bxample  10.  Direct  Bending  from  a  Concentrated  Load,  To  illustrate  the 
use  of  the  tables  to  determine  the  size  and  weight  of  beams  required  to  cany 
concentrated  loads,  Examples  10  and  ix  are  given.  What  I  beam,  15  ft  in  span^ 
will  safely  support  8  000  lb,  concentrated  at  a  point  5  ft  from  the  left  support? 

Solotioa.  The  distance  5  ft  is  one-third  of  the  span,  and  the  conversion- 
factor  for  this  (Table  IV,  page  632)  is  1.78.  The  equivalent  uniformly  dis- 
tributed load,  therefore,  is  8  ooox  1.78*  14  340  lb,  and  from  TuYAt  IV,  page 
581,  a  9-in  35-Ib  1  beam  will  carry  14  500  lb  for  a  span  of  15  ft,  and  will  just 
answer  the  purpose. 

Bxample  xi.  Direet  Ben<Ung  from  Two  Bqual  Concentrated  Loads.  What 
1  beam,  15  ft  in  span,  will  safely  support  two  equal  concentrated  loads  of  6  000 
lb  each,  applied  5  ft  from  each  end? 

Solution.  The  distance  5  ft  is  one-third  the  span,  but  the  multiplier  In  this 
case  is  sH  (page  566).  Hence,  the  equivalent  uniformly  distributed  load  is 
6  000  X  2H  *-  x6ooo  lb  and  the  beam  required  (Table  IV,  page  580)  b  a  lo-in 
25.4-lb  I  beam  which  will  carry  17  400  lb.  The  same  result  is  obtained  by 
using  Formula  (i  x)',  page  562.  This  formula  is,  I/c  » 12  Pm/S.  Substituting, 
I/c "■12x6  000 X s/x6  000 •  22.5.  The  nearest  section-modulus  to  this  is  24.4, 
that  of  a  lo-in  254-lb  I  beam. 

Exmmple  xa.  Maximum  Bending  Moment  from  a  Dlstilbated  Load  Over  Part 
of  the  Span.  The  beam  in  Example  5,  Case  V,  page  561,  has  a  maximum  bend- 
ing moment  of  26  666  ft-lb.    What  beam  is  required? 

Solution.  The  nearest  bending  moment  to  this  in  the  fffst  column  of  Table 
Hi  page  575,  is  27  240  ft-lb,  which  corresponds  to  a  9-in  a5-lb  X  beam. 

Bxample  13.  Allowable  Web-Shear.*  The  maximum  shear  in  the  beam  of 
Example  x2  is  just  at  the  right  of  the  left  reaction  or  bearing,  and  equals  4  000 
lb.    Is  the  beam  safe  for  shear? 

Solution.  From  Table  II,  page  575,  in  the  column  for  F,  the  allowable  web- 
shear  for  a  9-!n  25-Ib  beam  is  36  540  lb.  Hence,  the  beam  is  safe  if  web-buckling 
is  not  taken  into  account. 

Bxample  14.  Sliear.f  It  is  required  to  determine  the  maximum  load  which 
a  9-in  25-lb  X  beam  can  support  without  exceeding  the  sale  wel>>reristaace  of 
the  section. 

*  See  paragraphs  aini  foot-aiote  xcIaClng  to bucUiag  of  beam»webs,  pagasjG?  to  369. 
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Vtcm  Table  IV,  page  581,  the  maximum  load  for  this  beam,  given 
in  small  6gures  above  the  bi^vy,  horizontal  Kites,  is  73  xoo  lb. 

Simple  15.  Safe  BocUing  Resistance.  See,  also,  paragraphs  and  foot-note 
rdatins  to  buckling  of  beam-Webs  on  pages  567  to  569  and  also  ex&mple  ota 
pages  183  and  183.  According  to  Table  II,  page  575,  the  allowable  web-shear 
for  a  X2*in,  3x.8>lb  I  beam  is  43  000  lb.  Will  this  shear  cause  the  web  of  the 
beam  to  buckle? 

Solution.  The  web-shear  is  determined  by  multiplying  the  area  of  the  web, 
that  is,  0.35  in  X  12  in  »  4.2  sq  in,  by  10  000  lb  per  sq  in,  the  safe  unit  shearing- 
stress.  The  maximum  shear  which  will  not  cause  the  web  to  fail  by  buckling 
may  be  found  by  the  formula  given  on  page  5G9  for  the  second  condition  of  web- 
buckling. 

12  000  d/ 

1  +  -^ 


I  500/* 

From  the  dimensions  of  structural  beams  (see  Carnegie's  Pocket  Companion, 
I  Beamsy  Profiles,  Weights,  etc.)  the  thickness  t  of  the  web  of  a  X3^in^  3t.8>Ib 
I  beam  is  0.35  in,  the  depth  of  the  beam  is  (^  «  X3  in  and  A;  the  distance  betweeti 
flange-fillets,  is  9.762  in.    Substituting  these  values  in  the  formula, 

_      12000X12X0.35  50400  J0400  50400 

^  ^         9-762*  ^  95-296644  ^      95.296644      379<>46644 

X  500  X  0.35'  X  500  X  0.1225  X83.7S  183.75 

50400x183.75       92610CO  __         ,      ^  ,- 

-  i--J rr^-^  - TT-  -  33  188,  or  about  33  190  lb 

279.046644         279.046644 

As  this  is  less  than  the  allowable  web-shear  of  42  000  lb  given  in  the  tables, 
if  account  is  to  be  taken  of  the  web-buckling  from  the  second  condition  men- 
tioned in  the  preceding  pages,  a  larger  or  heavier  beam  should  be  used  or  the 
loads  reduced,  so  that  the  maximum  shear  will  not  exceed  33  190  lb.  (For  de- 
termining conditions  for  web-buckling  of  steel  beams  in  grillages,  based  on 
direct  compression,  see  page  183.) 

Example  x6.  Safe  Snd-Reactlona  for  Web-BuckUag.  In  Example  8,  page 
563,  the  two  24-in  90-lb  X  beams  carry  170  000  lb  +  (4  000  lb,  the  weight  of  the 
beams)  "■174  000,  lb  or  87  000  lb  for  each  beam.  Assuming  that  they  rert 
upon  4-in  brackets  riveted  to  columns  at  each  end  of  the  span,  are  the  end- 
reactions  excessive? 

« 

Solotioa.  Since  the  loading  is  symmetrical,  each  reaction  for  each  beam  is 
one-half  the  total  load  on  each  beam,  or  43  500  lb.  From  the  last  column  in 
Table  II,  page  574,  the  maximum  end-reaction  R,  for  a  24-in  90-lb  beam,  is 
74  410  lb.  Hence,  the  beam  is  safe  as  far  as  the  compression  from  the  end- 
reactions  is  concerned. 

Strttt-Beams.  It  is  not  considered  good  construction  to  subject  a  strut  to  a 
transverse  loading,  causing  a  certain  amount  of  flexure  in  it  and  thus  adding  to  the 
compresdve  stress.  Conditions  often  exist,  however,  where  practical  cozisider- 
ations  make  it  desirable  to  use  a  strut  as  a  beam,  also,  as  in  the  top  chord  or  in 
the  principals  of  a  truss.  To  determine  the  size  of  a  member  in  a  case  of  this 
kind  the  following  method  should  be  used: 

(i)  Find  the  section-modulus  T/c,  for  the  member  for  the  tmnsvcrse  load  by 
Formulas  (2)'  to  (11)',  using  12  000  lb  per  sq  in  as  the  value  of  5,  and  find  iht 
area  of  the  croes-section  of  a  steel  shape  corresponding  to  the  value  of  I/c  thus 
found.    See  note  at  end  of  Example  17,  relating  to  value  of  S. 
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(a)  Find  the  section-area  required  to  resist  the  compressive  stress,  by  dividing 
that  stress  by  the  value  opposite  Ijr  in  column  VIII  of  Table  XI,  pa^  4^. 

(3)  Add  together  the  two  areas  and  use  lor  the  required  member  a  piece  or 
pieces  of  material  having  a  section-area  next  larger  than  the  total  area  found. 

Szampla  Z7»  Strut-Beam.  Combined  Beadlag  and  Compreeeioa.  The 
principal  rafter  in  a  truss,  8  ft  6  in  long  between  joints,  supports  the  end  of  a 
purlin  at  the  middle  of  the  span.  The  weight  from  the  purlin  is  2  800  lb  and  the 
compressive  stress  in  the  rafter  30  000  lb.  It  is  proposed  to  use  a  pair  of  angles 
for  the  rafter,  set  with  the  long  legs  vertical  and  H  in  apart.  What  are  the 
dimensions  of  the  angles,  the  strut  being  braced  laterally  ? 

SoTotioft.  (i)  By  Torm'ula  (8)',  //c-  3  5^  a'86dfX  8.s/ia<JCto«  5.95  for  the 
pair  of  angles,  or  2.98  for  each  angle.  (See  note  at  end  of  this  example.)  From 
Table  XI,  page  363,  the  nearest  value  to  this  with  reference  to  the  axis  x-i  is 
3.0,  the  section-modulus  for  a  5  by  3 ^  by  ^i-in  angle.  The  section-area  of  one 
angle  is  4  sq  in  and  of  two  angles,  8  sq  in. 

(x)  From  Table  XVI,  page  yj\,  the  least  r  for  a  pair  of  s  by  3H  by  H-ia 
angles*  which  would  be  about  the  axis  i-i,  since  the  strut  is  braced  laterally, 
is  about  1.58  (betwe^.i.s3  and  1.61).  Then  the  sleodemess-ratio  //r«  8  ft 
6  in/1.58  in-  102  in/x.58  in- 64.5.  From' column  VIII,  Table  XI,  page 
493>  •S  -  9  250  lb  per  sq  in.  Henoe,  30  000  lb/9  ^50  lb  per  sq  in  «  3.24  sq  in, 
approximately. 

(3)  The  section-area  required,  therefore,  is  8+3.24  —  tx.24  sq  in,  which,  from 
Table  XI,  page  363,  is  about  equivalent  to  that  of  two  5  by  4  by  iH«-ln 
angles.  As  the  section-area  in  both  calculations  exceeds  that  actually  required, 
no  allowance  for  the  weight  of  the  angles  need  be  made. 

Note.  Because  of  the  increase  in  the  tendency  of  the  strut  to  deflect,  caused 
by  the  combined  stresses  of  flexure  and  compression,  lower  values  of  5  are  used 
than  in  the  cases  of  simple  flexure,  or  of  simple  compression. 

Tie-Beams.  Steel  beams  subject  to  combined  tensile  and  transverse  stresses 
should  be  calculated  in  a  way  similar  to  that  explained  above  for  strut-beams. 
The  section  necessary  to  resist  the  transverse  stress  should  be  found  flrst,  then 
the  section-area  necessary  to  resist  the  tensile  stress^  and  the  two  added  together. 

Example  x8.  Tie-Beam.  Combined  Bending  and  Tension.  One  span  of  a 
tie-beam,  10  ft  between  joints,  supports  a  load  of  6  000  lb  at  the  middle,  and  at 
the  same  time  is  imder  a  tensile  stress  of  84  000  lb.  It  is  proposed  to  use  two 
steel  channcb  for  the  tie-beam.  What  size  and  weight  are  required  for  the 
channeb? 

Soltttloa.  A  load  of  6  000  lb  applied  at  the  middle  of  a  beam  has  the  same 
effect  as  a  load  of  X2  000  lb  uniformly  distributed,  or  6  000  lb  for  each  channel 
From  Table  V,  pu^e  584,  a  7-in,  9.8-lb  channel  will  be  required,  its  section- 
area  (Table  VIII,  page  359)  being  2.85  sq  in.  The  additional  area  required  to 
resist  the  tensile  stress  is  84  000  lb/ 16  000  lb  per  sq  in -5,25  sq  in,  or  2.63  for  , 
each  channel.  The  total  area  for  each  channel,  therefore,  should  be  2.85+2.63 
—  5.48  sq  in.  A  7-in,  19.75-lb  channel  has  a  section-area  of  5.79  sq  In,  and 
an  8-in,  18.75-lb  chantielhas  a  section-area  of  5.49  sq  in.  Either  one  will  1^ 
sufficient,  but  the  8-in  channel  will  probably  be  more  economical,  asit'wrighi 
z  lb  per  ft  less. 

Bxample  19.  Channel,  Set  Flatwise.  What  is  the  size  of  the  channel,  set 
flatwise,  required  to  support  a  uniformly  distributed  load  of  x8o  lb  per  ft  over 
a  span  of  xo  ft,  or  120  in? 

Soitttlon.  ir-  xSoX  10-  K8oolb.  From  Case  V. pa^e 326, If .m «  K^//8 « 
1800X120/8-27000  in-lb.    From  Formula  (3)',  page  557,  l/c^U/Sm 
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37  000/ x^  Qoom  1.7.    Fram  TaUe  VHI,  pige  s99»  the  //«  tbodt  the  ob  i-# 
concipeadiiig  to  thisi»  that  of  a  la-ia,  ^0.7-lb  ch^eL 

Bzample  jo.  Rectangnfatf  Steal  Bar  with  Leng  Side  Vertical.  In  a  suspended, 
plastered  ceiling  it  is  proposed  to  use  2  by  H-in  steel  bars,  4  ft  or  48  in  long,  to 
carry  the  plaster.  What  is  the  safe  load  each  bar  will  support,  if  set  with  thtp 
k>ng  side  vertical? 

Sehttloii.  Fnnn  Table  I,  page  3461  the  f  for  a  s  by  H-in  bar  Is  0.350.  r- 
ooe^haJf  the  depth  «  x  in.  I/c  »  0.250/x  ■>  0.250.  Also,  from  Formula  (2)', 
page  557,  Mmm"  Sl/c,  Substituting,  JI/m.  *  16  000  X  0.250  •- 4  000  in-lb 
fiat,  from  Case  V,  page  326,  Mmm^'^Wl/b,  and  hence,  4  00O-YKX48/8-» 
6W,ADd  IK- 4000/6- 666  lb. 


Obliqaa  LM^sg  of  I  Betmf  tnd  Chnnels  * 

Oblique  Loading  of  Purlins  on  Sloping  Roofs.  (See,  also  pages  593, 
1 169  and  1x70.)  In  Tables  II  to  V  it  is  assumed  that  I  beams  and  channels 
are  set  with  webs  vertical  and  carry  vertical  loads.  This  is  not  the  case  when 
used  as  purltms  on  sloping  ROors.  There  are  then  fiber-stresses  due  to  the 
components  of  the  bending  moment  both  at  right-angles  and  parallel  to  the 
pUne  of  the  roof.  The  resultant  fiber-stress  may  be  calculated  from  the 
equation  on  page  1x70.  This  equation  is  used  in  determining  the  values 
ip\en  in  Table  I  A.  It  may  be  noted  that  the  second  term  causes  the  fiber- 
stress  to  increase  rapidly  with  the  slope  of  the  roof.  If  purlins  were  propor- 
tkned  according  to  the  equation  given  or  from  the  Table  I  A,  they  would  often 
be  much  larger  than  those  commonly  used.  For  small  slopes  the  second  term 
uf  the  equation  may  be  reduced  or  eliminated  by  the  stiffness  of  the  roof- 
cnveriog,  and  for  other  slopes  by  connecting  the  purlins  with  sag-rods  nmning 
&p  the  sloping  sides  of  the  roof  toan-unyielding  connection  at  the  peak. 

Table  I  A.     Batie  of  Mazhnnm  Piber-Streea  lo  Beading  Moment  for  I-B< 
and  Channel  Purtias  Set  of  Right-Angles  to  Rafters  and  Free  to  Move 
in  Any  Dfroctioo.    Loikdiag  Vert'cal  and  Ohliqud  to  Web 


Purlin 


6-fn  f  beam  12.5  lb 

;Hn  I  beam  15.3  lb 

»^  I  beam  18.4  lb 

9^  I  beam  31. 8  lb 

lo^n  I  beam  25  4  ib 

i2-ia  I  beam 3» 'Sib 

fr-incfaaoiiel  8.2  lb 

7-in  channel  9.8  lb 

8-in  channel  zi.5  lb 

9^  channel  13 . 4  lb 

lo-ifi  chanr-  ?1 15 .3  lb 

xa-in  chaanrl  20.7  Td 


Slope  of  roof  in  inches  per  foot  f 


L 


O.X4 
O.IO 
0.07 
0.05 
0.04 
0.03 

0.33 

0.17 
O  12 
O.ZO 
0.08 
0.05 


0.3I 

o.is 

O.ZI 

0.09 
0.07 
o  OS 

0.40 
0.30 

o.z8 
0.15 
0.09 


0.38 
0.21 
0.16 

0.13 
O.ZO 
0.07 


56 
43 

33 
26 

2X 

14 


0.43 
O.3Z 
0.33 
0.18 

o.zs 

O.II 


8s 
66 

Sa 

42 
34 
23 


o 

o 

o. 

o. 

o 

o. 

o. 
o. 
o 

o. 

9' 


47 
35 
37 
21 

17 
13 

9« 
76 
60 
48 
40 
36 


O.S3 

0.39 
0.30 

0.34 

O.X9 

o.r4 


z. 
o. 
o. 
o. 
o. 
o. 


zo 

8S 
68 

5S 

45 
30 


8 


o.6x 
0.46 

o  35 
0.38 
0.33 
O.X7 


30 
01 
80 
65 
54 
4« 


*  From  Notes  by  Robioa  Fleming. 

t  Valoca  vary  liligbtly  tor  idiabt  variations  in  weights  and  tection-ArBOA  01  beams  and 

chaancls. 
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Tttbl«II.*t     KealBifm  Beadiaf  M^mMli  mod  Web-Retitteocc  af  I  B< 


* 

UmBx 

d 

« 

1 

V 

Sbf 

a 

Maxfanant 

Depth 

Weight 

Thfekaeas 

Allowable 

Allowable 

Minimum 

End- 

bending 

of 

per 

of 

web- 

buckling 

end- 

reaction 

moment 

beam 

Unft 

web 

tbear 

xesbtaoce 

bearing 

fl-3>iin 

ft-lb 

in 

lb 

in 

lb 

Ibperaa 
in 

m 

•    n. 

a9ax3o 

97 

90.0 

0.524 

X4«48o 

XO080 

90.0 

54  140 

328390 

US'O 

9.7J7 

i8»ooo 

xi46o 

tx.8 

9S88o  1 

310390 

zxo.o 

0.675 

165  1 30 

X2960 

12  5 

84690 

3"  390 

X05.0 

0.695 

xsoooo 

•X2  350 

13.4 

•73  3*0 

964400 

loo.o 

0.747 

X80960 

13490 

IX.8 

96620 

456560 

«4 

95.0 

0.686 

166390 

13000 

X9.5 

8s6zo  ' 

948  710 

90.0 

0.694 

15x440 

124X0 

13.3 

74  4»o   [ 

J40  870 

850 

0.563 

X36800 

XX  710 

14  S 

634x0 

931  990 

80.0 

0.500 

X90  000 

X0690 

x6.s 

so  780 

916670 

74.9 

0.476 

XI4  240 

X0960 

17.4 

46400  I 

156  930 

ai 

60.4 

0.498 

89880 

X0500 

14.8 

S9  3ao 

1 

990  7SO 

zoo.o 

0.873 

176  800 

X5080 

8.3 

1 

XX3  390 

914  9IO 

950 

0.800 

i6aooo 

X4  790 

«.6 

xox  370  , 

907680 

90.0 

0.796 

X47400 

14300 

90 

89590 

201  140 

85.0 

0.653 

X32600 

13780 

95 

77630 

»9S  Sio 

90 

80.4 

0.600 

I30  000 

13230 

xo.x 

67460 

169  170 

75  0 

0.64T 

X29800 

X3  6«o 

0  6 

75380 

X62640 

70.0 

0.567 

XX5000 

X9980 

ao.4 

63420 

I5S9JO 

6S.4 

o.S«o 

S90B0 

ZI.6 

Si3ao  * 

186720 

90.0 

0.796 

U5t6o 

15x40 

7.4 

97730 

180840 

85.0 

0.714 

130500 

14700 

7.7 

85  960 

174960 

80.0 

0.639 

XX5920 

X4  x6o 

8.9 

79940 

169080 

75.6 

0.560 

xox  x6o 

13  450 

8.9 

60480 

136480 

z8 

70.0 

0.7x1 

X99  490 

X4670 

7.8 

84350 

130590 

65.0 

0.629 

XX4660 

X4  no 

8.3 

7x890 

Z94  710 

60.0 

0.547 

99900 

13380 

9.0 

59420 

XT7860 

55  0 

0.160 
o.Sto 

82800 

Z9  920 

X0.9 

44980 

109900 

48.9 

68400 

10800 

19. 9 

39830 

Z9989O 

75.0 

0.868 

X39300 

16050 

5.6 

•X02660  , 

XX7980 

70.0 

0.7T0 

XI7600 

15690 

5.8 

89160 

XI3O80 

65.0 

0.672 

X09900 

15  2x0 

6.x 

75650 

XO827O 

60.8 

0.590 

88500 

44600 

6.S 

62440 

90  850               15 

55  0 

0.648 

98400 

XSO4O 

6.9 

7x530 

85940 

50.0 

0.550 

83700 

14340 

6.7 

58020 

81040 

45. 0 

0.45« 

69000 

13  350 

7.5 

44  520 

78530 

49.9 

0.4x0 

6x  500 

19  670 

8.Z 

37660 

72  130 

37. 3 

0.339 

49800 

XX  x8o 

9.7 

969x0 

V  is  computed  at  10  000  lb  per  sq  in  of  grou  area  of  web-sectioo. 

*  From  Pocket  Companion,  Carnegie  Steei  Company,  Pittsburgh,  Pa. 
t  See.  alto,  foot-note  on  oage  568,  with  paragimphs  relating  to  this  taUe 
in,  and  paragraphs  en  page  567.  relating  to  w«b*bttckUag  of  steel  beams. 
x8< 


to  Table 
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fkMe  n  *  t  (Coatiiiadd).    Mazliiivm  B^adliic  liom«iits  and  W^b-ItcristaBeM 

of  I  Beams 


JTiiMa 

<l 

w 

t 

V 

^*t 

a 

R 

BfaxHBiun 

Depth 

We^bt 

Thickncu 

Allowable 

Allowable 

Minimnm 

End- 

beadms 

of 

per 

of 

web- 

bucklmg 

end* 

aumeat 

beam 

Hnft 

web 

shear 

rerisUnce 

bearing 

tf-34in 

ft-lb 

in 

tt) 

in 

lb 

Ibpersq 
in 

in 

lb 

713^0 

SS.o 

0  810 

98570 

16470 

4-3 

87890 

67  4x0 

50.0 

0.687 

83880 

16030 

4.5 

73830 

65490 

45  0 

0.565 

69120 

15  390 

4.8 

57620 

59  770 

xa 

40. 8 

0.460 

55»oo 

14480 

5.3 

43300 

SO  730 

35  0 

0.428 

52320 

14230 

5.4 

40330 

47960 

31.8 

0.350 

42000 

Z3  060 

6.2 

39710 

44  270 

27.9 

0.284 

34080 

II  680 

7.3 

ai  560 

42  3*0 

40.0 

0.74t 

74900 

16690 

3.5 

75  010  ; 

39050 

35  0 

0  594 

60200 

X6X20 

3.7 

58  330 

35780 

zo 

30.0 

0.447 

45  SOO 

X5I90 

4X 

41470 

3*560 

25.4 

0.310 

3x000 

X34IO 

5.0 

34940 

30270 

2a. 4 

0.25a 

25200 

12  130 

5.7 

18340 

33x20 

35  0 

0.724 

65880 

16870 

3.1 

71  oro 

30  x8o 

9 

30.0 

0.561 

51  2x0 

16260 

3-3 

53200 

27  a40 

250 

0.397 

36540 

15  z6o 

3.7 

35  390 

25  x6o 

ax. 8 

0.290 

26  xoo 

Z3620 

4.4 

22  710 

228x0 

25. 5 

o.53« 

43*80 

16440 

a.9 

48920 

2X  SOO 

23.0 

0.44X 

35920 

15  910 

30 

39290 

20x90 

8 

ao.5 

0.349 

38560 

15  120 

3.3 

39690 

18960 

X8.4 

0.270 

ax  600 

13870 

3.8 

30600 

19470 

17.5 

0.220 

X7600 

Z2  700 

4.3 

XS370 

16070 

ao.o 

0.450 

32060 

16350 

a. 5 

39310 

,       M930 

7 

X7.S 

0.345 

34710 

15570 

a. 7 

38850 

'       13800 

15. 3 

0.250 

17500 

14X50 

3.3 

18580 

XI  640 

X7.25 

0.465 

28500 

16  810 

a.z 

39  930 

10660 

6 

M.7S 

0.343 

21  120 

16050 

3.3 

38  350 

9680 

12. 5 

0^230 

X380O 

14480 

3.6 

16650 

8080 

14. 75 

0.494 

a^aoo 

17  380 

X.6 

4x370 

7  260 

5 

ta.2S 

0.347 

17850 

16580 

Z.8 

38  120 

6450 

TO. 00 

0.210 

Z0500 

14870 

a.x 

14830 

4760 

W.5 

0.400 

X6400 

X7  3IO 

1.3 

31940 

4500 

4 

95 

0.326 

13480 

16940 

X.4 

35690 

4340 

8.5 

0.253 

X0520 

16360 

1.4 

19360 

3980 

7.7 

0.190 

7600 

15360 

x.6 

13  130 

2590 

7.5 

0.349 

Z0830 

17560 

z.o 

26940 

2390 

3 

6.5 

0.25X 

7890 

X7020 

x.o 

19020 

2  210 

5.7 

1 

0.X70 

5  xoo 

15950 

x.x 

11  530 

V  n  compated  at  10  000  lb  per  sq  b  of  grots  area  of  web-section. 

'  From  Pocket  Companion,  Carne^e  Steel  Company,  Pittsburgh,  Pa. 

t  Sec.  also,  foot-note  on  pacre  568,  with  pan«niphs  lelatlns  to  this  table  and  to  Table 
III.  and  pangniipfas  on  page  567*  rehiting  to  w*b-buckilng  oC  steel  bwas.  See,  alao^ 
page  183. 
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TaM^m. 

*t    MBfinMOi  Bmdlac  MraMnte  And  Web-R«sistea0M  of  Chanaete 

MwM 

d 

V 

t 

V 

5*! 

a 

R 

Maximum 

Dcijth 

Weight 

Thick- 

Allowable 

Allowable 

Minimum 

End 

bending 

per 

ness  of 

web- 

buckling 

end- 

reaction. 

tnoment 

channel 

tin  ft 

web 

sbear 

re«sunoe 

bearing 

a-3V^  in 

ft-lb 

in 

lb 

in 

lb 

Ibpcrsq 
in 

In 

lb 

76490 

S50 

o.8t4 

X22700 

X5  8ao 

57 

93830 

71  590 

50.0 

0.716 

108000 

IS  390 

6.0 

80350 

66680 

X5 

45  0 

0.618 

93300 

14820 

6.4 

66840 

6x  780 

40.0 

0.520 

78600 

14040 

6.9 

53  350 

56880 

35  0 

0.422 

63900 

12900- 

7  9 

39850 

.55  570 

33.9 

0.400 

60000 

12  510 

8.2 

36270 

64360 

50.0 

0.787 

100  830 

x6  ISO 

4« 

86250 

60  no 

45  0 

0.673 

88  140 

15680 

5.0 

71  760 

55  870 

1 

X3 

40.0 

0.560 

73450 

15020 

5  4 

57260 

53320 

37.0 

0.492 

64610 

14470 

5.7 

48540 

51  6ao 

35  0 

0.447 

587C0 

I4  030 

6.0 

42770 

48740 

31.8 

0.375 

48  7JO 

13000 

6.8 

32900 

43760 

40.0 

0.7S5 

90960 

16260 

4.4 

80090 

39840 

350 

o.6j2 

76320 

15730 

46 

65  040 

35  9» 

X2 

30.0 

0  sio 

61  560 

14  950 

SO 

498S0 

32000 

25. 0 

0.,?87 

46800 

13670 

5.8 

34660 

38470 

20.7 

•  280 

33600 

1x570 

7.4 

3x060 

30800 

350 

0.820 

82300 

16900 

3.4 

83430 

27  530 

300 

0.673 

67600 

16440 

36 

06  670 

24260 

XO 

250 

0.526 

52900 

15730 

3.9 

49910 

20990 

20.0 

0.379 

3S200 

14470 

1-* 

31  160 

17840 

IS. 3 

0.240 

24000 

IX  780 

6.0 

X6970 

ao9So 

25.0 

o.6xa 

55  350 

40^ 

16470 

3.2 

58  230 

X8010 

9 

20.0 

0.448 

15  550 

3.5 

40420 

15070 

15.0 

0.285 

25  920 

13590 

4.4 

22500 

14020 

13-4 

o.23cr 

ID  700 

12220 

S.I 

16  170 

15920 

21.  25 

0.579 

46560 

16620 

2.8 

S3  200 

14  610 

18.7s 

0.487 

39200 

16  170 

2.9 

43580 

13  310 

8 

16.25 

0.39s 

3X920 

IS  530 

3.2 

34070 

I3O30 

13  75 

0.303 

24560 

14490 

3  5 

24460 

10770 

IX.  50 

0.220 

X7600 

12  700 

4-3 

1S3TO 

12  640 

19-75 

0.629 

44.110 

17090 

2.3 

S6780 

1X490 

17.25 

0.524 

36960 
29610 

16700 

'4 

46300 

I0  3S0 

7 

14.75 

0.419 

16  130 

2.6 

35830 

9210 

12. 2S 

0.314 

22260 

IS  190 

2.9 

25360 

8030 

9  80 

0.  210 

X4  70O 

XJ2J0 

3.5 

14580 

8660 

I5-S 

O.SS9 

33780 

17150 

3.0 

48280 

7T00 

6 

13.0 

0.437 

26400 

16640 

2.x 

366x0 

6720 

';s 

0.314 

X90S0 

15  730 

2.3 

25  010 

5780 

8.2 

0.  200 

12000 

13  810 

2.8 

13  810 

SS50 

".5 

0.472 

23850 

17  180 

1.7 

38920 

4  730 

5 

?:? 

0.325 

X6500 

16380 

1.8 

25670 

3960 

0.190 

9500 

14450 

3.2 

13040 

30S0 

r*^ 

0.320 

X3000 

16870 

X-4 

34670 

2790 

4 

6  25 

0.247 

looSo 

16250 

IS 

X8430 

2530 

S.40 

0.180 

7200 

15150 

X.6 

13  270 

1840 

6.0 

o.3.*?6 

10860 

17560 

t.o 

37  020 

X  640 

3 

50 

0.258 

7920 

17030 

x.o 

19  xxo 

X4S0 

4.1 

0.170 

5  xoo 

15940 

x.x 

IIS20 

V  is  computed  at  xo  000  lb  per  sq  in  of  grois  area  of  web-section. 

*  From  Pocket  Compaiuon.  Carnegie  Steel  Company,  Pitt«burBfa«  Pa* 

t  See.  alio,  foct-note  on  page  568.  with  pangrapbs  relating  to  this  table  and 

Hi*  and  panigfai^t  on  pate  sfyj,  eelating  to  «cb4»uckling  of  tteel 

pace  183. 


to  Table 
bee*  alK^i 


Tables  of  Safe  Loads  for  Steel  Beams  and  Girders 


577 


Tlifcto  ZV.*    BmSm  Uaifom  homdB  is  Ualtt  of  i ooo  PwuUto  for  StMl  I  Baams 
Maxxmom  bezidiiis  stress,  i6  ooo  Ib  per  sq  in.   Beams  secured  against  yielding  kidewise 


^ 

Depth  and  weight  of  sections 

Coeffi- 

^an.     ' 

C7-in 

24*in 

3x-in 
60.4 

cient  of 
deflection 

ft 

90 

xxs 

xxo 

105.9 

133 

95 

90 

85 

79.9 

74.2 

Ib 

•  •  • 

lb 

•  •  • 
>  •  • 

lb 

•  •  • 

lb 

•  «  • 

•  ■  ■ 

•  •  • 

lb 

3  «•> 

lb 

lb 

•  •  • 

lb 

•  •  • 

•  •  • 

lb 

•  •  • 
■    ■  ■ 

a    1.0 
3oX.9 

2o6ri^ 

Ib 

•  •  • 

•  •  • 

22i.S 

216.7 
t9»t6 

lb 

•  ■  • 

T70.S 

...... 

■  «  • 

0.60 
o.8x 
X.06 
1.34 

352.5 
303.3 
264.4 

7 

293.2 
356.6 

338:d 

284.3 
248.7 

aat'.r 

1793 
XS6.9 
^39-5 

8 

328.4 
291.9 

320.4 

340.9 
314.1 

9 

asJa 

ir4!8  2y7'.7'ai5.0 

lO 

2334 

2<W  7 

256.3  249.9:2IX.5 

305.3 

199.0 

193.7  X85.5 

173  3  laSS 

X.66 

XI 

2ia.a 

238.8 

3330337.2x92.3 

X86.6 

X80.9 

X75.3 

X68.7 

X57.6 

XX4.1 

a. 00 

12 

Z94-5 

218.9 

3x3.6308.3x76.3 

X7X.0 

X65.8 

X60.6 

XS4.6 

1445 

I04-6 

a.38 

13 

»79.S 

202.1 

X97.3  X93.3;x63.7 

157. 9 

X53.X 

X48.3 

X42.7 

1333 

96.5 

a. 80 

14 

X66.7 

187.7 

X83.X 

178.5,  X5X.X 

X46.6 

142. 1 

137.6 

132.S 

Z33.8 

89.7 

3.34 

15 

1566 

175. 1 

X70.9  i66.6'i4X.o 

X36.8 

X32.6 

X28.5 

123.7 

1156 

83.7 

3.73 

i6 

145.9 

164.2 

160.2  156.3  X33. 3 

128.3 

124.4 

120.4 

116.0 

X08.3 

78.4 

4.34 

17 

137.3 

X54.5 

I50.8i47'0!l24.4 

120.7 

1x7.0 

1x3.4 

109. X 

I02.0 

73.8 

4.78 

i8 

129.7 

146.0 

142.4 

I38.8!il7.5 

114. 0 

xxo. 5 

X07.I 

103.  X 

96.3 

69.7 

5. 36 

19 

Z22.8 

138.3 

134.9 

i3X.s'iii.3 

IQ8.0 

104.7 

XOI.4 

97.6 

9X.2 

66.x 

5.98 

1x6.7 

I3X.4 

138.3 

X35.0  X05.8 

103.6 

99.5 

96.3 

92.8 

86.7 

638 

6.6a 

21 

XXX.I 

las.i 

las.x 

XX9.0 

100.7 

97.7 

94.7 

91.8 

88.3 

82.5 

59-8 

730 

22 

X06.1 

1x9.4 

1x6.5 

X13.6 

96.x 

93.3 

90.4 

87.6 

84.3 

788 

57.x 

8.  OX 

23 

Z0X.5 

114. 2 

1x1.4 

108.7 

92.0 

89.3 

86.5 

83.8 

80.7 

75.4 

54.6 

8.76 

24 

97.3 

X09.5 

106.8 

X04.1 

88.x 

855 

83.9 

80.3 

77.3 

72.2 

52.3 

9.53 

2S 

934 

X05.1 

X03.5 

xoo.o 

84.6 

83.1 

79.6 

77.x 

74.2 

693 

50  3 

10.35 

26 

89.8 

xox.o 

98.6 

96.1 

81.4 

78.9 

76.5 

74.1 

7X.4 

66.7 

48.3 

IX. X9 

27 

86.4 

97.3 

94.9 

92.6 

78.3 

76.0 

73.7 

7X.4 

68.7 

64.2 

46. 5 

13. 07 

2fl 

83.4 

93.8 

91.5 

89.3 

75. 5 

73.3 

71.1 

68.8 

66.3 

61.9 

448 

13.98 

29 

80.S 

90.6 

88.4 

86.3 

72.^ 

70.8 

68.6 

66.4 

64.0 

59.8 

433 

I3.9» 

1          30 

77.8 

87.6 

854 

83.3 

70.5 

68. 4 

66.3 

64.3 

6x.8 

57.8 

41.8 

14.90 

1 

31 

75.3 

84.7 

82.7 

80.6 

68.2 

66.3 

64.2 

63.3 

59.8 

55-9 

40.5 

15.91 

33 

72.9 

8a.  I 

80.1 

78.1 

66.1 

64.x 

62.3 

60.2 

58.0 

54  a 

39.2 

X6.9S 

33 

70.7 

79.6 

77.7 

75.7 

64.1 

62.3 

60.3 

58.4 

56.2 

525 

38.0 

X8.03 

34 

68.6 

77.3 

754 

735 

62.3 

60.4 

58.5 

56.7 

54.6 

514> 

36.9 

19.13 

35 

66.7 

75.1 

73.3 

71.4 

60.4 

58.6 

56.8 

55.1 

53.0 

49-5 

35-9 

30.38 

36 

64^ 

73.0 

7X.2 

69.4 

S8.8 

S7.0 

55-3 

53.5 

51. s 

48.3 

34  9 

3X.45 

37 

63.1 

7X.O 

69.3 

67.5 

57.3 

55:5 

53.8 

53.x 

50.x 

46-8 

33.9 

33.66 

38 

61.4 

69.1 

67. 5 

65.8 

55. 7 

54.0 

52.4 

50.7 

48.8 

•45  6 

330 

33.90 

39 

598 

67.4 

65.7 

64.x 

54.3 

53.6 

Si.o 

49.4 

47.6 

444 

32.3 

35.  x8 

40 

584 

65.7 

64.x 

63  5 

52.9 

51.3 

49.7 

48.3 

46.4 

433 

31.4 

36.48 

41 

56.9 

64.1 

62.5 

6x.o 

5X.6 

50.x 

48.5 

47.0 

45.3 

42.3 

30.6 

3783 

43 

S5.6 

63.6 

6x.o 

59.5 

50.4 

48.9 

47.4 

45.9 

44.3 

41-3 

29.9 

39.30 

43 

54.3 

6x.x 

59.6 

58.1 

49.2 

47.7 

46.3 

44.8 

43.x 

40.3 

29.2 

30.60 

44 

53.0 

59.7 

58.3 

56.8 

48.1 

46.6 

45.3 

43.8 

43.3 

39-4 

28.5 

33.04 

AS 

51.9 

S8.4 

57.0 

55.5 

47.0 

45.6 

44.3 

43.8 

4X.3 

38.5 

■    •    • 

33-53 

46 

50.7 

57.1 

55. 7 

54.3 

46.0 

44.6 

43.3 

4X.9 

40.3 

37-7 

•    ■    • 

35.03 

47 

49.7 

55.9 

54.1 

53.3 

45.0 

43.7 

43.3 

4X.0 

39.5 

36.9 

•  ■  • 

36.56 

48 
49 

48.6 
47.6 

54.7 

53.4 

S2.1 

.^j1 

A^.>? 

41.5 

40^1 

j?.7 

36.x 

•  •  • 

•  ■  • 

38.14 

39  74 

"S3'6 

yt'l 

5X.O 

43.2 

4X.9 

"40.6 

39.3 

37. 9I  35.4 

SO 

46L7 

52.5 

51.3 

50.0 

42.3 

4X.O 

398 

38.5 

37.x!  34.7, 

•  •  • 

41.38 

Loads 

above  the  upper  heavy  lines  will  catise  nuudmuxn  allowable 

shears  in 

weba.    S 

See.  also,  paragrapha  in  text  and  foot-note  with  same,  page  567.  n 

slating  to 

web-buc 

kling  in  beams 

Load! 

below  the  lower  broken  lines  will  cause  excessive  deflections 

*  From  Pocket  Companion,  Carnegie  Steel  Company,  Pittsburgh,  Pa. 
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Strength  of  Beams  and  Beam  Girders 


Chap.  1< 


IT  •  (Coatian«a).    Safe*  Vatfoni  Loadtf  is  Unite  of  xooo 

for  Steel  I  Bmau 


Mvdmum  bending  stress,  x6  ooo  lb  per  sq 

Depth  and  weight  of  sections 

Span. 

Coeffi- 

ao'ifi 

xS-in 

cient  of 

ft 

deflec- 
tion 

100 

93 

90 

85 

81.4 

75       70 

65.4 

90 

85 

80 

75.6 

lb 

lb 

•  «  ■ 

•  *  • 

lb 

•  •  • 

lb 

•  -  • 

■  •  • 

lb 

•  •  • 

•  •  • 

lb   1   lb 

ib 

•  •  • 

lb 

•  •  ■ 

lb 

•  ft  • 

•  ft  • 

lb 

•   ft  • 

lb 

•  >  • 

•  •  • 

•  ft  •  ■ 

5 

S«^.6 

*  •  * 
■  •  1 

•  •  • 

•  •  • 

353  3 

0.41 

•  •  •  • 

6 

7 

9M.O 

99*^ 

•  •  • 

■io.e 

•».« 

3x6.8 
i8s  9 

•  •  • 
•0O.O 

SSI 

«490 

313. 4 

•^i.  0 

■  •  • 

vu.t 

•  «  • 

394.3385.6 
353.3344.8 

376.9 
337.7 

aas.6 
193-3 

341.1 

ao6.7 

0.60 

339. 913334 

178.  a 

300.0x93.3 

0.81 

8 

2ao.7'3i4.3 

307.7 

aox.x 

195  5 

Z69. 3!  163. 61 155  9! '86. 7 

X80.8 

X750I69.X 

X.06 

9 

196. a 

1904 

X84.6 

X78.8 

173.8 

X50.4|144  6 

X38.6  X66.0 

160.7 

155.5 

150.3 

i  34 

10 

176.6 

171. 4 

166.  X 

X60.9 

156. 4 

135  3 

130.1 

1347 

149.4 

l44.7jX40.0 

1353 

1.66 

ZI 

160.5 

155.8 

X5I0 

146.3 

Z43.3 

1330  118. 3 

113  4 

135.8 

131. 5  137.3 

133.0 

a. 00 

12 

147.3 

143.8 

138.5  134. I 

130.3 

li3.8!io8.4 

104.0 

124  5 

130.6 

116. 6 

113.7 

a.38 

u 

135. 8 

131. 8  137.8' 133.8  130.3 

104. 1  100. 1 

96.0 

114. 9 

III. 3 

107.7 

104. 1 

a. 80 

14 

ia6.x 

133.4  II8.7JU4.9 

m.7 

96.7 

93.9 

89.1 

106.7 

103.3 

100.0 

96.61 

3-34 

15 

117.7 

114. 3 

1X0.8 

107.3 

104.3 

90.3 

86.7 

83.3 

99.6 

96.4 

93.3 

90.3 

3.73 

x6 

no. 4 

107.1 

103.8 

too.6 

97.7 

84.6 

8x3 

78.0 

93.4 

90.4 

87.5 

84.S 

4  34 

17 

103.9 

100.8 

97.7 

94.1 

93.0 

79  6   76.5 

73.4 

87.9 

85.  X 

83.3 

796 

4.78 

z8 

98.1 

95  3 

93.3 

89.4 

86.9 

76.3 

73.3 

69.3 

83.0 

80.4 

n.8 

75.1 

536 

19 

93.9 

90.3 

87.4 

84.7 

83.3 

71.3 

68.5 

65.7 

78.6 

7«.X 

73.7 

71.3 

598 

30 

88.3 

85.7 

83.1 

80.5 

78.3 

67.7 

65.1 

63.4 

74.7 

73.3 

70.0 

67.6 

6.63 

ax 

841 

81.6 

79  I 

76.6 

74.5 

64.4 

63.0 

59.4 

71.1 

68.9 

66.7 

64.4 

7.30 

22 

80.3 

77.9 

75.5 

73.x 

71. X 

61.5 

59  I 

56.7 

67.9 

6s.8 

63.6 

61.5 

8.01 

33 

76.8 

74. « 

73.3 

70.0 

68.0 

58.8 

S6.6 

54.3 

64.9 

63.9 

60.9 

58.8 

8.76 

M 

73.6 

71.4 

69.3 

67.0 

65.3 

56.4 

54.2 

53.0 

63.3 

60.3   58.3 

56.4 

9.53 

35 

70.6 

68.5 

66.5 

64.4 

63.6 

54.x 

53.0 

49.9 

59.8 

57.9 

56.0 

54.x 

10.35 

a6 

67.9 

65.9 

63.9 

61.9 

60.3 

53.1 

50.0 

48.0 

57.5 

55.6 

53.8 

53.0 

XX.  19 

27 

65.4 

63.5 

6z.S 

59.6 

57.9 

50.1 

48.2 

46.3 

55.3 

53.6 

51.8 

50.1 

X3.07 

as 

63.1 

61.3 

593 

57.5 

55.9 

48.3 

46.5 

44.6 

53.3 

51. 7 

50.0 

48.3 

Xa.98 

39 

60.9 

59.1 

57.3 

55.5 

53.9 

46.7 

44-9 

43.0 

51.5 

49.9 

48.3 

46.6 

13.93 

30 

58.9 

57.1 

55.4 

53.6 

53.1 

45.1 

43  4 

41.6 

49.8 

48.3 

46.7 

45.x 

14.90 

31 

S7.0 

55  3 

536 

5x9 

SO.S 

43.7 

43.0 

40. a 

48.3 

46.7 

45.3 

43.6 

X5  9X 

31 

55.3 

53.6 

51.9 

50.3 

48.9 

43.3 

40.7 

39.0 

46.7 

45.3 

43.7 

43.3 

1695 

33 

53.5 

51.9 

50.4 

48.6 

47.4 

41.0 

39.4 

37.8 

45.3 

43.8 

43.4 

4X.0 

18.03 

34 

51.9 

50.4 

48.9 

47.3 

46.0 

39.8 

38.3 

36.7 

43.9 

43.6 

41.3 

39.8 

19.13 

3S 

50.5 

49.0 

47.5 

46.0 

44.7 

38.7    37.2 

35.6 

43.7 

41.3 

40.0 

38.6 

30.38 

36 
37 

49.1 
47.7 

47.6 
46.3 

46.3 
44.9 

44.7 
43.5 

43.4 
43.3 

37.6 
36.6 

36.1 
35.3 

34.7 
33.7 

41.5 

40.3 

38.9 

37.6 

31. 45 

40.4 

39.1 

37.8 

36.6 

33.66 

38 

46.S 

45.x 

43.7 

43.3 

41.3 

3$6 

34.3 

33.8 

39.3 

38.1 

36.8 

35.6 

3390 

39 

45. 3 

43.9 

43.6    41.3!  40.1 

34.7 

33.4 

33.0 

•  ■  • 

•   •  ■ 

•  •  • 

■  ft  • 

35.18 

40 
41 

44_._i 

43^8   41 -s;  40.3;  39^1 

33  8    33.5 

31.3 

•  •  • 

•  •  « 

•  ftp 

*  ■  • 

•  ■  • 

•  ft  • 

ft    •  • 
•  •  • 

36.48 

43.1 

41.8 

40. s 

39.3 

38.1 

33.0 

31.7 

30.4 

37.83 

43 

43. oJ 

408 

39  6 

38.3 

37-3 

33.3 

31.0 

397 

•  •  • 

•  •  • 

ft  •  ft 

39-30 

Loads  above  the  upper  heavy  lines  will  cause  maximum  allowable  shears  in 
webe.  See.  also,  paragraphs  in  text  and  foot-note  with  same,  page  567.  relating 
to  web-buckling  in  beams 

Loads  below  the  lower  broken  lines  will  cause  excessive  deflections 


*  Fiom  Pocket  Compank>n,  Carnegie  Steel  Company.  Pittsburgh,  Pa. 
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Tkbte  XV  *  (Conlliia«d). 


Safe  Unffdrm  toads  in  Uiifta  of  x  ooo  Foands 
for  Steel  I  Beams 


h 

FsTilllllTII  tl 

cxMlxng  stress,  x6ooo  lb  per  sq  ia.  Besms  secufed  against  yield 

iiMT  Miit^iilm 

r 

Depth  and  weight  of  sections 

■oeffidentof 
deflection 

i8-in 

i5-in 

tfi 

70    t    ^ 

60 

54  7 

48.2 

75 

70 

6s 

60.8 

55 

so 

45 

42.9 

lb    t    lb 

lb 

lb 

lb 

lb 

lb 

lb 

•  •  • 

lb 

lb 
196.8 

lb 

lb 

lb 

u 

I 
. .  •    *    . « • 

•61.6 

•  •  • 

4    1 

iS.4'i 

«*9-^ 

199-8 

«    «    a 
>    •    • 

•  •  • 

245.8 
196.6 

a3^.a 

90C.8 

Z80.9 

177.0 
X73.2 

X81.7 
145.4 

1674 

s«S.o 
129.7 

•  •  • 

0.27 

0.4X 

5   a 

208.91995 

T888 

137.5 

KSJUS 

•  •  • 

I|6.« 

163.8 

•  «  • 

157.3 

»  ■  p 

150.8 

•  •  • 

»  •  » 

t  •  • 

1x4.6 

•   •  • 

108. 1 

lai.o 

•  •  • 

0.60 

6  IxSa.o  174. z 

t66^ 

157.x 

144.4  121. 1 

104  7 

7  iKs6.o'z49  3;  142.5, 134.7 

124.8 

140.4 

134.8 

129.2 

123.7 

103.8 

9B.2 

92.6 

89.8 

0.81 

s  136.51^0.6,124.7,117.9 

109.2 

122.9  XI8.O 

113. X 

108.3 

90.8 

85.9 

8x.o 

78.5 

T06 

9    xax. 3, 1x6. 11110.9x04.8 

97.1 

109.2 

104.9 

100.5 

96.2 

80.8 

76.4 

72.0 

69.8 

X.34 

10    1 

109.2  X04.5   99  8|  94.3 

87.4 

98.3 

94.4 

90.5 

86.6 

72.7 

68.8 

64.8 

62.8 

1  66 

XI 

99.3'  9S.0 

90.7   85.7 

79  4 

89.4 

85.8 

82.2 

78.7 

66.Z 

62.5 

58.9 

57.x 

2.00 

13      9X.O  S7.Z 

83.1 

78.6 

73.8 

81.9 

78.7 

75  4 

72.2 

606 

57  3 

54.0 

52  4 

2.38 

13 

»4.o'  80.4 

76.7 

72.5 

67.3 

75.6 

72.6 

6Q.6 

66.6 

55.9 

52.9 

49  9 

4S3 

2.60/ 

i  '♦ 

7«.o,  74.6 

71.3 

67.3 

62.4 

70.2 

67.4 

646 

61.9 

51.9 

49- X 

46.3 

44-9 

3^ 

15 

7a.«,  69.6 

66.  s 

62.9 

58.2 

65.5 

62.9 

60.3 

57.7 

48.5 

45.8 

43.2 

4X9 

3.72 

f  I« 

68.2,  65.3 

62.4 

58.9 

54..  6 

61.4 

590 

56.5 

54.x 

45.4 

43.0 

40.5 

393 

4.24 

17 

642   61.5 

58.7 

55.5 

51  4 

57.8 

55  5 

53  2 

50.9 

42.8 

40.4 

38.1 

37.0 

4.78 

1   1» 

60.71  5i^.o 

55.4 

52.4 

48.5 

54.6 

52.4 

50.3 

48.x 

40.4 

38.2 

36.0 

34.9 

5.36 

19 

57.5,  55.0 

5^.5 

49.6 

46.0 

5X.7 

49.7 

47.6 

45.6 

38.3 

36.2 

341 

33.x 

598 

1   20  1  54.6   52.2 

49.  P 

47.x 

43.7 

49.2 

47.2 

45.2 

43.3 

36.3 

34.4 

32.4 

31.4 

6.62 

21 

52.0    49-7 

475 

44.9 

41.6 

46.8 

44.9 

43.1 

41.2 

34.6 

32.7 

30.9 

299 

7.30 

22 

49  6   47.5 

45.3 

42.9 

39.7 

44.7 

42.9 

41.1 

394 

33.0 

3x3 

29.5 

26.6 

8.01 

23 

47. 5'  45. 4 

43.4   41.0 

38.0 

42.7 

4X.0 

39  3 

37.7 

31.6 

29.9 

28.2 

27.3 

8.76 

24 

45  S,  435 

41.6   39  3 

364 

4X.0 

39  3 

37.7 

36.1 

30.3 

28.6 

27.0 

26.2 

9.53 

25 

43  7    41.8 

39-9 

37.7 

34.9 

39.3 

37.8 

36.2 

34.6 

29.1 

27.5 

25.9 

25. X 

XO.35 

26 

42.0,  40.2 

38.4 

36.3 

33.6 

37.8 

36.3 

34.8 

33.3 

28.0 

26.4 

24.9 

24.2 

XX. 19 

27  1  40.4  36.7 

2B  1  390   37-3 

37.0 

34.9 

3a. 4 

36.4 

35.0 

33.5 

32.x 

26.9 

25.5 

24.0 

23-3 

X2.07 

35  6 

33.7 

31.2 

35.1 

33-7 

32.3 

30.9 

26.0 

24.6 

23.2 

22.4 

X2.9S 

a9 

37.6 

36.0 

34.4 

32.S 

30.1 

33.9 

32.5 

31. 2 

29.9 

as.x 

«3.7 

22.4 

21.7 

X3.92 

30 
31 

36.4 
3S  a 

34.8 

33-7 

33-3 
32.2 

3x4 

30.4 

29.1 
38.2 

32.8 

3x5 

30.2 

28.9 

24.2 

22.9 

21. 6 

20.9 

X4.90 

X5.9X 

3X.7 

30.4 

29.2 

27.9 

23.4 

22.2 

20.9 

20.3 

39 

34x'  32.6 

31. ai  89. S 

27.3 

30.7 

29.5 

28.3 

27.1 

22.7 

21. 5 

20.3 

19.6 

X6.95 

33 

33.1    31.7 

30. 2j    28.6 

»6.5 

•  •  • 

■  •  • 

•  •  • 

•  •  • 

•  •  • 

■    •  • 

•  •  ■ 

•   •  • 

18.03 

34 

32.x 

30.7 

293!  27.7 

25.7 

•  •  • 

■  •  • 

■  •  ■ 

•  •  • 

•  *  • 

■   •  • 

•  «  « 

•  •  • 

X9.X3 

35 

3x2 

a9.» 

28.5 

26.9 

as.o 

•  •  • 

•  •  • 

•  •  • 

•  ■  • 

1  •  • 

•   •  • 

•  •  • 

•  •  • 

20.28 

3fi 

37 

30.3 

29.0 

2T.7 

26.2 

34.3 
23.6 

•  •  • 

•  ■  • 

•  •  • 

«  «  • 

«  •  • 

•  •  • 

•  •  • 

•  •  « 

•  •   • 

■  •  • 

•  «  « 

•  •  • 

21.45 
22.66 

ni\ 

28. a 

27.a 

f  25.5 

38 

28.7 

27.5 

26.3 

24-8 

23  0 

•  •  ■ 

■  •  • 

■  •  ■ 

•  •  • 

•  •  • 

■    ■    ■ 

•  •  ■ 

«  •  • 

2390 

Loads  above  the  upper  heavy  lines  will  cause  maximum  allowable 

shean  in 

webs.    8ee»  also,  pangraphs  fn  tett  and  foot-note  with  same,  page  56 

7,  relating 

to  web-boekting  in  beams 

Loads  below  the  lower  broken  lines  will  cause  escessive  deflections 

*  From  Pocket  Companion,  Carnegie  Steel  Company,  Pittsburgh,  Pa. 
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Strength  of  Beams  and  Beam  Girders 


Chap.  15 


T«bl«  IV  *  (CotttlBaad).    Safe  Uniform  Loads  m  Units  of  x  ooo  PonadB 

for  Stool  I  Boami 


Maximum  bending  stress,  i6  ooo  lb  per  sq  in. 

Beams  secured  against  yielding  ddewise 

4.* 

1 

Depth  and  weight  of  sections 

iS-in 

la-in 

1 

lo-m 

37.3 

3-^ 

55 

so 

45 

40.8 

35 

31.8 

27.9 

40 

35 

30 

25.4 

22.4 

>  • 

lb 

lb 

lb 

lb 

•  •  • 

lb 

•  •  • 

lb 

ib 

Ib 

lb 

lb 

lb 

lb 

lb 

r»7.o 

•  a  • 

•  «  • 

•    •  a 

•    •   a 

■ 
140.8 

t9n.4 

as* 

•  •  • 

3 

4 
5 

■  • 

6 

•  ■  • 

«  a  • 

•  •   • 

0«.6 

Z90.a 
X4a.7 

XX4.I 

•  •  • 

95.1 

167.^ 

i33.« 

•  •  • 

I  4.6 

... 
840 

•  •    ■ 

•  •    > 

•  ■    • 

6S.S 

113. 8 

84.6 

67.7 

•  ■  • 

56.4 

104. 1 
78.1 
63.S 

•  •  a 

S3. 1 

9  .0 

•    »    ■ 

6s  .0 

•  •  • 

a   •   • 

o.is 

0.27 

0.4X 

■    •   a 

0.60 

134.8 
107.9 

•  •  • 

«99 

ia7.o 

S10.4 

101.5 
81.3 

676 

71. 6 
57.2 

•  •  ■ 

47.7 

101. 6t  95.6 

76.7 

•    •    « 

63.9 

53.1 

... 
43.4 

•  •  ■ 

84.7 

•  •  • 

79.7 

48.5 
40.4 

96.x 

59.1 

7 

82.4 

81. s 

77.0 

7a.6  68.3 

S8.0 

54.8 

SO. 6 

48.4 

44.6 

40.9 

37.3 

34.6 

0.81 

8 

7a. I 

71.3 

67.4 

63.S   59.8 

S07 

48.0 

44  3 

43.3 

39.0 

35.8 

33.6 

30.3 

X.O6 

9 

64.1 

63.4 

599 

56.4    53.1 

45.1 

43.6 

39.4 

37.6 

34.7 

3X.8 

38.9 

26.9 

1.34 

xo 

57. 7 

57.  X 

530 

50  8    47  8 

r 

40.6 

38.4 

35.5 

339 

3X3 

38.6 

36.0 

34. a 

166 

XX 

5».4 

5X.9 

49.0 

46.  a 

43. S 

36.9 

34.9 

33.  a 

30.8 

88.4 

36.0 

23.7 

23.0 

3.00 

X2 

48.1 

47.6 

44.9 

4a.3 

39-8 

.11.8 

33.0 

29.5 

38.3 

36.0 

33.9 

31.7 

ao.2 

3.38 

1  13 

44-4 

439 

41.5 

39  I 

36.8 

31.3 

29.5 

37. 3 

36.0 

94.0 

33.0 

30.0'  x8.6 

a.8o 

14 

41.2 

40.8 

38.S 

36.3 

34.2 

39.0 

37.4 

25. 3 

34-3 

33.3 

30.4 

x8.6 

17.3 

3.24 

IS 

38.4 

38.0 

36.0 

33.9 

31.9 

37.1 

3S.6 

33.6 

33.6 

30.8 

19.1 

X7.4 

16.3 

3.73 

i6 

36.0 

357 

33.7 

31.7 

299 

3S.4 

34.0 

33.3 

31.3 

19s 

17.9 

16.3 

X5.X 

4.34 

17 

33  9I  33.6 

31.7 

299 

a8  T 

239 

33.6 

30.9 

199 

18.4 

x6.8 

153 

X4.3 

4-78 

i8 

3«.o  31.7 

30.O 

38. a 

36.6 

33.5 

31.3 

197 

X8.8 

X7.4 

159 

145 

X3-5 

536 

19 

30.4;  30.0 

a8.4 

a6.7 

35.3 

31.4 

30. 3 

18.7 

X7.8 

16.4 

IS-I 

13.7 

12. 8 

S.98 

ao 
ai 

a8.8'  a8.5 

37.0 

as. 7 

as. 4 
34.  a 

23.9 

33.8 

30.3 

19.3 

X9.3 
18.3 

17.7 
X6.9 

16.9 

IS. 6 

14. 3 

13.0 

la.x 
XI. s 

6.63 
-  30 

27s 

a7.2 

16. 1 

14.9 

13.6    13.4 

22 

a6.a 

25.9 

a4.S 

33.1 

31.7 

X8.4 

17.4 

16.  X 

IS. 4 

14.3 

X3.0 

XX.8 

XI. 0 

8.01 

23 

251'  24.8 

as.  4 

33. l'    30.8 

17.6 

16.7 

15.4 

•  •  • 

a  •   a 

•  •  • 

■  •  • 

8.76 

24 
as 

24.0 
23.1 

a3.8 

aa.5 

31. a!  19.9 

16.9 

16.0 

14.8 

■  •  • 
a  a  a 

■   •  a 
•  •  • 

•  •  * 

a  •  • 

•   a  a 
a  a  a 

9.53 
X0.3S 

aa.8 

ax. 6 

ao.3'  19' X 

X6.3 

IS.3 

14.3 

a6 

22.3    21.9 

ao.7 

195,  18.4 

15.6 

X4.S 

13.6 

a  a  • 

•  a  • 

m    •  0 

•   •   a 

IX. 19 

a? 

21   4     ... 

•  •  • 

•  •  • 

•  •  • 

■  •  • 

•  ■  • 

«  a  • 

m  •  a 

a  •  a. 

•   a  a 

•   9  ^ 

X3.07 

as 

20.6    ... 

■  ■  • 

•  •  a 

•  •  • 

•  ■  • 

a  a  • 

•   •    » 

•   •   • 

■    •  a 

•  •  • 

•    •   • 

X3.98 

99 

19.9    ... 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•    •   • 

•  a  • 

•    ■  • 

•  •   ■ 

»   a   • 

•   a   a 

13.92 

30 

19.2     ... 

•  ■  • 

•  •  • 

•  •  • 

•  •  ■ 

•   •  « 

•   •  k 

•   •   1 

•    •  • 

•    »   • 

a   a  • 

X4.90 

3X 

18.6    ... 

•  •  • 

•  •  • 

•  •  • 

•  •  » 

■  a  • 

•   •  • 

•  ■  a 

a  a  a 

a  a  a 

a   a  • 

XS.9X 

3a 

18.0    ... 

•  •  ■ 

■  •  • 

•  «  • 

•  •  • 

ff  •  • 

•  a  a 

*  •  a 

•  •  • 

m  •  • 

a   •  • 

x6  9s 

Loads  above  the  upper  heavy  Unc 

9  will  cau84 

t  max 

Imum  allowable  shears  in 

webs.     See.  also,  paragraphs  in  text 

and  fooUno 

te  wii 

th  same,  page  567t  rdating 

to  web>buckUng  in  beams. 

Loads  below  the  lower  broken  lines 

will  cause 

excess 

dve  deflections 

*  From  Pocket  Companion,  Carnegie  Steel  Company,  Pittsburgh,  Pa. 


Tables  of  Safe  Loads  for  Sted  Beams  and  Girdeis 


5S1 


7^bl«  IV  ^  (OatttiMMd).    flmloUalloriiiUidsiBllBltoof  loooPottote 

for  Ste«l  I  Bombs 

Maxhnqm  bendizkg  streas  z6  ooo  lb  per  aq  in.   Beams  aecured  against  yielding  sidewise 


Span, 
ft 


3 

4 
S 

6 

7 
8 

9 

xo 

XX 
13 
13 
14 

IS 

x6 

17 
I8 

X9 


Depth  and  weight  of  sections 


9-in 


3S 

lb 


x-mJS 


88.3 
66.2 

S3.0 

44.2 
37. 9 
33.t 

39  4 
26.5 

24.1 

22.1 
20 

x8 


17 

x6 

IS 
14 


13.9 
13.3 


30 

lb 


IO;<.4 


as 

lb 


71- 


80.S 
60.4 
48.3 

40.2 

34.  Sj 
30.2 
26.8' 
24.1 

22.0 
20.1 
x8.6 
X7.2 

16.  X 

XSX 
14.2 
134 


12.7 
12. 1 


72.6 

54.5 
436 

363 

31. X 

27.2 
24-2 
2X.8 

19.8 
18.2 
16.8 

X5.6 

14. S 

13.6 

12.8 
12.  X 


II. 5 
10.9 


3t.8 

lb 


5'.9 


8-in 


^55 

lb 


IX. 4 


23 
lb 


jiA 


20.5 

lb 


57't 


57.3 
43  o 

34.4 

28.7 
24.6 

2X.S 

19. 1 

17.2 

IS.6 

14.3 
X3-a 
12.3 

II. S 
10.8 


xo.i 
9.6 


53.9 
40.4 
32.3 

26.9 
23.x 
20.2 
18.0 
16.2 

14.7 
13.S 

ia.4 

XX. 5 

X0.8 
10. 1 


95 
9.0 


18.4 
lb 


37.9 
30.3 

as. 3 

2X-7 
19.0 
16.9 
IS.  2 

13.8 
X2.6 

IX. 7 
X0.8 

XO.I 

9.5 


17. s 

lb 


7-m 


JL 


8-9 
8.4 


31. z 
25.9 

32.2 
19.5 
17.3 
15.6 

I4>2 
X3.0 
12.0 
IX. I 

10.4 
9.7 


9.a 
8.6 


20 

17.75 

lb 

lb 

6t.i 

49.4 

4a  .9 

39.8 

3a.x 

29.9 

as. 7 

33. 9 

ax. 4 

19.9 

18. 4 

17.1 

16.  X 

14.9 

14.3 

13.3 

X2.9 

IX. 9 

II. 7 

10.9 

10.7 

10. 0 

99 

9.2 

9.a 

8.5 

8.6 

8.0 

8.0 

•  •  • 

75 

•  «  • 

■  •  • 

>  ■  ■ 

15.3 
lb 


iL^ 


Coeffi- 
cient of 
deflec- 
tion 


27.6 
aa.z 

18.4 
15.8 
13.8 
12.3 

IIvO 

10.  o 
9.a 
8.5 
7.9 

7.4 

6.9 


IS 
a7 
4X 

0.60 
o.8x 
06 
34 


X. 
X. 


1,66 

a. 00 
a.38 
iz.So 
3.a4 

3.7a 

4.a4 

4.78 

5. 36 

5.98 
6.6a 


ft 


X 

2 

3 

4 
5 

6 

7 
8 

9 
id 

XI 

xa 

13 

T4 


De]ith  and  weight  of  sections 


6-in 


17H 
lb 


Jl 


46.6 
31. o 
a3  3 

18.6 

IS  5 

13-3 
IX. 6 

X0.3 
9.3 

8.S 

7.8 


14H 
lb 


4a.a 


7. a 
«.7 


38.4 
21.3 
17.I 

14.2 

12.2 
10.7 

95 
8.5 

7.8 

7.1 


6.6 

O.T 


lb 


07.6 


25.8 
19.4 
IS  5 

xa.9 

IX. X 

9.7 

8.6 

7.7 

7.0 
6.5 


6.0 

55 


S-m 


14M 
lb 


9>-4 


33.3 

ax. 5 
x6.2 
12.9 

10.8 

9.3 
8.1 

7.3 
6.5 


5-9 
5.4 


X2M 

lb 


35-7 


39  I 

19.4 
14.5 

IX. 6 

9.7 

8.3 
7.3 

6.5 

58 


5.3 

4.8 


10 
lb 


9XJ0 


17. 3 

12.9 
10.3 

8.6 

7.4 
6.4 

57 
5.3 


4.7 
4.3 


4-in 


loH 
lb 


9^i 
lb 


y.8    g7.o 

19.0  18.0 
12.7  12.0 

9  s!  9.0 
7.3 


8H 
lb 


7.6 

6.3 

5.4 


6.0 
5.1 


4.8'  4.5 


4.3 
3.8 


4.0 
3.6 


gi.o 

16.9 

II. 3 

8.5 

6.8 

5.6 

4.8 
4.3 


3.8 
3.4 


7.7 
lb 


10.6 
8.0 
6.4 

5.3 

4.5 
4.0 


3  5 
3.3 


3-in 


7H 
lb 


6W 
lb 


ax.j 

20.7 
10.4! 

6.9, 
5.3 

4.1 
3.5 


»5-8 

9.6 

6.4 

'I 

3.8 

'3.3 


5-7 

lb 


10. a 
8.8 

5.9 
4.4 
3.5 

3.9 


3.o|  2.7 
2.6    2.4 


3.5 
a. a 


Coeffi- 
cient of 
deflec- 
tion 


0.02 
0.07 
IS 
37 
41 

60 

81 
06 


I  34 
X.66 

a.oo 

a.38 

a.8o 
3  34 


Loads  above  the  upper  heavy  lines  will  cause  maximum  allowable  shears  in 
webs.  See.  also,  paragraphs  in  text  and  foot-note  with  same,  page  567,  relating 
to  web-buclding  in  beams 

Loads  below  the  loifsr  brolcen  lines  will  cause  excessive  deflections 
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Sttength  of  Beams  and  Beam  Girders 


Chap.  15 


TaliaV.«    tele  UatfiMi  l«ate  fa  DUIs  «f  i  ooo 


fotf  8t0«l  ClunflAis 


Maximum  bending  stress,  x6  ooo  lb  per  sq  in.    Beams  secured  against  yielding  sidewiae 


Depth  and  weight  of 

lectioxu 

• 

Coeffi- 
cient of 
deflec- 
tion 

Span, 
ft 

z5-in 

X3-in 

55 

SO 

45 

40 

35 

33-9 

SO 

45 

40 

37 

35 

31.8 

lb 

lb 

lb 

lb 

lb 

lb 

«  «  > 

XS0.0 

lb 

lb 

lb 

lb 

lb 

lb 

■  •  ■  ■ 

3 

4 

•454 

a'6.0 

X86.0 

■  •  • 

•  •  • 

197.8 

»$.7  t  'Tt^ 
X7X. 6^160.3 

I38.7|X30.3 

•  •  • 

•  •  • 

•  •  ■ 

M7.5 

•  •  ■ 

9r-5_ 

.... 
0.15 
0.37 

304. o 

nao 

190.9 
143.3 

177.8 
133.4 

133.6 

113.8 

XXX. I 

IIX.7 

XO6.6 

103.3 

97.5 

5 

133.4 

114. S 

106.7 

98.9 

9X.0 

88.9 

X03.0 

96.3 

89.4 

85.3 

83.6 

78.0 

0.4X 

6 

103.0 

954 

88.9 

83.4 

75-8 

74.1 

85.8 

80.3 

74. 5 

71.1 

68.8 

65.0 

0.60 

7 

874 

8x8 

76.3 

70.6 

65.0 

63. 5 

73.6 

68.7 

63.8 

60.9 

59.0 

557 

o.8x 

8 

76. 5 

7X.6 

66.7 

61.8 

56.9 

55.6 

64.4 

60  T 

559 

S3. 3 

51.6 

48.7 

x.o6 

9 

68.0 

63.6 

59-3 

54.9 

S0.6 

49.4 

57.3 

534 

49.7 

47  4 

45.9 

43.3 

X.34 

xo 

6x.3 

57.3 

53.3 

49.4 

45.5 

44.5 

5X.5 

48.x 

44.7 

4i.7 

4X.3 

39.0 

X.66 

ZI 

.W.6 

S3. 1 

48.5 

44.9 

41.4 

40.4 

46.8 

43.7 

40.6 

38.8 

375 

35-4 

3.00 

13 

51.0 

47.7 

44-5 

41.3 

37.9 

37.0 

43.9 

40.x 

37.3 

355 

34.4 

33.5 

a38 

13 

47.x 

44.x 

41.0 

38.0 

350 

34.3 

39.6 

37.0 

34.4 

33.8 

31.8 

30.O 

3.80 

14 

43-7 

40.9 

38.1 

35-3 

33.5 

3X.8 

35.8 

34.4 

31.9 

30. 5 

39.5 

37.9 

334 

IS 

40.8 

38.3 

35.6 

330 

30.3 

39.6 

34.3 

32.1 

39.8 

38.4 

37.5 

36.0 

3.73 

i6 

38.3 

35.8 

33.3 

30.9 

38.4 

37.8 

33.3 

30.1 

37.9 

36.7 

35.8 

34.4 

4.34 

17 

36.0 

33.7 

31.4 

39.x 

36.8 

36.1 

30.3 

38.3 

36.3 

35.x 

34.3 

33.9 

478 

l8 

34.0 

3Z.8 

39.6 

37.5 

35.3 

34.7 

38.6 

36.7 

34.8 

33.7 

33.9 

3X.7 

5.36 

19 

33.3 

30.  X 

38.x 

36.0 

33.9 

33-4 

37.1 

35.3 

33.5 

33.4 

3X.7 

30.5 

5. 98 

30 

30.6 

38.6 

36.7 

34.7 

33.8 

33.3 

35.7 

34.0 

33.3 

3X.3 

30.6 

195 

6.63 

3X 

29.1 

37.3 

35.4 

33.5 

3X.7 

3X.3 

34.5 

33.9 

31. 3 

30.3 

X9.7 

x8.6 

7.30 

33 

37.8 

36.0 

34.3 

33.5 

30.7 

30.3 

33.4 

3X.9 

30.3 

X9.4 

x8.8 

17.7 

8.  ox 

33 

36.6 

34.9 

33.3 

3X.S 

X9.8 

X9.3 

33.4 

30.9 

X9.4 

X8.5 

x8.o 

X7.0 

8.76 

34 

35-5 

33.9 

33.3 

30.6 

X9.0 

X8.5 

3X.5 

30. 0 

x8.6 

17.8 

17.3 

16.3 

9-53 

35 

34.5 

83.9 

3X.3 

X9.8 

X8.3 

17.8 

30.6 

X9.3 

17.9 

X7.I 

x6.s 

X5.6 

10.35 

36 

37 

33.5 

33.7 

33.0 
31. 3 

30.5 
19.8 

19.0 
x8.3 

17.5 
X6.9 

X7.I 
x6.5 

19.8 

x8.5 

X7.3 

16.4 

IS. 9 

ZS.o 

XX. 19 

X3.07 

X9.I 

17.8 

x6.6 

JS.8 

IS. 3 

14.4 

38 

3X.9 

30.5 

19.  X 

17.7 

x6.3 

15.9 

18.4 

X7.3 

16.0 

IS.3 

X4.7 

139 

X3.98 

39 

31.x 

19.7 

18.4 

17.0 

15.7 

X5.3 

•  •  • 

•  ■  ■ 

•  •  • 

•  •  • 

•  •  m 

•  •  • 

13.9a 

30 
31 

30. 4 
19.7 

I9.I 

17.8 

16.5 

Z5.3 

14.8 

•  •  • 

•  •  • 

•  »  • 
■  ft  • 

•  •  • 

•  «  • 

•  •  • 

•  a  • 

•  •  • 

•  •  • 

•  •  • 

Z4.90 
IS. 91 

X8.5 

X7.3 

159 

14.7 

X4.J 

33 

19-1 

17.9 

x6.7 

X5.4 

Z4.3 

13.9 

•  •  » 

•  •  • 

•  •  « 

•  •  • 

■  •  • 

... 

16.95 

Loads  above  the  up 

per  hi 

eavy 

lines  wiU  a 

nuse  T 

naximum  a 

llowable  sli 

lean  in 

webe.    See,  also,  para, 

graph] 

1  in  t4 

ut  and  food 

t^note 

with  same 

•  peso  567. 1 

relating 

to  web-buckling  in  bee 

ims 

Loads  below  the  low 

er  biti 

ikenli 

ines  will  cat 

asee» 

Kssive  deflt 

Ktions 

*  From  Pocket  Companion,  Carnegie  Steel  Company,  Pittsbur)^,  Pa. 
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Ikbto  V  •  (CdBtitto«d).    Site  Uattam  iMds  te  Units  of  tooo 

Steel  Chaimels 

Ifaiimnm  beading  atxeas,  i6  ooo  lb  per  aq  in.    Beams  aecuxed  against  yielding  sidewise 


Depth  and  weight  ol  sections 

Coeffi- 
cient of 

Span. 

x3-in 

lo-in 

ft 

deflec- 
tion 

40 

35 

30 

25 

30.7 

35 

30 

35 

30 

X5.3 

lb 

lb 

lb 

lb 

lb 

lb 

lb        lb 

lb 

lb 

•  •  •  • 

2 

3 

4 

III  .9 

153.6 

•  •  «  • 

95.8 
7X.8 

■  •  •  • 

8S.3 
64.0 

■  •  ■  • 

•  «  •  • 

1644 

t35.a      105.8 

7«.4 

•  ■  •  ■ 

4''.0 

•  ■  •  • 

0.07 
0.15 
O.J7 

175.  X 

xx6.7 

87.  S 

133. 3 
83.  X 
61.6 

IIO.l 
73.4 
55. 1 

97  0 
64.7 
48.5 

106.3 
79-7 

56.0 
43.0 

47.6 
35.7 

56.9 

5 

70.0 

63.7 

57.5 

5t.3 

45.5 

49.3 

44.0 

38.8 

33.6 

28.5 

0.41 

6 

58.4 

S3.X 

47.9 

43.7 

38.0 

4X.I 

36.7 

33.3 

38.0 

23.8 

0.60 

7 

50.0 

45.5 

41. X 

36.6 

33.5 

35.2 

31. 5 

37.7 

34.0 

20.4 

0.81 

8 

43.8 

39-8 

35.9 

33.0 

28.S 

30.8 

37.5 

34.3 

31.0 

17.8 

1.06 

9 

38.9 

35.4 

31.9 

28.4 

.35.3 

27-4 

34. 5 

31.6 

18.7 

IS.9 

1.34 

xo 

35.0 

3X.9 

38.7 

35.6 

23.8 

34.6 

32.0 

19.4 

x6.8 

14.3 

1.66 

XI 

3X.8 

39.0 

36.x 

23.3 

30.7 

33.4 

30.0 

17.6 

IS. 3 

13.0 

3.00 

13 

29.3 

36.6 

23.9 

31. 3 

19.0 

305 

18.4 

16.3 

14.0 

II.9 

3.38 

X3 

a6.9 

24.5 

33.1 

19.7 

X7.S 

19.0 

16.9 

14.9 

13.9 

II. 0 

3.80 

14 

35.0 

33.8 

30.5 

18.3 

16.3 

17. 6 

15.7 

X3.9 

13.0 

10.3 

3  24 

15 

23.3 

3X.3 

19.3 

17. 1 

IS.2 

x6.4 

14.7 

13.9 

XX. 3 

9.5 

3.72 

i6 

3X.9 

19.9 

x8.o 

16.0 

14.2 

154 

13. 8 

13. 1 

X0.5 

8.9 

4.24 

17 

30.6 

X8.7 

x6.9 

IS.  I 

13.4 

14. 5 

13.0 

11.4 

99 

8.4 

478 

i8 

I9.S 

X7.7 

x6.o 

U.2 

12.7 

13.7 

13.3 

20.8 

9.3 

7.9 

53$ 

19 

X8.4 

x6.8 

15.x 

13. 5 

12.0 

13.0 

IX.6 

10. 3 

8.8 

75 

5.98 

20 
91 

17.5 

x6.7 

X5.9 
X5.2 

14.4 
13.7 

la.S 

13. 3 

XX.4 
X0.8 

13.3 

II. 0 

9.7 

8.4 

7.x 

6.6e 

7.30 

IX. 7 

10.  s 

9.3 

8.0 

6.8 

22 

15.9 

X4.5 

13.x 

II.6 

X0.4 

IX. 2 

10. 0 

8.8 

7.6 

6.5 

8.01 

23 

XS.3 

13.9 

13.5 

IX. I 

9.9 

«  •  >   • 

•  •  ■  t 

•  •  ■  • 

•  •  •  • 

•  «  1  ■ 

8.76 

34 
2S 

14.6 

X3.3       X3.0 

10,7 

9.5 

•  •  •  • 

•  a  •  • 

•  •  a  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  t  • 
»  •  •  • 

9.63 
10.35 

14.0 

X3.8 

IX. 5 

X0.3 

9.1 

36 

X3.S 

13. 3 

XX. I 

9.8 

•8.8 

■  ■  •  • 

•  •  •  • 

•  •  •  * 

•  •  •  • 

•  •  •  • 

XI. 19 

Los 

ids  ab( 

ire  the  upper 

heavn 

r  lines  will  ca 

use  maxim  tim  allov 

rable  s 

hears  in 

webs. 

Sec. 

also,  paragraii 

»hs  in  \ 

text  and  foot- 

note  with  same,  pa{ 

je  567, 

rdating 

to  we 

b-bucV 

ling  in  beams 

• 

LCM 

idsbel 

ow  the  lower 

brokei 

1  lines  will  ca 

use  excessive  deflect 

lions 

,    , 

*  From  Pocket  Companion,  Carnegie  Steel  Company,  Pituburgh,  Pa. 
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LouU  b«Low  Che  lower  biDkea  linea  will  came  etcenive  defloctioni 

*  Fnw  Poctel  ComiHDiaa.  Cudcie  Sliel  Company,  Pitubuiifa.  Pk. 
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TitUe  ▼!•*    8«fe  Uaifomx  Loadt  ia  Units  of  t  ooo  Poottds  for  Steel  H  Beams 
ifg-rtmitiw  bending  street,  i6  ooo  lb  per  aq  in.    Secuied  against  yielding  sidewise 


Span. 
ft 

Depth  and  weight  of  sections 

Coefficiente 

of 
deflection 

8-in 
34.3-lb 

6-in 
a4.x-Ib 

S-in 
x8.9-Ib 

4-ln 
X3.84b 

1 

9*J0 

3 

s»-s 

19.0 
14.3 

XI. 4 

0.Z5 
0.37 
o.4t 

4 
5 

"*6  " 

7 
8 

9 

10 

IX 
13 

13 
14 
*5 
x6 

17 
I8 

«7.6 

35.4 
30.3 

33.x 

60.0 

51  3 

44.0 
38.5 
34.3 
30.8 

38.0 
■    25.6 

33.7 
33.0 

30.5 

19.3 

36.7 

32.9 
30.x 

17.8 

16.0 

14.6 
13.4 

16.9 

14.5 
13.7 

IX. 3 

10. 1 

95 

8.1 
7.x 

0.60 

o.8x 
1.06 

x.34 
x.66 

3.00 
3.38 

3.80 
3.34 
3.71 
4.34 

4.78 
5.36 

6.3 
5.7 

9.3 
8.5 

13.3 
XI. 5 

'iV.'x'"" 

17. X 

. 

• 1 

Table  VIL  t 


Safe  Unifarm  Loads  in  Pounds  for  SnuU  Steel  Channels, 
Grooved  Sted 
Computed  tot  a  fiber-stress  of  16  000  lb  per  sq  in 
Secured  against  yielding  sidewise 


Weight 

Span  in  feet 

Section^ 

Depth, 
in 

per 
foot. 

number 

1 

^ 

' 

lb 

3 

.a-5 

3 

3.5 

4 

4-5 

5 

6 

r            • 

x 

3V4 

3.80 

3  78i 

3038 

3533 

3  X63 

X892 

z683 

1514 

X  361 

3 

9 

3.90 

3560 

3048 

I7p6 

1463 

I  380 

^I38 

1034 

8S3 

3 

2 

3.60 

2880 

2304 

1930 

1643 

1440 

1380 

I  X53 

960 

4 

3 

3.60 

3  X30 

3496 

3080 

1783 

1560 

1386 

X848 

'  X  040 

5 

3 

3,60 

3356 

X804 

1504 

X289 

X  138 

X  000 

903 

752 

6 

2 

3.00 

I  418 

1x34 

945 

8x0 

709 

630 

567 

473 

7 

iH 

I.X3 

907 

736 

605 

5x8 

454 

403 

363 

303 

8 

iH 

X.33 

768 

614 

5X3 

439 

384 

341 

307 

356 

9 

iH 

1.46 

868 

694 

578 

496 

434 

386 

347 

389 

XO 

iVi 

0.94 

475 

380 

316 

371 

237 

3X1 

X90 

XX 

xH 

X.X3 

469 

375 

3x3 

368 

3(34 

308 

188 

X3 

iH 

1. 00 

437 

350 

391 

2SQ 

2X8 

X94 

175 

u 

1 

0.83 

336 

368 

334 

X9a 

168 

u 

X 

0.68 

366 

313 

177 

X52 

133 

XS 

H 

0.67 

324 

180 

X49 

138 

1X3 

'   . . . . 

x6 

H 

0.69 

339 

X83 

X52 

X30 

•  •  •  • 

17 

M 

O.S3 

X33 

106 

88 

•  ■  •  • 

*  From  Pocket  Companion.  Carnegie  Steel  Company,  Pittsburgh,  Ps. 
t  C<mipu£d  by  F.  i:..  Kiddt'r .    See  note  on  page  570. 


Strength  of  Bean»  »»]  Busi  Guden 


i»b<n>din(>tn»,.6« 

olbp«iqiii.     ScoiRd  iw*iBM  yleldidt  lide-w 

tJl 

U*i 

mum 

Si«. 

Thiek- 

.(«n.36<. 
X  deflection 

Slie. 

Thfct 

W«l 

s(-a.36o 
X  deflection 

in 

in' 

Safe 

sL~ 

Leoeth. 

in 

io' 

s^. 

S«(e 

Lmcth. 

lo«l 

load 

fl 

load 

l«d 

8X8 

iH 

IS6» 

8,JI 

US 

3!       M 

>fl< 

14.00 

TsT 

,4 

8X8 

m.Bi 

D.6 

^        '^ 

Jrt 

li 

'iU 

6^98 

n.8 

^1  ;lt 

iir 

JO. 91 

;!:S 

!;| 

8X8 

H 

6.SJ 

»» 

!i     1" 

ti 

ill 

tl 

'»14 

TJ9.S4 

6.c« 

19.0 

li       IM 

w. 

99 

» 

5.6J 

aj.i 

31       M 

Jt. 

8X8 

')l« 

5  I3 

31       in 

8XA 

;i 

109:87 

3)       iM 

n 

o.Bj 

99  »3 

J     X3 

4i 

13.87 

i6« 

8Xi 

ti 

89.18 

3.81 

«4 

at 

.>.69 

IS3 

w 

<X6 
6X6 

'»• 

91.41 
86.S1 

sle 

16.7 
16.8 

I    X3 

1; 

":« 

1.04 

ii 

sx« 

H 

4^84 

3     XI 

>i' 

«:i9 

8.7 

6X6 

>»i 

76.»J 

16.9 

«X« 

li 

JHXiJi 

ti 

7.79 

68 

«X6 

'H. 

Ss^Bi 

3^85 

17^1 

iMXiH 

H 

a 

o!8t 

7-0 

6X8 

Hi 

"!i 

3  17 

IrJ 

lii 

M. 

lU 

ra 

M 

il!8j 

M< 

6X6 
6X8 

Jl4 

ft 

"■^ 

>.48 

I?!* 

iWXa^i 

4.»7 

O.JJ 

IS 

S.4 

JXS 

6t,»T 

Hi 

6.S 

si 

SXI 

'M. 

58  56 

4.38 

'! 

5X5 

M 

55  15 

138 

iu 

5.8 

SXs 

U9 

H 

r.39 

5.8 

sxs 

»i 

48:ji 

i>iXi^i 

''ii 

a«8 

'Hi 

3  IS 

H1X.11 

w 

o.«o 

5X5 

H 

190 

iMXi». 
I^iXifi 

!!• 

5X5 

l«j 

5X5 

^i 

I'lXlfl 

O.JJ 

T(4 

n.T6 

l«XiM 

M 

iXi 

» 

2i.ta 

I7« 

14  S 

lUXi^ 
iMXi« 

fi 

J;« 

jj; 

i"i 

4X4 

'M. 

1.95 

iWXiW 

ft 

>9.W 

iltXii-i 

fi> 

1.07 

Q.U 

4.3 

«xt 

*X4. 

»* 

w.eo 

iMXiM 

Ml 

I  17  1  e  tf 

IxJ 

»• 

U.3fi 

'Z 

IL.i 

iWXiJl 

H 

ts  ::S 

II 

«X4 

Hi 

iM 

iliXiK 

4X4 

fi 

O.te       0.H 

l.« 

4l4 

13  T« 

fi. 

4X« 

»i 

U.» 

0:96 

11.7 

I    XI 

)i 

0,33     o.u. 

11 

•  Ftom  Poci«  Coir 


■cl  Company,  PiHjbufgh,  P>- 
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TMie  K^*    8«f •  Vntform  hoUn  la  Ihilts  of  i  ooo  ^raflds  «f  8M«1  Antf m 

wlti  Unefvel  L«gs.      (Ste  pftge  Bi6.> 

If  eotrtl  Axil  Pat aUel  to  Shorter  lee 

M.wifwMtii  beojjni^  streas»  i6  ooo  lb  per  sq.  in.    Secured  against  yielding  sidewise 


S«e. 

Thick- 

i-ft 
span 

Maximum 

8pan.  360 

X  deflection 

Sise. 

Thick- 

i-ft 
span 

Maximum 

span,  360 

X  deflection 

in 

in 

Safe 

Sale 

Length, 

in 

in 

Safe 

Safe 

Length, 

load 

load 

ft 

load 

load 

ft 

8X6 

r 

161.17 

7-49 

2X.5 

6X3^ 

r 

83.52 

5.57 

X5.0 

8X6 

>M6 

TS2.ai 

7.04 

2X.6 

6X3H 

»Me 

7904 

5-34 

xsi 

8X6 

H 

143.04 

6.59 

2X.7 

6X3Vi 

W 

74. 45 

4.90 

XS.2 

8X6 

»>le 

133.87 

6.14 

21.8 

6X3^i 

»Me 

69.87 

4.S7 

153 

8X6 

H 

r34.48 

5.68 

21.9 

6X3^i 

H 

65.07 

4.23 

IS. 4 

8X6 

»He 

1X4.88 

SM 

22.0 

6X3^1» 

»Me 

60.27 

3.8D 

ISS 

8X6 

H 

losas 

4.76 

22. r 

6X3H 

H 

55  36 

355 

XS.6 

8X6 

fie 

95.47 

4. 30 

22.3 

6X3^i 

Me 

50.35 

3.2X 

15. 7 

8X6 

W 

^SSS 

3.84 

22.3 

6X3V4 

H 

45.23 

2.86 

XS.8 

8X6 

Me 

75. 41 

337 

22.4 

6X3V4 

Me 

40.00 

2.52 

XS.9 

6X3W 

H 

34.67 

2.17 

x6.o 

8X3V4 

z 

146.03 

7  S3 

194 

6X3H 

Me 

39-23 

1.83 

16.0 

8X3V4 

»Me 

138.03 

7.08 

19.5 

8X3H 

H 

rJ9.9a 

6.63 

X9.6 

%XzM 

>Me 

121.60 

6.17 

X9.7 

5X4 

H 

53  23 

4.00 

13.3 

8X3Vi 

H 

113.17 

5  72 

19.8 

5X4 

>Me 

SO.03 

3.73 

X3.4 

8X3Vi 

»He 

104.58 

5.23 

199 

5X4 

H 

46.61 

3.46 

u.s 

8X3^i 

H 

95. 79 

4.78 

20.0 

5X4 

>Me 

43  20 

3  19 

X3.5 

8X3Vi 

Me 

86.93 

4.3a 

20.x 

5X4 

H 

39  79 

2.9a 

X3.6 

8X3^ 

H 

77.97 

3.86 

20.2 

5X4 

Me 

36.  z6 

2.64 

13  7 

8X3W 

Me 

68.80 

339 

30.3 

5X4 

H 

32-53 

2.36 

X3.8 

5X4 

Me 

28.80 

2.07 

139 

7X3W 

r 

xia.Ss 

6.S2 

17.3 

5X4 

H 

24.96 

1.78 

X4.0 

7X3V4 

*Me 

106.67 

6.13 

17.4 

7X3V4 

W 

100.48 

5-75 

n.5 

7X3V4 

«Me 

94.0S 

5.36 

17.6 

5X3Vi 

H 

52. OS 

4.G4 

X2.9 

7X3V4 

M 

87.68 

4.97 

X7.6 

5X3H 

>Me 

48.8s 

3.76 

X3.0 

7X3W 

»M» 

61.07 

4.58 

n.7 

5X3H 

M 

45.6s 

3-49 

13. 1 

7X3H 

H 

74.35 

4.18 

17.8 

5X3W 

»He 

42.3s 

3. 21 

X3.a 

7X3W 

Me 

67.5a 

3.77 

17.9 

5X3V4 

H 

38.93 

2.93 

133 

7X3W 

^4 

6o.S9 

337 

x8.o 

5X3^i 

Me 

35.41 

2.64 

13.4 

7X3Vi 

Me 

S3.44 

a. 96 

z8.i 

SX3H 

W 

31.89 

2.36 

13. 5 

7X3H 

H 

46.19 

2.54 

18.3 

5X3Vi 

Me 

28.16 

2.07 

X3.6 

SX3H 

H 

24.43 

1.79 

X3.7 

6X4 

r 

85.55 

5.56 

r5.4 

5X3V^ 

Me 

20.69 

X.SI 

X3.7 

6X4 

>Me 

80.96 

5  22 

X5.5 

6X4 

H 

76.27 

489 

Z5.6 

5X3 

»Me 

47.47 

3.77 

X2.6 

6X4 

»Me 

71.47 

4-55 

15.7 

5X3 

H 

44.37 

3.49 

X«.7 

6X4 

H 

66.67 

4.» 

15.8 

5X3 

'He 

41.17 

3.22 

X2.8 

6X4 

»He 

6x.6s 

3.88 

15.9 

5X3 

H 

37.87 

2.94 

12.9 

6X4 

H 

56.64 

3.54 

z6.o 

5X3 

Me 

34.45 

2.65 

13.0 

6X4 

Me 

51.53 

3.20 

z6.z 

5X3 

H 

31.04 

2.37 

13. 1 

6X4 

H 

46.19 

a.8s 

Z6.2 

5X3 

Me 

27.52 

2.09 

13.2 

6X4 

Me 

40.8s 

2.SX 

16.3 

5X3 

H 

23.89 

1.80 

X3.3 

6X4 

H 

3S.4X 

2.16 

16.4 

5X3 

Me 

20.  x6 

X.5X 

13.4 

*  From  Pocket  Companion,  Carnegie  Steel  Company,  Pittsburgh,  Pa. 
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Strength  of  Beams  and  Beam  Girders 


Chap.  15 


Tftbto  IZ  •  (Coiitiav«d).    Sale  Uatform  Loate  ia  Ualto  of  i  ooo  Po— <■ 
for  Steal  AndM  with  Uneqaal  Legs.    (See  page  566.) 

Neutral  Axis  ParaUel  to  Shorter  Leg 

Masdmam  bending  stress,  z6  000  lb  per  sq  ia.     Secured  s^alaat  yielding  sklewiw 


x-ft 
span 

Maamum 

X-ft 

Maximum 

Size, 

Thick- 
ness. 

in 

span.  360 
X  deflection 

Size. 

Thick- 
ness. 

span 

tpan,  360 
X  deflection 

in 

Safe 

Safe 

Length. 

in 

in 

Safe 

Safe 

Length. 

load 

load 

ft 

load 

load 

ft 

4WX3 

»^« 

38.61 

3.36 

XI. 5 

3    X3H 

Mi 

13.37 

I. S3 

8.0 

4HX3 

n 

36  OS 

3.  XX 

IX  .6 

3    XaV4 

H 

11.09 

1.37 

8.1 

4WX3 

>Hs 

33  49 

3.87 

XX.7 

3    XaW 

Me 

^92 

1.33 

4WX3 

H 

3083* 

3.63 

XX.8 

3    X2H 

H 

8.64 

1.06 

4V^X3 

Ws 

38.16 

3.38 

ix.S 

3    X2V4 

Me 

7.36 

0.89 

4ViX3 

H 

35.28 

3.X3 

II  9 

3    X3V4 

H 

5.97 

0.7X 

4WX3 

Ms 

33.40 

1.87 

13. 0 

4^iX3 

H 

1953 

X.61 

13. X 

3    X3 

H 

10.67 

I  39 

4^X3 

Ms 

16.43 

1.35 

X3.3 

3    X2 

Me 

9  49 

1.23 

4    X3Vi 

»Ms 

31  IS 

3.94 

X0.6 

3    X2 

H 

8.3a 

X.O5 

4    X3H 

H 

39  23 

3  73 

10.7 

3    X2 

Me 

704 

0.88 

4    X3W 

»Hs 

37. » 

3.53 

X0.8 

3    X2 

H 

S.76 

0.7X 

4    X3W 

H 

85.07 

3.30 

10.9 

4    X3V4 

^s 

33.93 

3.06 

II. 0 

2>4X3 

W 

7.47 

1. 15 

4     X3W 

H 

30.69 

X.86 

II. I 

3V4X3 

Me 

6.73 

x.oa 

4    X3V4 

Me 

X8.35 

X.64 

II. 3 

3HX2 

H 

5.87 

0.88 

4    X3^4 

H 

x6.oo 

X.41 

II. 3 

2^X3 

Me 

5.01 

0.74 

4    X3Vi 

Ms 

X3-44 

x.x8 

XI. 4 

3^4X3 

M 

4.0s 

0.59 

4    X3 

»Ms 

30.61 

3.97 

10.3 

3^4X3 

Me 

3.09 

0.44 

4     X3 

^4 

38.59 

3.75 

XO.4 

2^4X3 

}i 

3.13 

O.30 

4    X3 

»Ms 

36.56 

3.53 

10.5 

4     X3 

H 

34-53 

3.3X 

X0.6 

3WXIV4 

Me 

4.69 

0.73 

4    X3 

Ms 

33.40 

3.09 

10.7 

2V4XIV4 

H 

3.84 

0.59 

4    X3 

H 

30.16 

X.87 

10. 8 

3HX1H 

Me 

3.99 

0.45 

4    X3 

Ms 

X7.9a 

1.64 

10.9 

4    X3 

H 

IS.  57 

X.43 

1 1.0 

3MXIV4 

H 

576 

X.08 

4    X3 

Ms 

X3X3 

X.X9 

IX. 0 

3MXiV4 

Me 

S.X3 

0.90 

4    X3 

H 

10.67 

0.96 

XX. I 

2WX1V4 

H 

4.48 

0.77 

3^4X3 

»Ms 

33.47 

3.57 

91 

3MXIV4 

Me 

384 

0.65 

3V4X3 

^< 

31.87 

2.38 

9.3 

3MXi^4 

M 

3.30 

O.S3 

3HX3 

»Ms 

30.37 

3.X9 

9.3 

3K4X04 

Me 

3.45 

0.40 

3^4X3 

H 

18.77 

3.00 

9.4 

3V4X3 

Ms 

X7.I7 

X.8X 

9  5 

3    XiH 

H 

363 

0.70 

3V4X3 

H 

15. 47 

1.63 

9.5 

3    XiV4 

Me 

3.09 

0.58 

3^4X3 

Ms 

13.76 

x.43 

9.6 

3    XiH 

^ 

3.56 

0.47 

3^4X3 

H 

X3.05 

X.34 

9.7 

2    XiV4 

Me 

1.93 

0.3S 

3V4X3 

Ms 

10.34 

X.05 

9.8 

2    XiV4 

H 

X.39 

0.34 

3^4X3 

K4 

8.32 

0.84 

9-9 

2    XiM 

H 

2.45 

0.47 

3^4X24 

>Hs 

X9-73 

3.19 

9.0 

2    XiH 

Me 

1-92 

0.36 

3\^X2M 

w 

x8.34 

3.00 

91 

3\iX2H 

Ms 

16.64 

X.83 

91 

iMXiVi 

H 

1.93 

0.43 

3V4XaW 

H 

15  04 

X.63 

9.3 

iMXiH 

Me 

1.49 

0.3a 

3^4X2V§ 

Ms 

1344 

X.44 

9.3 

iMXiM 

H 

1. 00 

0.3K 

3^§X2V4 

H 

IX.  73 

x.34 

9  4 

iHXiVi 

Me 

1. 71 

0.44 

3^4Xa^ 

Ms 

992 

1.04 

95 

iHXiH 

M 

139 

0.35 

3>4XaV4 

V4 

8.00 

0  83 

9.6 

i^4XxM 

Me 

X.07 

0.36 

•  From  Pocket  Companion,  Carnegie  Steel  Company.  Pittsbutgh,  Pa. 
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Tabte  X*    Safe  Uaiform  Losda  in  Iliiitt  of  i  ood  Powi4«  for  Stool  Aafiaa 

with  Unoqoal  Logs.     (800  fof 0  SM.) 

VoBtrai  Aalp  Pwillol  to  Longor  Lot 

Mowmnm  beodiiic  stmi,  16  000  lb  per  tq  in.    Secund  against  yiolding  lideiiiM 


1 

i-ft 

Maximum 

i-ft 

Maximum 

1           .     • 

Thick- 

qan 

span,  360 
X  deflection 

Site. 

Thick- 

span 

span.  360 
X  deflection 

'         in 

• 

in 

*a%^W9 
• 

in 

Safe 

Safe 

Length. 

in 

Safe 

Safe 

Length. 

load 

load 

ft 

k>ad 

load 

ft 

,      8X6 

X 

95.  IS 

5.44 

17.5 

6X3V4 

I 

30  93 

3.09 

10. 0 

8X6 

»M6 

89.92 

SIX 

X7.6 

6X3H 

iMe 

29.23 

2.90 

10. 1 

8X6 

H 

84.69 

4.79 

17.7 

6X3W 

% 

27.63 

2.71 

10.2 

8X6 

iM« 

TO.36 

445 

X7.8 

6X3V4 

»Me 

25.92 

2.52 

10.3 

8X6 

H 

739a 

4  13 

17.9 

6X3  J^ 

y* 

24.21 

2  33 

10.4 

8X6 

Hie 

68.37 

3.80 

x8.o 

6X3W 

»Me 

22.51 

2.14 

10.5 

1      8X6 

H 

62.72 

3.48 

18.0 

6X3W 

H 

20. 69 

A95 

10.6 

8X6 

«• 

56.96 

lis 

x8.x 

6X3W 

Me 

X8.88 

1.76 

10.7 

8X6 

H 

51  09 

2.81 

X8.2 

6X3W 

H 

16.96 

1.57 

10.8 

1      8X6 

lu 

45.12 

2.47 

X8.3 

6X3W 

Me 

15.04 

1.38 

10.9 

' 

6X3W 

H 

13- 12 

1. 19 

IX. 0 

.      8X3W 

1 

32.21 

3.10 

10. 4 

6X3H 

Me 

11.09 

X.OO 

XX. X 

8X3Vi 

^« 

30.40 

2.90 

10.5 

8X34 

H 

28.69 

2.71 

10.6 

,      BX3H 

»M» 

26.8S 

2.52 

X0.7 

5X4 

H 

35.31 

3.15 

II. 2 

8XjVi 

W 

25. 07 

2.33 

X0.8 

5X4 

^ie 

33  17 

2.93 

II. 3 

8X3Vi 

»He 

a3.i5 

2.13 

X0.9 

5X4 

H 

3093 

2.71 

11.4 

sxaVi 

H 

ai.33 

r.94 

XX. 0 

5X4 

»He 

28.69 

2.50 

II. 5 

8X3V4 

Me 

I94I 

X.74 

XI. X 

5X4 

H 

26.45 

2.28 

IX. 6 

8X3>4 

H 

17.49 

X.57 

XI. 2 

5X4 

Me 

24.11 

2X6 

11.7 

8X3V4 

51e 

15.57 

X.38 

XI. 3 

5X4 

4 

2X.76 

1.84 

11.8 

5X4 

Me 

19.31 

1.62 

II  9 

7X3H 

X 

31.57 

3.10 

10.2 

5X4 

H 

16.7s 

X.40 

12.0 

7X3W 

»5ie 

29  87 

2.90 

XO.3 

7X3W 

H 

28.16 

2.71 

10. 4 

5X3^ 

H 

26.88 

2.71 

9.9 

7X3W 

»Me 

a6.45 

2.52 

10.  S 

5X3W 

me 

25.28 

2.53 

10. 0 

7X3W 

94 

24.64 

2.33 

10.6 

5X3H 

M 

23.68 

2.34 

10. 1 

7X3Vi 

»He 

22.83 

2.14 

10.7 

5X3W 

Hie 

21.97 

2   15 

10.2 

7X3H 

W 

21.  ox 

1. 95 

10.8 

5X3Vi 

H 

20.27 

1.97 

10.3 

7X34 

We 

19.20 

1.76 

10.9 

5X3Vi 

Me 

18.45 

1.78 

10.4 

7X3W 

H 

17.28 

1.57 

XX. 0 

5X3V4 

H 

16.64 

1.60 

10.4 

7X3W 

M* 

15.36 

1.38 

XX. X 

5X3Vi 

Me 

I4.«3 

1. 41 

10. 5 

7X3W 

H 

13.44 

1. 19 

XX. 2 

5X3^ 

H 

12.91 

1.22 

10.6 

5X34 

Me 

10.88 

1. 02 

10.7 

6X4 

X 

40.43 

3.55 

II. 4 

6X4 

»Me 

38.29 

3.33 

II. 5 

6X4 

J* 

36.  x6 

3.12 

II.6 

5X3 

>Me 

18.56 

2.X6 

8.6 

6X4 

«Me 

33.92 

2.90 

II. 7 

5X3 

M 

17.39 

2.00 

8.7 

6X4 

H 

31.68 

a.69 

XX.8 

5X3 

»Me 

16.  IX 

X.83 

8.8 

6X4 

»He 

29.44 

2.47 

II.9 

SX3 

H 

14.83 

1.67 

8.9 

6X4 

H 

27.09 

2.26 

12. 0 

5X3 

Me 

13. 55 

x.si 

9.0 

6X4 

Me 

24.64 

2.05 

12. 0 

5X3 

H 

12.27 

1.35 

9.1 

6X4 

H 

22.19 

X.84 

12.  Z 

5X3 

Me 

10.88 

1. 18 

9.2 

6X4 

^e 

19.73 

1.62 

la.a 

5X3 

H 

949 

1.02 

9-3 

6X4 

H 

17.07 

1.39 

Z2.3 

5X3 

'H* 

8.00 

0.8s 

9.4 

*  Fvom  Poeket  Companion,  Cansgio  Steel  Company.  Pittsbufgh,  Pt. 
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Z  *  CCoiitfm«d).    Sale  Uaifotm  Losds  ta  Unitt  «f  i  opo  Poondi  for 
Steel  Aacl#t  wiih  Uneqaal  Lags.    (See  fsg •  S66.) 

Ne«lnd  AxU  PanlM  to  LonCar  Lag 

liudomm  bendinc  ftieit.  x6  ooe  lb  per  aq  in.    Secared  tfafaat  yUidbig  ridaiHia 


Sixe. 

Thick- 

i-ft 
tpan 

■pan,  360 
Xdeflectien 

Siae. 

ThtcV- 

i-ft 
•pan 

Maximum 

apan«  360 

X  deflection 

in 

in 

Safe 

Safe 

Length. 

in 

itt' 

Sale 

Safe 

Length. 

load 

load 

ft 

load 

load 

ft 

4WX3 

»Me 

x8.a4 

a.  15 

8.5 

3    X3V4 

Ma 

8.7S 

X.35 

4WX3 

H 

17.07 

1.99 

8.6 

3    X2H 

W 

789 

X.X3 

4HX3 

»M* 

IS  89 

1.83 

8.7 

3    XaH 

Me 

7.04 

0.99 

4MX3 

H 

14- 6x 

1.67 

8.8 

3    XaVi 

H 

6.19 

0.8$ 

4HX3 

Ma 

13.33 

1. 51 

8.8 

3    XaVi 

M« 

533 

0.73 

4WX3 

M 

13.05 

Z.3S 

8.9 

3    XaH 

H 

4  37 

o.s8 

4WX3 

ht 

10.77 

1.19 

90 

4WX3 

H 

9  39 

X.03 

91 

3    Xa 

\i 

S.ox 

0.88 

4V4X3 

M« 

8.00 

0.87 

9.3 

3    Xa 

M* 

4.48 

0.77 

4    X3Vi 

»fi« 

34-53 

3.56 

9.6 

3    Xa 

H 

3  95 

0.67 

4    X3M 

H 

aa.93 

a.37 

97 

3    Xa 

M« 

3.41 

0.57 

4    X3V4 

»Me 

ai.33 

3. 18 

9.8 

3    Xa 

H 

a.77 

0.46 

4    X3H 

M 

1963 

1.98 

9  9 

4    X3V4 

9i« 

17.9a 

1.79 

xo.o 

2HX2 

H 

491 

0.89 

4    X3V4 

Vi 

16. 31 

X.60 

10.  X 

3)4X3 

Me 

4.37 

0.78 

4    X3H 

Me 

14.4a 

1. 41 

XO.3 

aHXa 

H 

384 

0.67 

4    X3J'4 

H 

ia.59 

1.33 

XO.3 

3V4X3 

Me 

3.31 

0.57 

4    X3>4 

M« 

10. 67 

X.03 

10.4 

aHXa 

Vi 

a. 67 

0.46 

4    X3 

»Me 

17.9a 

3.15 

8.3 

aHXa 

Me 

a. 13 

0.3S 

4     X3 

H 

16.75 

1.99 

8.4 

2^X2 

H 

1.49 

0.23 

4    X3 
4    X3 

nu 

H 

IS  57 
14.40 

1.83 
1.67 

8$ 
8.6 

aWXi^i 

Me 

x.8x 

0.41 

4     X3 

4     X3 

91o 

13.  la 

11.84 

X.5I 
I.3S 

8.7 
8.8 

aViXiW 
a^Xi^ 

Me 

1.49 
1.17 

0.33 
0.35 

4    X3 
4    X3 
4    X3 
4    X3 

3^iX3 
3ViX3 
3HX3 

H 

Me 

H 

»Me 

»He 

10. 56 
9.38 

7.89 

6.40 

17.60 

16.43 

IS. 36 

1.19 
X.03 
0.87 

0.70 

3.17 
3.01 
X.85 

8.9 
8.9 
90 

9.1 
8.1 
8.3 
8.3 

2>4XiV4 
aMXiVi 
ahXiH 
aMXiVi 
aWXiVi 
aMXiVi 

H 
Me 
H 
Me 

Me 

a.77 
3.45 
3.13 
x.8x 

1.49 
X.17 

0.67 
058 
0.50 
0.41 
0.33 
0.35 

3HX3 

H 

14.19 

1.69 

8.4 

a    Xi4 

H 

3.X3 

0.51 

3WX3 

Mi 

za.9z 

X.53 

8.5 

a    XiV4 

Me 

I.8x 

0.43 

3WX3 

H 

11.73 

X.36 

8.6 

a    XiH 

H 

1.49 

0.34 

3WX3 

'/1 6 

10.45 

X.30 

8.7 

2    Xi^i 

Me 

X.17 

0.36 

3HX3 

9i 

9.07 

X.04 

8.7 

3    XiH 

K 

0.80 

0.X7 

3ViX3 

41. 

7.68 

0.87 

8.8 

a    XiH 

H 

X.04 

0.38 

3HX3 

>4 

6.Z9 

0.70 

8.9 

a    XiJ4 

Me 

0.80 

0.31 

3MX7H 

»Vi« 

10.56 

X.5I 

7.0 

3WX2^i 

W 

9.81 

1.39 

7.1 

iMXiM 

M 

x.ox 

0.36 

3-6 

3HX2Vi 

M« 

«.96 

X.a6 

7.x 

iMXiH 

Me 

0.80 

0.33 

3.7 

3V4X2Vi 

H 

8.IZ 

1.13 

7.a 

xHXiH 

H 

0.56 

0.X5 

3.8 

3HXaW 

M« 

735 

0.99 

73 

t 

3WXaW 

H 

6.a9 

0.85 

7.4 

iHXiH 

Me 

1.17 

0.34 

3.4 

3HXa^ 

M« 

5  33 

0.71 

7.S 

iWXiH 

M 

0.99 

0.38 

3.5 

3hXaH 

H 

4.37 

0.58 

7.6 

xMXiM 

Me 

0.78 

0.33 

3.6 

*  FVom  Pocket  Companloo,  Carnegie  Steel  Company,  Pfttebuigh.  Pa. 
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Sat9  Uniform  Loadi  in  Unili  of  i  ooo  Ponds  for  MM  TMo  with 
Hoatral  Azio  Paimttol  to  Fkngo.    (8oo  yogo  866.) 

bending  stKM,  i6  coo  lb  per  sq  m.    Seciued  agminst  yielding  sidewiae 

■QVAg  llAMOB  AMD  STIM 


Maximum 

Maiimum 

Siae 

Weight 

i-ft 
span 

span.  360 
X  deflec- 

Size 

Weight 

i4t 

apan 

span.3te 
X  deflec- 

per 

tion 

per 

tion 

foot, 
lb 

foot, 
lb 

Pfnce 

Stem 

Safe 

Safe 

L'gth 

Flnge 

Stem 

Safe 

Safe 

L'gth 

in 

in 

load 

load 
2.77 

ft 

in 

in 

load 

load 
o.«9 

ft 

6H 

6H 

Z9.g 

52. Bo 

19. X 

2H 

2H 

4.9 

4-37 

6.3 

4 

4 

13.5 

21. ss 

1.89 

IX.4 

2H 

aVi 

4.1 

3.41 

0.53 

6.4 

4 

4 

10. s 

16.85 

X.45 

II  .6 

2 

2 

4.3 

3.31 

O.S9 

5.6 

3H 

3H 

11. 7 

16.32 

X.65 

99 

2 

2 

3.56 

277 

0.49 

5.7 

3H 

3W 

9.2 

12.69 

1.27 

10. 0 

iH 

iH 

309 

2.03 

0.41 

4.9 

3 

3 

9-9 

"73 

1.41 

8.3 

14 

iH 

2.47 

1.49 

0.36 

4.1 

3 

3 

8.9 

10.4s 

1.24 

8.4 

iM 

14 

1.94 

1.17 

0.27 

4.3 

3 

3 

7.ft 

9.17 

X.08 

8.S 

tH 

iM 

2.02 

x.ox 

0.30 

3-4 

3 

3 

6.7 

7.89 

0.9a 

8.6 

iH 

xW 

X.59 

0.78 

o.aa 

3-5 

2H 

2H 

6.4 

6.29 

0.90 

7.0 

I 

I 

X.25 

0.49 

0.18 

2.7 

2H 

2H 

S  5 

5.33 

0.75 

7.1 

I 

I 

0.89 

0.35 

0.X2 

a.9 

3M 

2H 

49 

4.37 

0.69 

6.3 

•  •  •  • 

•  ■  •  ■ 

.... 

■    a    • 

•  •  «  • 

UN 

EQUAL  ¥LAi> 

IGS  AK 

D  8T£] 

11 

liaiimum 

SI 

Be 

Weight 

per 

foot. 

lb 

I-ft 

Span 

8pan.3fio 
X  deflec- 
tion 

Si 

[te 

Weight 

per 

foot. 

lb 

I-ft 
span 

Span.  360 
X  deflec- 
tion 

Flnge 

Stem 

Safe 

Safe 

L'gth 

Flnge 

Stem 

Safe 

Safe 

L'gth 

in 

in 

load 

load 
1.25 

ft 

in 

in 

load 

load 
1.42 

ft 

3 

134 

11.41 

9.1 

3H 

3 

10.8 

12.05 

8.5 

5 

»M 

10.9 

8.96 

1.20 

7.S 

34 

3 

8.5 

9.49 

1.09 

8.7 

4Hi 

3W 

IS.7 

22.72 

2.37 

96 

3H 

3 

75 

9.07 

1.04 

8.7 

AM 

3 

9.8 

971 

X.07 

9.1 

3 

4 

11.7 

ao.69 

I  92 

10.8 

4H 

3 

8.4 

8.32 

0.90 

9.2 

3 

4 

10.5 

18.35 

1.66 

10. 9 

4H 

2H 

9.2 

6.72 

0.87 

7.7 

3 

4 

9.2 

x6.ix 

1.47 

IX. 0 

4H 

aH 

7.8 

S.76 

0.74 

7.8 

3 

34 

10.8 

15.89 

1.66 

9.6, 

4 

5 

IS.3 

33.39 

2.40 

13. 9 

3 

34 

9.7 

14.19 

1.46 

9-7 

4 

5 

IX. 9 

25.92 

1.84 

14.  X 

3 

34 

8.5 

12.37 

1.26 

9.8 

^ 

4H 

14.4 

27.09 

2.  IS 

12.6 

3 

24 

7.1 

6.40 

0.89 

7.2 

^ 

4Vi 

IX. 2 

21.12 

1.65 

12.8 

3 

24 

6.1 

5.55 

0.76 

7.3 

3 

9.2 

9.60 

X.08 

8.9 

aVi 

3 

7.1 

8.96 

r  oR 

8.3 

3 

7.8 

8.2X 

0.90 

9.1 

aH 

3 

6.1 

7.68 

0.91 

8.4 

2H 

8.S 

6.6x 

o.»7 

7.6 

24 

i4 

2.87 

0.93 

o.as 

3.7 

2\i 

7.2 

5.65 

0.73 

7.7 

2 

i4 

3.09 

1.60 

0.36 

4.4 

a 

7.8 

4.27 

0.70 

6.1 

xH 

2 

2.45 

2.03 

0.37 

5.5 

a 

6.7 

3.63 

0.59 

6.2 

x4 

14 

x.25 

0.57 

0.X5 

3.7 

3^ 

4 

XJ.6 

2Z.X2 

1.90 

II.  I 

jH 

H 

0.88 

O.X4 

0.07 

19 

3H 

4 

9.8 

16.53 

X.46 

IX.3 

•  •  •  • 

•  •  •  • 

•  •  •  ■ 

»  •  • 

•  •  •  • 

*  From  Focket  Companion,  Carnegie  Steel  Company,   Futabuigh,  Pa. 
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Bat]il«h«m  I  Bmsw.*  BEimsBni  I  bsahs  from  8  to  94  in  in  depth.  In- 
clusive, have  tha  same  itrength«  or  section-modulus,  as  SxANDAao  beams  of  the 
same  depth.  Bethlehem  beams,  due  to  the  proportions  of  the  sections^  weigh 
generally  10%  less  than  standard  beams  ol  the  same  depth  and  strength.  For 
example  (Table  VI,  page  357),  a  Bethlehem  xs-in  I  beam,  weighing  54  lb  per 
ft,  has  a  section-modulus  of  81^3.  The  corresponding  standard  section  (Table 
IV,  page  354)  is  a  15-in  I  beam  weighing  60.8  lb  per  ft,  with  a  section-modulus 
of  8x.2.  Therefore,  for  equal  strength,  the  Bethlehem  beam  weighs  6.8  lb  per  ft 
less  than  the  standard  beam,  or  saving  over  10%  in  weight.  Similar  com- 
parisons with  other  sizes  of  the  standard  beams  previously  rolled  by  the  mills 
of  this  country  show  that  the  Bethlehem  Z  beams  afford  an  equal  carrying 
capacity,  but  with  practically  10%  less  weight  of  metal. 

ThicknMa  of  Waba  and  Flangaa.  It  is  cUimed  that  the  webs  of  standard 
beams  are  much  thicker  than  required  for  a  sdentifically  proportioned  section. 
It  is  impossible  to  reduce  the  wed-thickness  in  the  ordinary  mill,  but  with 
the  Grey  Mill  webs  of  the  desired  thickness  can  be  produced.  By  adding  to 
the  FLANGES  part  of  the  metal  thus  saved,  the  strength  of  the  beam  is  main- 
tained, thereby  affording  a  lighter  section  of  the  same  strength.  The  wide 
FLANGES  give  increased  lateral  stiffness^,  which  commends  the  use  of  such  beams 
in  many  cases,  where  the  narrow  flanges  and  lack  of  sufficient  lateral  rigidity 
prevent  the  use  of  ordinary  standard  beams. 

Depth  and  Weight  of  Bathlehem  Beams.  Formerly  the  heaviest  beams 
rolled  in  this  country  were  24  in  deep,  weighed  z  15  lb  per  ft,  and  had  a  section- 
modulus  of  346.3.  Whenever  greater  strength  was  required,  a  riveted  girder 
was  necessary.  Bethlehem  beams  are  rolled  to  a  maximum  depth  of  30  in, 
weigh  aoo  lb  per  ft,  and  have  a  section-modulus  of  610,  or  two  and  one-half 
times  the  strength  of  the  largest  beam  previously  rolled.  The  opportunity  for 
using  ROLLED  BEAMS  Instead  of  buxlt-i7p  riveted  girders  is,  therefore,  greatly 
increased.  These  rolled  beams  and  girders  afford  a  saving  in  weight  of  metal 
and  also  a  large  economy  in  cx)ST  of  fabrication,  as  they  do  not  require  the 
punching,  assembling  and  riveting  necessary  for  building  a  riveted  gilder. 

Bethlehem  Girder  Beams.*  Bethlehem  girder  beams,  from  8  to  94  in 
in  depth,  inclusive,  have  a  strength,  or  section-modulus,  equal  to  that  of  two 
minimum-weight  standard  X  beams  of  the  same  depth.  The  girder  beam, 
however,  weighs  generally  i2Xi%  less  than  the  combined  weight  of  the  two 
standard  beams,  not  considering  the  saving  in  weight  of  separators  needed  for 
assembling  the  standard  beams  into  a  girder.  For  example,  a  Bethlehem  x5-in 
girder  beam,  weighing  73  lb  per  ft  has  a  section-modulus  of  11 7.8  (Table  VII» 
P&se  358).  Two  standard  15-in  X  beams,  each  wdghing  42  lb  per  ft,  have 
together  a  like  section-modulus  of  11 7. 8  (Table  IV,  page  354).  Thus,  for  equal 
depth  and  strength,  the  girder  beam  weighs  ix  lb  per  ft  less  than  the  two 
standard  beams.  This  is  a  saving  of  13%  in  weight,  not  including  separators, 
which  would  add  at  least  2yi  lb  per  ft  more  to  the  weight  of  the  assembled 
girder.  In  this  case  a  total  saving  of  x6%  in  weight  is  afforded  by  the  Bethlc^ 
hem  girder  beam,  besides  the  saving  in  the  cost  of  assembling  the  standard 
beams  into  a  girder. 

Safe  Uniformly  Distribnted  Loads  for  Bethlehem  I  Beams  and  Girder 
Beams.  Tables  XII  *  and  XIII,*  pages  594  to  6oa,  give  tbe  safe  tTMiFORMLY 
DISTRIBUTED  u>AOS  in  toiis  of  2  ooo  lb,  on  Bethldiem  girder  beams  and  I  beams 
for  a  marimnm  fiber-stress  of  x6  ooo  lb  per  sq  in.    The  tabular  loads  include 

*  Adapted  by  pemdaskm  from  the  Catalogue  of  Bethlehem  Stntctoral  Shapes,  BcCUe 
h«&  Sted'Ooo4)aay.  South  Bcthkhem;  Pa.  ^ 
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the  weight  of  the  beam,  which  must  be  deducted  to  obtain  the  net  load  a  beam 
will  support.  Safe  loads  for  iNTEaMEoXAXB  or  heavier  weights  of  beams  can 
be  obtain«3d  from  the  separate  coluicn  of  corrections,  given  for  each  size 
This  last  a^umn  of  the  table  states  the  increase  in  safe  load  for  each  pound 
of  increase  in  weight  per  foot  of  beam.  If  the  load  is  concentrated  at  the 
MixsoLE  OF  THE  SPAN,  the  Safe  load  is  one-half  the  safe  uniformly  distributeo 
load  for  the  same  span.  The  safe  loads  on  short  spans  may  be  limited  by 
the  shearing  strength  of  the  web,  instead  of  by  the  maximum  fiber-stress 
allowed  in  the  flanges.  Thb  limit  is  indicated  in  the  tables  by  the  heavy  hori- 
xontal  lines.  The  loads  given  above  these  lines  are  greater  than  the  safe  crip- 
pxiMG  or  buckling  strength  of  the  wed,  ^ and  must  not  be  used  unless  the 
webs  are  stiffened.*  In  such  cases  it  will  generally  be  advisable  to  select  a 
heavier  beam  with  a  thicker  web.  To  use  these  tables  for  other  spans,  or  for 
other  distribution  of  the  loading,  see  explanation,  page  566.  To  use  these  tables 
for  beams  yielding  laterally,  see  Lateral  Deflection,  pages  566  and  670. 


Oblique  Loading  of  Anglaa  Uaad 
as  Beams  t 

Obttque  Loading  of  Pulins  on 
Sloping  Roofs.  (See,  also,  pages 
573*  11^  and  1x70.)  The  preceding 
Tables  VIU,  IX  and  X  for  safe  loads 
on  angles  are  based  on  the  neutral 
axis  being  parallel  to  one  of  the  legs. 
When  this  is  not  the  case,  as  in  roof- 
ptirfins  (Fig.  10),  the  strength  of  a 
given  angle  may  be  found  by  taking 
its  section-modulus  from  Table  XI A 
mud  using  the  fundamental  formula 
for  flexure  (page  557).  It  should  be 
noted  that  purlins  set  as  at  (a)  are 
stronger  than  (i).  Fig.  Oa. 


Fig.  9a,    Strong   and  Weak   Setting   cf 
Angle-Puritnt  on  Sloping  Roofs 


Table  XI  A.     Section-Moduli  of  Angle-Purlins  Set  at  Right-Anglei  to  Rafters, 
aa  in  (a)  Fig.  9a,  and  Free  to  Move  in  Any  Direction.    Loading  Vertical. 


Purlin 

Slope  of  roof  in  inches  per  foot                  | 

0 

I 

a 

4 

S 

6 

8 

a      X  a      XH  angle 

0.18 
0.30 
0.31 
0.4a 
0.44 
0.64 
0.56 
0.84 
0.7S 

i.n 
1. 48 

1.76 

a. so 
.^.30 

0.19 
0.3Z 
0.3a 

0.44 
c.46 
0.67 
0.59 
0.89 
0.80 
x.x8 

1-55 
1.86 
a. 66 
3  5a 

o.ao 
0.33 
0.33 
0.46 

0.49 
0.7I 
0.64 
0.96 
0.86 
1.26 
1.66 

1.99 
a. 87 
3.79 

O.aa 
0.38 
0.37 
o.sa 
0.56 
0.8a 
0.76 

X.14 
z.oa 

1-47 
1.96 

a. 34 
3.41 
4  5a 

o.a4 

0.41 
0.39 

O.S5 
0.60 
0.89 
0.83 
x.aa 

Z.IZ 

1.58 
a. 13 
a.sa 
3.70 
4.84 

o.a6 

0.44 
0.4a 
0.60 
0.6s 
0.95 
0.89 
i.a9 
X.18 
1.70 
a.  30 

a. 71 
4.00 
S.18 

0.31 

0.49 
0.48 
0.68 

0.74 
i.c6 

0.84 
119 
i.a7 
I  76 
a.o6 
a. 4a 
3.17 

4  09 

iHX2      X>^  angle 

iV4X  »^X  Wangle 

j^XaHXH  angle 

t      X  aH  X  k  angle 

J      XaHXI^angle 

il4XaHX  H  angle 

^HXaHXH  angle 

A     Xs     X3^angle 

A     Xi     Xli  angle 

i      Xj}4  X  9l6  angle 

«      XjV4XH  angle 

6     X4     XH  angle 

6      X4      XHangle 

See 


pararapbs  and  foot-note,  page  s67i 
Notes  by  Robins  Fleniing. 
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TkUo  Zn.    S§i%  Unif onn  LoaiU  in  Tons  of  a  ooo  Poonds  for  Bethleheoi 

OinUr 


Beams  secured  against  yielding  sidewise 


Span, 

ft 


i8 
19 

30 

31 
23 
23 
34 
25 

26 

37 

38 

30 

31 
32 
33 
34 
35 

36 

37 
38 

39 

40 

41 
42 
43 
44 
45 

46 
47 
48 


30-ina 


G3oa 


300  lb 


i8o.7S 
171.24 
103.68 

154.93 
147.89 
141.46 
135.56 
13».I4 

135. 14 

130.90 
110.30 

n2.i9 
108.45 

104.9s 
101.67 

98.59 
95.69 
92.96 

90.38 
87.913 
85.62 

83 -42 

81.34 

7935 
77.47 
75.66 

73.94 
72.30 

70.73 
69.22 

67.78 


Gao 


180  lb 


161.87 
153.35 
145.68 

138.74 
132.44 

Z36.tt 

121.40 
116.5s 

1X3.06 

io7.9r 
104.06 

100.47 

97. 13 
93.99 

91 .05 

88.29 
85.70 
83.25 

80.93 
78.7s 

76.67 

74.71 
72.84 

71.06 

69.37 
67.76 

66.33 
64.75 

63  34 
6x99 
60.70 


Add  for 

3&-inG 

each  lb 
increase 

G38a 

G28 

in 

weight 

180  tb 

165  lb 

0.44 

0.41 
0.39 

153.75 
145.66 
138.38 

U8.89 
131.58 
135.00 

0.37 
0.36 
0.34 
0.33 
0.31 

131.79 
125.80 

130.33 
IIS. 31 
no.  70 

119  05 

1x3.64 

X08.70 

X04.X7 
zoo.oa 

0.30 
0.29 
0.^ 
0.27 
0.36 

X06.44 

103.50 

98.84 

95.43 

«2.3S 

96.16 
93.60 

89.29 
86.31 

83.34 

0.3$ 

O.as 
0.24 
0  23 

0.3a 

89.27 
86.48 
83.86 
81.40 
79.07 

80.6s 
78,13 
75.76 
73  53 
71.43 

0.33 
0.21 

0.31 
0.30 
0.20 

76.88 

T4.80 
72.83 
70.96 
69.19 

69.4s 
67.57 

65  79 
64  10 
63.50 

0.X9 
0.19 
0.18 
o.x8 
0.X7 

67.50 
65.89 
64.36 
63.90 
61.50 

60.98 
59  53 
58.14 
56.83 

55.56 

0.X7 

0.17 
o.x6 

60.16 
58.88 
57.66 

54.35 
53.  X9 
52.09 

Add  for 
each  lb 
increase 

in 
weight 


0.41. 

0.39 
0.37 

0.35 
0.33 

0.33 
0.3X 
0.29 

0.38 

0.37 

0.36 

0.9S 

a.  34 

0.24 
0.33 

0.33 
0.33 
0.31 

0.20 
0.20 
0.X9 
O.X9 
0.18 

0.X8 
0.17 
0.X7 
0.17 
0.16 

0.16 

o.x6 
O.X5 


36.inG 


G26a 


160  lb 


138.  XX 
131.37 
115.30 

109.81 

104.83 

100.36 

96.08 

93.24 

88.69 

85.41 
83.36 

79.5» 
76.87 

74.39 
73.06 
69.88 
67.83 
65.88 

64.05 
63.33 
60.68 
59  X3 
57-65 

56.24 
54.90 
53.63 
52.41 
5X.24 

50.13 
49.06 

48.04 


G36 


150  lb 


X17.47 
1x1.39 
105.72 

100.69 

96.IZ 

91-93 
88.  xo 

84.58 

81.33 
78. 3X 
75.52 
72.^1 
70.48 

68.21 
66.08 
64.07 
62.19 
60. 4X 

58.73 
S7.1S 
55.64 
54.33 
53.86 

51.57 
50.34 
49.17 
48.06 

46.99 

45  97 
44.99 
44.05 


Add  for 
each  lb 
Increase 

in 
weight 


0.38 
0.36 

0.34 

0.33 

0.31 
0.30 
0.38 
o.ar 

0.36 
0.35 
0.24 

0.83 
0.23 

0.23 
0.3X 
0.21 
O.JO 
O.X9 

O.X9 
o.x8 
0.18 
0.17 
0.17 

0.17 
o.  x6 
o.x6 

0.X5 
O.X5 

0.15 
0.X4 

0.X4 


Safe  loads  given  include  weight  of  beam 

Maximum  fiber'^treaB,  x6  000  lb  per  sq  in 

The  section-numbers  are  given  for  convenience  in  identiflcatioo  and  ordering 
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Tabto  m  (CondttiMd).    Safe  VaUntm  Loadft  b  Tmw  of  >  ooo 


Beams  Moared  agaiflft  yiddinff  sidawfae 

■ 

34-in  G 

30-inG 

iS-inG 

Span* 
ft 

Add  for 
eachlb 

Add  for 
each  lb 

Add  for 
each  lb 

G34a 

G34 

increase 

Gioa 

G20 

Gx8 

increase 

in 
weight 

an 

weight 

in 
Wright 

140  lb 

X3olb 

t 

x4olb 

1X9  lb 

92  lb 

13 

155.61 
14364 

13360 
123  33 

0.52 
0.48 

130.43 

X04.09 

0.44 

0.40 

7e.» 

o.a» 

0.36 

xao.40 

96.09 

72.54 

14 

13338 

114.52 

0.45 

IXI.80 

89  23 

0.37 

67.36 

0.34 

15 

X6 
17 

124.48 

X06.88 

X0O.3O 

0.42 

0.39 
0.37 

XO4.34 

97.8a 
92.07 

83.38 

78.07 
73  48 

0.35 

0.33 
0.31 

63.87 
58.94 

55. 47 

0.3X 

0.39 
0.28 

1x6.71 
X09.84 

94. 31 

18 

X03.74 

89.07 

0.35 

86.95 

69.40 

0.39 

52.39 

0.36 

19 

98.38 

84.38 

0.33 

83. 38 

65.74 

0.38 

49.63 

0.35 

ao 

93-37 

80.16 

0.31 

78.36 

63.46 

0.36 

47.15 

0.34 

ai 

88.93 

76  35 

0.30 

74.  S3 

5948 

•     0.35 

44-91 

0.32 

aa 

84.88 

73.88 

0.39 

71.14 

56.78 

0.34 

43.87 

0.21 

a3 

8X.19 

69.71 

0.37 

68.05 

54.31 

0.33 

41.00 

0.30 

24 

77.80 

66.80 

0.36 

65.23 

52.05 

0.33 

39.29 

0.30 

25 

74.69 

64.  X5 

0.35 

63.6X 

49.97 

0.31 

37.73 

0.19 

36 

71.83 

6X.66 

0.34 

60.30 

48.04 

0.30 

36.37 

0.18 

a? 

69x6 

59.38 

0.33 

57.97 

46.36 

0.19 

34.93 

0.17 

a8 

66.69 

57.26 

0.33 

55.90 

44.61 

0.19 

.33.68 

0.17 

29 

64.39 

55.29 

0.33 

53.97 

43  07 

o.x8 

32.52 

0.16 

30 

63.34 

53  44 

0.3X 

52.17 

41.64 

0.17 

31.43 

0.16 

31 

60.34 

51.72 

0.30 

50.49 

40.30 

0.17 

30.42 

0.15 

3* 

58.35 

50.  xo 

0.30 

48.91 

39.04 

0.16 

29.47 

O.IS 

33 

56.58 

48.58 

0.19 

47.43 

37.85 

0.16 

38.58 

0.X4 

34 

54.9a 

47.15 

0.18 

46.04 

36.74 

O.X5 

27.74 

0.14 

35 

53.35 

45  8x 

0.18 

44.72 

35.69 

0.15 

26.94 

0.13 

36 

5X.87 

44  54 

0.X7 

43.48 

34.70 

o.is 

36.20 

0.13 

37 

50.47 

43.33 

0.17 

42.30 

33.76 

0.14 

'25.49 

0.X3 

38 

49  t4 

42.19 

0.17 

4X.X9 

32.87 

0.14 

24.8s 

O.I3 

39 

47.88 

41. XX 

o.z6 

40.13 

32.G3 

0.13 

34.18 

0.13 

40 

46.68 

40.08 

o.x6 

39. 13 

31.23 

0.X3 

23.58 

0.13 

Safel 

loads  g^v 

en  inclu( 

le  weight 

of  beam 

.    Mazin 

lum  fiber-fl 

tress,  16 

000  lb  per 

aq  in 

Load 

8  9vena 

bove  the 

heavy  lin 

esaregn 

saterthai 

n  safe  loads 

.  for  web 

-crippling. 

See  pat 

-agraphs 

and  accc 

mpanyinj 

{  foat-noi 

te,  page 

567.  relatin 

ig  to  web 

kbuckling 

of  bean 

IS 

Safe 

loads  ^v 

en  beloiK 

r  the  lowc 

r,  brolcex 

I  line  cat 

ise  deflect! 

ons  excec 

KfingHeo 

of  the  1 

ipan 

Thei 

iection«ni 

umbers  a 

ire  given  i 

orconve 

niencein 

identifical 

tionand 

ordering 
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Strength  of  B^uns  and  Beam  Girders 
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T«bl#  Zn  (CoatiauMl).    8bI«  Uaifontt  Lottdm  im  Tons  of  a  ooo 

for  Bothlohom  OinUr  Bmms 

Beams  aecuzed  against  yielding  sidewise 


z5-in  G 

p 

x2-in  G 

1 

Span, 
ft 

Add  for 
each  lb 

Add  for 
each  lb 

Gi5b 

GiSa 

G15 

increase 

Gx2a 

GX3 

increase 

in 
weight 

in 
weight 

140  lb 

xo4lb 

73  lb 

70  lb 

55  lb 

10 
IZ 

XZ3.36 
102.96 

86.76 
78.88 

63.83 

0.39 
0.36 

47.89 
43  54 

38.40 
3491 

0.3X 
0.29 

57.12 

12 

9438 

72.30 

52.36 

0.33 

3991 

33.00 

0.26 

13 

87.12 

66.74 

48.33 

0.30 

36.84 

29.54 

0.24 

Z4 

80.90 

61  .^7 

44.88 

0.26 

34. 2X 

27.43 

0.22 

IS 

75  51 

57.84 

41.89 

0.26 

31.93 

35.60 

0.2X 

l6 

70.79 

54  33 

39  27 

0.2s 

39  93 

34.00 

0.20 

17 

66.62 

51  04 

36.96 

0.23 

28.17 

32. 59 

0.X9 

X8 

63.92 

48.30 

34.91 

0.22 

26.6X 

21.33 

o.x8 

19 

5961 

45.67 

33  07 

0.2Z 

2$.  21 

30. 2X 

0.X7 

20 

56.63 

43  38  • 

31.43 

0.20 

33  95 

19.20 

o.x6 

31 

53  93 

41.33 

3993 

0.19 

23.81 

X8.28 

o.xs 

22 

51.48 

39  44 

38.56 

0.18 

3X.77 

17. 45 

0.14 

23 

49  24 

37.73 

37.33 

0.17 

30.82 

16.69 

0.14 

24 
35 

47.19 
45  30 

36.15 
34.71 

26.18 
35.13 

o.x6 
o.z6 

_  1995  _ 

x6.oo 

0.X3 
0.X3 

19.16 

15.36 

26 

4356 

33.37 

34.17 

0.X5 

X8.42 

X4.77- 

0.X2 

27 

41.95 

32.13 

23.27 

o.xs 

X7.74 

14.22 

O.XS 

28 

40.45 

30.99 

22.44 

6.X4 

X7.I0 

13.71 

O.XI 

39 

39.05 

29.93 

21.67 

0.X4 

x6.5x 

X3.34 

O.XI 

30 
31 

37^7S_ 

38.92 

20^94, 

0.X3 

0.13 

15.96 
1545 

X2.80 

12.39 

O.XO 
O.XO 

36.54 

27.99 

20.27 

33 

35.39 

27.11 

19.63 

0.12 

14.97 

X2.00 

O.XO 

33 

34.32 

26.29 

19.04 

0.12 

14. 51 

XI.64 

O.XO 

34 

33.31 

25. 52 

18.48 

0.X2 

14.09 

XX. 29 

0.09 

35 

32.36 

24.79 

17.95 

O.IX 

X3.68 

10.97 

0.09 

Safe  loads  given 

include  w 

eight  of  be 

iam.    Maximum  fiber^tress.  x6  < 

300  lb  per 

sq  in 

Load  given  abo 

ve  thehea 

vy  line  is  [ 

pieater  than  a  safe  load  for  web- 

crippling. 

See  paragraphs  an 

d  aocompa 

nying  foot 

-note,  page  567,  relating  to  web 

-buckling 

of  beams. 

Safe  loads  given 

.below  the 

tower,  bro 

ken  lines  cause  deflections  ezoee 

ding  H«o 

of  the  span. 

1      The  section-nun 

ibersaxegi 

iven  for  coi 

iventence  in  identification  and  c 

ordering 

TaJbki  of  Safe  Loads  for  Steel  Baaiwaixl  Cirders 
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Zn  (C^oDiMMd).    Safe  Uvlf opa- teads  la  Tom  ti  tdoo.PMiids 
for  BotMnh— JMrloc  Beuns 

"Pfft^f  fleeurad  ofainit , 


•  •  •«      •  • • 


r 

Span. 
ft 

zo-in  G 

Add  for 

each  lb 
increase 

in 
weight 

Span, 
ft 

9-inG 

Add  for 
each  lb 
increase 

in 
weight 

S-inG 

Addfbr 
each  lb 
increase 

in 
weight 

do 

G9 

GS 

44  lb 

381b 

3a«slb 

lO 
IK 

la 

13 
14 
15 

i6 

17 
z8 

19 

ao 

ai 

22 

as 

U 

as 

26 

27 
28 

99 

30 

31 
33 
33 
34 
35 

26.0S 

23-66 

21.71 

20.04 
IS.  61 

17.37 

16.28 
15.3a 
14.47 
13.71 
13-C3 

12.40 

11.84 
11-33 

10.8s 
10.42 

10.02 

9.6s 
9  30 

«98 
8.68 

8.40 
8.14 
7.89 
7.66 

7.44 

0.26 

0.24 
0.22 

0.30 

0.19 

0.17 

0.16 
0.15  : 
0.15 
0.14 
0.13 

0.12 
0.12  • 

O.II 

O.II 
O.IO  ■ 

O.IO 
O.IO 

0.09 
0.09 
0.09 

0.06 
0.08 
0.08 
0.08 
0.07 

5 

6 

7 

8 

9 
10 

II 
12 
13 
14 
15 

16 

17 
18 

19 

20 

21 
22 

34 

as 
26 

27 

28 

39 

30 

40.50 

33.75 
28.93 

0.47 

0.39 

0.34 

0.29 
0.26 
0.23 

0.21 
0.20 
0.18 
0.17 
0.16 

0.15 

0.14 
0.13 

0.12 
0.12 

O.II 
O.II 
O.IO 
O.IO 

0.09 

0.09 
0.09 
0.08 
0.08 
0.07 

30.51 
.25.42 

0.42 

0.35 

0.30 

0.26 

0.23 
0.21 

0.X9 
0.17 
0.16 
0.15 
0.14 

0.13 

0.12 
0.12 

O.II 
O.IO 

O.IO 

0.09 
0.09 
0.08 
0.08 

ai.79 
19.07 
16.95 
15. 25 

13.87 
12.71 

11.73 
10.90 

10.17 

953 
----- 

*  8.47 

8.03 
7.63 

7.a6 
6.93 
6.63 
6.36 
6. 10 

as  31 

22.50 
20.25 

18.41 
16.88 
15. 58 
14.47 
13-50 

12.66 
11.91 

II>.25 

""'io766"" 
to.  13 

9M 
9.21 
8.80 

8.44 
8.10 

7-79 
750 
7-23 
6.98 
6.75 

Safe  loads  given  include  weight  of  beam.    Biaximum  fiber-stress,  i6  ooo  lb  per 
•qin 

Loads  given  above  the  heavy  lines  are  greater  than  safe  loads  for  web-cnppling. 
See  iMtfagraphs  and  aooompanying  foot-note,  pa«B  567.  relating  to  web-buckHng 
of  beams 

Safe  loads  given  below  the  lower,  broken  lines  ciuse.  deflections  exceeding  >i«o 
of  the  span. 

The  section-numbers  are  given  for  convenience  in  identification  and  ordering 
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Safe  Ualfonn  Lotd*  in  Tms  of  %  ooo  Pooad*  for  BalUelMaa 

I 


Beams  Mcured  agumt  yiddhig  akkwlie 


30-inI 

sMnl 

26.inl 

Spaa» 

ft 

Addfor 
eachlb 

Add  for 

each  lb 

Add  for 

each  lb 

B30 

increate 

Ba8 

increase 

Ba6 

ixicreaae 

in 
weight 

in 
weight 

in 

»m 

a  ■ 

weight 

120  lb 

xoslb 

90  lb 

i8 

103.50 

0.44 

84.95 

0.4X 

67.86 

0.38 

19 

98.  OS 

0.41 

80.48 

0.39 

64.29 

0.36 

90 

93.15 

0.39 

76.46 

0.37 

6x.e7 

0.34 

ai 

88.71 

0.37 

72. 8« 

0.35 

58.16 

0.32 

aa 

84.68 

0.36 

6951 

0.33 

55  52 

0.31 

as 

81.00 

0.34 

66.49 

0.32 

53  11 

0.30 

24 

77.«a 

0.33 

63.7a 

0.31 

50.89 

0.28 

25 

74.52 

0.31 

61.17 

0.29 

48.86 

0.27 

a6 

71.6s 

0.30 

58.81 

0.28 

4698 

0.26 

27 

69.00 

0.29 

56.64 

0.27 

45  24 

0.25 

as 

66.S4 

0.28 

54-61 

o.a6 

43  62 

0.24 

29 

64.24 

0.27 

52.73 

o.as 

42.12 

0.23 

30 

62.10 

0.26 

50.97 

o.a4 

40.71 

0.23 

31 

60. 10 

o.as 

49.33 

o.a4 

39.40 

0.22 

32 

58.22 

o.as 

-47.79 

0.23 

38.17 

0.21 

33 

56.45 

0.24 

46.34 

o.aa 

37  ox 

0.2X 

34 

54.79 

0.23 

44.98 

o.aa 

35.92 

O.ao 

35 

53.23 

0.22 

43.69 

0.21 

34.90 

0.X9 

36 

51.75 

0.2a 

42.48 

o.ao 

33  93 

0.X9 

37 

50.35 

o.ax 

41.33 

o.ao 

33. ox 

o.x8 

38 

49.03 

0.2X 

40.24 

0.19 

32. 14 

o.x8 

39 

47.77 

o.ao 

39.21 

0.19 

31.32 

0.X7 

40 

46.57 

0.30 

38.23 

0.19 

30.54 

0.X7 

41 

45-44 

0.19 

37.30 

o.x8 

2979 

0.X7 

42 

44.36 

0.19 

36.41 

0.18 

29.08 

o.x6 

43 

43.33 

0.18 

35.56 

0.X7 

28. 41 

o.x6 

44 

42.34 

o.x8 

34.75 

0.X7 

27.76 

o.xs 

45 

41. 40 

0.17 

3398 

o.x6 

27.14 

0.X5 

46 

40.50 

0.17 

33-24 

o.x6 

26.55 

o.xs 

47 

3964 

0.17 

32.54 

0.16 

25.99 

0.X4 

4S 

38.81 

0.16 

31.86 

0.15 

25.45 

0.14 

Safelo 

eda  given  int 

dude  weigh 

t  of  beam.    1 

l^aximum  f\ 

ber-stres8,  t6 

000  lb  per 

sqin 

These 

iction-numbe 

mare  given 

for  convenie 

nee  in  ident 

ification  and 

L  ordering 

Tables  of  Sa£e  Loads  for  Steel  Beams  and  Glrdeis 


500 


•  (CofltiaMd).    9af« 
for 


Vflitom  toate  ia  Tboa  of  a^oo  Paaada 


24-in  I 

Add  for 
each  lb 

30-in  I 

Add  for 
cAchlb 

Span, 
ft 

B24a 

B24 

increase 

in 
weight 

Baoa 

B30 

increase 

in 
weight 

84  lb 

73  lb 

83  lb 

73  lb 

691b 

641b 

59  lb 

la 

88.22 

7745 
71.49 

0.53 

048 

69-33 
63.99 

6s.  18 

56.40 
53.06 

54.3a 

50.  X4 

sa.  10 

0.44 
0.40 

13         81.43 

60.17 

48.09 

14 

75. 6a 

66.38 
6x96 

0.45 
0.43 

S9  43 
55.46 

55.87 
5a.  14 

48.34 
45- 13 

46.56 
43  45 

4465 
4x68 

0.37 
0.3s 

ts 

70.58 

z6 

66.16 

58.08 

0.39 

51.99 

48.88 

42.30 

40.74 

39  07 

0.33 

«7 

63.37 
58.81 

54.67 

0.37 
0.35 

48.94 
46. a3 

46.01 
43  45 

39.81 
37.60 

3834 
36.31 

36.77 
34  73 

0.31 
0.39 

iS 

51.63 

19 

55.7a 

48.91 

0.33 

43.78 

41.17 

35.63 

34-31 

33.90 

0.38 

30 

5a.93 

46.47 

0.31 

41.60 

39  11 

3384 

32.59 

31.36 

0.36 

21 

S0.41 

44-36 

0.30 

3961 

37.  as 

33.33 

3104 

39.77 

0.3S 

23 

48.1a 

43.24 

0.39 

37. 8^ 

35  55 

30.76 

2963 

38.43 

0.34 

aa 

46.0a 

40.41 

0.37 

36.17 

34.01 

39.43 

a8.34 

37.18 

0.33 

34 

44.IX 

38,7a 

0.36 

34.66 

3a. 59 

38.30 

27- 16 

36. OS 

0.33 

25 

43.35 

37.17 

0.35 

33-a8 

31. a9 

37.07 

26.07 

• 

35.01 

0.3X 

as 

40.73 

35.74 

0.24 

33.00 

30.08 

36.03 

25-07 

34.04 

O.30 

27 

39.ai 

3443 

0.23 

^.81 

38.97 

35.07 

24-14 

23.15 

0.19 

2S 

37.81 

33.19 

0.23 

39-71 

3793 

34.17 

2328 

33.33 

0.X9 

a9 

36.50 

3a  .05 

0.33 

38.69 

36.97 

23-34 

22.48 

3X.56 

o.x8 

30 

35  29 

30.98 

0.3X 

37.73 

'  26.07 

33.56 

ax.  73 

30.84 

O.X7 

3X 

34.15 

39.98 

0.30 

36.84 

25.23 

31.83 

31. 013 

30. 17 

0.X7 

33 

33.08 

39.04 

0.20 

36.00 

24.44 

21.15 

30.37 

19.54 

o.x6 

33 

33,08 

38.16 

0.X9 

35.31 

23-70 

20.51 

19.75 

18.94 

o.x6 

34 

31.14 

a7.33 

0,19 

34.47 

23.00 

19.90 

19.17 

18.39 

CIS 

35 

30.35 

a6.5S 

0.18 

33.77 

23.35 

19-34 

X8.62 

17.86 

0.X5 

36 

39.41 

35.82 

0.17 

33.  XX 

21.73 

X8.80 

18.  XX 

17.37 

o.xs 

37 

38.61 

25.12 

0.17 

32.48 

21.14 

18.39 

X7.62 

16.90 

0.14 

38 

37.86 

24.46 

0.17 

31.89 

20.58 

17 -8r 

17. 15 

16.45 

O.X4 

1       39 

37.14 

23.83 

0.16 

31.3^ 

20.06 

X7-3S 

16.71 

16.03 

0.13 

40 

36.47 

a3  a3 

0.16 

3o.8o 

19.55 

16.92 

16.30 

15.63 

0.13 

Safe  loads  g. 

iven  inc 

lude  weigli 

tof  bea 

im.    Ma 

Lxitntiin 

fiber^ti 

ress,  16 

000  lb  per 

sq  in 

Loads  given 

above t 

,he  heavy  1 

Inesare 

greater 

than  sal 

fe  loads 

For  web 

crippling. 

See  paragraph 

8  and  a 

ccompanyi 

ng  foot- 

note,  pa 

ge567, 

relating 

to  web 

-buckling 

of  beams 

The 

sectton- 

■nufflbei 

fare  given 

iforoon 

venienc 

eintde 

ntificati 

on  and 

ordering 

J 


•See  data  for  Additional  Sections,  for  aa-in  and  a4-in  beams.  In  Pamphlet  S-xo, 
poUished  March  i<  1931,  by  the  Bethlehem  Steel  Company. 
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XaUvVn  *  (Gpudqaad).    Sif«  ltaiHtm.VoU»  in  T«m  of  i  ooo  ^TDOate 

f«BMkI«llMt  I 


Mcwl  ■gidMt^triBlding  ifalBwiM 


iS-inl 

X5-inI 

Span, 
ft 

Add  for 
each  lb 

Add  for 

each  lb 

Bx8 

increase 

in 
weight 

Bxsb 

Bi5a 

Bxs 

increase 

in 
wdght 

59  lb 

54  lb 

48.51b 

71  lb 

54  lb 

461b 

41  lb 

381b 

12 
13 

43.62:  41.58 
40. 26!  38.38 

3942 

0.39 
0.36 

47.18 
43  55 

^6.15 
33-37 

a8.73 
26.52 

27.06 
24.98 

26.^3 
24.21 

0.33 
0.30 

36.39 

14 

37-39   35  <U 

33  79 

0.34 

40.44 

30.99   24.62 

23.19 

22.48 

o.aa 

X5 

34-90 

33.26 

31. 54 

0.31 

37. 75 

28.92 

22.98 

2X.65 

20.98 

o.as 

x6 

32.71    31.18 

2956 

0.29 

35.39 

27.11 

21.55 

20.30 

19  67 

0.26 

17 

30-79!  29.3$ 

27.83 

0.28 

3330 

25-52 

20.28 

X9.I0 

18.51 

0.23 

i8 

29.08   27.72 

26.28 

0.26 

31  45 

24.10    19- 15 

X8.04 

17.49 

0.22 

19 

27.55    26.26 

24.90 

0.25 

29.80 

22.83    18.14 

17.09 

16.56 

0.2t 

20 

a6.x7 

24.95 

23.65 

0.24 

28.31 

2X.69 

17.24 

X6.24 

IS  74 

0.20 

21 

2493 

23.76 

22.53 

0.22 

26.96 

20.66 

16.42 

XS.46 

14.99 

0.19 

22 

23.79 

22.68 

21.50 

0.2Z 

25- 74 

19.72 

15  67 

14.76 

14.31 

0.18 

»3 

22.76 

21.70 

20.57 

0.2Z 

24.62 

18.86 

14.99 

14.12 

13.^ 

0.17 

24 

21.81 

20.79 

19  71 

0.20 

23-59 

18.07 

14-36 

13.53 

13.11 

o.x6 

as 

20.94 

19.96 

18.92 

0.19 

22.65 

17-35 

13.79 

12.99 

12.59 

o.x6 

26 

20.13 

19.19 

18. 19 

0.18 

21.78 

16.68 

13.26 

XJ.49 

xa.xi 

0x5 

27 

19.39 

18. 48 

17  52 

0.X7 

20.97 

16.07 

12.77 

12.03 

1x66 

b.xs 

28 

18.69 

17.82 

1689 

0.17 

20.22 

15.49 

12.31 

It. 60 

XX.  24 

0x4 

29 

18.05 

17.21 

16.31 

0.16 

1952 

14.96 

XI.89 

11.20 

X0.85 

0x4 

30 
31 

17  45 
16.88 

16.63 
16.10 

15.77 
15.26 

o.x6 

0.15 

_ir^7 

14.46 

11^49 

XO.82 

10.49 

.   0.13 

0.X3 

X8.26 

13.99 

11. 12 

XO.47 

XO.X5 

33 

16.36 

15. 59 

14.78 

0.15 

17.69 

13.56 

10.77 

10.15 

984 

o.xs 

33 

15.86 

15-12 

14  33 

0.X4 

17.16 

13.15 

10.45 

984 

954 

O.IS 

34 

15.40 

14.68 

1391 

0.14 

16.65 

12.76 

10.14 

9.55 

9.26 

o.ts 

35 

14.96 

14.26 

13.52 

0.13 

16.  x8 

12.39 

9.85 

9.28 

8.99 

O.tl 

36 
37 

14. 54 

13.86 

X3._14 

0.X3 

0.13 

15.73 
15.30 

12.05 
11.72 

958 
9.32 

9.02 
8.78 

8.74 
8.51 

o.xx 

O.XI 

14.15 

13.49 

12.78 

38 

13.77 

13.13 

12.45 

0.X2 

14.90 

11.42 

9.07 

8.55 

8.28 

o.xo 

39 

13.4a 

12.79 

12.13 

0.X2 

14-52 

11.12 

8.84 

8.33 

8.07 

o.xo 

40 

13.09 

12.47 

XX. 83 

0.X2 

14.15 

10.84 

8.62 

8. 12 

7.87 

O.IO 

Safe 

• 

bads  given  include 
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beeaxL    Maximum  fi 

ber<6tr 

est.  x6 

000  lb  per 

8Q  In 
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nvy  lixw  i 
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18 

Sale] 

loads  given  below  th 

e  broken  li 

ines  cause  defkction 

s  eaoec 
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lection-numbera  are 

given  for  ci 

onvenience  in  ident! 
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*  See  daU  for  Additional  5;ection8.  for  x8-In  beams,  in  Pamphlet  S«M.  pObliahed 
March  z.  Z9az,  by  the  Bethlehem  Steel  ComfMiny. 
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Tabl*  zm  (Conriniwd),    Safe  XSmUotm  Loads  in  Tons  of  i  ooo  Pousdi 

for  Bothlokom  I 


Beuftt  MCiwed  agalait  yiekting  sidewiae 


la'inl 

xo*inI 

Span, 
ft 

Add  for 
each  lb 

Add  for 
each  lb 

Biaa 

Bxa 

increase 

in 
weight 

Bio 

increase 

in 
weight 

361b 

32  lb 

38.5  lb 

38.5  lb 

a3.5lb 

9 

2fl.S9 

22.57 

21. 36 

0.35 

X5-9S 

14.57 

0.29 

xo 

2393 

20.31 

19.33 

0.31 

14-35 

13- XI 

0.36 

XI 

ax. 76 

X8.46 

X7.47 

0.29 

13  OS 

11.9a 

0.34 

xa 

19.94 

16.93 

16.03 

0.36 

XI.96 

10.9a 

0.33 

u 

X8.4X 

15.62 

14.79 

0.34 

XI. 04 

XO.08 

0.30 

14 

X7.09 

14  51 

13.73 

0.23 

X0.3S 

936 

0.19 

15 

15.95 

13  54 

12. 8X 

0.31 

9  57 

8.74 

0.X7 

x6 

14.96 

X2.69 

X2.0X 

o.ao 

8.97 

8.19 

0.16 

17 

X4.06 

11.95 

XX. 31 

0.19 

8.44 

7. 71 

0.X5 

i8 

X3.30 

XX. 38 

10.68 

0.X7 

7.97 

7.28 

0.15 

19 

12.60 

10. 69 

X0.I3 

0.X7 

7. 55 

6.90 

0.14 

ao 

XI. 97 
XI. 40 

10.  X5 
9.67 

9.61 
9.15 

0.16 

0.15 

7.X8 

655 

0.13 

O.X3 

ax 

6.84 

6.34 

.         M 

X0.88 

9  23 

8.74 

0.14 

6.53 

5.96 

o.xa 

23 

X0.4X 

8.83 

8.36 

0.14 

6.34 

5-70 

o.xx 

24 
25 

997 

8.46 

8.01 

0.X3 
O.X3 

5.98 
5  74 

546 
5.24. 

O.XI 

0.10 

9.57 

8.X3 

7.69 

a6 

9.20 

7.8X 

7.39 

O.X3 

5  5a 

5*04 

o.xo 

27 

8.86 

7. 52 

7.12 

O.X3 

5.3a 

4.86 

O.xo 

36 

8.55 

7.25 

6.86 

o.xx 

5  13 

4.68 

0.09 

29 

8.35 

7.00 

6.63 

o.xx 

495 

4.52 

0.09 

30 

9.98 

6.77 

6.41 

O.XI 

4.78 

4.37 

0.09 

31 

7.72 

6.55 

6.30 

o.xo 

32 

7.48 

6.35 

6.  ox 

O.IO 

33 

7.25 

6. 15 

5.8a 

o.xo 

34 

7.04 

597 

5.65 

0.09 

35 

6.84 

5.80 

5.49 

0.09 

Safe  loads  given  include  weight  of  beam.  Maximum  fiber-strew,  x6  000  lb  per 
SQin 

Safe  loads  given  below  the  broken  lines  cause  deflections  exceeding  Viso  of  the 
span 

The  section-numbers  are  i^ven  for  convenience  in  identification  and  ordering 
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IWbte  Zm  (CoBtteMd).     Stfe'UalMrm  Loads  ia  Tmm  of  a  ooo  Ptmads 

for  BotUihotti  I  Boatts 

ffftHTwi  BBCMrwi  "j^'f*  ylBUins  wlnriHB 


9-inI 

8.inl 

1 

Spaa, 
ft 

Add  for 
each  lb 
increase 

Add  lor      1 

B9 

B8 

each  lb       | 
increase  .  { 

tn  weight 

in  weight 

34  lb 

20  lb 

19.5  lb 

17.5  lb 

5 

21.83 

20.18 

0.47 

16.16 

15.30 

0.42 

1 

6 

x$.i9 

16. 8z 

0.39 

13  46 

12.75 

0.35         1 

7 

15.60 

14  41 

0.34 

11-54 

10.93 

0.30         1 

8 

13. «S 

12. 6z 

0.39 

10.10 

9  57 

0.26         1 

9 

xa.i3 

XI.  21 

0.26 

8.98 

8.50 

0.33 

xo 

10.92 

10.09 

0.34 

8.08 

7.6s 

0.21 

II 

9.92 

9  17 

0.2X 

734 

6.96 

0.19 

xa 

9. 10 

8.41 

0.30 

6.73 

6.38 

0.17 

13 

8.40 

7.76 

0.18 

6.21 

5.89 

0.16 

14 

7.80 

7.21 

0.17 

5.77 

5-47 

o.iS 

15 

7.28 

6.73 

0.16 

5.39 

5. 10 

0.14 

i6 

17 

6.82 
6.43 

6.31 
5-93 

CIS 

0.X4 

5  OS 

4.78 

0.13 

O.I3 

4-75 

4.50 

18 
19 

6.07 

5.61 

0.Z3 

0.13 

4.49 
4.25 

4.2s 
4-03 

0.12 
0.11 

575 

5  31 

ao 

5.46 

504 

0.X2 

4-04 

3.83 

o.it 

21 

5.20 

4.80 

O.XZ 

3.8s 

3.64 

0.10 

22 

4.96 

4-59 

O.XX 

3.67 

3.48 

0.10 

83 

4.7s 

4.39 

O.IO 

351 

3-33 

0.09 

34 

4.5s 

4.20 

O.IO 

3-37 

3.19 

0.09 

»S 

4.37 

4.04 

CIO 

3-23 

3.06 

0.08 

a6 

4.20 

3.88 

0.09 
0.09 

0.09 
0.08 

27 

4.04 

3.74 

28 

3.00 

3.60 

29 

3.76 

3.48 

30 

3.64 

3.36 

0.08 

i 

Safe  loada  siven  include  weight  of  beam.    ] 

Maximum  fibec^stxass,  ] 

16  000  lb  per 

sqin 

Safe  loads  given  below  the  broken  lines  cau 

tse  deflections  exoeedinfl 

\  M$o  of  the 

spaa 

The  section-Bumben  are  given  for  conveniei 

nee  in  identification  an^ 

1  ordering 
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Siv«*ad  Single-Beaiii  aad  DoaUe-Beam  Gkdars.*  When  a  siiible 
BOLLED  BEAM  IS  insuffidcQt  to  cariy  a  load,  the  required  capacity  may  be  secured 
by  fabricatioii  in  various  ways.  Two  beams  can  be  used,  connected  by  bolts 
sad  separators.  The  total  strength  of  these  is  twice  that  of  the  single  beam 
of  the  same  depth  and  weight.  Care  should  be  taken,  howeyer,  to  see  that 
the  loads  are  apportioned  to  them  eqiudly,  and  where  it  is  necessary  for  the 
beams  to  act  as  a  unit,  the  separators  should  consist  of  plates  and  angl^  and  not 
be  made  of  cast  iron.  If  the  loading  is  not  uniformly  distributed  over  the  two 
beams»  the  strength  of  each  must  be  computed  separately.  The  use  of  a  single- 
BCAM  cau>EB  with  plates  at  top  and  bottom  to  sustain  a  given  load  is  often  more 
economical  ia  material  than  the  use  of  ta^'O  beams  connected  by  bolts  and 
separators.  The  beam  girders  in  Table  XIV,  pages  605-6,  have  about  twice 
the  carrying  capacity  of  the  single  beanos  of  which  they  are  built. 

Tables  XIV  and  XV  give  the  safe  loads  for  the  single  and  double-beam 
crsDEKS  commonly  used.  The  valves  given  in  the  tables  are  founded  upon 
the  moments  of  inertia  of  the  variety  sections,  deductions  being  made  for  the 
rivet-holes  in  both  flanges.  In  Table  XIV»  taken  by  permission  from  Camegie*8 
Pocket  Companion,  the  safe  loads  are  based  upon  a  fiber-stress  for  flange-bend- 
ins  of  16  000  lb  per  sq  in,  and  in  Table  XX,  retained  from  the  former  edition  of 
Kidder's  Pocket-Book,  upon  a  fiber-stress  of  13  000  lb  per  sq  in.  For  other  fiber- 
stresses,  as  14  000  or  15  000  lb  per  sq  in,  the  safe  loads  in  Tables  XIV  or  XV 
may  be  decreased  or  increased  by  froportion  as  the  loads  vary  as  the  tibeb- 

STRESS£S.t 

*  For  tables  of  riveted  plate  girders,  see  Chapter  XX. 

t  The  editors  decided  to  retain  Table  XV  for  the  safe  uniformly  distributed  loads  for 
riveted  steel-beam  box  girders^  based  upon  a  beading  fiber-stress  of  13  000  lb  per  sq  in. 
To  use  this  table  for  fiber-stresses  of  14  000,  x$  ooo  or  x6  000  lb  per  sq  in,  divide  the 
tabular  loads  by  13  auid  multiply  the  quotients  by  1 4. 15  m-  t6,  respectively,  for  the  safe 
load  at  the  required  fiber-etTCss.  In  regard  to  Table  XV,  Mr.  Kidder  said,  in  the 
pnemMag  editkniB  of  this  pocket-book,  "ia  order  to  aap^  compeneate  for  the  deteriora^ 
tioD  of  the  metal  axoond  the  rivet-holes  from  punching,  and  also  because  these  girders 
are  more  often  used  to  support  permanent  loads,  such  as  brick  or  stone  walls,  the  maximtim 
fiber-stress  [for  riveted  double-beam  girdersl  was  limited  to  13  000  lb  per  sq  in,  although 
it  is  but  right  to  state  that  most  of  the  latest  handbooks  of  the  steel-manufacturers  give 
tables  of  safe  loads  for  uich  girders  based  upon  a  fiber-stress  of  15  000  lb  per  sq  in. 
The  author  advises  that  for  loads  of  masonry,  which  usually  come  very  doae  to  the 
estimated  loads,  and  which  are  constantly  applied,  the  girders  be  not  loaded  beyond  the 
values  given  in  the  following  tables  (that  is,  based  upon  13  000  lb  per  sq  in),  while  for 
ordiiMuy  floor-loads,  which  seklom  reach  the  estimated  loads,  an  addition  of  Hth  may  be 
added  to  the  values  given  In  the  tables." 

Girders  fabricated  of  single  steel  X  beams  and  plates  riveted  to  the  upper  and  lower 
flanges,  as  shown  in  Table  XIV.  are  not  often  used  to  support  masonry  walls,  because  of 
their  relatively  narrow  flaage-width  and  lack  of  lateral  stifiness.  In  case  they  are  used 
to  support  masooiy  walls  and  are  not  thoroughly  braced  laterally,  it  is  recommended  that 
the  aUe  loads  be  reduced  as  explained,  from  those  given  in  Table  XIV,  to  agree  with 
a  fiber-stiesa  of  13  000  or  14  000  lb  per  sq  in,  aocordtag  to  the  span,  bracing,  character 
of  loading,  etc.  It  is  recommended,  also,  that  for  girders  fabricated  of  two  steel  I  beams 
and  plates  riveted  to  the  flanges,  as  shown  in  Table  XV,  and  carrying  masonry  walls,  the 
safe  loads,  gives  in  thb  table  and  computed  for  a  fiber»stress  of  13  000  lb  per  sq  in,  be  used, 
or,  if  increued.  that  the  ftt>et-stress  be  taken  not  greater  than  14  000  lb  per  sq  in. 

Recent  haadbooka  have  contained  tables  of  sale  uniformly  distributed  loads  for  fabii- 
cated  steel  girders  computed  from  safe  unit  fiber-stresses,  in  pounds  per  square  incV 
for  flange-boiduig  as  follows.  For  rivkted  sxNOLE-BeAM  oxanERs:  Carnegie  Stedl 
Company,  1903  Edition,  no  tables;  Carnegie,  1915  Edltk>n,  16000,  based  upon  (be 
tection-niodillus  of  the  gross  area  of  the  cross-section;  Cambria  Steel  Company,  19x2 
Edition,  no  tables;  (former)  Passaic  Steel  Company,  1903  Editun,  no  tables;  Kidder's 
Pocket-Bo(A,  previous  editions,  no  tables.    For  aivrrao  doublk-beau  gieoerb:  Car- 
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SI.    A  i3-m  bride  wall,  15  it  high,  is  to  be  buQt  over  an  opening  of 

34  ft.    What  is  the  size  of  the  doable-beam  girder  required? 

Solvdon.  Assuming  35  ft  as  the  distance,  center  to  center  of  bearings  and  1 3X 
lb  per  cu  ft  as  the  weight  of  brickwork,  the  weight  of  the  wall  isa5Xi5X  I3t» 
45  375  lb,  or  about  22.68  tons.  Ftom  Table  XV,  page  610,  a  girder  composed  of 
two  i2-in  steel  beams,  each  weighing  31.5  lb  per  ft,  and  two  14  by  H-in  flange- 
plates  will  carry  safely,  for  a  span  of  25  ft,  a  uniformly  distributed  load  of  23.23 
tons,  including  Its  own  weight.  Deducting  the  latter,  1.42  tons,  given  in  the 
next  column,  the  result  is  21.81  tons  for  the  safe  net  load,  which  is  0.87  ton  less 
than  required.  From  the  following  column  of  the  table  it  is  seen  that  by  in- 
creasing the  thickness  of  the  flange-plates  Vi«  in  it  b  safe  to  add  1.5  2  tons  to  the 
allowable  load.  This  will  more  than  make  up  the  diffcKncc.  Hence  the  re- 
quired DOUBLE-BEAM  GiRDEft  wUl  be  composed  of  two  la-in  31.5-Ib  beams, 
and  two  14  by  9i«-in  steel  flange-plates. 

A  smcLE-BEAM  GiaoER  (according  to  Table  XIV,  page  606),  composed  of 
one  15-in  42-lb  Z  beam  and  two  8  by  ^^in  flange-pbites  will  carry,  at  16000 
lb  per  sq  ft,  49  000  lb  over  a  span  of  25  ft,  and  as  it  is  lighter,  weighing  but 
69.2  lb  per  ft  to  the  others  113.6  lb,  it  would  be  more  economical.  The 
DOUBLE-BEAU  cntDEa  is,  however,  more  suitable  in  this  particular  case,  as  the 
13-in  wall  should  have  a  wider  bearing  than  8  in,  and,  also,  the  safe  load  should 
be  decreased  from  the  tabular  load  to  correspond  to  a  fiber-stress  of  13  000  or 

14  000  lb  per  sq  in  because  of  the  nature  of  the  loading,  the  long  span,  etc., 
or,  what  amounts  to  the  same  thing,  the  strength  of  the  girder  should  be 
increased  to  correspond  to.  the  decreased  fiber-stress.  (See  foot-note,  page  603.) 
A  49  ooo-lb  load  at  16  000  lb  per  sq  in  fiber-stress  corresponds  to  a  49  009  x 
^^t  -  60  307 -lb  load  at  13  000  fiber-stress,  as  far  as  selecting  a  corresponding 
girder  from  table  is  concerned.  A  single-beam  girder  (Table  XIV)  com- 
posed of  one  15-in  60-lb  I  beam  and  two  9  by  H-in  flange-plates  will  carry 
68  000  lb  and  weighs  only  98.3  lb  per  ft.  Therefore,  as  far  as  strength  is  con- 
cerned, to  suit  the  conditions  of  loading,  this  would  be  the  proper  smctB-BEAif 
GIRDER  to  use,  and  it  would  also  be  cheaper  than  the  DOTTBLB-BCAif  giroer 
determined  by  Table  XV;  but  the  width  of  bearin?  for  the  i3-!n  wall  Is  still 
only  9  in  compared  to  14  in  with  the  double-beam  girder. 

n^ie,  1903,  IS  000,  ^Ms-in  rivet-holes  deducted;  Carnegie.  19x5.  no  tables;   Cambria, 

15  000, 1  ^«-io  rivet-holes  deducted;  Paissaic,  15  000,  <  -^le  or  H1«-in  rivet-holes  deducted; 
Kidder,  previous  and  new  editions,  13  000.  <M<-in  rivet-holes  deducted.  For  atVETEO 
siNGLE-w£B,  PLATE-AND-ANGLE  otROERS  (see  Chapter  XX):  Carnegie,  1903,  15  000, 
^Me-in  rivet-holes  deducted;  Carnegie,  19x5,  x6  000,  based  upon  section-modalus  of  the 
gross  area  of  cross-section;  Cambcia,  X5000,  ^?U  or  <5^t-in  rivet -holes  deducted; 
Passaic,  15  000,  ^{9  or  ^Ms-ln  rivet-holes  deducted;  Kidder,  prevkms  editions,  xi  000 
and  13  000  for  flanges,  <9{a  or  iM«-in  rivet-holes  deducted  (also  contained  the  Passaic 
tables).  For  riveted  MutrtFLE-WEB.  platb-ahd-anole  ontDtas  (see  Chapter  XX): 
Carnegie,  1903. 15  000.  ^f'fs.jn  rivet-boles  deducted:  Carnegie.  X915,  16000,  based  upon 
section-modulus  of  the  gross  area  of  cross-section  (the  elements,  only,  of  these  ginkn. 
and  not  the  loads,  are  given);  Cambria,  no  tables:  Panaic.  15000.  ^Ms  or  'Ms-in 
rivet-boles,  deducted;  Kidder,  previous  editioos,  same  as  for  single-web  plate-andr 
girders. 

The  revised  editioo  of  Kidder's  Handbook  uses,  by  permission,  the  Carnegie  tables 
for  all  but  the  riveted  doublc-b«m  giidcfs.  for  which  the  oltfKidderiabkaaft  iwainadl 

The  limiting  conditions  oi  use  art  fuHy  explained  in  tbie  text  and  foot-oocts.  Editor- 
fe<hief. 


Tables  of  Safe  Loads  for  Steel  Beams  and  Girders 
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Dsue  xrr.* 


8afe  Oailoni  Loads  te  Qalts  ol  i  ooo  FBoads  for  Riv«lsd 
BtoomtsM  Oifdon 
bending  straBti6ooot  lb  poriqia 


k.^.iar?-*; 

•  \..A2f*-M 

r-rio'-'-. 

.  »*-t10^V-J 

-*-t 

1 

^    i>  1 

t 

■ 

^     *K 

1 

■ 
• 

'^     ^   i 

--4ri; 

1 

1 

A    .  A    i 

\ 

p^ 

>\(f 

>1 

1 

y* 

1 

i-- 

^.L 

!-• 

_.l 

v- 

_t_ 

'* 
? 

I.. 

—.l- 

Span. 

« 
< 

i 

1 

r4^ 

1 

1 

■ 

• 

4w 

1 
» 
1 

.tx 

• 

• 

• 

• 
t 

1 

Co- 
effi- 
cients 

of 

•      1 

1 

• 

27-iflPO-lbbettm 

a4-iii  79.9-lb 

i4-in  79.9-lb 

ao-in  79.9-lb 

It 

12  by  94-in 

beam,  la  by 

beam,  10  by 

beam,  10  by 

de- 

plates 

HM  plates 

H-in  plates 

H-in  plates 

flec- 

, 

tion 

Increase 

Increase 

Increase 

Increase 

in  safe 

in  safe 

in  safe 

in  safe 

loads  for 

loads  for 

loads  for 

loads  for 

Safe 

M«4n 

Safe 

Me-in 

Safe 

H«4n 

Safe 

Henn 

UmuIs 

increase 
in  thick- 

flange- 

loads 

increase 
in  thick- 
ness of 
flange- 

loads 

increase 
in  thick- 
.  tiessof 
flange- 

loads 

increase 
in  thick- 
ness of 
flange- 

plates 

plates 

plates 

plates 

14 

3»o 
343 

15.9 

14.8 

313 

389 

14.  a 
13.3 

»W 

II. 7 
10.9 

9.7 

4.80 
3.34 

33s 

2x8 

340 

IS 

3St 

13.8 

370 

13. s 

334 

10. 1 

304 

3.73 

16 

t7 

301 

13:0 

13.3 

35^ 

II. 5 
10.9 

SIO 

108 

9.5 

191 
180 

7.9 

7.4 

4.34 
4.78 

383 

338 

I? 

367 

11. s 

335 

10.3 

187 

170 

7.0 

5. .^6 

t9 

353 

10.9 

313 

9.7 

177 

8.0 

161 

6.6 

5  98 

6.63 

30 

340 

10.4 

303 

9.3 

168 

7.6 

153 

6.3 

SI 

339 

9.9 

IQ3 

8.8 

160 

7.3 

146 

6.0 

7.30 

ss 

319 

9.4 

184 

!* 

153 

t:i 

139 

5.7 

8.0X 

as 

309 

1:1 

176 

8.0 

M6 

133 

5.5 

8.76 

S4 

300 

169 

7.7 

140 

6.3 

137 

5.3 

9. S3 

as 

193 

8.3 

162 

7.4 

ns 

6.x 

122 

5.0 

XO.35 

36 

^H 

8.0 

156 

7.1 

199 

5.6 

1X8 

4.8 

XX. 19 

H 

178 

7.7 

150 

6.8 

125 

"3 

4.7 

13.07 

at 

173 

7  4 

145 

6.6 

X20 

54 

X09 

4.5 

13.98 

89 

1S6 

7.1 

140 

6.4 

116 

5.3 

105 

4.3 

13  93 

30 

160 

6.9 

135 

6.3 

1X2 

S.I 

102 

4.3 

14.90 

SI 

155 

6.7 

131 

6.0 

109 

-! 

99 

4.1 

1S.91 

sa 

ISO 

6.5 

137 

5"! 

105 

96 

3.9 
3-8 

i6.9S 

33 

146 

6.3 

X23 

5.6 

t02 

4.6 

93 

18.03 

34 

I4X 

6.1 

119 

5-4 

99 

45 

^ 

\'t 

19.13 

35 

137 

S.9 

116 

5.3 

96 

4.J 

h 

3.6 

20.28 

Area 

44-33  in» 

41 .33  In* 

35. as  in* 

.18.7 

3in« 

//Cl-lt 

450.8   ins 

380.0  in» 

3r5.5    in* 

286.7 

in> 

Wgt 

153.3    lb  per  ft 

141  •  I   lb  rer  ft 

132.4   lb  per  ft 

132.4 

lb  per  ft 

Safi 

)  loads  abo^  the  1 

wavy,  horimntal 

lines  exceed  the  re 

sbtano 

»  of  the  web  and 

ginkn 

(  shouki  be  provu 

led  with  stideners 

;   for  limiting  coo 

editions 

,  see  explanatory 

notcsi 

BO  page  567.    See 

Pocket  CompankM 

1  for  13  and  i44t 

spans. 

Wd 

^lii  gtvoii  for  girc 

lers  do  not  include 

stiffeners,  rivet-lM 

»ds  or 

other  details 

'Vhmi  Pocket  Oompanioh,  Carnegie  Steel  Company,  Pittsburgh,  Pa. 

t  See  paragimph  on  Riveted  Single-Beam  and  Double-Beam  Giiden,  page  603,  and  the 
foot-note  for  same  regarding  fiber-stresses. 

t  //c  is  the  section-modulus  or  sectbn-iactor  of  the  croes-eectkm  with  refetence  to  the 
ads  i-x. 
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Strength  ci  Bmubb  tad  Beam  GifdeiB 


Chap,  lo 


IMto  SV*  (CoolteMd). 

for  KiTcfecd 


Loads  ki  Uaiii  of  t  pw 
Oif4on 

,  i6oootlbp«riq  fai 


1  i— ria'?-i 

...       1     A    ^    - 

\ r- 1 

1 ; — r-^ 

!^ 

I 

r'V 

t 

T 

1 

^ 

-.L 

1 

-JL 

1'- 

1 

.1 

%1- 

1 

1 

— L 

V- 

1 

1 
1 

A 

^ 

1 

1 
1 

A 

iii. 

1 

^ 

1 

■ 

1 

Co- 

effi- 

denta 

of 

I       1 

•     . 

•       1 

• 

ao*in  65.4«lb 

i6-in  54*7*lb 

xS'in  6o.S-lb 

xs-tn  4a«9-lb 

beam.  10  by 

beam.  9  by 
M-in  plates 

beam.  9  by 

beam,  8  by 

de-    1 

H*in  plates 

H-m  plates 

H4nx^tes 

flee  1 

tion  1 

Increase 

Increase 

Increase 

Increase 

in  safe 

in  safe 

in  safe 

in  safe 

loads  for 

loads  for 

loads  for 

loads  for 

Safe 

M«-»n 

Safe 

He^n 

■ 

Safe 

He-in 

Safe 

M«-in 

loads 

increase 
in  thick, 
nessof 
flange- 
plates 

loads 

increase 

intbkk- 

nessof 

flange- 

pUtes 

loads 

increase 
in  thick- 
ness of 

ilange- 
pUtes 

loads 

increase 
in  thick- 
ness of 
fUnge- 

9 
lo 

279 
a5« 

Z4.a 

xa.7 

218 
i9« 

XX. 5 
XO.<| 

189 
"170 

9-4 
8.5 

X37 

8.5 
7.6 

X.34 
x.66 

123 

XX 

u 

13 

aj8 

ao9 

XX.6 

X0.6 

9-8 

178 

9.4 
8.6 

7.9 

ISS 

14a 

X3X 

7.7 
7.x 
6.5 

zia 
102 

11 

6.9 
6.4 
59 

a.oo 
a^ 
a.8o 

151 

193 

u 

179 

9.1 

140 

7.4 

ia2 

6.1 

88 

55 

3.24 

IS 

i«7 

8.5 

X3X 

6.9 

XI3 

57 

82 

S.X 

3.7a 

x6 

157 

8.« 

ia3 

6.S 

106 

5  3 

77 

4.8 

4  24 

17 

148 

75 

X15 

6.1 

zoo 

5  0 

P 

4.5 

4.78 

i8 

X39 

71 

109 

S.7 

95 

4.7 

68 

4.1 

5.36 

19 

X3S 

6.7 

lOJ 

S  4 

f. 

4  5 

65 

4.0 

55* 

30 

MS 

6.4 

98 

5  • 

4.3 

6x 

3.8 

6.62 

2t 
22 

119 

1X4 

6.1 

5.8 

P 

4.9 

4.7 

8z 
77 

4.0 
3.9 

% 

3.6 
3.5 

7.30 
8.01 

aj 

109 

55 

8s 

4.5 

74 

3.7 

S3 

3.3 

8.76 

^4 

IDS 

S3 

82 

4.3 

£1 

3  5 

SI 

3.« 

9.53 

H 

zoo 

SI 

79 

4.1 

3.4 

49 

3.x 

10.35 

26 

97 

4.9 

76 

4.0 

65 

3  3 

47 

2.9 

11.19 

V 

93 

47 

73 

3.8 

63 

3.1 

46 

2.8 

12.07 

a8 

V, 

4.8 

70 

3.7 

61 

3.0 

44 

a. 7 

12. 9S 

^ 

4-4 

68 

3.6 

S9 

*2 

4a 

3.6 

139a 

30 

84 

4.2 

6S 

3  4 

57 

2.8 

41 

3.5 

14.90 

Ansa 

31.  SB  in* 

27  19  In* 

28.93  in* 

20.49  in* 

«  •  «  • 

IfCx^xX 

215- a  in* 

zS4.t  in« 

iS9.5ttf 

Z15.3.  in* 

•  •  •  • 

w^ 

X07.  9  lb  per  ft 

93.0  lb  per  ft 

99.x  lb  per  ft 

70.x-Ibper  ft 

•  •  •  • 

Safe  loads  above  the  1 

^eavy.horixontall 

lines  exceed  th«rei 

ristanoeof  thewel 

>,and 

girden  ihoutd  be  t>rovi 

ded  with  staflfenen 

1;  for  limiting  0011 

Atory 

notes  on  page  567.    See 

Pocket  Companl 

Ml.  tors  for  9-JFt.  S] 
ie  stmeners,  rivo 

P?**    . 

WeighU  given  for  gix 

disn  do  not  indui 

b-heads.or  other  d 

ietails 

*  From  Pocket  CoBipaniOB.  Caraegie  Steel  Company.  Pitsbari(fa«  Pfc. 

t  See  paragraph  on  Rivetea  Sio^-Beam  and  Double>Beaai  Girders,  page  603,  tad  the 
foot-note  for  same  regardiKu  fiber-stresses. 

H'eSs  the  section-niodulus  or  section-factor  of  the  cross-section  with  reference  to  tbr 
axis  x-x. 


Tables  of  Safe  LoodA  for  Sted  Beams  and  Girders 


eoT 


tMMt  ZV.    Safe  Ualtbftt  Loada  In  Tdas  of  a  oca  Povads  for  ftlvctad 

Staal^Beafli  Bai  Gifdaia 

Two  ao-in  steel  I  beams  and  two  x6  by  H-in  steel  plates 


Two  steel 

t-mm 

tJViL 

Twosted 

^M^  ^ 

•^ 

-^'*^ 

yr     iwo 

•^ 

PSr*^    ^' 

plates, 

x6byH 

in 

ao-in 
beams. 
80.4  lb 
^  perft 

pUtes. 

x6byH 
in 

1 

acnn 

beams, 

65.041b 

Increase 

EKa- 
tanoe. 

center  to 
center 

of  bctf- 

^ 

^^ 

j>^^^^ 

in  weight 
of  girder 
for  He-in 

increase 
in  thick- 

ness  of 

Safe 

loads, 

uniformly 

Weight  of 
girder 
(includ- 
ing rivet- 
heads),  in 
tons  of 

Increase 
in  safe 

Sals 

loads. 

uniformly 

Weight  of 
girder 
(tncltid- 
ing  rivet- 
heads),  in 
tons  of 
2  nrm  lb 

Increase 
in  safe 

incs.  ft 

distrib- 
uted (in- 
cluding 
weight  of 

loads  for 
H«-in  in- 
crease in 
thickness 

distrib- 
uted (in- 
cluding 
weight  of 

loads  for 
H«-in  in- 
crease in 
thickness 

flange- 
plates 

girder). 

of  flange- 

girder). 

of  flange- 

in  tons  of 

A    ^#%^w    m^M 

plates 

in  tons  of 

plates 

2  000  lb 

a  000  lb 

lO 

199.67 

1.22 

7.aa 

176.7a 

1.06 

7.34 

0.03 

IX 

181. 51 

1.34 

6.56 

160.66 

1. 16 

6.68 

0.04 

Z3 

166.39 

X.46 

6.0a 

147.26 

1.27 

6.xa 

0.04 

13 

IS3.60 

I.S8 

5.56 

13595 

1.37 

5.6s 

0.04 

14 

143.64 

1.70 

5.16 

126.24 

1.48 

5.25 

0.05 

15 

133.1a 

1.83 

4.81 

117.82 

Z.58 

4.90 

0.05 

x6 

Z24.80 

1.95 

4.51 

110.45 

1.69 

459 

0.05 

17 

1X747 

a. 07 

4. as 

103.96 

1.79 

4.32 

0.06 

z8 

110.94 

a.  19 

4.01 

98.18 

1.90 

4.08 

0.06 

19 

X05.XO 

a. 31 

3.80 

93.01 

a. ox 

3.86 

0.06 

ao 

99.83 

a.43 

3.61 

88.36 

a. XX 

3.67 

0.07 

az 

95.08 

a. 56 

344 

84.15 

a.aa 

3.50 

0.07 

aa 

90.77 

a.68 

3.a8 

80.33 

a.3a 

3.34 

0.07 

a3 

.86.8a 

a.8o 

3.14 

76.84 

2.43 

3.19 

0.08 

24 

83.ao 

a. 9a 

3.01 

73  64 

2.53 

3.06 

0.08 

2S 

79.87 

3.04 

a. 89 

70.69 

2.64 

2.94 

0.08 

a6 

76.80 

3.16 

a.78 

^.97 

2.75 

a. 8a 

0.09 

a? 

73.96 

3.29 

a.66 

65.46 

2.85 

a,  72 

0.09 

a8 

71.32 

3.41 

a.s8 

63.12 

2.96 

a. 6a 

0.09 

a9 

66.86 

3.53 

a. 49 

60,94 

3.06 

2.53 

o.xo 

30 

66.56 

3.65 

a.41 

58.91 

3.17 

3.45 

O.IO 

31 

64.41 

3.77 

a.33 

57.OX 

3.27 

2.37 

o.xo 

3* 

62.41 

3.89 

a.a6 

55.2a 

3.38 

2.a9 

o.xx 

33 

60.51 

4.0a 

a. 19 

53.56 

3.48 

a.aa 

o.xx 

34 

58.73 

4.14 

a.ia 

51. 98 

3.59 

a.z6 

o.xx 

35 

57.05 

4.a6 

a. 06 

SO.50 

3.70 

a.xo 

o.xa 

36 

55*46 

4.38 

a. ox 

49.09 

3.80 

a.Q4 

o.xa 

37 

53.96 

4.S0 

1.95 

47.77 

3.91 

1.98 

o.xa 

3S 

5a.54 

4.6a 

1.90 

46.51 

4.  ox 

X.93 

0.Z3 

39 

51.20 

4.75 

1.85 

45.32 

4.12 

X.88 

0.13 

The  above  values  are  based  on  a  maximum  i&ber-streia  of  13  000  Ib^ier  sq  in,  rivet-bolea 
In  both  flanges  dcdocted.  See  paragraph  on  Rhreted  Single-Beam  and  Double-Beam 
GirdeiB,  page  603.  and  the  foot-note  for  same  regaiding  fiber.«t«esses;  Wdghts  of  girderft 
cocTtspond  to  lengths,  oeater  to  center  of  hearingi.  •     ' 
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Stmngth  of  Beims  and  Besm  Gixders 


Chap.  15 


Tahlt  XV  (CwlteMd).    8ti9  JttUorm  ImiU  la  Tms  of  a  ooo 

for  RiTttaA  Wfl'Wtam  Bax  Girders 

Two  x9-in  tud  I  beams  and  two  s6  by  H-ln  steel  pUta 


Di&. 
tance. 
center 

to 

center 

of  bear- 

inss. 

ft 


xa 
X3 
X4 
15 
x6 

17 
x8 

19 

ao 

91 

aa 
aj 

34 

as 

a6 

a? 
as 

89 

30 
31 
32 

33 

34 
35 
36 
37 
38 


Jh'i^^t 


Two  i6  by  H'in  iteel  platei 


Safe 

* 

loads  in 

tons. 

Weight 

includ- 

of 

ing 

girder. 

weight 

lb 

of 

girder 

X3a.a 

a  713 

laa.o 

a  933 

XX3.3 

3164 

105. 7 

3390 

99  I 

3616 

93-3 

384a 

88.1 

4068 

835 

4394 

793 

4530 

75. 5 

4746 

7a. I 

497a 

69.0 

5  198 

€6.1 

5424 

63s 

5650 

61.0 

5876 

58.8 

6  loa 

S6.6 

6328 

54.7 

6554 

S2.9 

6780 

51.8 

7006 

49.6 

7333 

48.1 

7458 

4«.7 

7684 

45  3 

7910 

44.1 

8ij6 

4a.9 

836a 

4f.a 

8588 

Add  to 

safe  loads 

for  Hs-in 

increase 

in  thick' 

ness  of 

plates 


5.43 

5.01 

4.66 
4.35 
4.07 
3.83 
3.62 

3.43 

3.a6 
3.10 
a. 96 
a. 83 
a. 73 
a. 61 

2.51 
3.41 
3.33 
a.  25 

a. 17 
a.  10 
a. 04 

1.98 
1.9a 
X.86 
X.8x 
X.76 
1.7a 


Safe 

loads  in 
tons, 
includ- 
ing 
weight 

of 
girder 


Two 
xS-in 
beams, 
54. 7  lb 

per  ft 


1 

■^ 

LA— 

p* 
^ 

Two 

x6by  94-in 
steel 
plates 


xa3.o 
1x3.5 
X05.3 
9B.3 
9a. a 
86.8 
8a. o 

77  6 
738 
70.3 
67.0 
64.x 

6x5 

59  o 


56 
54 
53. 

SO 
49 
47 
46 


44.7 
43-4 
43.x 

4X.0 

39.9 
38.8 


Add  to 

Weight 
of 

girder, 
lb 

safe 
loads  £or 

5  pounds 
increase 

in  weight 

of  beam 

3353 

a.8x 

3548 

a.  61 

3  744 

3.43 

3  940 

a. 27 

3136 

a.  12 

3333 

a. 00 

3538 

X  90 

3734 

X.80 

3930 

X  70 

4  116 

1. 6a 

4  313 

X.S4 

4508 

X.47 

4704 

X.41 

4900 

X.36 

S096 

X.30 

5393 

1.26 

548S 

X.21 

56S4 

X.17 

58S0 

X.13 

6  076 

X.IO 

6a73 

X.06 

6468 

X.03 

6664 

x.oo 

6860 

0.97 

7056 

0.94 

7  3S3 

0.93 

7448 

0.90 

Add  to 
safe  loads 
for  Vlt-in 
increase 
in  thick- 
neasof 
plates 


5.43 

5. ox 

4 


4 
4 
3 
3 

3 
3 
3 

2. 
2. 
2. 
2. 

2. 
2. 

2. 
2. 
2. 

2. 

2. 


66 

35 
07 
83 
6a 

43 

26 
xo 

96 
83 

73 

6x 

SI 
41 
33 

23 

17 

10 

04 


X.98 
X.92 
X  86 
x.8t 
x.76 
X.73 


Add  to 

weight 
of  gird- 
er for 
Hs4n 
iacreaae 

in 
thick- 
ncaeof 
plates 


8a 
88 

95 

xoa 

109 
1x6 
laa 

X39 

xj6 

143 

xso 

156 
X63 

170 

in 
X84 
190 

197 
ao4 
axx 
3x8 

334 

33X 
33S 
245 
333 

asS 


The  above  values  are  based  on  a  marimiim  Aber-strese  of  13  000  lb  per  sq  ia,  rivet<4M>Ies 
in  both  flenges  deducted.  See  paragraph  on  Riveted  Single-Beam  and  Double-Beam 
Girden.  page  603$  and  the  foot-note  for  same  rcgardii«  fibcr-etieiessb  Weights  of  girdeit 
correspond  to  lengths,  center  to  center  of  brarings 
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TIkUe  ZV  (Coatiaued).    Sife  0niiorai  Loads  fai  Tons  of  a  ooo  Pounds 

for  Rivetod  Stooi-Boam  Box  Olrdon 
TSm>  t5-iB  steel  I  beams  and  two  14  by  H4n  steel  plates 


Two  T5-in  beams, 
75.0  lb  per  ft 

Two  i5-in  beams  1 

60.8  lb  per  ft 

-a-  i* 

' 

•Sjl 

"^ 

^'^ 

r 

^ 

^^ 

r 

SJo. 

1     Dis- 

«€ 

Sr-^ 

isi. 

^ 

i^«i 

^^ 

A 

.Ar- 

Increase 

Increase 

in  weight 

of  gird- 

StMl P]«A«,  . 

&c«el  i^latoi. 

SteikPktas. 

in  safe 
load  for 

Me-in 
increase 

center 

X4  by  H  in 

14  by  H  in 

14  by  H  in 

er  for 
Me-in 

to 

Safe 

Sale 

Safe 

center 
of  bcskT- 

loads, 
uni- 

Weight 

loads, 
uni- 

Weight 

loads, 
uni- 

Weight 

in  thick- 
ness of 

flang». 

plates 

increase 
in  thick- 

{   ings. 

formly 

of  gird- 

f  *  M^ 

formly 

of  gird- 
er (in- 
cluding 
rivet- 
heads), 
in  tons 
of  2000 
lb 

formly 

of  gird- 

ness  of 

1 
1 

distrib- 
uted (in- 
cluding 
weight  of 
girder), 
in  tons 

cr  (m- 
cluding 

rivct- 

heads). 

in  tons 

of  2000 

lb 

distrib- 
uted (in- 
cluding 
vireight  of 
girder), 
in  tons 

distrib- 
uted (in- 
cluding 
weight  of 
girder), 
in  tons 

er  (in- 
cluding 
rivet- 
heads), 
in  tons 
of  2000 
lb 

flange* 
plates 

<^aooo 

of  2000 

0(2000 

lb 

lb 

lb 

10 

122.33 

X.06 

III. 01 

0.91 

90.29 

0.72 

4.63 

O.Q3 

II 

III. ax 

I  17 

100.9a 

1. 00 

82.08 

0.79 

4. ax 

0.03 

13 

X0I.9S 

1.27 

92.51 

X.09 

75  24 

0.86 

3.86 

0.03 

.          '^ 

94.  xo 

1.38 

85.40 

I.X8 

69  45 

0.93 

3.57 

0.04 

I        14 

8738 

1.48 

79.30 

X.27 

64.50 

1. 00 

3.3X 

0.04 

IS 

8x56 

X.S9 

74.01 

X.36 

60.19 

X.08 

3.09 

0.04 

16 

76.46 

1.70 

69.38 

X.45 

56.43 

X.15 

a. 90 

0.05 

17 

7x96 

X.80 

65.30 

1. 54 

53. XX 

1.22 

a. 7a 

o.os 

18 

67.96 

X.91 

61.67 

X.63 

50.16 

X.29 

2.57 

0.05 

19 

64.39 

2.01 

58.43 

1.72 

47.52 

x.36 

2.43 

0.05 

ao 

61.17 

2. 12 

55.50 

X.81 

45.  X4 

1.44 

a. 3a 

0.06 

2X 

58.25 

2.22 

52.86 

1.90 

42.99 

X.51 

a. ax 

0.06 

22 

5560 

2.33 

50.46 

2.00 

41.04 

1.58   . 

a.  II 

0.06    i 

23 

53.19 

»  43   . 

48.17 

2.09 

39  25 

X.65 

a. 02 

0.07 

24 

50.97 

2.54 

46.25 

2.1S 

37.62 

X.72 

1.93 

0.07 

25 

48.93 

2.6s 

44.40 

2.27 

36. X2 

X.79 

X.85 

0.07 

36 

47.05 

2.76 

42.  TO 

2.36 

34.72 

X.87 

1.78 

0.08 

27 

45 -3r 

2.86 

4X.12 

2.45 

33.44 

1.94 

1.71 

0.08 

aS 

43.69 

2.96 

3965 

2.54 

32.25 

2. OX 

1.66 

0.08 

29 

42.18 

3.07 

38.28 

2.63 

31. 13 

2.08 

X.60 

0.08 

30 

40.78 

3.17 

37.00 

2.72 

30.09 

2.X5 

X.54 

0.09 

31 

39.46 

3.28 

3S8x 

2.8X 

29.12 

a.  23 

1.49 

0.09 

32 

38.23 

3.38 

34.69 

2.80 

28.21 

2.30 

1.45 

0.09 

X^ 

37.07 

3.46 

33.64 

2.99 

27.36 

2.37 

I.4X 

o.xo 

34 

35-98 

3.60 

32.65 

3.08 

26.55 

a.44 

1.37 

O.IO 

3S 

34.95 

3.70 

31.7a 

3x7 

25.80 

a.5X 

1.33 

O.IO 

36 

33.98 

3.8X 

3b.84 

3.27 

25.08 

2.58 

1.29 

O.IO 

37 

33.06 

3.91 

30.00 

3.36 

24.40 

a.66 

x.a5 

O.IX 

33 

32.20 

4.0a 

29.21 

3.45 

23.76 

2.73 

i.aa 

O.XI 

39 

3X.37 

4.13 

28.47 

3.54 

23.  X5 

a.8o 

I.X9 

O.XK 

The  above  values  are  based  on  a  maximum  fiber-stress  of  13  000  lb  per  sq  in,  rivet-holes 
in  both  flanges  deducted.  See  paragraph  on  Riveted  Sitigle-Beam  and  Doable-Beam 
Girders,  page  603,  and  the  foot-note  for  same  regarding  fiber-stresses.  Weights  of  girdei* 
conespond  to  lengths,  center  to  oenter  of  brairingn. 
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TaU*  XV  (GoalimMd).    S«f«  Unitorm.  Lo«4a  ia  Too*  of  a  oop 

for  lUrvtMl  StiMl-BauB  Bas  Ojnltca 

Two  xa-in  steel  Z  beara&  and  two  14  bgf  H-in  sted  plates 


tanoe, 
center to 
oenter 
of  bear- 
ings. 
ft 


10 
XX 
12 
13 
14 

IS 
x6 

X7 
x8 

19 

ao 
n 
22 
23 
24 
as 
a6 

27 
aB 

29 

30 
31 
32 
33 
34 
35 
3fi 
37 
38 
39 


e^? 

r*'H 

^, 

•s 

rS' 

r 

'-^•-' 

Two  x>-in 

beams. 

40. 8  lb 

perft 


tr     » 


Two  Steel  plates. 
14  by  H  in 


Safe  loads, 
uniformly 
distrib- 
uted (in- 
cluding 
weight  of 
girder), 
in  tons  of 
2  000  lb 


6494 
59  02 
54- 12 
49-95 
46.39 
43  29 

40.59 
38.20 
36.08 
34.18 

32.47 
30.93 
29.52 
a8.23 
37-o6 

25.98 
24.98 
24.0s 
23.19 
22.39 

21.65 
20.95 
20.39 
19.68 
19.10 
I&5S 
18.04 
X7.SS 
17.09 
16.6s 


Weight 
of  girder 
(includ- 
ing rivet- 
heads),  in 
tons  of 
2  000  lb 


0.65 
0.71 
0.78 
0.84 
0.91 
0.97 
X.04 
x.xo 

I- 17 
X.23 

X.30 
X.36 
x-43 
1-49 
X.56 
1.62 
X.69 
1.75 
X.82 
X.88 

X.95 
a.  ox 
a.o8 

a.  14 
a.  ax 
a.  27 

2.34 
a.  40 

2.47 
2.53 


n 


'CFsl,^'  Two  x2-in 
beams, 
3X.81b 
perft 


■BT 


Two  steel  plates, 
14  by  H  in 


Increase 
in  safe 
loads  for 
Hft-in  in- 
crease in 
thickness 
of  flangie- 
plates 


3. 75 
3  40 
3x2 
a. 88 

2.66 

2. so 
2.34 

2.21 
2.06 

I  97 

1.87 
1.78 
1.70 
1.63 
X.56 
x.So 
X.44 
X.38 
X.34 

X-29 

X.2$ 
X.2X 

x.n 
X.14 

x.xo 
X.07 
1.04 

X.OI 

0.99 

0.96 


Safe  loads, 
uniioimly 

distrib- 
uted (in> 

eluding 
weight  of 

girder), 
in  tons  of 

a  000  lb 


58.08 
52.80 
48.40 
44  68 
4x48 
38. 72 
36.30 
34.  x6 
32.37 
30.57 

8904 
27.66 
26.40 

25-25 

24.20 

23.23 
22.34 

ax.  51 

20.74 
ao.03 

X9.36 

X8.73 
X8.15 
X7.60 
X7.06 
16.59 
16. X3 
X5.70 

xs.as 
X4.89 


Weight 
of  girder 
(includ- 
ing rivet- 
heads),  in 
tons  of 
2  000  lb 


057 
0.63 
0.66 

0.74 
0.80 
0.85 
0.91 

0.97 
-03 
.06 

.14 

.ao 
■  25 

.31 

.37 
.42 
.48 

■54 

.60 

.65 

.71 
.77 
.83 
.88 

94 
-99 

-OS 
.IX 

.17 
.23 


Increase 
in  safe 
loads  for 
Vis-in  in- 
creesein 
thickness 
of  flange- 
plates 


3.81 

345 
3.17 
2.93 
3.72 

2.S3 
2.38 
3.34 

3. XX 
3.00 

X.90 

x.8x 

X.73 
1.65 

X.S8 
1-53 
X.46 
X.41 
1.36 
X.31 

X.37 
1.23 

X.19 
X.X5 

X.X2 

1.09 

X.06 

1.03 
x.oo 
0.98 


Increase 
in  weight 
of  girdei 
forH«4n 
increase 
in  thick- 
ness of 
flange- 
plates 


0.03 
0.03 
0.03 
0.04 
0.04 
0.04 
0.05 
o.QS 
o.os 

o.QS 

0.06 
0.06 
0.06 
0.07 
0.07 
0.07 
0.08 
0.08 

0.08 
0.08 

0.09 
0.09 
0.09 

O.IO 
O.XO 
O.IO 
O.IO 
O.IX 
0.21 
O.IX 


The  above  values  are  bssed  on  a  maximum  fiber-aticas  of , 

pi  both  flanges  deducted.    See  paragrsph  od  Riveted  Single-Beam 
Girders,  page  603,  and  the  foot-note  for  same  regarding  fiber-streases. 
correspond  to  lengths,  center  to  center  of  V^ri*^ 


3  000  lb  per  sq  in»  rivet«JM)lcs 
and  Double-Beam 
Weighuof 
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TttUe  IV  (Centittaed).    8af«  Uniform  Loads  in  Tons  of  s  ooo 

for  Rivwtod  8tool-B«un  Box  Oiidors 

Two  xo-in  steel  X  Beams  and  two  is  by  ^f-in  sted  plates 


e^ 

1^  m^y*.  1 

Two  lo-in 
beams. 

K»«'i 

A^ 

Two  i0.in 
beams. 

*s 

ri 

^ 

%^ 

^ 

35>olb 

25. 4  lb 

JZ 

^^ 

■^ 

perft 

-Jk^ 

'^ 

perft 

kt«8. 

Increaae 
in  weight 

of  girder 

for  Hs-in 

increase 

in  thick- 

nisss  of 

Dia. 
taaoe» 

DSted  plat 

Two  steel  ph 

center  to 

13  by  H  in 

13  by  H  in 

'    center 
of  bear- 
ings 1  ft 

Safeloads. 
uniformly 

Weight 

Increase 
in  saifi 

Safeloads. 
uniformly 

Weight 

Increaae 
in  safe 

distrib- 
uted (in- 
cluding 

of  girder 
(includ- 
ing rivet- 
heads),  in 

loads  for 
H«-in  in- 
crease in 
thickness 

distrib- 
uted  (in- 
cluding 
weight  of 

of  gxrder 
(includ- 
ing rivet- 
heads),  in 

AAA    wC*«W 

loads  for 
H«-in  in- 
crease in 
thiclcness 

flangex 
plates 

girder). 

in  tons  of 

3 000  lb 

tons  of 
3  000  lb 

w  aaav  >>  aaV'«Jj 

of  flange- 
plates 

girder), 
in  tons  of 

2000  tb 

1 

tons  of 
3  000  lb 

of  flange- 
plates 

lO 

44.35 

0.55 

3.59 

39-23          0.47 

2.64 

0.02 

XI 

40.32 

0.60 

3.36 

35-66 

0.S3 

2.40 

0.03 

'            13 

36.96 

0.6s 

3.16 

32.69 

0.56 

2.30 

0.Q3 

1          »3 

34.13 

0.71 

I  99 

30. x8 

0.61 

3.03 

0.03 

'          14 

31.68 

0.76 

1. 8s 

28.0a 

0.66 

X.89 

0.03 

IS 

39-57 

0.83 

1.73 

36.15 

0.7X 

1.76 

0.04 

x6 

37.73 

0.87 

X.63 

34.52 

0.75 

1.65 

0.04 

17 

36.09 

0.93 

X.S3 

33.08 

0.80 

1-55 

0.04 

i8 

34.64 

0.98 

X.44 

3X.79 

0.85 

1-47 

0.04 

19 

33.34 

1.04 

1.36 

30.6s 

o.«9 

1.39 

0.0$ 

30 

33.18 

1.09 

1.30 

X9.62 

0,94 

1.33 

0.05 

21 

31. 13 

I. IS 

1.23 

X8.68 

0.99 

1.36 

o.os 

23 

ao.i6 

1.20 

X.18 

17.83 

X  04 

X.20 

0.05 

33 

19.28 

1.36 

X.13 

X7-c6 

1.08 

I. IS 

0.06 

24 

18.48 

I.3t 

1.08 

16-35 

1x3 

X.XO 

0.06 

as 

17.74 

1.36 

1.04 

XS.69 

1. 18 

1.06 

0.06 

36 

Z7.06 

1.43 

1. 00 

IS. 09 

X.33 

x.oa 

0.06 

37 

16.43 

1.47 

0.96 

14-53 

1-27 

0.98 

0.07 

38 

IS.84 

1.53 

0.93 

14.01 

1.33 

0.94 

0.07 

39 

XS.39 

X.58 

0.89 

X3  53 

1.37 

0.9X 

0.07 

30 

I4.7« 

1.64 

0.86 

X3.08 

1-41 

0.88 

0.07 

31 

14.31 

1.69 

0.84 

X2.65 

1.46 

0.8s 

0.08 

3> 

13.86 

1.75 

0.81 

13.36 

ISX 

oM 

0.08 

33 

13.44 

1.80 

0.78 

XX. 89 

1.5s 

0.80 

0.08 

34 

13.04 

1.86 

0.76 

XI.S4 

1.60 

0.78 

0.08 

3S 

12.67 

X.91 

0.74 

XX. 31 

X.65 

0.75 

0.09 

36 

13.33 

1.96 

0.72 

XO.9O 

1.70 

0.73 

0.09 

37 

"99 

3. 03 

0.70 

XO.60 

1.74 

0.71 

0.09 

30 

11.67 

3.07 

0.68 

XO.33 

1.79 

0.69 

0.09 

39 

11.37 

3.13 

0.66 

ZO.06 

1.84 

0.67 

o.xo 

Theabo 

ve  values  b 

asedoB  a  1 

naximum  fi 

iber-stxcss  of  13  000  lb  per  sq  in, 

rivet-holes 

in  both  flj 

lages  deduc 

ted.    2 

5eei 

paragraph  1 

im  Riveted 

Singlc-Bes 

tm  and  Do 

uble-Beam 

Girders,  page  603.  and  the  foot-note  for  same  regarding  fiber-stresses.    Weights  of  girders 
correspond  to  lengths,  center  to  center  of  bearings. 


613  Strength  of  Beams  and  Beam  Girders  Chap.    IS 

Bmou  8uppoTtlii(  Brick  Valla.  In  calculating  the  ibe  of  ■  (Inicr  to  sup- 
port a  brick  wail,  the  strucluie  of  Ibc  waii  ibould  be  csreFully  conadered.  If 
the  wall  ii  without  openings  and  doea  not  support  floor-bcuas,  only  that  part 
ol  the  wall  included  within  the  dotted  Unei,  Fig.  10,  need  be  cooudered  a*  beins 
supported  by  the  girder.     The  brains  in  that 

case,  however,  should  be  made  very  sun,  w  A  B 

as  to  have  Tittle  DEn,ECTiON,  If  there  a 
■eveial  openings  above  the  girder,  and  especi- 
ally II  there  is  a.  pier  over  the  middle  part  of 
it,  as  ihown  in  Fig.  11,  then  the  manner  in 
which  the  loading  is  distributed  should  be 
carefully  considered.  In  a  case  ol  this  kind, 
only  the  dead  wright  Included  between  the 
dotted  lines  AA  and  BB  should  be  con^dered 


r.  the  lower 


Wvli  with  Opcsiop 


U  coming  upon  the  girder,  and  proper  nllownnce  n: 
ol  the  greater  part  of  the  load  st  or  near  the  mid; 

windows  are  two-thirds  their  total  width,  or  more,  above  the  gtrder,  tiien  it 
Is  more  ressonsble  to  suppose  that  the  wall  includcil  between  the  lines  CC 
rests  upon  the  girder,  and  also  to  consider  that  this  load  is  UMfOBMLV  Dis- 
latBL-TED  over  it.  When  beams  extend  under  the  entire  length  of  a  wall 
which  is  more  than  i6  or  tS  ft  long,  the  weight  of  the  entire  wall  rallter  than 
the  weight  of  a  triangular  part  ol  it  should  be  taken  as  coming  upon  the 
beams;  lor,  II  they  should  bend,  the  wall  wouH  settle,  and  mJEht  push  out 
the  supports  and  cause  the  whole  stnicture  to  fall.     (See,  also,  page  jiS.) 

t.  Framing  and  Conneetlni  Steel  Beami  and  Oirdera 
Standard  Saparalora.  When  beams  are  used  to  lupport  walls,  or  as  girdcn 
to  carry  floor-beams,  they  are  often  placed  side  by  side;  and  should  in  >uch 
cases  be  connected  by  means  of  bolts  and  cast-iron  befaiaiois  fittuig 
closely  between  the  flanges  of  the  beams.  The  office  of  these  separalon  is,  in  a 
measure,  to  hold  in  position  the  compres^on-flanKes  of  the  beams  by  ptevcnling 
aioa  DEFLEcnoN  or  suciLLtNG.  and  also  to  unite  the  beams  so  m  to  cauK 
them  to  act  In  unison  as  regards  verticai.  peflectioh.  Sepaiators  should 
be  provided  at  the  supports,  at  points  where  heavy  concentrated  loads  are 
Imposed,  and  at  regular  intervals  ol  from  s  to  6  ft  between.  The  ilhistn- 
tions,  dlmenuons,  etc.,  given  in  Table  XVI,  are  for  the  si 


Fnaiiiig  ud  COnnKdDg  Steel  Beuiu  uid  Girders  613 

Tibl*  XTL*     aifWtPW  (or  Utd  ■••«> 


If 


I  19-9 

ISO  and  9S 


:    isidSs! 


■JiM-  iiS" 


4 


Scored  hole 


For  5411. 44a  and  >ia  ticuiu,;iue  i-laBi*-fipc*,3)i.9u>daH-uiloat,nipactivaly 
•  Fnn  PwkM  ComVMiM,  CuM^  Slid  Compuy,  Ftttrimi^.  Pl 
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Gai-Pipe  SajMratMi.  Sepantcn  fonaed  of -piaoes  of  gas-pipe,  cut  to  the 
desired  lengths  and  slipped  over  the  bolts  are  often  used  by  contractors.  (See 
bottom  of  Table  XVI.)  Such  separators  permit  the  beams  to  act  iadependeatly 
of  each  other,  and  should  not  be  used  in  any  place  where  one  beam  is  liable  to 
receive  a  greater  load  than  the  other;  and  as  this  condition  exists  in  almost 
every  case  where  two  or  more  beams  are  used  together,  it  follows  that  "cast- 
iron  separators,  made  to  fit  the  space  between  the  beams,"  should  be  specified 
in  almost  every  instance.  As  noted  in  Table  XVI,  gas-pipe  may  sometimes  be 
used  for  5,  4  and  3-in  beams.  Separators  with  two  bolts  should  be  used  for 
beams  1 3  in  or  more  in  depth.  For  1 2-in  beams  one  bolt  is  sometimes  used  wfaea 
the  load  is  light;  for  beams  under  12  in  in  depth  one  bolt  is  sufficient. 

FRAMING 

DETAILS  OP  FRAMINQ  BETWEEN  COLUMNS 


1^^ 

0 
0 

0 
0 

J 

^^= 

PLAN  OF  ABOVE  WITH  UPPU  FLAMQtS  REMOVCD  ELEVATION  8HOWIN0  THE  OOPINO  OT  aCAMt 

CONNECTIONS  FOR  BEAMS  AND  GIRDERS 

*'  Connection-angles  ihalt  in  no  esse  be  less  in  thickness  than  the  web  of  the  beam 
or  0rder  to  which  they  are  fastened,  oar  shall  the  width  be  leas  than  H  the  depth  of 
the  beam,  except  that  no  angle-knee  shall  be  less  than  2}i"  wide  nor  requireci  to  be 
more  than  6''  wide.  Web-anglcs,  the  full  depth  of  the  web,  must  be  used  for  all  girder- 
connections.**  ^ 

Fig.  12.    Trambg  of  Steel  I  Beams  and  Girden 

Beam-Connectiont.  Steel  beams  and  channels  are  fiaiied  together  by 
means  of  short  pieces  of  angles,  which  are  usually  riveted  to  the  floor-beam  or 
tail-beam  and  bolted  to  the  girder.  The  angles  are  always  used  in  pairs,  one  on 
each  side  of  the  beam.  If  the  floor-beam  is  framed  flush,  either  with  the  top  or 
bottom  of  the  girder,  or  if  two  beams  of  the  same  height  are  framed  together,  the 
end  of  the  beam  supported  should  be  coped,  or  cut  to  fit  the  shape  of  the  giidef 
or  supporting  beam.    Tbe-mazimua  clearanoe-apace  allowed  between  the  end 


Fmmog  snd  Oooflectmg  Storf 


RlreUd  PUU  GMet 


o(  the  bom  and  the  web  varies  from  Mi  to  in  the  anullei  beami  to  H  la  in 
lufci  onei.  P!k9.  12  and  13  show  various  details  of  beams  framed  together 
and  also  to  gbders.  Whea  ■  floor-beam  rests  on  top  of  another  beam  or  girdeTi 
■•  in  Fix-  15.  the  beam  should  be  lecured  by  meaos  of  a  pair  o(  wrousht-iioa 
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CUPS,  shown  in  Fig.  14,  shaped  so  as  to  fit  dosebr  the  top  flange  of  the  girder. 
and  either  bolted  or  riveted  to  the  opposite  sides  o£  the  lower  flange  of  the  floor- 
beam. 

Fig.  16  shows  one  method  of  framing  the  ends  of  wooden  floor-jobts  to  steel 
beams,  a  4  by  3  by  H-in  angle  being  riveted  the  whole  length  of  the  sted  beam, 
by  94-in  rivets,  about  6  in  aparL    The  joists  ate  usually  secured  by  iron  or 


iV.Jtf 


% 


rig.  14    Cl^  for  Fas- 

tcning  Steel  Beam  on 
Top  of  Another 


Fig.  •  15.  Sted  Beams 
Fastened  One  on  the 
Other  by  Clips 


Fig.  1 9.    Flaming  of  Wooden 
Joists  to  Sted  I  Beam 


CLAKPS  or  ANCHORS,  and  framed  about  i  in  abovQ  the  upper  flange  of  the  beam 
to  allow  for  settlement.  If  these  joists  are  over  3  ft  apart,  short  lengths  of  angles 
may  be  placed  tmder  each  one.* 

Standard  ConnectioA-Angles  for  I  Beams  and  Channels.    The  size  of 

the  angles  and  the  number  of  rivets  used  for  connecting  steel  -beams,  vacy 
somewhat  with  different  shops  and  with  different  structural  engineers,  so  that 
there  cannot  be  said  to  be  a  universal  standard.  The  variations  in  the  differ- 
ent STANDARDS,  however,  are  not  very  great,  and  as  the  connections  adopted 
by  the  Carnegie  Sted  Company  are  perhaps  the  most  used,  the  author  has  se- 
lected them  for  illustration  in  Table  XVII.  The  connections  have  been  pro- 
portioned with  a  view  to  covering  most  cases  occurring  in  ordinary  practice, 
with  the  usual  relations  of  depth  of  beam  to  length  of  span.  In  extreme  in- 
stances, however,  where  beams  of  short  relative  span-lengths  are  loaded  to  thdr 
full  capacity,  or  when  beams  frame  opposite  each  other  into  another  beam  with 
web-thickness  less  than  %(«  in,  it  may  be  foimd  necessary  to  make  providon  for 
additional  steength  in  the  connections.  The  ldottng  span-lengtbs,  also, 
at  and  above  which  the  standard  connection-angles  may  be  used  with  perfect 
safety,  are  also  given  in  Table  XVIII, 

*  For  details  of  the  framing  of  floor-beams  and  girden,  see  Chapters  XXI  and  XXIX 
and  also  Professor  Nolan's  revised  Chapters  II  and  VII  of  Kidder's  Building-Constnictbn 
sod  Superintendence,  Fart  II,  Caipenten'  Woik. 


Fnmiiig  and  CannectiDg  S 
Tibia  ZVn.*    ConaM 


s  and  Girders  U7 


■  LtSifzffxO'^i' 
Weight  18  lb 


Welgbtrib  height  6  U> 

Blveia  KadlmKa  f^dlametor 

WtfsbU  Btven  are  (or  }Ot>op  dv«ta  And  aagte-oonnscUonj;  about 
«pCToent»hoald  be  adiled  for  Beld-rivet»  or  bolM 

CuHsie  Stcd  Compnajr.  Htubuiib,  Pn. 
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Table  rvm.^    Limftec  ^kIom  «f  Oomedioiu  for  8IM1  Bmubs 


Xbeama 


Depth, 
in 


27 

»4 
it 

18 

1$ 

II 
10 

9 
8 

7 
6 

S 

4 
3 


Weight. 

lb  per 
ft 


90 

79 
74 
60 

6S 
54 
48 


9 

a 

4 
4 
7 

3 


{ 

f  43-9 

C37.3 
J  31  8 

I  27.9 

J  as  4 

I  32.4 

at  8 

i  i8.4 

«X7.5 

IS. 3 

"5 

10. o 

7.7 
S-7 


Value  a£ 

webHxm- 

nection 


Shop- 
rivets  in 
enclosed 
bearinsr. 
lb 


Values  of  iwitttanHing  legs  oC  oonnectioa'an^fla 


Field^vets 


H4n  rivets 

ortximed 

bolU. 

single 

shear, 

lb 


8a  53© 
57500 

64360 
48  ISO 
45000 
41400 
34  300 
36300 

a988e 

33600 
19170 
37900 
33680 

36  too 

24300 

18900 

II  300 

10400 

9S0O 

8600 

7700 


61900 
S3  000 
S3  000 
44200 

3$  300 
35  300 
35  300 
35  300 

35  300 
26500 

36  500 
17700 
17700 
17  700 
17700 
17  700 

8800 
8800 
8800 
8800 
8800 


Min.  allow-' 

able  span, 

ttniform 

load. 

ft 


18 

17 
16 

U 

17 

13 

la 

8 

I 

9 
7 
6 

5 

4' 

i 

4' 
3 
3. 
I. 


in 


Pield-botes 


H-in  rough 

lin^ 

shear, 

lb 


49500 
43400 
43400 
35  300 

38300 
88300 
38300 
a8  3oo 
a8joo 

31  200 
31  300 

14  too 

14  100 
14  zoo 
14x00 

14  100 

7  100 
7  100 
7  100 
7  too 
7  too 


Min.  allow- 

aUe  span. 

unilionn 

load, 

ft 


t, 

in 


33.6 
ai.9 

17.8 
93  X 
16.  T 
15  4 
It.  I 
xo.a 
90 
9.3 

S.I 

7.1 
5  4 

Vi 
li 

a. 7 
X  4 


H 

H 

H 
9is 

H 

H 
H 

H 
H 


Allowable  Uwit  Stkiss  in  Pouim  rat  Squabs  Imcb  f 


Single 
shear 


Rivets shop  13  000 

Rivets  and  toxned 

bolts field  10  000 

Rough  bolts field  8000 


Bearing 


Rivets,  enclosed. .shop  3q  000 

Rivets,  one  side.. shop  24000 
Rivets  and  turned 

bolts field  so  000 

Rough  bolta field  16000 


/  »  Web-thickness,  in  bearing,  to  develop  maximum  allo^rable  reactions,  when 
beams  frame  opposite 

Connections  are  figured  for  bearing  and  shear  (nd  moment  considered) 

The  above  values  agrse  with  tests  made  on  beams  under  ordinary  conditions  of 
use 

Where  the  web  is  enclosed  between  connection  ^angles  (enclosed  bearing),  values 
are  gnsater  because  of  the  increased  efficiency  due  to  frictlbn  and  grip 

Special  connections  must  be  used  when  any  <rf  che  limiting  conditions  given 
above  are  exceeded,  as  when  an  end-reaction  nrom  a  loaded  beam  is  greater  than 
the  value  of  the  connection  of  the  shorter  span  with  the  beam  fully  loaoM;  or  a  less 
thickness  of  web  when  maximum  allowable  reactions  aie  used 


*  From  Pocket  Companion,  Carnegie  Steel  Company.  Pittabuxgh.  Pa. 

t  For  alight  variations  from  these  vahies.  see  Chapter  XXVIII.  Table  1  and  Chapter 
XXX,  4.'SCi 
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Tibte  ZDL*     L«iiiths  and  Waighte  of  Tie-Rods  and  Anchon  for  Sta«t 


ti^tolH'  KtoiK" 

I           V,  *    '  «wt»«o{ 

•          IV        r'  beMM 

■ 
1    1 

r-jjj J 

H-INCH  TIE-RODS 

• 
• 

tfs's — 

Lkhgtrs  Mm  WuGHXS  voa  VAarous  Dissamobs  Cnfxn  10  Cnrm  oy  Bxaks 

Weights  include  two  nuts 

CtoC    L'th 

Wgt 

CtoC 

L\h 

Wft 

CtoC 

L'th 

Wgt 

CtoC 

L"th 

Wgt 

ft  in     ft  in 

lb 

ft  in 

(tin 

lb 

ft  in 

ft  in 

lb 

•ft  in 

1 

ft  in 

lb 

X    0 

1  3 

2.30 

I    3 

I    6 

2.«7 

I    6 

I    9 

3.05 

t    9 

2    0 

3.4a 

2    0 

a    3 

3.80 

«    3 

2    6 

4.17 

2    6 

a   9 

4.5S 

2    9 

3    0 

4.9a 

3    0 

3    3 

i:iS 

3    3 

3    6 

S.67 

3    6 

3    9 

6.05 

3    9 

4    0 

6.4a 

4043 

4    3 

4    6 

7.17 

4    6 

4    9     7. 55 

4    9 

§    ° 

7  92 

S    0      5    3 

8-30 

5    3 

5    6 

8.(»7 

5    6 

5    9     9  OS 

5    9 

6    6 

9  42 

6    0     4    3 

•  to 

6    3 

6    6 

10. 17 

6   6 

6    9  iio.S5 

6    9 

7    0 

XOl93 

7  0      J    3 

8  0      4    3 

,11.30 

7    3 

7    6 

H.67 

7    S 

7    9    "OS 

7    9 

8    0 

12. 42 

12.80 

8    3 

8    6 

13.17 

8    6 

8    9    13  55 

<  8    0 

1 

9    0 

13.9a 

For  strength  of  nxb.  see  Table  11,  page  388. 
Anchora* 


SWKDGV-BOLf 


GOVKRNMBNT  ANCHOR 


i@E 


Wagst  inciwlea  nut 
Built-Ih  Anchor-Bolts 


^^ 


^  ,  >  ^  s-^N\'\J^^ixNN.\^^ 


DlonMCer 

Length 

Welgkt 

in 

.ft  Hi 

lb 

0  9 

1  0 
1   0 
1   8 

1^ 
2.3 
8.1 
&1 

^4-in  tod,  X  ft  9  in  long.    Wt.,  3  lb 

ANCLB-ANCHOa 


SD 


g  «  7b  K  a 
platca 


E 


When  oeotertoaenter  of  anchon  is  leas  than   Two  an«;les.  6  by  4  b7  Ha  by  2H  la 
width  of  wMher,  nae  washer  with  two  holes  Weight  with  H4n  bolts.  7  lb 


For  bearing-plates,  bases,  etc.,  see  Chapter  XIII. 

*  Tnm  Podut  Companion,  Carnegie  Steel  Company,  Pittsbutgh,  Pa. 
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CHAPTER  XVI 

STRENGTH    OF    CAST-IRON    LDTTELS    AND    WOODEN 

BEAMS 

By 
F.  H.  KINDL 

lATB  CORKESPONDXNO  UKMBKR  AMEUCAN  IMMIfUIE  OF  ABOaTSCn 

1«  Cast-Iron  .UntaU 

Form  of  Cross-Section.  Owing  to  the  fact  that  the  resistance  of  cast  iron 
to  tension  is  only  about  one-fifth  of  its  resistance  to  compression,  the  shapes  of 
beams  most  economical  for  wrought  iron  or  steel  would  be  wasteful  for  cast 
iron.  The  extreme  brittlehess  of  cast  iron,  and  the  dangtf  of  flaws  in  castings, 
render  it  an  undesirable  material  for  resisting  transverse  stress.  About  the 
only  form  in  which  cast-iron  beams  are  now  used  in  bullding-oonstniction  in 
this  country  is  in  the  shape  of  lintels  for  supporting  brick  or  stone  walls,  in 

places  where  a  flat  soffit  is  desired,  and  the  waUs  are 
not  to  be  {Mastered.  CasImron  untels  are  also 
occasionally  used  over  store-fronts,  the  face  of  the 
lintel  being  paneled  and  molded  for  architectural 
effect. 

Experiments  on  Cast-Iron  Beams.  Before 
wrought-iron  I  beams  were  manufactured,  cast- 
ikon  BEAMS  were  frequently  used  as  the  only 
available  ones,  other  than  those  of  wood  or  stone. 
Early  in  the  nineteenth  century  Eaton  Hodgkin- 

son,  an  English  engineer,  made  a  series  of  experi- 

FIs  1     Crow  nction of  Cait     ™c°^  with. cast-iron  beams,  from  which  he  found 
iron  Lintel  of  Ideal  Fonn       ^hajt  the  form  of  .crosM-section  of  a  beam  of  that 

material  which  will  resist  the  greatest  transverse 
stress  is  that  shown  in  Fig.  1,  in  which  there  is  six  times  more  metal  in  the 
bottom  than  in  the  top  flange.  The  relative  thicknesses  of  the  three  parts,  the 
web,  the  top  flange  and  the  bottom  flange,  may  be,  with  advantage,  as  5,  6  and 
8,  respectively. 

Strength  of  Cast-Iron  Beams.  If  made  with  these  proportions,  the  width 
of  the  top  flange  will  be  equal  to  one-third  that  of  the  bottom  flange.  As  the 
result  of  his  experiments,  Hodgkinson  gave  the  following  rule  for  the  breaking- 
Weight  at  the  middle  for  a  cast-iron  beam  of  this  form: 


(area  of  bottom  flangeX     /  depth  \ 
m  square  mches     /     \m  mches/ 


Breaking-iosd  in  tons  -  -^ 5 .    .  _^ (i) 

dear  span  m  feet 

This  rule,  although  largely  empirical,  agreed  very  well  with  the  few  experi- 
ments that  were  made.  Structural  engineers,  however,  use  the  general  formu- 
las for  the  strength  of  beams,  as  given  in  Chapter  XV,  except  that  the  SEcnON- 
MODULus  is  found  by  dividing  the  moment  of  inertia  by  the  distance  of  the 
neutral  axis  from  the  bottom  of  the  beam,  and  the  sajte  tensile  stksngtu  is 


Cast-Iiott  Lintds 
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Qsed  in  the  flexxtre-fokmuia.  Thtt»  the  general  fonanla  for  a  beam  supported 
*t  both  ends  and  with  the  load  uniformly  distributed,  as  given  in  Chapter  XV, 
page  560,  is: 

Sale  load  in  pounds  -  %  -r^  X  5|.    As  St»  the  safe  tensile  strength  for  cast 

iron  should  be  taken  at  3  000  lb,  this  formula  becomes 

2  000  l/c 


Safe  load  in  pounds 


; 


(a) 


and,  for  either  section  given  below. 


//«- 


Moment  of  inertia 
^1 


lb 


— 6^ 


MBUTIUL  AXIS 


4 


The  MOMENT  or  inkrtza  is  computed  by  the  fonnula  (see  page  337) 


(3) 


in  which  h  denotes  the  combined  thickness  of  the  webs,  and  the  distances  d, 
di,  and  dt  are  measured  from  the  neutral  axis,  which  must  pass  through  the 
CENTER.  OF  GRAVITY  of  the  sectiou.  The  center  of  gravity  may  be  found  by  the 
method  explained  in  Chapter  VI.  This  fonnula  may  be  used  for  any  of  the 
above  sections  when  the  depth  does  not  exceed  the  width,  and  the  thickness  of 
each  web  is  at  least  equal  to  the  thickness  of  the  flange.  In  Hntels  with  a  singlr 
web  it  is  well  to  make  the  thickness 


of  the  web  %  or  %  in  greater  than 
the  thicknen  of  the  flange.  For  a 
beam  with  a  cross-section  like  that 
shown  in  Fig.  I,  Formula  (2)  agrees 
very  closely  with  Fonnula  (i),  when 
a  factor  of  safety  of  six  is  used. 

Example.    The  following  example 


r I' 


T 


^ 


r 

_L.. 


"•t; 

^ 


-6'=»a8- 


1 


illustrates  the  application  of  Fonnula   yjg.  j.    CrosMcction  of  Cast-iron  Lintel 
(2) :  It  is  required  to  compute  the  safe  with  Three  Webs 

load  for  a  cast-iron  lintel  having  the 

section  shown  in  Fig.  2  and  a  clear  span  of  10  ft.    The  load  is  uniformly  dis- 
tributed, and  the  thickness  of  the  metal  i  in. 

Sofastioii.  The  first  step  is  the  finding  of  distance  J,  that  the  center  of  gravity, 
through  which  the  neutral  axis  of  the  cross-section  passes,  is  below  the  top- 
surface  of  the  beam.  This  is  found  by  taking  the  moments  of  the  areas  of  the 
cros»*sections  of  webs  and  flange  about  the  line  XY,  and  dividing  their  sum  by 
the  area  of  the  entire  section.  (Sec  page  294.)  Each  web-section  is  iz  in 
deep  and  i  in  thick;  hence  the  area  of  each  is  i  f  sq  in.  The  moments  of  xbb 
THREE  WEBS  about  XY  will  then  be  3  X  1 1  X  5H  •-  z8i  .5 

The  MOMENT  OF  TBS  FLANGE  about  XY  -  2$  X  HH  -  332 

504«S 
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The  ana  dl  the  entin  cuoBiaection  -  6c  tq  m 

503.5  +  61  ■■  8.as  •■  rf  in 

Then  d  -  8.25  in  •  ^  -  561.5 

^«*  3*75  hi  di*»m   $2Jj 

di  "■  2.75  in  itf  »   ao.8 

The  MOMENT  OF  iNEiiTXA  is  next  found  by  Formula  (3): 
,     3  X  S6i  .5  +  28  X  5a-7  -  as  X  90.8 


6  ■■   3hi 


880 


J/c  -  880/3.75.    From  Formula  (2)  the  safe  load  -  (2  000  X  234.6)/xo  -■  46  920 
lb|  or  23.4  tons. 

Ends  and  Brackets  of  Csst-Iron  Lintels.    When  a  lintel,  the  cross-sec- 
tion of  which  has  the  shape  of  an  inverted  T  (-L),  is  used  over  a  single  opening,  the 


Fig.  a.    Cast-ifOB  liatd  with  Tapsdng  Wdb 

web  may  be  tapered  towards  the  ends»  as  in  Fig.  3,  without  affecdog  the  strength. 
If  the  flange  is  more  than  8  in  wide^  brackets  should  be  cast  in  the  middle,  as  at 
A,  Fig.  3. 

When  ooNTiNUons  lintels  are  used  over  store^fronts  or  nmilar  places, 
ends  should  be  cast  on  the  lintels,  as  in  Fig.  4,  and  the  ends  oi  abnttiog  lintels 


Fig.  4.    CMt-lrcm  Lintel  with  Ends  for  Bolting 

bolted  together.    All  lintds  with  two  or  three  webs  should  have  solid  ends  con- 
necting the  webs. 

Tables  of  Strength  of  Cast-iron  Untels.    The  tables  on  the  following 
pages  have  been  computed  in  accordance  with  Formula  (2).    The  weight  of  the 
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fintel  itadf  ibauU  be  deducted  tion  thm  aitftf  load.  la  tmag  Umm.  tables  it 
should  be  remembered  that  the  values  are  for  loads  XTNiFORiiLy  distubuied. 
If  the  load  is  coNCEMnATED  at  ihz  middle,  it  should  be  multiplied  by  a.  If 
at  some  other  point  than  the  middle,  the  load  should  be  multiplied  by  the  value 
grvca  on  pages  566  and  632,  which  most  near^  corresponds  with  the  position 
of  the  load.  For  other  spans  than  those  given,  the  distributed  load  should  be 
multiplied  by  the  span,  and  the  lintel  used  which  has  a  coEPnciEKT  or  sixength 
C  CTable  I)  jmt  above  the  product  thus  obtained.  (For  e3q>lanation  of  coeffi- 
cient of  strength,  see  Chapter  XV,  page  556.) 

Xxampie.  It  is  required  to  support  a  12-in  brick  wall,  10  ft  hifi^  over  an 
opening  5  ft  6  in  wide,  with  a  cast-iron  lintel.  At  a  distance  of  39  in  from  one 
support,  a  gizder,  which  may  bring  a  load  of  9  600  lb  on  the  Mntel,  enters  the 
wall.    What  should  be  the  dimensions  of  the  lintel? 

Sohitlon.  At  no  lb  per  cu  ft,  the  wall  above  the  lintel  weighs  10  X  sH  X  no 
■■  6  050  lb.  As  22  in  is  one-third  of  the  span,  the  concentrated  load  is  multi- 
plied by  Z.78  (page  652),  making  the  load  17  08S  lb.  The  total  equivalent  dis- 
tributed bad  is  then  23  138  lb.  Multiplying  this  by  the  span  there  results 
1 27  259  lb,  or  63.6  tons,  as  the  least  value  for  the  coefficient  of  strength  C.  From 
the  table,  it  is  found  that  a  12  by  lo-in  lintel,  i  in  thick,  with  one  web,  has  a 
coefficient  of  strength  of  72.2;  and  that  a  12  by  8  by  iH-in  Hntel  with  two  webs, 
has  a  coefficient  of  strength  of  69.9.  A  fintel  with  two  webs  is  best  for  a  12-in 
wall,  and  interpolating  between  the  values  of  C  for  the  i-in  and  2-in  thicknesses 
of  the  12  by  8-in  linteC  65.4  is  found  to  be  the  value  of  C  for  a  thickness  of  i% 
in.  This  exceeds  the  required  value  by  enough  to  more  than  compensate  for 
the  weight  of  the  lintel  itself;  hence  a  12  by  8  by  iV6-in  lintel  with  two  webs 
is  used. 

Flaws  In  Cattingt.  Owing  to  the  liability  of  flaws  in  the  castings  cast-iror 
beams  should  always  be  carefully  inspected  before  being  accepted. 
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Loads  indttde  weight*  of  linteU.    Maximum  teniile  ttreM  3  ooo  lb  p«  iq  in.    See 
remarks,  pages  622  and  603. 

Sise. 
width 

by 

depth. 

in 

Thick- 
ness of 
metal, 
in 

Weight 

per 

foot. 

lb 

c. 

tons 

Span  in  feet 

5 

6 

7 

8 

9 

10 

XI 

12 

6x  6 

H 

X 

26.3 
34.4 

42.0 

159 
19.0 

21. 5 

3.18 
3.80 
430 

9.65 
3.x6 
3.58 

2.27 

2,7X 

3.07 

X.98 
2.37 
2.66 

1.76 
2. XX 

2.39 

1.59 
1.90 

a.  IS 

1.44 
1  72 
1.9s 

1.32 

1.58 
1.79 

7X  6 

94 

X 

28.6 
37.5 
459 

17.8 

2X.3 

24.0 

3.S6 
4.26 
4.80 

a.96 
3.55 
4.00 

2.54 
3.04 
3.43 

2.22 

2.66 
3.00 

X.96 
a.36 
2.66 

I.7« 
2.13 

2.40 

x.6x 
1.93 

2.a 

1.48 

1.77 

a. 00 

7X  7 

H 

X 

31.0 
40.6 
498 

22.6 
27. 5 
3X.4 

4.52 

s  50 

6.28 

3.7« 
4.58 
5.23 

3  23 
393 
449 

2.82 
3.43 
3.92 

2.5X 
3.0s 

3.49 

2.26 
2.7S 
3.14 

2.05 
2.50 

2.85 

1.88 
2.29 
2.62 

8X  6 

I 

31.0 
40.6 
498 

19.6 
23.4 

26.4 

392 
4.68 
5.28 

3.26 
3.90 

4.40 

2.80 
3-34 

3.77 

2.45 
2.92 

330 

2.X8 
2.60 
2.93 

196 
2.34 
2.64 

1.78 

2. 12 

2.40 

1.95 

2.20 

8X7 

I 
iH 

33.3 
43.7 
53.7 

25.0 

30.3 
34.8 

5.00 
6.06 
6.96 

4x6 

5. OS 
5.80 

3.57 
4.33 
4.97 

3.12 
3.79 
4.35 

2.77 
336 
3.86 

2.50 
3.03 
348 

2.27 
2.75 
3.16 

2.06 

2.52 
2.90 

8X  8 

X 

iV4 

35.6 
46.8 
57-6 

30.6 
37.6 
43.4 

6.12 

7.52 
8.68 

5.XO 
6.26 
7.23 

4.37 
5.37 
6.20 

3.82 
4.70 
5.42 

3.40 
4.18 
4.82 

3.06 
3.76 
4.34 

a.78 
3.41 
3.94 

a.55 

3. 13 
3.6x 

8X  9 

X 

38.0 
50.0 
61.5 

36.5 
45.2 
52.6 

7.30 

9  04 

10.52 

6.06 

7.53 
8.76 

5. 21 
6.45 
7.51 

4.56 
5.65 
6.57 

4.05 
5.02 
5.84 

36s 
4.52 
5.26 

3.31 

4.IX 
4.78 

3.04 
3.76 
4.38 

I2X  6 

X 

xM 

40.4 
53.1 
65.4 

26.5 
31.6 
34.8 

5-30 
6.32 
6.96 

4. 41 

5.26 
5.80 

3.78 
4. 51 
4.97 

3.31 
3.95 
4-35 

2.94 
3  51 
3.86 

2.65 
3- 16 
3.48 

2.41 

2.87 
3x6 

a.  21 
a.63 
3.90 

1 

I3X  8 

X 

45.0 
59.4 
73.2 

41.7 
51.2 

58.5 

8.34 

10.24 
11.70 

6.9s 
8.53 
9.75 

5.95 

7.31 
8.35 

5.21 
6.40 
7.31 

463 
S.69 
6.50 

4.17 
5.12 

5.85 

3.79 
4.6s 
5.3a 

3.48 

4.a6 
4.87 

12x10 

X 

49.8 
65.6 
81.0 

58.0 
72.2 
83.8 

11.60 

14. 44 
X6.76 

9.66 
12.03 
13.96 

8.28 
10. 3X 
11.97 

7.25 
9.02 

10.47 

6.44 
8.02 

9.31 

5.80 
7.22 
8.J8 

5.27 
6.56 
7.62 

4.83 
6.0X 
6.98 

I 

12X12 

X 

54.4 

71.9 
88.9 

75.2 

94.8 

III. 5 

15  04 
18.96 
22.30 

12.53 
15.80 
X8.58 

10.74 
13.54 
15.92 

9.40 
11.85 
13.93 

835 
10.53 

112.19 

7.52 

9-48 

XX.  xs 

6.83 

8.6a 

xo.xa 

6.a6 

7.90 
929 

I   . 
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Lands  indude  weightt  of  linteb.    Maiitnnm  tensile  ttnn  3  coo  lb  per  tq  in.    See 


,  peffM  622  and  633. 

Size, 
width 

by 

depth* 

in 

Thick- 
ness of 
metal, 
in 

Weight 

P«" 

foot. 

lb 

c. 

tons 

Span  in  feet 

5 

6 

7 

8 

9 

XO 

IX 

12 

I2X   6 

H 

I 

5a. 7 
68.8 
84.0 

31.7 
376 
43.0 

6.34 
752 
8.60 

5.38 
6.26 
7.16 

4.53 
5.37 
6.14 

3.96 
4.70 
5-37 

3.53 

4.18 
4  77 

3.17 
3.76 
4.30 

2.88 
3.42 
3.91 

2.64 
3.13 
358 

X2X    8 

H 

I 
x>4 

6a.i 

81.3 
996 

49-5 
60.9 

69.9 

9.90 
12.18 
1398 

8.25 
X0.X5 

XI. 65 

7.07 
8.70 

998 

6.X9 
7.61 
8.73 

5  50 
6.76 
7.76 

4.95 

6.09 

6.99 

4.50 
553 

6.35 

4.13 

5.07 

5.82 

I4X  6 

H 

I 

57. 4 
75  0 
91.8 

35.5 
42.0 
48.0 

7x0 
8.40 
960 

S.91 

7.00 
8.00 

5.07 
6.00 

6.8s 

4.43 
5.35 
6.00 

3.94 
4.66 

5.33 

3.55 

4.30 
4.80 

3.32 
3.82 
4.36 

3.96 

3.50 
4.00 

I4X  8 

H 

X 

xH 

66.8 

87.5 

107.4 

55-4 

68.1 
78.8 

XX. 06 

13.62 

15.76 

9.33 
XX. 35 
X3.X3 

7.91 

9.73 

XX. 2S 

6.92 
8.51 
9.85 

6.15 
7.56 

8.75 

5.54 

6.8x 
7.88 

5. 03 
6.19 
7.16 

4.61 
5.67 
6.56 

X6X  6 

H 
I 

62.x 

81.3 
99-6 

39-1 
46.8 

52.9 

782 

9.36 
XO.58 

6.5X 
7.80 
8.8x 

S.58 

6.68 
7.5s 

4.88 
5.8s 
6.6x 

4.34 
5.30 

5.88 

3.91 
4.68 

5.39 

3.55 
4.25 

4.8X 

3.35 
3.90 
4.40 

i6X  8 

H 

I 

xM 

71.5 
93.8 

XXS.2 

6x4 

74.6 
86.8 

12. 28 

14.93 
X7.36 

X0.23 
13.43 
14.46 

8.77 
10. 65 

X2.40 

7.67 

932 

XO.85 

6.8a 

8.39 
9.64 

6.14 

7.46 
8.68 

S.58 

6.78 
7.89 

5.11 

6. 21 

7.33 

20X  6 

H 

X 

xH 

71. 5 
93.8 

IIS.  2 

47.2 

55  X 
62.0 

944 

XX. 02 
12.40 

7.86 

9.18 

10.33 

6.74 
7.87 
8.85 

5.90 
6.88 

7.75 

5.34 
6.12 
6.88 

4.73 

5.51 
6.20 

4.29 
5. ox 

5. 63 

3.93 
4.59 
S.16 

20X  8 

H 

X 

xV4 

80.8 

xo6.a 
X30.8 

72.6 
895 

XQ2.S 

14.5a 
X7.9O 

20.  SO 

12.10 

14. 91 
17.06 

10.37 
X2.78 

14.64 

9.07 
IX. x8 

X2.8X 

8.06 

9.94 

XI. 39 

7.36 

8.95 

10.25 

6.60 
8.13 
9.31 

6.05 
7.45 
8.54 

aoxio 

I 

90.2 
118.8 
146.S 

100.5 

"54 
146.8 

20.  XO 

25.08 

39.36 

16.75 
20.90 
34.46 

14.35 
17.91 
30.97 

12.56 
15.67 
18.35 

11.16 
13.93 
16.31 

10.05 
13.54 
14.68 

9.13 
IX. 40 

13.34 

8.37 
10.45 

12.2(3 

20XX2 

H 
x 
xW 

99.6 

I3X.3 
X62.X 

122.6 
X58.0 
189.5 

24.53 
31.60 
37.90 

30.43 
36.33 
31. S8 

17.51 
33.57 
37.07 

15.32 

1975 
23.66 

13.62 

17.55 
21.05 

12.26 
IS. 80 

18.9s 

11.14 
14.36 
17.22 

10.21 
13.16 
15.79 

24X  8 

H 

X 

xH 

90.2 
1X8.8 
X46.5 

83.4 
102.4 

117. 0 

16.66 
20.48 
33.40 

13.90 
17.06 
19.50 

11.91 
14.63 
16.71 

XO.42 

12. 80 

14. 6a 

9.36 

11.37 
13.00 

8.34 

10.24 
11.70 

7.58 
931 

10.63 

6.95 
8.53 
9.75 
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Loads  include  weights  of  lintds.    Maximum  tensile  stress  3  ooo  lb  per  sq  ia.    See 
remarks,  pagsi  6a2  and  633. 


Size, 
width 

by 

depth) 

in 


24x10 


24Xxa 


i8x  8 


aSxxo 


aSXU 


Thick- 
ness of 

metal, 
in 


I 
xV4 

W 

I 

xW 

M 

I 

xW 

z 
iH 

H 
I 

xH 


Weight 

per 

foot. 

lb 


996 

131. 3 
x6a.x 

X09.0 
X43.S 

X77.7 

99.6 

131. 3 
X62.I 

X09.0 
I43.S 
X77.7 

U8.3 
IS6.3 
X93.3 


C. 
tons 


116. o 

144.4 
Z67.6 

IS0.4 
189.6 
223.0 

95. S 

1x5.0 
X30.S 

130.0 
164.8 
X88.5 

x6a.s 

3IX.8 

2S2.0 


Span  in  feet 


23.20 
a8.88 
33.52 

30.08 

37.92 
44.60 

19.  zo 
23.00 
26.10 

26.00 

32.96 

37.70 

■ 

32.50 
42.36 

50.40 


95.06 
31.60 
37.  x6 

X5.9X 
19.16 

2Z.75 

3Z.67 
27.46 
3Z.4X 

27.0B 

SS.30 

42.00 


X6.57 
JO.  63 
23.94 

21.48 

27.08 
31.85 

X3.64 
Z6.43 
18.64 

I8.S7 
a3-54 
26.93 

23.21 

30.26 
36.00 


14.50 
18.05 
20.95 

Z8.80 
23.70 

27.87 

ZZ.93 

Z4.37 
16. 3X 

X6.2S 

ao.6o 
23.56 

20. 3< 
26.48 
3X.50 


Z2.88 
16.04 
18.62 

z6.7Z 
2X.o6 
24.77 

10. 6z 

12.77 
14.50 

14.44 
Z8.31 
20.94 

z8.a6 

23.S3 

28.00 


ZO 


ZI.60 

14.44 

X6.76 

15. 04 
18.96 
22.30 

9.S5 
xt.50 

X3.05 

Z3.00 
16.48 

X8.85 

16.25 
81.  Z8 
25.20 


ZZ 


ZO.54 
li.lt 

Z5.23 

X3.67 
17.23 
20.27 

8.68 

xe.45 
XX.86 

ZZ.82 

Z4.9« 
X7.X4 

14.77 
19.2$ 

22.91 


za 


9.6C 

X2.Q3 
Z3.96 

Z2.S3 

Z5.80 

Z8.58 

7.9» 

9.58 

ZO.87 

ZO.83 

Z3.73 
Z5.70 

13.  S4 

Z7.65 

2Z.OO 


LzNTBU  or 


z6x  6 


j6x  8 


aox  8 


H 

74.4 

43.3 

8.66 

7.2X 

6.X8 

5.4X 

4.8Z 

4.33 

393 

z 

96.9 

52.4 

ZO.48 

8.73 

7.48 

6.55 

5.82 

S.24 

4.76 

xW 

X18.X 

59.3 

XX.86 

9.88 

8.47 

7.41 

6.59 

5.93 

5.39 

H 

88.5 

66. T 

1362 

ZZ.35 

9.73 

8.SI 

7.S6 

6.8x 

6x9 

z 

XZ5.6 

83.9 

X6.7S 

Z3.9B 

xt.9B 

ZO.48 

9.32 

«.39 

T.68 

zK 

14X.6 

970 

X9.40 

X6.I6 

13.8s 

12.  xa 

10.77 

9.70 

8.81 

M 

97.8 

80.3 

16.04 

1335 

IZ.4S 

xo.oa 

«.9X 

8.02 

T.29 

z 

za8.z 

9B.7 

19.74 

Z6.4S 

14.  xo 

12.33 

to.  96 

987 

•  97 

z^ 

157.2 

1x3.9 

22.78 

X8.9B    16.27 

X4.23 

X2.65 

XZ.39 

X0.3S 

S.60 
4.36 
4.94 

6.99 
8.0B 

6.€B 
8.22 
9.49 


Sections,  Stnsrts,  BackKng  and  Deflectkm  of  Wooden  Beams    ^7 
rtMm  I  (OoBtiaaad).    Sirfe  DtoMboiid  losda  la  tM«  for  CMt^lMa  Uototi 

Lixrpas  at 


ll WIDTH 


Loads  include  w«i||lits  of  Ix&tah.    Maritnwm  tonalla 
remarks,  pages  602  and  603. 


3  000  lb  per  sq  in.    See 


Size, 
width 

depth, 
in 

Tliick- 

nessof 

metal. 

in 

Weight 

per 

foot, 

lb 

c. 

tons 

Spaa  in  feet 

5 

6 

7 

8 

9 

xo 

XI 

13 

30><X0 

I 

XXX. 9 

146.9 
X80.7 

XX3.0 

1J9.7 
163  5 

33.40 

27.94 
33.70 

X8.66 
33.38 
37  25 

x6.oo 
1995 
23.35 

X4.00 
17.46 
30.43 

13.44 
15.53 
18.16 

XX.  30 

13.97 
16.3s 

X0.X8 
xa.70 
14.86 

9.33 
11.64 
13.63 

30XX3 

H 

X 

xVi 

X36.0 

x6s.6 
304.x 

X4».7 

184.8 
318.8 

39.34 
36.96 
43.76 

34.45 

30.80 

36.46 

30.95 
36.40 
31.35 

18.33 

23.  xo 

37.3s 

X6.30 
30.S3 
34.31 

14.67 
X8.48 

31.88 

13.33 

X6.80 

19.89 

19.33 

15. 40 
X8.34 

24X  8 

X 

iM 

xo7.a 
140.6 
173. 6 

9x9 

xia.8 
X30.3 

X8.38 
33.56 

36.64 

X5.3X 
X8.80 
3X.70 

X3.xa 

x6.ix 
X8.57 

XX. 49 

14.  xo 
16.37 

X0.2X 
X3.S3 

14.47 

9.19 

XI. 38 
13.09 

8.35 

10.35 
XX. 83 

7.60 

9- 40 

ZO.85 

34X10 

X 

xM 

X2X.3 

159  4 
196.3 

X27.8 

XS95 
X83.6 

35.56 
3x90 
36.73 

3X.30 

36.58 
30.60 

X8.35 
33.78 
36.33 

15.97 
1994 
23.95 

X4.30 
17.73 
30.40 

X3.78 

15.95 
18.36 

XX. 61 
X4.5O 
X6.69 

Z0.65 
13.39 
XS.30 

34X13 

N 

z 

xW 

X35.3 
X78.X 

«9.7 

X66.6 
309.3 
347. 7 

33.33 

41. 86 
49-54 

37.76 
34.88 
41.38 

33.80 
39.90 
35.39 

90.83 
36.16 
30.96 

X8.5X 
33.35 

37.53 

X6.66 
30.93 
34.77 

IS.  14 
19.03 

33.51 

X3.88 

X7.44 
30.64 

aSxio 

X 

X30.7 
171. 9 

311.9 

X4X.4 
X77.4 
307.8 

38.38 
35.48 
41.56 

33.57 
39.57 
34.63 

30.30 

35.34 
39.68 

17.67 
33.17 

35.97 

15  71 
1971 
33.09 

X4.14 
17.74 
30.78 

X3.85 

16. 13 

18.89 

XX.  78 

14. 78 
17.31 

oBxxa 

H 
I 

144.7 
190.6 

335. 3 

X86.0 
334.6 

377.9 

37.30 
46.93 
55.58 

31.00 
39.  xo 

46.31 

36.57 
33.51 
39.70 

33.35 

39.33 
34.74 

90.66 
36.C6 
30i88 

18.60 
33.46 
37.79 

16.91 

31.33 

35.36 

15.50 

19  55 
33.16 

S.    Sectlou»  StrewM,  BvckUnf  and  Daflactioa  of  Wooden  Baaaia  and 

.  Girdera 

ffrrl*^****  and  FIbar-Streeaai.  The  emu  ipctiont  of  wooden  beame  are 
almoet  invariably  square  or  RECTANGULAa,  and  those  shapes  only  are  con- 
ndered  in  the  f oUowtng  rules  and  formulas.  Beams  should  have  such  a  crosa- 
eection,  that  the  "*f*^»»"««  fiber-stiesa  due  to  transverse  bending,  the  "**»TmMm 
horizontal  shear  and  the  compieaBion  across  the  grain  at  the  end-bearings  do  not 
exceed  the  avekage  axxowable  unit  stresses  as  set  forth  in  Table  XVI. 

BufUing.  Wooden  girders  should  be  braoed  laterally  to  prevent  bucklino 
when  the  ratio  of  length  to  breadth  exceeds  twenty,  or  designed  with  a  reduced 
fiber-stress  from  that  allowable,  where  this  ratio  is  exceeded.  Tables  VII  to 
XV  assume  such  bracing.  Joists  should  have  bridging  not  over  8  ft  on  centers. 
The  PERCENTAGE  or  reduction  of  fiber-stress  for  girders  should  be  as  follows: 


e2S       Stifngth,  of  Cast-lion  Linteb  and  Wooden  Beams    Chap.  16 

Ratio  of  length  to  indth 001030-301040    40toso    5oto6o 

Percentage  of  reduction 25  34  4a  50 

Deflection.  It  is  also  important  that  beams  cany  the  loads  without  deflect- 
ing beyond  a  limit  fixed  by  the  use  to  which  the  structure  is  appKed;  this  limit 
is  genoally  taken  at  Ho  of  an  inch  per  foot  of  span  for  plastered  ceilings. 


S.  Constants  and  CoolBdents  for  Beams 

ValttO  of  the  Constant,  A.  The  letter  A  in  the  following  formulas  (4)  to 
(16),  denotes  the  safe  load  Cor  a  unit  beam,  i  in  square  in  section  and  i  ft  in 
span,  loaded  at  the  middle  of  the  span.  This  i^  also  ,one-eifi;hteenth  of  the 
ALLOWKbxx^i^R-^TREss  in  pounds  per  square  inchT  (See  Table  I,  on  page 
557.)  The  folbwing  are  the  values  of  A,  obtained  by  dividing  by  eighteen  the 
KECOMifENDED  UNIT  STRESSES  for  TRANSVERSE  BENDING,  and  those  giveo  itt  the 
buildiAg  laws  of  New  York,  Chicago,  Baltimore  and  Boston. 


Table  II.*    Coefllcients  for  Iron,  Steel  and  Wooden  Beims.    Valvei  for  A  in 

Formolat 


Materials 


Cast  iron 

Wrought  iron. 
Ste^l 


Yellow  pine. 
White  pine . 

Spruce 

Hemkxk . . . 
Chestnut. . . 

Oak 

Douglas  fir. . 


New  York 


X67 
667 
889 

90 
67 
67 


67 

67 


Chicago 


167 
667 
889 

7a 


33 


67 
72 


BaltiRMMT. 


X67 
667 

xoo 

56 

75 


83 


Boston 


167 
667 
889 

83 
S6 


S6 


Reconi- 
mended  t 


J 


167 

667 
889 

6? 
39 
39 
33 
44 
67 
56 


*  For  safe  allowable  working  unit  stresses  for  other  woods,  see  Table  XVI,  page  647* 
From  these  values,  A  may  be  determined  by  dividing  them  by  eighteen.  See  Table 
XVH,  page  648,  for  other  stresses  for  woods,  taken  from  various  buSding  laws.  See 
Tables  XVIII  and  XIX.  pages  630  and  651,  for  the  ultimate  strength  of  woods. 

t  The  values  of  i4  f or  wooden  beams  may  be  increased  from  30  to  40%  fof  tempoiBrjr 
structures,  and  for  commercially  dry  and  protected  timber,  not  subject  to  im|Mct,  or  for 
ideal  conditions. 


Table  m.    CoelBclents'  Recommended  for  Stone  t  and  Concrete  Beaou. 

Values  of  A 


Materials 

Values  of 
A 

Materials 

Values  of 
A 

Granite 

Limestone'. 

xo 

7 
6 

Bluestone 

17 
as 

17 
r.i 

Slate 

Marble 

Concrete  1:2:4 

Concrete  1:2:5 

Sandstone 

t  Values  of  A  for  stone  beaus  were  Uken  from  former  Building  Laws  of  New  York 
and  from  th^  requirements  of  the  Board  of  Fire  Underwriters. 


Flnutal  StRngth  ol  Woodm  Beams 


Saction-Hodoliu.  For  beams  with  ■.  recUDgulsr  croas-scctioii,  the  FoimnlM 
for  sttcDgtb  can  be  ^mpMed  by  substltutiog  for .  the  section-hoddlde  iti 
value  i/k  bifi,  where  b  Is  the  breadtb  and  i  the  depth  ol  the  aeclion. 

Subnituting  this  value  in  the  gLucial  (uniiiriM,  for  boms  witb  rectangular 
IS  and  of  any  niateiial.  the  lollowing  formulas  re««dt: 
le  (Mat  (Tlf.  •). 
breadth  X  square  of  depth  x  .4* 

X  length  in  feet  **' 


Safe  load,  in  pounds  — 
Breadth,  in  incbes 


4  X  load  X  length  in  feet 
iquaieol  depth  X>4* 


B«aina  Fl»d  at  Ona  End  asd  Lo«d*d  wllb  a  DnllonBlr  Diatribalad  Load 
<V1<-  •}■ 

breadth  X  iquare  of  depth XA* 


Safe  load,  in  pounds  —  — 


Breadth,  !n  techa   > 


I X  luad  X  length  In  feet 
square  of  depth  XX* 
P 

a 


Fig.  7.    Simplt  Beam.    UmA  U  Middle  of  Span 

■  Boppoclad  at  Both  bda  and  Leadwl  at  tk»  Middle  (Hg.  1). 

p,   ,     ,  ,  .      breadlhxsquareof  depthxd*—. 

Safe  load,  in  pounds- ^ — ; — 

qianinfeet 

square  ol  deptp  x  A' 
'  FcK  nlua  of  X.  nc  Tsbks  11  and  UL 
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Bmom  Sopportfd  at  BoMi  MaU  tni  lM4a«  «ilh  a  VaiteaOy  INitcibaltA 
Load  OTtf  Batin  Spaa  CVtf*  tt* 


or 


Flf  .  8.    Simple  Beam.    Diitiibuted  over  Entire  Spea 

a  X  breadth  x  square  of  depth  XA* 
span  in  feet 
span  in  feet  X  load 


Safe  load,  in  pounds  •■ 
Breadth,  in  inches     <- 


do) 


9  X  square  of  depth  X  A* 
Sttpportad  at  Bodi  Bada  and  I.oadad  with  a  Uniformly  IHMriteta4 
Orar  CMy  a  Fortioa  of  tht  Spaa  CVis*  •)• 


Fif .  0.    Simple  Beam.    Distributed  Load  over  Part  of  Span 

in  this  case  the  dimensions  of  the  beam  required  to  carry  the  load  can  be 
accurately  determined  oniy  by  computing  the  iCAXimm  bending  moment,  as 
explained  m  Chapter  IX,  and  substituttng  the  valve  thus  found  in  Formula  (16)^ 
following.  If,  however,  the  length  /i  b  very  short  in  comparison  with  (,  and 
near  the  middle,  then  the  load  may  be  considered  as  concentrated  at  the  middle 
of  the  span  and  the  breadth  of  the  beam  may  be  found  by  Fonanla  (9).  For- 
mula (13)  is  used  if  the  load  h  at  one  aide  of  the  middle.  The  error  will  be  on 
the  safe  side. 

Beams  Supported  at  Both  Bada  and  Loaded  with  Concantiated  Load,  not 
at  the  BCiddla  of  the  Spaa  CFIg.  !•). 

1 


Fig.  10.    Simple  Beam.    Concentrated  Ixkd  it  Any  Folat 

_  ,   -     .  .            ,       breadth  X  square  of  depth  X  spaa XA* 
Safe  load,  m  pounds  ••  —    


Breadth,  in  inches    •■ 


4XmXn 
4X]oadXmXfi 


square  of  depth  X  span  XA* 
*  For  values  of  X,  see  Tables  II  and  IIL 


(u) 


(13) 
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•t  a  DlttaiiM 


SapvocM  •*  Both  Mo4b  «ad  UmlUA  wtth  P 
m,  tem  mdk  Bad  CVis.  11). 


r 


p0      ^p 

FIs.  11.    Simple  Beam.    Two  Equal  Cooceotraied  Loads  SymmetricaQsr  Plaoad 


Safe  load,/*!  in  pounds)      breadth  X  square  of  depth  X  A^ 


at  each  point 


Breadth,  in  inches 


4Xifi 
4  X  load  at  one  point  X  m 


(14) 


(is) 


square  of  depth  XA* 

Koto.    In  the  last  two  cases  the  lengths  denoted  by  m  and  •  should  be  io 
feet,  as  the  qpana  are  in  feet. 


S.  Application  of  Fonnnlas  for  Vlezural  Strength  of  Wooden  Beams 


klile  t.  What  load,  6  ft  out  from  the  wall,  wiU  an  8  by  14-in  long-leaf 
yellow  pine  beam,  securely  fastened  at  one  end  into  a  brick  wall,  sustain  with 
safety? 

Solution.    The  safe  load  in  pounds  (Formula  4)  •  ■  •■  4  377  lb 

Bxample  a.    It*  is  desired  to  suspend  two  loads  of  zo  000  lb  each,  4  ft  from 
each  end  of  an  oak  beam,  30  ft  long.    What  should  be  the  size  of  the  beam? 

Solutloa.    Let  the  depth  of  the  beam  be  assumed  to  be  x6  in.    Then  (For- 
mula is)  * 

4  X  10  000  X  4 


Thebreadth- 


-  9.3  in,  nearly 


256  X  67 

The  beam,  therefore^  should  be  10  by  16  in  in  cross  aectbn> 

Beam  with  Sereral  Loads.  It  is  required,  next,  to  determine  the  sise  of  a 
beam  which  is  supported  at  both  ends,  and  wiikrh  wiU  safely  support  several 
concentrated  loads,  or  a  distributed  load  and  one  or  more  concentrated  loads. 
The  correct  method  of  finding  the  least  size  of  a  beam  that  will  gafe^  support 
a  combination  of  loads,  is  to  first  find  the  UAxatvu  bending  moment,  as  ex- 
plained in  Chapter  IX,  page  339,  and  then  substitute  the  value  thus  found  for 
this  BENDING  MOMENT  in  the  following  formula: 

«     ji.1.  •    •    L        4  X  maximum  bending  moment  hi  ft-lb         ,  ^. 

Breadth,  m  mches 7- — ^  (i6> 

square  of  depth  X  A  ^    ' 

A  shorter  and  easier  method  is  to  find  the  eqitivalent  distubxtted  load  for 
each  concentrated  load,  and  then  find  the  alse  of  a  liesm  required  to  support 
the  total  equivalent  distributed  load  thus  found.  The  equivalent  distributed 
loads  for  concentrated  k>ads  applied  at  diSecent  proportions  of  the  span  from 
either  end,  may  be  obtained  by  multiplying  the  conoeatmted  bads  by  the  follow- 
ffigrACioas: 

•  For  vaiocs  of  it,  tee  Tables  n  and  Ut 


U3      ,  Sbwigtli  ol  Qut^bon  Ltnlcls  and  Wooden  Bttnu    CIm4>.  Itf 


Potltlononwid 

Factor 

ApplMUmiddteafrwi 

Muhiply  b,  ,. 

Applirf  St  OBMhlrd  UW  mi-n 

Uultiply  by  I.JS 

Apfjied  at  one-lourth  the  ipan 

Multiply  by  I. s 

AppLI«d  (t  onc-dlth  the  tpwi 

Multiply  by  i.a« 

Pv  *  concentratsd  load 

Appli«1al(m«iHhlhr,pan 

Multiply  by  IW 

Waltiiily  by  o.gB 

Multiply  by    !i 

AH.UHI  at  onMiinth  tha  apaa 

Multiply  by  0,79 

Applied  .1  onf-tratb  the  .p«n 

Multiply  by  0.J2 

(See.  alio.  Qiapta  XV,  Safe  tiudt  tor  Sted  Beanu.  pige  stt.l 

Thus,  s  coDcentnted  load  of  9«  lb,  applied  at  one-iiith  the  ipan  fnim  one 
'  tupport,  will  mult  in  the  same  mutmom  bending  momeot  as  a  distribiited 
load  of  900  X  iH.  01  I  ooo  lb. 

Tbe  above  melhod  for  findiog  Ihe  size  oC  a  beam  lor  a  comUnatioa  of  •evcnl 
load)  livca  ■  lavei  beam  than  the  concct  method,  by  Formula  (16),  (or  tbe 
reason  that  the  maximum  bending  moment 
will  not  be  equal  to  the  sum  of  the  in- 
<^idua]  bending  momenta.  Hence,  vben 
there  are  sevetal  heavy  k«d9  to  be  lup- 


ailmum  bending  m 


BauwU  ].    Tbe  (irder  C,  Fif.  12,  aup- 

ports  the  rafters  of  a  flat  roof,  and  alto 

Fit.  12.    tardet  with  Thrte  Cooon-    "««  ^^"^  '^'"*'  '*■  *  "«'  '^-  blocked  up 

ttiud  Luadi  above  the  roof  and  supporting  a  large  lank 

filled  with  water.    The  timber  is  lo  be 

long-leaf  yellow  pine.    The  weight  of  the  roof  and  allmrance  (or  tnow  ii  ;  500 

lb.    Each  o(  the  beams  A.  B  and  C,  uapose  a  loul  no  tha  girder,  due  to  the 

weight  of  the  laok  and  its  contokts,  of  J  000  lb.    What  ihould  be  the  >iae  ol  the 

SohiHaa.  The  roof-load  may  be  considered  to  be  uniformly  distributed. 
The  load  from  beam.  A,  is  applied  at  one-third  Ihe  span  from  one  end;  the  load 
from  B,  Gve-twelftbs  the  span  from  the  other  end;  and  the  load  from  C,  one- 
uilh  the  span.  The  fraction  five-twelfths  Is  the  mean  of  one-haK  and  one-third; 
hence  the  load  from  B  should  be  multiplied  by  1,89.  Multiplying  the  coo' 
centrated  loads  by  thcv  proper  Uclon^  the  equivalent  distributed  load  is  found 
to  be  M  follows: 


Root-load,  distributed. 

Load  fnxD^.  3000X1,78 

Load  from  £,  1000  X  i  S9 

-    I6W 

Gouivalciit  diiuibutad  load  - 
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Asraning  i6  In  as  the  depth  of  the  beam,  and  vakog  Fomiila  (xz), 

Thebreadth-  "  ><  "  ^  ,  y.6  in 
2  X  256  X  67 

Assuming  14  in  for  the  depth,  xo  in  is  obtained  for  the  breadth;  hence,  the 
gilder  must  be  10  by  14  in,  or  8  by  16  in  in  cross-section. 

Strut-Beams  and  Tie-Beams.  A  strut-beam  is  a  beam  that  is  subject 
to  both  a  transverse  and  a  compressive  stress.  A  tie-beam  is  one  that  is  subject 
to  direct  tension  in  addition  to  the  transverse  stress.  To  find  tlie  strength  of 
either,  first  find  the  size  of  a  beam  required  to  resist  the  transverse  stress,  and 
then  the  size  of  a  timber,  of  thf  same  depth  as  the  beam,  to  resist  the  direct 
tension  or  compression,  and  add  the  two  breadths  together. 

Szample  4.  A  spruce  tie-beam,  10  ft  long  between  joints,  sustains  a  ceiling- 
load  of  2  000  lb  and  a  direct  tensile  stress  of  40  000  lb.  What  should  be  th# 
dimensions  of  the  beam? 

Soiatioii.  As  a  ceiling-load  is  uniformly  distributed,  the  size  of  the  beam  i« 
determined  by  Formula  (xi),  page  630.    Assuming  the  depth  to  be  10  in 

10  X  2  000 
The  breadth 1    or    2\^  in,  nearly 

2X100X39 

The  resistance  of  spruce  to  tension  (see  Table  XVI,  page  647)  is  800  lb  per 
6Q  in.  40  000/800  ■■  50  aq  in,  which  is  equivalent  to  a  5  by  lOrin  section.  It  wiH 
require,  therefore,  a  beam  7Vi  by  xo  in  in  cross-section  to  resist  both  the  trans- 
verse stress  and  the  direct  tension.  If  the  tie-beam  is  cut  in  any  way  so  as  to 
reduce  the  section,  except  over  a  support,  the  dimensiona  must  be  increased 
accordingly. 

Bzample  5.  A  strut-beam  of  white  inne,  10  ft  long,  supports  a  dbtributed 
roof-load  of  6  000  lb,  and  is  also  subject  to  a  direct  compression  of  64  000  lb. 
What  should  be  the  size  of  the  beam? 

Soltttioa.  Assuming  14  in  for  the  depth,  the  breadth  for  the  transverse  load 
is  foimd  by  Formula  (11),  page  630 

10  X  6000 

The  breadth  •• z ■■  3-9  in.  nearly 

2X196X39 

Using  Formula  (4).  page  450,  from  which  is  computed  Table  IV,  page  452, 
giving  the  safe  loads  for  white-pine  posts,  it  is  found  that  a  7H  by  14-in  post, 
xo  ft  long  will  safely  carry  the  compressive  stress,  64  000  lb.  Hence  it  will  re- 
quire a  7^^  by  14-in  beam  to  resist  the  compressive  stress,  and  a  4  by  14-in 
beam  to  resist  the  transverse  load.  The  beam,  therefore,  should  be  x  2  by  14 
in  in  cross-section  to  resist  them  both. 

C  Relative  Strengths  of  Batms 

Raktivo  Straagths  of  Rectangular  Beams.  From  an  inspection  of  the 
foregoing  formulas,  it  is  found  that  the  relative  sntENCTHS  of  beams  of  rec- 
tangular crosa-soctions,  for  41ie  different  eascalk  aa  shown  in  Table  V. 

Strengths  of  Beams  of  Any  Coastant  Cross-Soetioii.  The  staenois- 
KAT106  given  in  Table  V  are  tme  for  beams  of  any  constant  cross^ection  01 
whatever  form. 

Beam  oa  Bdge.  When  a  beam  of  square  croafr-section  is  supported  on  its 
edge,  that  ia,  when  one  of  its  diagonals  is  vertical,  it  will  t>ear  about  seven-tentha 
a»  great  a  hceaking-toad  as  it  will  when  it  is  supported  on  one  side. 
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Tabto  ▼.    Italatfr* 


of  RoctaiBiM  Bmibs 


Kind  of  load 

Poaition  of  load 

Strength  ratioa 

Beam  aupportcd  at  both  ends 

Uniformly  distributed 
Concentrated 
Concentrated 
Conoentrated 
Concentrated 
Concentrated 
Concentrated 
Concentrated 
Concentrated 
Concentrated 

Over  entire  span 
At  middle  of  span 
At  one-third  the  span 
At  one-lourth  the  spaa 
At  one-fifth  the  span 
At  onfraixth  the  spaa 
At  on&«eventh  the  span 
At  one-eighth  the  span 
At  one-ninth  the  span 
At  one-tenth  the  apan 

I 
H 

H 

Wo 

Mis 

•Ha 
•Ma 

Beamfixedi 

It  one  end,  or  cantUaver  beams 

Uniformly  diatributed 

Concentrated 

Over  entire  span 
At  the  firee  end 

V4 

Beam  Bupported  1 

U  ana  end  and  fiaed  at  tha  other  and 

Unafbrmly  diatributed 
Concentxatcd 

Over  entire  apan 

Near  the  middle  of  span 

I 
>Hs 

fi 

Uniformly  dutributed 
Concentrated 

Over  entire  span 
At  middle  of  span 

I 

The  Strooffeit  Beam  Cut  From  a  Cylindrical  Log  is  one  in  which  the 
breadth  is  to  the  depth  as  5  is  to  7i  very  nearly,  and  the  dimensions  of  such  a  beam 
can  be  found  graphically,  as  shown  in  Fig.  13.  Any  diagonal,  as  ab,  is  drawn 
_  and  divided  into  three  equal  parts  by  the  points  c  and 

^y^^      ^"O  d;  from  these  points  lines  perpendicular  to  o^  are  drawn, 

and  the  points  e  and  /  connected  with  a  and  b,  as 
shown. 

Cylindrical  Beama.  A  cylindrical  beam  is  only 
ten-seventeenths  as  strong  as  a  beam  with  a  square 
cross-section,  the  side  of  the  square  being  equal  to  the 
diameter  of  the  circular  section  of  the  cylindrical  beam. 
Hence,  to  find  the  safe  load  for  a  cylindrical  beam,  first 
Fig.  18.    Strongest  Benra    g^  ^  ^^j^  Iqad  foe  the  oorrnpondmB  aquare- 

cut  S^Log'        "*^®"  *^«*°»'  •^  ^^^*  ^^  ^"^  ^y  '•^• 

Tha  Baafing  «f  ^«  Bnda  of  a  Baam  on  a  wall 
beyond  a  certain  disteaoe  dees  not  stBeagthen  the  beam.  In  seneral*  a  heun 
should  have  a  bearing  of  4  in,  or  il  it  ia  very  long,  6  in. 

The  Weight  of  the  Baam  Itaalf.  The  formulas  given  for  the  strength  of 
beams  do  not  take  into  account  the  WEfoar  or  tbs  beams  TBBMsaLVBa,  and 
hence  the  safe  loads  o£  the  fonnulas  indude  both  the  ezteroal  loads  and  the 
weights  of  the  material  in  the  beams.    In  small  wooden  beamB»  the  weight  o£ 
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adi  beam  is  generally  so  small,  compared  with  the  external  load,  that  it  need 
:K>t  be  taken  into  account.  But  for  larger  wooden  beams,  and  for  metal  and 
^tone  beams,  the  weight  of  the  beam  should  be  subtracted  from  the  safe  load 
ii  ihe  load  is  distributed;  and  if  the  load  is  applied  at  the  middle,  one^half  the 
vdgfat  of  the  beam  should  be  subtracted. 

The  Weight  of  Timher.  The  weight  per  cubic  foot  for  different  kinds  of 
trniber  may  be  found  in  the  table  in  Part  III,  pages  1501  to  1508,  giving  the 
Weights  of  Various  Substances. 


7.   Tables  for  Strength  and  Stiffness  of  Wooden  Beams 

Tables  Vn  to  XV  for  the  Strength  and  Stiffness  of  Wooden  Beams 

are  given  on  pages  638  to  646,  for  beams  one  inch  in  bkeadth.  To  find  the 
stren^h  for  any  other  breadth,  multiply  the  proper  tabular  value  by  the  breadth 
of  the  beam  in  inches.  To  obtain  the  required  breadth  for  any  load,  divide  the 
given  load  in  pounds  by  the  proper  tabular  value.  In  heading  the  tables,  prom- 
inence has  been  given  to  the  values  used  for  S,  and  the  corresponding  values 
of  i4,  so  that  those  who  prefer  to  use  for  any  wood  a  value  different  from  that 
recommended,  need  only  to  look  up  the  table  based  on  the  value  they  desire 
to  employ.  For  certain  cases  and  in  some  cities,  the  building  laws  specify  z  300, 
I  soo  and  1 800  pounds  as  values  of  5  to  be  used  for  long-leaf  yellow  pine; 
^lence  Tables  XUI.  XIV  and  XV,  based  on  thesevalues,  are  added. 

Since  timber  is  weak  in  boruontal  shear  compared  with  its  strength  in 
TEN'siON  and  oompression,  the  safe  load  a  beam  of  short  span  can  carry  is 
governed,  not  by  its  resistance  to  cross-breaicing,  but  by  its  resistance  to 
shearing  along  the  neutral  surface.  Wooden  beams  and  joists,  therefore, 
should  be  dimensioned  to  safely  withstand  this  shearing  action.  The  ratio 
of  the  SHEARING  to  the  flexural  strength  is  not  exactly  the  same  for  different 
kinds  of  wood,  but  for  practical  use  and  in  the  tables  it  has  been  assumed  to 
be  one-twelfth  of  the  working  untt  fiber-stress.  As  it  can  be  shown  •  that 
the  ratio  of  the  span  to  the  depth  of  a  rectangular  beam,  uniformly  loaded, 
i>  directly  proportional  to  its  cross-breaking  stress  and  shearing  workino 
STRESS,  the  tabular  loads  are  figured  for  the  permissible  unit  fiber-stress, 
where  the  length  of  the  span  is  twelve  or  more  times  the  depth  of  the  beam; 
while  for  shorter  lengths,  the  tabular  loads  are  governed  by  the  shear.  To 
determine  the  safe  load  on  beams  for  a  deflection  not  exceeding  i-seo  of  the 
span,  tabular  values  have  been  placed  directly  underneath  the  safe  loads  for 
strength.  These  values  are  based  on  the  modulus  of  elasticity,  E,  given  in 
the  tables. 

The  FORMULA  FOR  FLEXURE  used  in  determining  the  safe  uniformly  distributed 
loads  in  the  tables  is  (see  Formulas  U)>  page  333  and  (2)',  page  557) 

"  c  "    6*8 
Hence  W  —  — r-,  in  which  /  is  the  span  in  inches 

The  FORMULA  FOR  SHEAR  is 

3 
*  Materials  of  Construction,  J.  B.  Johnson,  page  55. 
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The  FORMULA  FOR  OfiTLECTiON  IS  (see,  also,  Formulas  (z)  to  (17)  and  Tabic  I 
Chapter  XVIU) 

W  - in  which  /  is  the  span  in  feet; 

8100^ 

M  -  maximum  bending  moment  in  inch-pounds; 

/  *  moment  of  inertia  of  the  cross-section  of  the  beam  in  biquadratic 

inches; 

c  «  J/2  -■  one-half  the  depth  of  the  beam  in  inches; 

Sllc  -  resisting  moment  of  the  cross-section  in  inch-pounds; 

W  -  total  safe  load  in  pounds,  uniformly  distributed; 

h  >■  breadth  of  the  beam  in  inches; 

d  o*  depth  of  the  beam  in  inches; 

/  *  span,  in  feet  or  inches,  as  noted  for  the  different  formulas; 

5  ■»  unit  flexural  fiber-stress  in  pounds  per  square  inch; 

St  i-5/i2  »  horizontal  unit  shearing-stress,  in  pounds  per  square  inch,  along  the 

neutral  surface; 

£  -  modulus  of  elasticity  in  pounds  per  square  inch. 

Example  6.  What  is  the  safe,  uniformly  distributed  load,  corresponding'  to 
a  fiber-stress  of  i  500  lb  per  sq  in,  for  an  S  by  Z4«in  long-leal  yellow-pine  beam 
supported  at  both  ends,  and  having  a  24-ft  clear  span? 

Solution.  From  Table  XIV,  the  load  for  a  i-in  thickness  is  136?  lb.  Hence. 
1 362  X  8  -  10896  lb,  the  total  load  for  the  beam.  If  the  deflection  of  this 
beam  should  not  be  more  than  M«o  of  the  span,  the  safe  load  for  i -in  thickness 
should  not  exceed  88a  lb.  Hence.  882  X  8  -•  7056  lb,  is  the  maximum  load  to 
be  used  in  this  case.    It  is  assumed  that  1 500  lb  per  sq  in  is  allowed  for  S. 

Example  7.  What  should  be  the  size  of  a  Norway-pine  beam  required  to  carry 
a  distributed  load  of  6  400  lb  over  a  clear  span  of  18  ft? 

Solution.  From  Table  X,  it  is  found  that  a  beam  12  in  deep  and  x  in  thick 
and  with  an  i8-ft  span,  will  support  711  lb.  Dividing  the  load,  6400  ib.  by 
711,  the  result  is  9  for  the  breadth  cf  the  beam  in  inches.  Hence  the  beam 
should  be  9  by  12  in,  to  carry  a  distributed  load  of  6  400  lb  over  a  span  of  18  ft. 
As  the  deflection-load  of  593  lb  can  be  increased  20%  for  Norway  pine,  the  beam 
is  safe  for  deflection;  if,  however,  cypress  is  used,  593  must  be  taken  in  place  of 
711,  to  determine  the  breadth  of  the  beam.  This  would  result  in  a  beam  11 
by  12  in. 

Different  Potitiont  of  Loads.  To  find  the  safe  load,  concentzated  at  the 
middle  of  the  span  of  a  given  beam,  find  the  safe  distributed  load,  as  in  Example 
6,  and  divide  this  load  by  2.  To  find  the  safe  load  concentrated  at  some 
point  other  than  the  middle  of  the  span,  find  the  safe  distributed  load  for  the 
given  span,  and  divide  this  load  by  the  proper  factor  taken  from  Table  IV, 
page  632.  To  find  the  size  of  a  beam  to  support  a  given  concentrated  load, 
multiply  the  given  load  by  the  factor  corresponding  to  the  position  of  the  load, 
as  given  in  Table  IV,  and  then  proceed  as  in  Example  7. 

Use  of  Formulas.  If  in  doubt  as  to  the  application  of  the  tables,  in  special 
cases,  use  one  of  the  formulas,  from  (4)  to  (16),  applying  to  the  case.  The 
formulas  and  tables  should  always  give  the  same  result. 

Nominal  and  Actaai  Sizes  of  Beams.  The  tables  may  be  used  for  beams 
the  dimensions  of  which  are  less  than  the  noutnal  dimensions.  Dressed 
beams,  and,  in  many  localities,  floor-joists  carried  in  stock,  are  more  or  less 
scant  of  the  nominal  dimensions,  and  for  such  beams  and  joists  a  reduction  in 
the  safe  lo£.d  must  be  made  to  correspond  with  the  reduction  in  size.    The 
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DSESSED  SIZES  are  generally  V^  in  scant,  up  to  4  in  in  breadtlv  above  which  they 
:re  ^3  in  scant;  while  in  depth  they  are  all  generally  H  in  leas  than  the  nominal 
i-x.  The  safe  loads  may  be  obtained  by  multipl)ring  the  safe  loads  for  the 
.orresponding  nominal  sizes,  as  given  in  Tables  VII  to  XV,  by  the  factors  given 
D  the  following  table. 


Table  VI.    Conversion  Factors  for  Actual  Sizes  of  Wooden  Beams 


Cross-fiections 

Cross-sections 

of  beams  in 

Factors 

of  beams  in 

Factors 

inches 

inches 

iHxsH 

X.47 

iHXim 

1. 61 

2«>4X5*/6 

2.31 

a?4xixV4 

2.53 

ihx6\2 

x.Si 

l?4XX3Vi 

X.63 

2^i  x6H 

2.51 

2^4X13^4 

2.56 

l5iX7'/i 

1.54 

x3/iXXSW 

1.6s 

2?iX7H 

2.4a 

2^*XXSW 

2.58 

lyixgVi 

1.53 

iHxnH 

X.65 

2^  X9Vi 

2.48 

^ixn^ 

2.60 

Example  8.  What  b  the  safe  load  for  a  2%  by  liH-in  spruce  beam,  with 
an  x8-ft  span? 

Solution.  From  Table  \^II,  the  safe  load  for  a  x  by  X4-in  beam  is  847  lb 
Multiplying  this  by  2.56,  we  have  2  178  lb  as  the  safe  distributed  load  for  a 
V'cam  2^  by  13 V^  in  in  cross-section.  For  a  full  3  by  14-in  cross-section,  the 
safe  load  would  be  2  541  lb. 

Stone  Beams.  The  above  formulas  may  be  used  for  rectangular  stone 
bt^ms  when  the  proper  coefficients,  recommended  in  Table  III,  page  628,  are 
inserted.  Sandstone  beams  should  never  be  subjected  to  any  heavy  loads  and 
sandstone  linteb  should  be  relieved  by  steel  beams  or  by  brick  arches  over  them 
or  back  of  them. 

Concrete. Beams  are  generally  reinforced  with  steel  rods,  but  when  used 
without  reinforcement,  the  coefficient,  A^  given  in  Table  III,  is  recommended. 

Use  of  Tables  Vn  to  XV.  The  safe  loads  given  in  Tables  VII  to  XV 
are  correct  for  the  fiber-stresses  indicated;  but  for  greater  convenience  in  using 
t'^e  tables,  each  figure  in  the  units>place  of  each  value  may  be  made  a  cipher, 
and  each  figure  in  the  tens-place  may  be  increased  by  one  when  the  unit-figure 
ia  six  or  greater.     Thus,  505  would  be  500^  506  would  be  510,  etc. 

Important  Notes  on  Stresses  and  Loads  for  Wooden  Beams.  In  compiling;  and 
usiiu;  the  Ublcs  of  safe  k>adB  for  wooden  beams,  the  following  important  considerations 
must  be  kept  in  mind: 

(i)  Unseasoned  timber  is  very  much  weaker  than  commercially  dry  timber,  that  is, 
timber  containing  from  xo  to  15%  of  moisture. 

(2)  Timber  containing  large  or  loose  knoU  is  much  weakened. 

(3)  When  impact  has  to  be  considered,  the  stresses  should  be  reduced. 

(4)  For  continuous,  heavy  loading,  relatively  low  stresses  should  be  used. 

(5)  Commercial  dimensions  are  smaller  than  nominal  dimensions. 

(6)  Timbers  deteriorate  and  the  factors  of  safety  for  streni^th  grow  smaller  with  time. 

(7)  The  modulus  of  elasticity,  E,  for  unseasoned  timber,  should  be  reduced  50%  from 
its  value  given  for  thoroughly  seasoned  timber. 

(8)  It  is  better  engineering  practice  to  compute  tables  of  safe  loads  based  00  conserva- 
tive stresses  for  average  or  poor  conditions,  increasing  the  values  given  when  conditi  jns 
are  ideal,  than  to  recommend  values  for  ideal  conditions  which  usually  do  not  exist. 
(See  notes,  pages  628  and  647,  re^rdins  increase  in  the  table- values.)     Editor-in-Chief. 
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Tabte  Vn.    8«fe  Distrilrated  Loads  *  in  Pounds  for  Rectansolar  Wooden  Beftma 
For  Avenfo  Hemlock.    Marimiim  Fiber-Stress,  S  »  600  lb  per  sq  in. 
B  m  900  000  lb  per  sq  in.    ^1-33 


Span 

in 

feet 


7 
8 

9 

10 
XI 

12 

X3 
14 

IS 
16 

17 
18 

19 

20 

21 
93 
23 
34 
2S 
26 

27 
28 
29 

30 


The  first  horizontal  line  gives  the  depth  of  the  beam  in  inches 
The  loads  are  £or  beams  one  inch  wide  and  supported  at  both  ends 


400 


343 
300 

a66 

240 
840 

218 

X99 
200 

166 

18S 
143 
171 
122 

160 
107 

ISO 
94 


8 


(  840  ) 

t  199  t 

{  ^} 

{  SI 


i 


533 

533 
533 


474 
427 

388 
356 

328 

30s 

291 

28s 
253 
267 
222 

251 
197 
237 
175 
225 
157 
213 
142 


10 


! 


12 


14 


f 


16 


666 

666 
666 

666 
666 


60s 
555 

513 

477 

445 

417 

392 
3^ 
371 
343 

351 
308 

333 

277 
317 
252 

303 
229 
290 
2X1 
278 
193 


800 

800 
800 

800 
800 

800 
800 


738 

686 

640 
600 

56s 
534 

S05 

480  ^ 
480  ) 
462  J 

435  > 

43'5  \ 

397  J 

417  ) 

363  i 
400 

334 
3&4 
308 

369 
2S4 
3S6 
2<>4 
343 
245 


933 

933 
933 

933 
933 

933 
933 

933 
933 


871 
8X7 

762 
726 

688 

653 
623 

594 

568 

545 
529 
523 
488 

503 
452 
4S2 
4X8 
467 
389 
451 
353 
436 

3.59 


1066 

X066 
1066 

X0G6 

1066 

X066 
X066 

X066 
1066 

X066 
X066 


X  003 
948 
8g8 
854 
8x3 
776 
742 
712 
683 

657 

633 
62s 
609 
582 

589 
542 

5«9 
S03 


xS 


I  200 

X  200 

I  200 

X  200 
X  aoo 

X  200 
X  200 

X200 
I  200 

X  200 
X  200 


200 
200 


137 

080 

029 
982 

939 

900 

864 
831 
800 

772 

745 

720    I 
720    * 


IxMds  aboN-e  zigzag  lines  calculated  for  horizontal  shear.    Where  two  loads  are  given, 
the  upper  is  calculated  for  strength,  the  lower  for  deflection  not  to  exceed  *^  the  span. 

•  Add  30  to  40*;^  to  strength-values*  for  ideal  conditions.     See  notes,  pages  6»8.  6^7-  6x7. 
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Table  Vm.    Saf«  Dtomimted  Loads  *  ia  Poftadsfor  Redugnkr  Wooden  Boaaia 


For 

Av«nc«  WMte  Pln^,  ^fv^^  and  BaatWD  Fir.    Masfannm  Fiber- 

Stroas,  S  »  TOO  lb  per  aq  in.    i?t  "zoooooolbperaqln.    il-39 

Spaa. 

in 

feet 

The  first  horixontal  line  gives  the  depth  of  the  beam  in  inches 

The  loads  axe  for  beams  one  inch  wide  and  sujpported  at  both  ends 

r 

1 

6 

8 

10 

12 

14 

16 

x8 

6 

7 

467 

632 

777 
T77 

933 
933 

1089 
1089 

1244 
1244 

1400 
z  400 

400 

622 

8 
9 

350 

622 

777 
777 

933 
933 

1089 
ZC89 

1244 
X244 

Z400 
1400 

311 

552 

xo 

1 

{  %\ 

\     221   ) 

497 
453 

777 

933 
933 

1089 
1089 

X244 
1244 

I  400 
1400 

707 

1 

12 

13 

{  ^}     -^ 

648 
598 

933 

1089 
1089 

1244 
1244 

z  400 

1400 

(     216 
i      158 

383   ) 
374    ) 

86x 

14 

t     200 
I     136 

(     187 
(      119 

356   ) 
323   / 

332   > 
281 

S56 
518 

800 

747 

I  089 

1244 
1244 

z  400 
z  400 

IS 

X  016 

!         «^ 

(      175 
I     104 

3X1 

247 

(      293 
1      219 

^58   }  I        660 
427    S 

952 
897 

1244 

z  400 

z  400 

17 

I  172 

I        18 

{      276 
I      19s 
(      262 

I      17s 

^?    \  '         623 
381    ) 

*^°   )          590 
342   )          ^ 

847 
802 

I  X07 
X04S 

Z400 

19 

1326 

20 



[     389 
\     306 

s6o   ) 
534    S 

762 

996 

z  260 

21 



(     370 
280 

^  Y     726 

484    Jl 

948 

Z  200 

;  " 



j     354 
\     255 

5°9   }1        692 
441    f(        ^ 

906 

ZZ44 

1 

1        23 

..•••••• 

f     338 

^      234 

487 
403 

662     1 

641   S 

866 

z  096     . 

1    « 



j     324 

I       215 

46S 
371 

635   \ 
588  f 

830 

z  050 

25 



(     448 
\      342 

610   ) 
542  s 

796           I  oo3 

1       .26 

1 

.V 

(      430 
i      316 

586 

502 

^    }         970 
750    ( 

37 

\      415 
\      293 

565 

465 

'^^    ^        934 

69s    }|        ^^ 

28 

■•  •  • 

{      400 
I      272 

544 
432 

711    1 
646    ) 

900 

29 

f     526 
I     40J 

687 

868 

1   

602 

856  1 

30 

1 

I     50S 
♦     377 

664 

840 



1 

562 

800  ) 

*  Add  30  to  40%  to  strength-values  for  ideal  conditions.     See  notes,  pages  628.  637, 

6j7. 

t  For  first <bss.  dry  spruce  and  Eastern  fir.  £  ■■  i  200  00 » could  safely  be   used.  makinR 
the  safe  deflection-loads  those  given  in  Table  XI.     See.  also,  foot-note  with  Table  VII. 
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Table' n.    Safe  Distritrated  Loads  *  in  Fooada  for  Rectaacolar  Wooden 
For  Ayemge  California  Red  Wood  and  Cedar.    Maxinnim  Fiber-Strete, 
S  -  7SO  lb  per  aq  in.    £>  700000  lb  per  eq  in.    X  •- 4X«7 


Span 

in 

feet 


6 
7 
8 

9 

10 

II 

13 

13 
X4 

x6 

17 
18 

X9 
20 
ax 
22 
23 
24 
25 
26 

27 

28 

29 
30 


The  first  horizontal  line  gives  the  depth  of  the  beam  in  inches 
The  loads  are  for  beams  one  inch  wide  and  supported  at  both  ends 


8 


500 


{  %U 

i  333 

I  231 

I  330 

I  X87 

I  274 

\  15s 

I  250 

I  X30 

j  231 

(  no 

(  214 

\  95 


007 
667 

667 


592 
547 
533 
443 

48s 
3C'J 
445 
307 

410 
263 
3S2 

226 

3:6 

i:)7 
333 
173 


:o 


12 


14 


16 


6C3 
833 

833 

833 
833 


757  ) 

714  » 

641  \ 

600  1 

&4X 
512 
£95 

441 

556 
384 
521 
337 

49X 
299 
463 
267 

439 
240 


I  oco 
X  ceo 

I  000 
I  000 

X  ooo 

I  030 
X  000 


9:53  I 
8:3  J 
857  \ 
763  » 
800 
665 
750 
534 

706 

513 

667 

462 

632 

414 
600 

374 

572 
3:9 

547 
309 
522 

2S2 
500 
260 
4S0 

239 
463 
221 

444 
205 

4--S 
190 


X  tC7 
I  167 

I  1C7 

I  167 
I  167 

1  167 
I  1C7 

I  167 
I  167 


I  033 
X  060 
X  020 

929 

96X 
822 
906 
733 
860 
658 
8x6 

594 
778 
526 
742 

49X 
710 

448 
681 
412 

653 
380 
628 
351 
605 
326 

533 
203 

563 

232 

544 

264 


X333 
1333 

X333 

X333 

X333 

X333 
X333 

X333 
X333 

X333 

X333 


X2S4 
X  223 
X184 
X  090 


18 


X  122 

I  421 

932 

X396 

X066 

X350 

886 

X  258 

X016 

X286 

803 

X144 

970 

X227 

732 

X  042 

928 

XI74 

670 

954 

890 

I  125 

616 

876 

854 

X  oSo- 

567 

8cS 

821 

X038 

525 

747 

79X 

X  000 

487 

69a 

762 

965 

452 

644 

736 

93X 

421 

600 

713 

000 

293 

zCo 

500 

500 

500 

500 
500 

500 
500 

500 
500 

500 
500 

500 

500 


J 


•  Add  30  to  40*^^  to  strenpth-values  for  ideal  conditioDA.  See  notes,  pajkcs  628,  637, 
647   5iee.  also,  foot-note  with  Table  VII. 
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T«ble  X.    Safe  DistrllNited  Loads  *  In  Potinds  for  Rectangular  Wooden  Beams 

For  ATorase  Norway  Pine,  Cnmss  and  Chestnut, 
lum  Ptbef'^tress,  S  «  800  lb  per  sq  in.  £  t  >•  900  000  lb  per  sq  in.   i4  »  44 


Span 
in 
!      feet 


L 


6 

7 
8 

9 
10 

IX 
IS 

13 
14 

15 

16 

17 
IS 

19 

so 

21 
22 

23 

24 
as 
26 

27 
28 

29 
30 


{ 


The  first  horizontal  line  gives  the  depth  of  the  beam  in  inches 
The  loads  are  for  beams  one  inch  wide  and  supported  at  both  ends 


533 


457 
I     375    J 


375 

396   ) 
296   ) 

320 

240 

291 
199 
267 
x66 

246 
142 
229 
122 

2x4 
107 
aoo 

94 


8 


10 


711 
711 
711 


632 

S69 
569 


517 
470 


} 
"  I 

70  ) 
474  I 
395   i 

438 

337 
407 
291 

379 
253 
356 
222 

335 

197 
316 
175 
300 
157 
284 
142 


889 
889 
889 

889 
889 


809 

74a 

684 
65S 

635 
S67 

593 
494 
556 
432 

524 
384 
494 
343 


308 
445 
277 
423 
252 

404 
229 
387 
21 X 

371 

X93 


I 


12 


1066 
1066 
1066 

1066 


1066 


X066 
1066 


985 

914 

854 
854 
800 
750 

754 
66s 

71X 

593 

674 
532 

640 
4S0 
Ct:9 

415 
3fi2 

:?;7 

SS7 

363 
534 
334 
512 
308 
492 
284 
474 
264 
457 
245 


14 


1244 
1244 

1244 

X244 

1244 

.1244 
1244 

X244 
1244 


X  x6x 
1069 

X  02s 

968 

9x4 

9x7 
846 

87X 
752 
830 
692 
792 
630 
758 

577 
726 

529 
697 
488 
670 
452 
646 
418 
622 

389 
6ci 

353 
581 
339 


16 


I  422 

I  422 
X  422 

X  422 
I  422 

X  422 
X  422 

X  422 
X  422 

X  422 
X  422 


1339 

X  264 

1x98 

X  138 

X 138 

I  084 

X  032 

1035 

941 

990 

860 

949 

790 
911 
728 
876 

675 

843 

625 

813 
582 

785 

542 

759 
506 


x8 


XSX7 
X44X 
X372 

1309 

1253 
I  235 
X  200 

X  126 
X  152 

X037 

I  ic8 
960 

X068 
890 

X  029 

827 

993 
770 
960 

720 


X  600 

I  600 

I  600 

X  600 

x6oo 

x6oo 

I  600 

xteo 

x6oo 

x6oo 

X  600 

x6oo 

x6oo 

*  Add  30  to  40%  to  strength-va lut»  for  ideal  conditions.    Ses  notes,  pages  628. 637. 647. 
See.  sbo.  foot-note  with  Table  VI  [. 

t  For  safe  deflection-loads  for  Norway  pine,  add  ao%.  to  the  above  values. 
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Table  XI.    Safe  Diitributed  Loads  *  In  Poonda  for  RedawgnlaT  Wooden  Beams 
For  ATorage  Dooflaa  Fir  and  Short-Leaf  Yellow  Pine.    Fiber-Streas,  S  «  i  ooo  lb 
per  aq  in.    Ei  m  1 300000  lb  per  aq  in.    A  ^  SS-6 


Span 

in 

feet 


6 

7 
8 

9 

ID 
XI 

xa 

13 

14 

15 
x6 

17 
18 

19 
ao 
ai 
aa 
23 

24 
25 
a6 
27 
28 

29 
30 


The  first  horizontal  line  gives  the  depth  of  the  beam  in  inches 
The  loads  are  for  beams  one  inch  wide  and  aupported  at  both  ends 


6fi7 


8 


571 

(  500  \ 

\  500   f 

\  395    I 

I  ^"^   I 

I  320  ) 

(  364 

(  26s 

(  333 

(  232 

(  308 

)  190 

(  286 

I  163 

(  267 

I  143 

(  250 

I  125 


{ 


889 
889 
889 


790 
71X 

647 
6a8 

593 
527 

547 
449 
508 
388 

474 
337 
445 
296 

419 
263 
395 
234 

374 

210 
356 
190 


zo 


I  III 

I  XXI 
X  III 

X  XIX 

X  IXI 


I  0X0 

926 
855 

794 

757 

74X 
6S9 
695 
578 

654 
5x2 
6x8 

457 

58s 
4x0 
556 
370 
528 
336 

SOS 
306 

483 
a8i 
463 
258 


xa 


I  333 
X333 
X333 

X333 

1333 

X333 
1333 


X  231 

1X43 

I  067 
X  000 

X  000 

942 

886 
890 
790 

843 
710 
800 
641 
762 
581 
727 
529 
696 
484 
667 

445 

640 
410 

61S 
380 

593 
352 
572 
327 


14 


1556 
XSS6 

X556 

X556 
X556 

1556 
1556 

1556 
1556 


1452 
X  36X 
X28I 

X  2X0 
X  X46 

X  126 
zg88 
X  0x6 

1037 
922 

990 
841 
947 
770 
908 
706 

871 
650 
838 
602 
807 
558 
778 
518 
751 
484 
726 
452 


16 


778 
778 
778 

778 
778 

778 
778 

778 
778 

778 

778 


674 
581 

498 
423 

355 

293 
254 

237 
147 
186 

053 
138 
972 
094 
900 

054 
834 
016 
776 
982 
72s 
949 
674 


18 


2000 

2000 

aooo 

aooo 
aooo 

aooo 
aooo 

aooo 
aooo 

aooo 
aooo 

aooo 
aooo 

X895 
180D 

X714 
1636 

isfis 

1500 
1500 
X440 
1384 
1385 
I  aBo 

1334 

1x86 
iaB6 

I  XQ3 

X  a4i 

1087 

I  aoo 
960 


*  Add  30  to  4orc  to  strenRth-values  for  ideal  conditions.     See  notes,  pages  628, 637, 647. 
t  For  dcflection-I'xids  for  Douglas  fir.  add  aj'^c-     ^ee,  al«o,  foot-note  with  TaWe  VIL 
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TaMe  UL    8«fe  Distiibntsd  Loads  *  ia  Pounds  for  Rectaaculsr  Wooden  Bosms 
Por  ATengo  White  Oak  and  Long-Leaf  Tellow  Pinef.    Maximani  Fiber- 
Stress,  S  »  isoo  tb  per  aq  in.    E  ^  1 500  000  lb  per  sq  in.    il  ■■  66.7 


m 


7 
8 

9 

xo 

XI 
12 

13 

14 

IS 
16 

17 
18 

X9 

so 

21 
22 
23 
24 
as 
26 

27 
26 

29 


The  first  horizontal  line  gives  the  depth  of  the  beam  in  inches 
The  loads  are  for  beams  one  inch  wide  and  supported  at  both  ends 


800 


686 
600 


j  533  } 

I  495  f 

I  400  1 

i  437 

\  332  » 


533 

495 
480 
400 

437 
332 
400 
278 

309 
247 

343 
204 

320 

179 
300 

ZS6 


8 


I  067 

1067 
1067 


949 

as4 

776 

711 
658 

6S6 
561 
610 
485 

S69 
422 

533 

37X 


329 
474 
293 

449 
263 
426 
237 


10 


1 


1333 

1333 
X333 

1333 
1333 


I  2X2 
I  III 

I  026 

9S3  ) 

946  ) 

890  ) 

824  [ 

834  ) 

724  J 

78s 
642 

741 
572 

702 

S13 
666 
462 

634 
420 
606 
383 
579 
3SX 
SS6 
322 


12 


I  600 

I  600 
I  600 

I  600 
1600 

x6oo 
I  600 


1477 
1371 
1280 
I  200 

1130 

1 108 

1067 

990 

1 010 
886 
960 
802 
914 
726 
872 
662 
83s 
60s 
800 

SS7 
768 

SI3 
738 
473 
711 
440 
686 
410 


14 


867 

867 
867 

867 
867 

867 
867 

867 
867 


I 


741 
633 

537 
4S2 

375 

306 
272 
24S 
154 
188 

Q5X 
136 
962 
090 

882 
045 
813 
006 

7S3 
969 
698 

933 
648 
90a 
605 
871 
S66 


16 


2133 

2  133 
2133 

2133 
2133 

2x33 
2133 

2133 
2133 

2133 
2133 


2009 
1898 

X79S 
170B 
1626 
ISS2 

1484 

X43S 
1423 
I  318 
1366 

I  2XS 
13X3 
I  125 

126s 

1043 

I  2X8 

970 

1 178 

903 
X 138 

843 


18 


2400 

2400 
2400 

2400 

2  400 

2400 
2400 

2400 
2400 

2400 
2400 

2400 
2400 


2274 

a  160 

20S7 
X96B 

1878 

1800 

1728 

X727 
1662 
XS96 
1600 
1480 
1543 
1377 
1489 
I  284 
X440 
X  200 


*  Add  30  to  40%  to  strength-values  for  ideal  conditions.  See  notes,  pages  628,  637, 
647.    See,  abo,  foot-note  with  Table  VII. 

t  For  safe  loads  for  fiber-stressrs  of  1300,  1500  and  x8oo  lb  per  sq  in,  see  Tables  XIII, 
XIV  and  XV.  mpectively. 
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Table  Zin.    Safe  Distrilmted  Loads  in  PonmU  for  Roetawgnlar  Woodoii 
MaTimtim  Fiber-SUesSf  S  ■>  z  300  lb  per  eq  in.    >l  ■■  7a.a 


The  first  horizontal  line  gives  the  depth  of  the  beam  in  inches 

Span 

in 

feet 

The  loads  are  for  beams  one  inch  wide  and  supported  at  both  ends 

1 

6                 8 

r 

zo 

12 

Z4 

z6 

z8 

6 

7 

867 

I  155 

Z444 
Z444 

1733 
1733 

2022 
2022 

2  3ZZ 

23IZ 

2600 

2600 

743 

IlSS 

8 
9 

6so 

567 

IISS 

1444 
1444 

1733 
1733 

2032 
2  022 

2  3ZZ 
2  3XZ 

2600 
2600 

z  027 

20 
IX 

S20 
473 

924 
840 

Z444 

1733 
Z733 

2  022 
2022 

23ZI 

2  3ZZ 

2600 

2600 

Z3IZ 

12 
13 

433 

400 

770 
7ZX 

Z2O0 

I  ZZZ 

Z733 

3022 
3022 

23ZX 

2  3ZZ 

2600 
2600 

z6oo 

14 

15 

371 
347 

660 

6z6 

X032 

963 

Z486 
1387 

2  022 

23ZZ 
3  3ZZ 

2600 
2600 

Z887 

16 
17 

325 

578 
544 

903 

B49 

1300 
X  224 

1770 

Z«64 

23ZZ 

2600 

2600 

2  175 

z8 

-to 

6H 

487 

802 

760 

z  Z56 
109s 

157a 
Z490 

2054 
1946 

2600 

2463 

20 

••••>... 

462 

722 

Z040 

Z41S 

Z849 

2340 

91 

, 

688 

990 

Z348 

Z76z 

2229 

22 



657 

945 

Z386 

Z68Z 

2Z27 

33 

628 

904 

Z230 

z6o8 

2  035 

24 

602 

867 

ZZ79 

Z54Z 

1950 

2$ 

832 

Z  Z32 

Z479 

Z872 

26 

800 

ZQ88 

Z422 

z8oo 

27 

770 

I  Q4S 

Z369 

X733 

26 

743 

Z  OIZ 

Z32Z 

Z67Z 

29 

976 

Z27S 

z6Z4 

1         30 

943 

z  232 

Z560 

Ixwds  above  the  heavy,  black  ngug  lines  are  calculated  for  resistance  to  shear. 
For  safe  deflection-loads,  see  values  in  Tables  VII  to  XII,  according  to  the  value  of  B 
used,  and  determine  1  by  the  deflection-formula,  page  636. 
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Xnr.    Safe  Dittflbatod  Loads  fat  Poimdfl  for  Roctengukr  Wooden  Beftms 
Mudanm  FIber-Streis,  5«*  i  soo  lb  per  sq  in.    A«*  83.3 


1 

The  first  horizonUl  line  gives  the  dei>th'6f  the  beam  in  inches 

Sp&n 

The  loads  axe  for  beams  one 

'  inch  wide  and  supported  at  both  ends 

in 
feet 

, 

1 

6 

8 

10 

13 

X4 

x6 

18 

6 

X  000 

1333 
1333 

1667 
X667 

2000 
2000 

2333 
2333 

2667 
2667 

3000 
3000 

7 

857 

8 
9 

7SO 
667 

X333 

1667 
X667 

2000 

2000 

2333 
2333 

2667 
2667 

3000 
3000 

X  X85 

10 

600 
548 

X  067 
970 

X667 

2000 
2000 

2333 
3333 

2667 
2667 

3000 
.  3000 

XX 

X5IS 

1     " 

500 
462 

890 
820 

1390 
X  283 

2000 

2333 
2333 

2667 
3667 

3000 

3000 

1 

13 

X846 

14 

428 

764 

7X3 

X  190 

X  XX2 

17X4 

x6oo 

2333 

2667 
2667 

3000 
3000 

15 

3  178 

x6 
17 

667 

1042 
982 

1500 
X  4x2 

3043 
X974 

2667 

3000 
3000 

25x0 

'      -18 



926 

878 

1334 

X364 

X815 
X  730 

3370 
3346 

3000 

19 

3843 

20 

X200 

X632 

2133 

3700 

2X 

XI44 

X5S6 

2033 

3571 

23 

1094 

X484 

X940 

3455 

33 

<•■••••• 

1044 

X  430 

1856 

3348 

34 

xooo 

1363 

1780 

3  350 

V 

960 

X306 

I  708 

3:jo 

26 

926 

X  256 

X  643 

3076 

27 

•••••••• 

888 

I  210 

1583 

3000 

38 

856 

xx66 

1524 

1930 

39 

X  126 

X472 

1863 

30 

X088 

X422 

X  800 

Loads  above  the  heavy,  black  aszaff  lincM  are  calculated  for  resistance  to  shear. 
For  safe  deflection-loads,  see  values  in  Tables  VII  to  XII,  according  to  the  value  of  £ 
usedj  and  determined  by  the  deflection-formula,  page  636. 
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Table  Z?.    Safe  Diatribotad  J;«a4a  »  Pmuida  for  Biwtangntor  Woodan 
MaTimnm  Fibar-Streaa*  £-■  x  800  lb  per  aq  ia.    >i  *•  xoa 


The  fiTBt  horizontal  line  gives  the  depth  ol  the  beam  in  inches 

Spcin 

in 

feet 

The  loads  are  for  beams  one  inch  wide  and  supported  at  both  ends 

, 

6 

8 

10 

12 

14 

16 

18 

6 

7 

z  aoo 

x6co 
z6oo 

2000 
2  000 

2400 
2400 

2800 
2800 

3200 

3200 

3600 
3600 

I  C30 

8 
9 

900 
800 

1600 

2000 

2000 

2400 
2400 

2800 

2800 

3  2G0 

3200 

360Q 
3600 

1422 

10 
11 

720 

655 

1280 
1 164 

2000 

2400 
2400 

2800 
28CO 

3200 
3300 

3600 
3600 

I  818 

12 
13 

600 

554 

1067 
985 

1667 
1539 

2400 

2800 
2800 

3200 
3200 

3600 
36CO 

22x5 

14 

IS 

514 

480 

914 
853 

1428 
1333 

2  057 
1930 

3800 

3200 
3200 

3600 

3600 

26x3 

16 
17 

450 

800 
753 

1250 
I  176 

1800 
1694 

3450 
2306 

3300 

3600 
3600 

3012 

18 
19 

711 
674 

I  III 
IP53 

X  600 
X5x6 

2x78 
2063 

2844 
269s 

3600 

3  411 

20 

640 

1000 

1440 

i960 

2560 

3240 

2X 

I  371 

X867 

2438 

3066 

22 

1309 

1782 

3337 

3945 

23 

1252 

1704 

3  236 

3817 

24 

I  200 

1633 

2133 

3700 

25 

,,. 

x  152 

X568 

3048 

3592 

a6 

1 106 

1506 

X969 

3492 

27 

X  067 

1453 

X896 

3400 

28 

I  039 

X400 

X839 

33x4 

a9 

1352 

1766 

3  235 

30 

1307 

X707 

3x6o 

Loads  above  the  heavy,  black  zigzag  lines  are  calculated  for  resistance  to  shear. 
For  safe  deflection-loads,  see  values  in  Tables  VII  to  XII,  according  to  the  value  of  B 
used,  and  determined  by  the  deflection-formula,  page  636. 
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I  9*  WorUng  Unit  Strewes  for  Average,  tTnseasoned  Woods 

Saf^  WorUng  Unit  Stresaea  for  unteasoned  woods  (except  for  E)  are  given 
b  Table  XVI.  They  are  compiled  and  adapted  largely  from  recommended 
1  NIT  STS£SSES  adopted  by  the  Association  of  Railway  Superintendents  of  Bridges 
ind  Buildings  and  by  the  American  Railway  Engineering  Association.  CSee, 
abo,  pa^e  449.) 


Table  ZVI. 


Scia  Working  *  UiUt  StreMaa  for  Umaaaonad  Wooda,  in  Poondi 

pat  Square  Inch 


Kind  of  wood 


Tension 


Factcn*  of  safety 

^Vliiteoak 

White  pine 

Lone-4eai  yellow 


With 

the 

gnun} 


Ten 


I 


pine 

Douglas  fir 

Short-leal  yellow 
pine 

Red  pine  and 
Norway  pine.. 

Spruce  and  east- 
em  fir 

Hemlock 

Cypress 

Cedar 

Chestnut 

Cal.  red  wood... 

Cal.  Bpruce 


\  200 
700 

I  300 

800 

900 


Across 

the 

grain 


Compression 


With  the 
grain 


End- 
bear- 
ing 


Ten  I  Five 


Col- 
umnst 
under 

IS 
diams 


Five 


Across 

the 

grain 


Four 


300   <  t  400 
SO   I  I  xoo 


60 


SO 


800  I     50 


I  400 
I  300 

r  100 

I  000 


8oo< 
600; 

600  i 
700. 
>8f:o 
700 


50  I  12  00 
I  xoo 

'  I  030 
:  I  I30 


900 


r  000 
800 

X  000 

900 
600 

750 

900 
800 

750 
750 
800 
800 
800 


500 

200 

3SO 
aoo 

250 

200 

200 
ISO 
200 
200 
250 
«50. 


Bending  t 


Ek. 

trenM 

fiber- 

stxessi 


Six 


X  200 

7001 

X  900 

8001 


800 

7001 

600 

800 
700 
800 

7SO 
800 


Modu- 
lus of 

«lasti- 

dty.il 
£/xooo 


Shearing 


With 

the 

grain 


One 


X  500 
X  000 

X  500 
X  500 

X  200 

X  xoo 

X  200 
900 
90a 
700 

t  000 
700 

z  200 


Four 


2CO 

100 

xso 
X30 

zoo 


xoo 
xoo 

•    •    •    • 

zoo 

150 

zoo 

I        •    •    ■    • 


Across 

the 

grain 


Four 


X  coo 
Soo 

X  250 
900 

z  000 

750 

750 
600 

>  ■  ■   • 

400 
500 


*  The  stresses  given,  «scept  for  £.  may  be  increased  30%  for  protected,  commercially 
dr>'  timber,  not  subject  to  impact, » in  most  buildings: 

t  See  also.  Table  I.  page  557.  Table  XVII,  page  648.  and  Table  T,  page  z Z38. 

X  The  larger  end-bearing  stresses  are  frequently  used  for  short  columns  and  for  column- 
formulas.    (See  tables,  pages  449.  1138)    Lower  factors  of  safety  give  higher  stresses. 

(  Some  of  these  vsdues  are  considered  too  low,  relatively,  by  some  building  codes. 

1 1  These  values  of  £  arc  for  seasoned  timber.    For  unseasoned  timber,  reduce  B 

50%- 

^  The  New  York  Building  Code  (19x7)  stresses  for  these  axe  z  aoo  lb  per  sq  in. 


9.  Workiiig  Unit  Stresses  for  Woods.    TsUng  from  Building  Laws. 

The  Allowable  Working  Unit  Stresses  for  different  woods,  taken  from  the 
building  laws  of  four  cities,  are  given  in  Table  XVII.  The  xmii  st&esses 
are  for  tehsion,  coictression,  bemoino  and  shsax. 
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Table  XVn.    Workiiig  Unit  StrooBM  for  Woo4i,  in  Pooadt  por  Sqiiara  Incli 


*  Stresses  named  by  N.  Y.  are  given  in  tb«  Z917  DuiMtng  Code  of  the  Boranth  o( 
Manhattan.  Exception:  Dist.  of  Columbia  omits  hemlock,  omits  chestnut  in  shear 
across  grain  and  puts  spruce  and  Virginia  pine  under  one  caption;  Cincinnati  makes 
caption  of  white  pine  and  spruce,  with  N.  Y.  white-pine  values,  and  gives  970  for  hemlock, 
for  shear  across  grain,  t  Chicago,  "Douglas  fir  and  long-leaf  yellow  pine."  tChicago, 
no  values  for  spruce:  spruce-values  apply  to  Norway  pine.  ||  Chicago,  valdcs  given 
for  short-leaf  yellow  pine,  SLYP.  |  Baltimore.  LLYP  is  long-leaf  yelk>w  pine:  NC 
«  VP,  N.  Carolina  or  Virginia  pine.    1  Boston,  yellow  pine  is  ** yellow  pine  (lQ0g4eaf).'' 


Kind  of  stress 

Kind  of  wood 

New 

York* 

Chic^o 

Baltimore  f 

BostooT 

Tension 

Yellow  pinet . . 
While  pine. .  . . 

Spnaoei 

Hemlock. 

Dou^as  fir. . . . 
Oak 

Z300 
700 
800 
600 
800 

z  300 

Z300 
800 
800 
800 

I  300 

Z  300 

z  800LLYP 
zooo 

I300 
800 

•     •     •      •       -       m 



z  500 

Locust 

z  oooSLYP 

I  300 VP 

1 

Compression 

with  the 

grain 

Yellow  pinet  •  • 
White  pine. . . . 

Sprucet 

Hemlock. 

Douglas  fir. . . . 
Oak 

z  600 
zooo 

Z  3O0 

800 

Z  300 

z  400 

Z  300 

•          • 

z  zoo 

700 
700 
500 

z  zoo 
900 

800SLYP*! 

z  oooLLYP 
800 
800 
600 

z  600 
z  000 
z  000 

z  500 
Z400 

.....   . 

zooo 

Z  300 

800NC  or  YP 

Locust. 

> 

Compression 

across  the 

grain 

Yellow  pinet  •  • 
White  pine. . . . 

Spnicet 

Hemlock 

Douglas  fir. . . . 
Oak. 

350 
350 
300 
ISO 
300 

SOO 

•    •    •         am 

350 

300 
300 

ISO 

600LLYP 
400 
400 
soo 

SOO       1 

350 

350 

.  •  •  •  .    . 

400 

600 

•    •    •    •        • 

500 

600 

zooo 
40oNCorVP 

Locust. 

350SLYP!! 

Transverse 
bending 

Yellow  pinet.- 
White  pine. . . . 

Spruoel 

Hemlock 

Douglas  fir. . . . 
Oak 

I  600 
Z  300 
Z  300 
800 
Z  300 
I  300 

Z300 

800 
800 
600 

Z300 

Z  300 

z  800LLYP 
zooo 
1350 
zooo 

z6oo 
zooo 
zooo 

Z500 
z  400 

z  500 

Locust 

I  oooSLYPlI 

• 

Shear  with 
the  grain 

Yellow  pinet  •  • 
White  pine. . . . 

Spnicet 

Hemlock 

Douglas  fir. . . . 
Oak 

ISO 
ZOO 
ZOO 
ZOO 

zoo 

300 

130 

80 
80 
60 

130 
300 

zooLLYP 
85 
90 
75 

zso 
zoo 
zoo 

zso 
zso 

«   «  •        •   • 

•     «     a     •           « 

zoo 

Locust 

Z3oSLYPi 

90VP 

Shear  across 
the  grain 

Yellow  pinet*  • 
White  pine. . . . 

Sprucet 

Hemlock 

Douglas  fir. . . . 
Oak 

Z  000 

500 
500 

600 

zooo 
zooo 

500LYP 
350 
350 
350 

Z  300 

800 
800 

zooo 

Z  30O 

■          •    » 

730 

Locttft 

400VP 
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1*.  Uhiinate  Unit  StresMs  for  Woods 

The  Average  Ultimate  Unit  Stresses  for  the  coniterous  or  softwoods 
and  for  the  bsoad-leaveo  or  hardwoods,  together  with  the  average  weights 
of  the  mroods  per  cubic  foot  are  given  in  Tables  XVIII  and  XIX.  The  values 
given  are  compiled  from  many  tests  on  numerous  species  of  timber.  In  r^ard 
to  the  range  of  values  for  the  same  kind  of  wood,  it  may  be  stated  that  the 
hisfaer  values  are  for  specimens  which  contained  a  percentage  of  water  varying 
from  Z5  to  20%;  and  that  tests  on  laboratory  specimens  showed  greater  strength 
than  the  actual  pieces  used  in  construction.  The  weights  per  cubic  foot  are 
averages  of  the  weights  of  many  specimens  tested  and  agree  generally  with 
average  values  given  in  other  tables  of  weights  of  mateiiab. 


660       Strength  of  Cast-Iion  LinteU  and  Wooden  Beams    Chap.   16 


TtUe  ZVm.*    ATenfe  01tiiiiat«  Unit  StrMset  for  the  Cooiferous 
or  Softwoods,  in  Pounds  per  Square  Inch 


Kind  of  wood 


Cedar  (white) 

Cedar  (red) 

Cypress 

Hemlock 

Pine  (white) 

Pine  (red),  (Norway 
pine) 

Pine  (yellow),  (long- 
leaf) 

Pine  (yellow),  (short- 
leaf) 

Douglas  fir  (Oregon 
pine) 


Redwood  (California) 


Spruce  (black) 


Spruce  (white) 


Weight 

in  lb 

percu 

ft.  dry 


Tension 


19.72 
to 

ao.70 
23.66 


29.80 


26.42 
to 

32.29 
25.55 


30.25 


4J.62 


38.40 


32.14 


26.23 


28.57 


25.25 


8000 

to 

zi  400 

8000 


4000 

to 

6000 
6000 

to 

8700 
3000 

to 
12000 

5000 

to 

13000 

6000 

to 

13000 

5000 
to 

10  000 

9000 

to 

14000 

7000 

to 

10853 

5  000 

to 

I9S00 

5  000 

to 
19500 


Compression 


With 

the 
grain 


4000 

to 

6000 
4000 

to 

7000 
4000 

to 

8000 
4000 

to 

7420 

3000 

to 

6650 

6000 

to 

8000 

5000 

to 

9  500 

4000 

to 

9000 

4880 

to 

9800 

3000 

to 

4000 

4  000 

to 

7850 

4000 
to 

7850 


Across 

the 

0rain 


700 


700 


700 

to 

800 

600 

to 
700 
700 

to 

I  000 

800 

to 

I  000 

I  000 

to 
z  400 

900 

to 

X  000 

800 

to 

I  200 

800 


700 


700 


Bend- 
ing 
(mod- 
ulus of 
rup- 
ture) 


Shear 


5000 


5000 


5000 

to 

II  700 

3500 


4000 

to 

10  000 

5000 

to 

12300 

7000 
to 

14  200 
6000 

to 

12400 
6500 

to 

12  100 
4500 


4  000 

to 

12  000 
4  000 

to 

12  000 


With 

the 

gzain 


400 


500 


350 


225 

to 

423 

500 


300 

to 
700 

400 

to 
700 

500 
to 
600 
400 


250 

to 

400 

250 

to 

400 


ACXXMS 

the 
grain 


I  joo 
to 

1SI9 

zsoo 


2500 
to 

2750 

2480 


4340 

to 
5000 

4000 

to 

5000 


3255 


3355 


*  The  higher  values  of  tensile  and  compressive  strengths  are  for 
soned  "  timber  containing  from  lo  to  15%  oi  water.  For  safe 
flexure,  see  Table  I,  page  557- 


"  dry  ••  or  ' 
fiber-stresKs  for 
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Table  ZIZ.* 


Aven(e  Ultimate  Unit  Stro— ■  for  the  Broed-Leftved  or 
Hardwoods,  in  Poonda  per  Square  Inch 


Kinds  of  wood 


Ash  (white). 


Ash  (red).. 
Ash  (green) , 


Chestnut. 


Elm  (white), 
Gum 


Hickory. 
Locust. . 


Lignum-vltc 
Maple  (hard). 


Maple  (white). 


Mahogany  (Central 
America) 


Oak  (white). 


Oak  (chestnut) 

Oak  (live) 

Oak  (red  and  black) 


Poplar  (whitewood). 


Walnut  (white)  (but 
temut) 


Walnut  (black). 


Weight 

in  lb 

percu 

ft,  dry 


40.77 


^96 

44-35 


41.00 
45.26 
36.83 


46.  x6 
to 

52.17 
45.70 


77.12 
43.08 


32.84 

35.00 
46.3s 


S3  63 
59-21 

40.7s 


30.00 

25.46 
38.11 


Tension 


II 000 

to 
17000 


9000 

to 

13  000 

8000 

to 

13  000 

15000 

to 
18000 
12800 

to 
18000 
X0500 

to 
24800 

II  000 

8000 
to 

10  000 

800Q 

to 

10  000 

3300 
to 

17900 

10  000 

to 

19500 

10  000 

13000 

lOOOO 


7000 


13  000 


O^mpresiion 


With 

the 

grain 


4000 

to 

9000 
6800 
8000 

to 

9800 
5000 


6000 

to 

10  000 

5600 

to 

8500 
7000 

to 

10  000 

7000 

to 

II 700 

8800 

7  000 

to 

9940 
6000 

to 
7  500 

6000 


4500 

to 

II  300 

7  500 

9000 

4000 

to 

8500 
400Q 

to 

5700 

5000 

to 

6800 

7500 


Across 

the 

grain 


1900 


1700 


900 


X  300 


X40O 


3700 

to 

3200 


1700 
to 

I  900 


3000 


3300 


Bend« 

ing 
(mod- 
iilusof 

rup- 
ture) 


6300 

to 

14  200 

5  100 

to 

16000 

5000 


7300 

to 

13600 

6000 

to 

12700 

5400 

to 

24300 


to8ao 


6000 


9  100 

to 
IS  400 


Shear 


With 

the 
grain 


450 

to 

X  100 

X  000 


600 


800 


800 


X  000 

to 

X  300 


399 

to 
537 


750 
to 

X  000 


Z  100 


Across 

the 

grain 


6280 


6380 

1 500  { 
1 


5890 


6000 
to 

7800 
7176 


6  355 
6355 


4  425 
8480 

4418 

3830 
4728 


*  The  higher  values  of  the  tensile  and  compressive  strengths  are  (or  "  dry  "  or 
*'  seasoned  *'  timber  containing  from  10  to  15%  of  water.  For  safe  fiber-stresses  for 
flexure,  see  Table  I,  page  557. 
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CHAPTER  XVII 

STRENGTH   OF   BUILT-UP,   FLITCHED    AND   TRUSSED 

WOODEN  GIRDERS 

By 
F.  H.  KINDL 

LATE  COUtESPONDIMG  MEMBER  AMERICAN  DISTITVIB  OV  ASCBIXXCX8 

1.  Bttilt-Up  Wooden  Girders 

Built-Up  Wooden  Beems«  Wooden  beams  or  girders  built  up  of  pknks, 
spiked  or  bolted  together  side  by  side,  will  generally  be  somewhat  stronger 
than  solid  girders  of  the  same  dimensions,  because  the  planks  will  be  better 
seasoned  and  freer  from  check-cracks  and  other  defects.  For  beams  or  girders 
zo  in  or  less  in  depth,  spikes  will  usually  be  sufficient  to  bind  the  planks  together; 
l)Ut  for  deeper  beams,  bolts  should  be  used  in  addition  to  the  spikes,  to  prevent 
the  planks  from  separating  and  the  outer  planks  from  warping  or  curling  away 
irom  the  others. 

Bolts.  Two  bolts  should  be  placed  at  each  end  of  the  beam  and  every  four 
ieet  of  its  length. 

Lengths  of  Planks.  When  a  beam  is  built  up  in  this  way  each  plank 
should  extend  the  full  length  of  the  beam.  In  a  continuous  beam,  the  planks 
should  break  joints  over  the  supports.  The  planks  of  BtniT-UP  beams  should 
always  be  set  on  edge,  never  flatwise. 

Compound  Wooden  Beams.  It  is  sometimes  necessary  to  use  a  wooden 
beam  for  a  longer  span  or  greater  load  than  is  safe  for  the  deepest  single  beam 
that  can  be  obtained,  or  for  a  beam  built  up  of  pUnks.  In  such  cases  compound 
WOODEN  beams  may  be  used. 

Definition.  By  a  compound  wooden  beam  or  giboer  is  meant  a  beam 
Jbuilt  up  by  placing  two  or  more  angle  beams  over  another  one,  with  the  view 

of  having  them  act  as  a 
SINGLE  beam  having  the 
depth  of  the  combined 
beams. 

Strength    of    Com- 
pound Beams.    If  two 
Tig.  1.    Two  Simple  Wooden  Beams.  One  Over  the  Other,    lo  by  lo-in  beams  were 

Loaded  in  Middle  placed  one  on  top  of  the 

other,  and  the  upper  one 
loaded  at  the  middle,  the  beams  would  act  as  two  separate  beams  (Fig.  1)  and 
their  combined  strength  would  be  no  greater  than  if  the  two  beams  were  placed 
side  by  side.  If,  however,  the  two  beams  can  be  joined  so  that  the  fibers  of 
the  lower  bfism  will  be  extended  as  much  as  would  be  the  case  in  a  single 
beam  of  the  same  depth,  or,  in  other  words  so  that  the  two  beams  will  not 
«Iip  on  each  other,  the  compound  beam  will  have  four  times  the  strength  of 
the  SINGLE  beam. 

Tests  of  Compound  Besms.  V'arious  attempts  have  been  made  to  join 
beams  thus  placed  so  as  to  prevent  the  two  parts  slipping  on  each  other,  and 
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the  yetn  1896-7,  Edgar  Kidwell,  of  the  Michigan  College  of  Mines, 
aiade  an  extended  series  of  tests  of  the  efficiency  of  compound  beams  of  difiFer- 
cot  patterns.  From  these  tests  much  valuable  data  was  obtained.  A  full 
description  of  the  tests,  accompanied  by  the  conclusions  of  the  author,. and.  the 
rules  and  data  for  proportioning  the  bolts  and  keys,  of  keyed  beams,  is  pub- 
lished  in  the  Trans.  Am.  Soc.  M.  £.,  vol.  27. 

Simple  Form  of  Compound  Beam.  A  form  of  compound  beam,  some- 
times used  in  American  building-construction,  is  shown  in  Fig.  2,  diagonal 
boards  in  opposite  directions  being  nailed  to  each  side  of  the  two  timbers  to 
prevent  their  slipping  on  each  other.  T.  M.  Clark,  in  his  Building  Superin- 
tendence, advocates  this  as  one  of  the  best  forms  of  compound  beams,  and 


Fig.  2.    Simple  Form  of  Compound  Wooden  Beam 

places  its  EpnctCNCY  at  about  95%  of  that  of  a  solid  beam  of  the  same  depth. 
Professor  Kidwell  made  nine  tests  of  this  type  of  beam.  In  six  of  the  beams 
the  ratio  of  span  to  depth  was  as  12  to  i,  and  in  three  of  the  beams,  as  24  to  z. 
The  shorter  beams  gave  an  average  efficiency,  without  much  variation,  of 
71.4%,  and  the  longer  beams  an  efficiency  of  80.7%. 

It  wai  found  that  the  beams  failed  by  the  splitting  of  the  diagonal  pieces  or 
the  drawing  of  the  nails;  "in  every  case,  bng  before  the  beam  broke,  the  struts 
split  open  or  the  nails  were  partly  drawn  out  or  bent  over  in  the  wood,  thereby 
permitting  the  component  beams  to  slide  on  each  other."  When  built  with 
diagonal  boards,  zU  in  thick,  nailed  with  tenpenny  nails,  as  in  Fig.  2,  the 
wosKiNG  staengtb  of  such  a  beam  may  be  taken  at  65%  of  the  strength  ot 
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Fig.  3.    Compound  Keyed  and  Bolted  Wooden  Beams 

a  solid  beam  of  the  same  depth  and  of  a  breadth  equal  to  the  breadth  of  the 
timbers.  The  deflection  of  the  beam,  however,  will  be  about  double  that  of 
a  solid  beam  of  the  san^e  size,  and  on  that  account  this  type  of  beam  is  not 
to  be  recommended  for  supporting  floors  with  plastered  ceilings  or  for  carr3ring 
plastered  partitions. 

Keyed  Beams.  Professor  Kidwell  tested,  also,  several  types  of  keyed 
BEAMS,  and  found  that  a  compound  beam  keyed  and  bolted  together,  as  shown 
b  Fig.  3.  b  the  most  efficient  form  that  it  is  practical  to  build. 
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It  was  found  that  with  oak  keys  it  was  possible  to  obtain  an  SfTXCiENCV  for 
spruce  beams  of  95%,  while  the  detuctiom  varied  from  ao  to  25%  more  than 
would  be  expected  in  a  solid  beam. 

Cast-Iron  Keyt.  By  using  cast-iron  keys  the  deflection  was  found  to  be 
but  little,  if  any,  greater  than  for  a  solid  beam. 

Shape  of  Keys.  The  keys  must  be  wedge-shaped,  as  shown  in  Hg.  4,  so 
that  they  can  be  driven  tightly  against  the  end-wood. 

Efficiency  of  Keyed  Beams.  Professor  Kidwell  recommends  that  for 
ordinary  purposes  an  efficiency  of  75%  be  allowed  when  oak  keys  are  used 
and  of  80%  when  the  keys  are  of  cast  iron.  The  width  of  an  oak  key  should 
be  twice  its  height.  Niunerous  small  keys  closely  spaced  gave  better  results 
than  fewer  large  keys.  In  his  report,  PiofeMor  Kidwell  gives  leanulas»  also, 
for  the  number  and  ^Micing  of  the  keys. 

Keys,  Bolts  and  Washers  for  Compound  Benms.  As  compound  beams, 
when  used,  are  generally  built  up  of  S,  10,  12  or  14-in  timbers,  Mr.  Kidder, 
some  years  ago,  prepared  a  table  giving  the  sizes  of  keys,  the  number  required 
on  each  side  of  the  middle  of  the  span,  their  minimum  spacing  and  the  sizes  of 
the  bolts  and  washers  to  be  used  for  such  beams  of  from  20  to  36-ft  spans. 
He  noted  that  the  MAxnnjM  safe  loads  for  such  beams  should  be  75%  of  the 
loads  computed  by  Formula  (10),  page  630,  for  a  beam  supported  at  both  ends, 
and  loaded  with  a  uniformly  distributed  load. 


Table  L'  Keys,  BoKs  and  Washers  for  Compoond,  Keyed  Wooden  Beams 


Siseof 

beams 


x6-m  beams 
2D>in  beams 
a4-in  beams 
28-in  beams 


Size  of  keys 


Bolts  Washers 


iH  by  3   -in  oak  keys'  H-in 

iHhy  3   *in  oak  keys  ?«-in 

2     by  4    -in  oak  keys  Ji>-in 

2U  by  4^6-in  oak  keys'  Tvin 


3   •m 
3   -in 

3^^in 
3J^a-in 


Number  of  keys  each  side 
of  center  line 


White 
pine 


7 
9 
8 

9 


Spruce 


8 
II 

9 
10 


Doug> 
las 

fir 


It 

13 
la 
xa 


Long- 
leaf 

yellow 
pine 


12 

IS 
14 
14 


Sice  of  keys 


Bolts  I  Washers 


lU  by  3  -in  oak  keys 
2  by  4  ^n  oak  keys 
aU  by  4^in  oak  keys, 


34-in 
5«-in 

^^in 


3-m 
34n 
3-in 


Minimum  spacing  of  keys 


^^-in 
15  "«n 
17    -in 


xiM-in 

15 

17 


9  -in 
HnjiiH-ifl 
•inii3    -in 


9  -in 
iiV^n 
13    •4n 


J 


The  Breadth  or  Thickness  of  Compound  Beams  should  be  not  less  than 
two-fifths  of  the  depth. 

The  Number  of  Keys  required  is  not  affected  by  the  length  or  breadth  of 
the  beam,  if  the  beam  is  figured  for  the  full  safe  load. 

In  Spacing  the  Keys  (Figs.  3  and  4)  they  should  not  be  cbser  than  the 
minimum  spacing  given  in  Table  I.  For  beams  loaded  at  the  middle,  the  spac- 
ing of  the  keys  should  be  uniform  from  .V  to  K,  Fig.  3.  Y  being  one-eighth  the 
span  from  the  center  line.    If  the  distance  between  the  keys,  center  to  oea- 
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ter,  vorks  out  leas  than  the  mimmum  spadng,  the  sale  load  should  be  cor- 
repondiagly  reduced  or  the  thickness  of  the  beam  increased. 

For  Beams  Uniforiiily  Loaded,  the  first  four  or  five  keys  from  the  end 
shouid  be  spaced  for  minimum  spacing,  and  the  spacing  of  the  remaining  keys 
increased  toward  the  point  Y.  When  the  ratio  of  depth  to  span  is  greater  than 
I  to  i6r  the  inner  key  may  be  a  little  more  than  one-eighth  the  span  from  the 
center  line,  for  distributed  loads.  Fig.  3  shows  the  proper  spacing  for  a  20-in 
spruce  beam  d  28-ft  span  and  for  a  long-leaf  yellow  pine  beam  of  3o-ft  span; 
ajod  the  tabulation  below  gives  the  proper  spacing  of  keys  for  spruce  beams  of 


Pi<^^^i^ 


8  Waahw 
A  ELEVATION  OF  20"  BEAM 


B  FLAN  OF  14"  X  24"  SPRUCE  BEAM -36'  SPAN 
Fig.  4.    Details  of  Keyed  and  Bolted  Wooden  Beam 

longer  spans,  figured  from  the  end  of  the  beam  in  each  case.  For  other  woods 
and  spans  the  spacing  should  be  made  as  near  like  these  as  the  fixed  condi- 
tions will  permit.  Four  examples  of  spacing  are  given  below.  The  sizes  of 
bolts  and  washers  to  be  used  are  given  in  Table  I.  If  the  beam  is  not  over 
10  in  wide,  the  bolts  may  be  arranged  as  for  the  spruce  beam  (Fig.  3);  if  12  in 
wide  or  over,  the  bolts  should  be  staggered  as  shown  for  the  hard-pine  beam. 
In  a  very  wide  beam  the  bolts  might  be  spaced  as  in  detail  B,  Fig.  4. 

Spacing  of  keys  in  inches  for  spruce  beams,  commencing  at  end,  for  uoifoxmly 
distributed  loads: 

i6-in  spruce  beam,  3a-ft  span,  10,  12,      12,      16,      19,  24,  $2 
20-in  spruce  beam,  32-ft  span,  10,  xi^.  iiV^  ixV^,  Z2, 12,  z 2, 13, 15, 18,  24 
24-in  spruce  beam,  36-ft  span,  13,  15,      15,      15,      15, 16, 18,  20,30 
28-in  spruce  beam,  36-ft  span,  15,  17,      17,      17,      17, 17, 17, 17, 17, 17 

2.  Flitched  Besms  or  Flitch-PUte  Girders 

Flitch-Plate  Beams  (Fig.  5)  were  at  one  time  much  used,  but  with  the 
present  prices  of  steel  it  is  cheaper  and  better  to  use  steel  beams. 

The  following  explanation  and  formulas  are  given,  however,  for  the  benefit 
of  those  who  might  have  occasion  to  use  a  beam  of  this  kind.  It  has  been 
found  m  practice  that  the  thickness  of  the  wood  should  be  sixteen  times  the 
thickness  of  the  steel.    As  the  steel  is  so  much  stdtes.  than  the  wood,  we  miiat 
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proportion  the  load  on  the  wood  so  that  the  latter  will  bend  as  much  as  the 
steel  plate  bends:  otherwise  the  whole  load  might  be  thrown  on  the  steel  plate 
The  MODULUS  OF  ELASTiaTY  of  Steel  is  about  twenty  times  that  ol  longAeaS 
yellow  pine;  so  that  a  beam  of  this  wood,  i  in  wide,  will  bend  twenty  times 

as  much  as  a  plate  of  steel  of  the  same 

•!?!••  ^^^ siae  and  under  the  same  load.    Hence. 

if  we  want  this  beam  to  bend  just  as 
much  as  the  steel  i^ate,  we  must  put 

Fig.  5.    Flitch-plate  Girder  ^^^  one-twentieth  the  load  on  it.     If 

the  wooden  beam  is  sixteen  times  as 
thick  as  the  steel  plate,  we  should  put  sixteen-twentieths  of  its  safe  load  on  it. 
or,  what  amounts  to  the  same  thing,  use  a  constant  only  four-fifths  of  the 
strength  of  the  wood. 

Formulas  for  Flitch-Plate  Girders.  On  this  basis  the  following  fonnvJas 
have  been  derived  for  the  strength  of  futch-plate  girders,  in  which  the  thick- 
oess  of  the  wood  is  sixteen  times  the  breadth  of  the  steel,  approximately: 

Let  d  »  depth  of  beam  in  inches 

b  >  total  thickness  of  wood  in  inches 

/  «  dear  span  in  feet 

/ «  thickness  of  steel  plate  in  inches 

C  53.6  for  long-leaf  yellow  pine 
il'  *  ■■  W5  for  Douglas  fir 
(  31  for  spruce 
P  -i  total  load  at  middle  in  pounds 
W  -i  distributed  load  in  pounds 

Then,  for  beams  supported  at  both  ends, 

Safe  load  at  middle  in  pounds  -  y  U'6  +  889  0  (i) 

Safe  distributed  load  in  pounds  -  ^  U  '6  -h  889  /)  (2) 

For  distributed  load.             i-  \ --r^ — T.  (3) 

For  load  at  middle.  d^\j  — : (4) 


The  bolts  should  be  %  in  in  diameter,  and  spaced  2  ft  on  centers.  Each 
end  should  have  two  bolts,  as  in  Fig.  5. 

Example.  What  is  the  safe  load,  uniformly  distributed,  for  a  girder  composed 
of  three  4  by  14-in  Douglas-fir  timbers  and  two  ?^  by  Z4-in  flitch-plates,  with  a 
span  of  25  ft? 

Solution.    By  Fonnula  (2), 

Safe  toad  - ^(45  X  12  +  889  X  3/4)  «z8  922  lb 

3.  Trusaed  Beama  and  Girdera 

Uae  of  Tmased  Beams  and  Girdera.  Whenever  we  wish  to  support  a 
floor  upon  girders  having  a  span  of  more  than  30  ft,  we  must  use  a  trussed 
GIRDER,  a  riveted  steel-plate  girder,  or  two  or  more  steel  beaics.    Under 

*  For  commercially  seasoned  timber  and  for  ideal  condirinns  these  values  may  iacreaae 
about  30%. 
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some  circumstances  and  in  some  parts  of  the  oountry  it  may  be  cheaper  or 
more  convenient  to  use  a  large  wooden  girder,  and  truss  it,  as  in  Figs.  6,  7,  8  or  9. 

Depth  of  Tniued  Girder.  For  all  these  forms  it  is  desirable  to  give  the 
girders  as  much  depth  as  the  conditions  allow;  zs,  the  deeper  the  girder,  the 
smaller  the  stresses  in  the  pieces. 

In  the  Single-Strut  Trussed  Girder,  we  either  have  two  beams,  and  one 
rod  which  runs  up  between  them  at  the  ends,  or  three  beams,  and  two  rods 
running  up  between  the  beams  in  the  same  way.  The  beams  should  be  in  one 
(x>ntiauous  length  for  the  whole  span,  if  they  can  be  obtained  in  that  length. 
The  requisite  dimensions  of  the  tie-rod,  struts  and  beams,  in  any  given  case, 
must  be  determined  by  first  finding  the  stresses  developed  in  these  pieces,  and 
tbeo  the  areas  of  cross-sections  required  to  resist  these  stresses. 

For  a  Single-Strut  Truss  (Fig.  6),  the  stresses  in  the  pieces  may  be  deter- 
mined by  the  following  formulas: 

For  a  Distributed  Load  W  Orer  the  Whole  Girder  CFig.  •) 


i 


Fig.  6.    Trussed  Wooden  Girder.    One  Vertical  Strut 

„,      .      .    ^  W       length  of  r  ,  . 

Tension  in  T  -  —  X  ,  ^.     .  ^  (s) 

3       length  of  C 

Compression  inC  ^%W.    (Sec  Note.)  (6) 

.      .     „      W      length  of  J?  ,  , 

Compression  in  B^  —  X  , — _,.     .  ^  (7) 

2       length  of  C 

Note.    When  the  beam  B  is  in  one  piece,  the  full  length  of  span.    If  B  is 
jointed  over  the  strut  then  compression  in  C  or  tension  in  R  ^\iW. 

ivt  a  Concentrated  Load  P  Over  C  (Fig.  •) 

^    J      .    -w.  P     length  of  r  ,„. 

Tension  m  T        -  -  X ,    ■  .     ,  ^  (8) 

2     length  of  C 

Compression  vnC^P 

.     .    „     P     length  of  JJ  ,  . 

Compression  m  B  -  -  X  , — _,.     ,  ^  (9) 

2     length  of  C 

For  a  Ohdcr  Truised  as  hi  (Fig.  T),  Under  a  Distributed  Load  W  Over  the 
Whole  Girder 

Compression  in  5  -   —  X  -. — _,.     >  »  (lo) 

2        length  of  R 

Tension  in  it         -  %  IT.    (See  Note.) 

-,     .      .    „  W      length  of  B  ,    . 

Tension  in  B        -   —  X  ,  ^.     .  ^  (") 

2        length  of  R 

Vote.    When  the  beam  B  is  in  one  piece,  the  full  length  of  span.    If  B  is 
jointed  over  the  strut  then  compression  in  C  or  tension  in  Ji  «  H  ff^* 


ess 
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Fw  ft  Conoeomted  Load,  P  at  the  Middle  (Fig.  T)  j 


Fig.  7.    Trussed  Wooden  Girder.    One  Vertical  Tie 

.      .    ^     i>     length  of  5 
CompreBaMm  mS^  —X 


Tension  in  R 
Tension  in  B 


2     length  of  R 

^g^lengthofB 
2     length  of  R 


(M) 


For  a  Dottbte-Strot  Trussed  Beam  (Ftg.  8)  with  a  Dlstrilmted  toad 
the  Whole  Girder  (Beam  B  DMded  into  Three  Bqual  Spaas) 


(13) 


Fig.  8.    Trussed  Wooden  Gtzder.    Two  Vertical  Struts 
Tension  in  T 


W     length  of  T 

M    —  X   -^ 

3      length  of  C 


(14) 


Compression  in  C  ■  — 

3 

W     length  of  B 
Compression  in  B  or  tension  in  />  •  -^X ,- — ,.     ^  ^ 

3      length  of  C 

For  a  Concentrated  Load  P  Over  Bach  of  the  Struts  C  (Fig.  8) 

length  of  T 


(-5) 


Tension  in  T 


-PX 


length  of  C 


Compression  mC»  P 


Compression  in  B  or  tension  in  Z>  -  P  X 


length  of  B 
length  of  C 


For  a  Oirder  Trussed  as  in  Fig.  •«  and  Under  a  Dbtributed  Load 
the  Whole  Oirder  (Beam  B  Divided  into  Three  Bqual  Spans) 

,      .    ^     W     length  of  5 

Compression  mo-  —  X  , r — ns 

^  3      length  of  J? 

W 

Tension  in  i?        —  — 

3 

T     •      •    D  •      •    n    W^.Jengthofg 

Tension  m  B  or  compression  m  Z)  -—  X  , ; — t^ 

3      length  of  R 


(16) 

(«7) 
W  Over 

(ifi) 


(19) 
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For  CoaMBlnited  Loftda  P  Awiied  At  Jointt  a  aad  3  (Mg.  •) 


Fig.  9.    Trussed  Wooden  Girder.    Two  Verticil  Ties 


Compression  in  S'^Px 
Tension  in  iJ        -  P 


length  of  .9 
length  of  R 


Tension  in  B  or  compres^on  in  Z>  *  P  X 


length  of  B 
length  of  ^ 


(20) 


(21) 


Trusses  constructed  as  shown  in  Figs.  8  and  9  should  be  divided  so  that  the 
rods  J^,  or  the  struts  C,  will  divide  the  lengths  of  the  girder  into  three  equal  or 
nearly  equal  parts.  The  lengths  of  the  pieces  7,  C,  B,  R,  S,  etc.  should  be 
measured  on  the  axial  lines  of  the  pieces.  Thus,  the  length  of  R  should  be 
measured  from  the  center  line  or  axis  of  the  tie-beam  B  to  the  center  une 
OR  AXIS  of  the  strut  D;  and  the  length  of  C  should  be  measured  from  the  axis 
of  the  rod  to  the  axis  of  the  strut-beam  B. 

After  determining  the  stresses  in  the  pieces  by  these  formulas,  we  may  com« 
pute  the  areas  of  the  cross-sections  by  the  following  rules: 


,               ,.        ,       ,     .              compression  in  strut 
Area  01  cross-section  ot  a  short  strut  «■ r 


(22) 


in  which  Sc  for  cast  iron  may  be  taken  at  from  13  000  or  14  000  lb  per  sq  in, 
and  for  wood  as  given  in  Table  XVI,  page  647. 

The  size  of  the  long  strut  D  (Fig.  9)  should  be  determined  by  means  of 
Tables  451  and  45a  for  wooden  columns*  Chapter  XXV. 

The  diameters  of  the  tie-rods  may  be  obtained  from  Table  It,  page  388. 

For  the  beam  B  (Figs.  8  and  9)  when  the  load  is  distributed,  we  must  compute 
its  necessary  area  of  cross-section  as  a  strut  (Fig.  8)  or  a  Tre  (Fig.  9),  and  also 
the  area  of  its  cross-section,  as  a  beam,  required  to  support  its  load,  and  use 
a  beam  with  a  section  equal  to  the  sum  of  the  two  sections  thus  obtained. 

Area  of  cross-section  of  B  to  resist  )      tension       compression         .    . 

J  -  — TT —  or (23) 


tension  or  compression 


St 


In  the  trusses  shown  in  Figs.  6  and  7,  with  distributed  loads. 

Breadth  of  £  (as  a  beam)  — z: — 7 

4Xd^XA 

In  the  trusses  shown  in  Figs.  8  and  9,  with  distributed  loads, 

Breadth  of  £  (as  a  beam)  -  :: — z — 7 

Sxd'XA 

(Compare  Equation  (34)  and  (25)  with  Equation  (11),  page  630.) 

W  denotes  the  total  distributed  load  in  pounds  on  the  girder,  and  I  the  length 
in  feet  of  one  section  of  the  beam.  When  the  loads  are  concentrated  over  the 
struts  C  (Fig.  8)  or  at  the  joints  R  (Fig.  9)  then  there  will  be  no  transverse 


(34) 


(25) 


660  Built-Up,  Flitcfaed  and  Trussed  Wooden  Girders    Chap.  17 

STEESS  on  the  beams  B,  and  they  need  be  proporHoned  for  the  coMpftESSi\T: 

or  TENSILE  STRESS,  Only,  as  the  case  may  be. 

In  Formulas  (23),  (34)  and  (as),  for  Se  and  Su  substitute  the  values  for 
safe  unit  stresses  for  compression.  Table  XVI,  (>age  647,  and  for  tension.  Table 
II,  page  388,  and  for  A  substitute  the  values  recommended  in  Tables  II  and 
XVI,  pages  628  and  647. 

niustratiye  Examples.  To  illustrate  the  method  of  computing  the  dimen- 
sions of  the  different  parts  of  girders  of  this  kind,  two  examples  are  given. 

Bzample  i.  It  is  required  to  design  a  trussed  girder  of  the  form  shown  in 
Fig.  6,  for  a  span  of  30  ft.  The  girders  are  to  be  12  ft  on  centers,  and  are  to 
carry  a  floor  loaded  with  100  lb  per  sq  ft.  The  girder  consists  of  three  strut- 
beams  B^  side  by  side,  and  two  rods.  We  can  allow  the  rod  T  to  come  two  feet 
below  the  beams  B,  and  we  will  assume  that  the  depth  of  the  beams  B  will 
be  12  in;  then  the  length  of  C,  measured  from  the  center  line  of  the  beam,  will 
be  30  in.  The  length  of  iS  is  15  ft,  and  by  computation,  or  by  scaling,  we  find 
the  length  of  T  to  be  15  ft  2h  in. 

Solution.    The  total  load  on  the  girder  eqtials  100  lb  multiplied  by  the  span 

multiplied  by  the  distance  of  the  girders  on  centers,  or,  100  X  30  X  12  ■■  36  000  Lb. 

From  Formula  (5), 

_      .      .    _     36000      182^6  in  „ 

Tension  m  T  - X 7—  -  109  500  lb 

a  30  m 

or  54  750  lb  on  each  of  the  two  rods.  For  such  a  large  stress  it  is  best  to  up^t 
the  ends  of  the  rods,  and  allowing  16  000  lb  per  sq  in  for  steel  rods,  we  find  from 
Table  II,  Chapter  XI.  that  we  must  use  two  i^i-'m  steel  rods. 

The  strut-beam  we  will  make  of  long-leaf  ycUow  pine.  From  Formula  (7)  we 
find  the  compressive  stress  in  B  >  (36  000/2)  x  (180/30)  «*  loS  000  lb.  As  we  are 
to  use  three  beams  side  by  side,  there  will  be  36  000  lb  compression  in  each  beam. 

To  resist  the  compression  there  is  required  an  area  of  36  000/x  000  or  36  sq  in, 
which  is  equal  to  3  by  1 2  in. 

From  Formula  (24)  we  find  the  total  breadth  required  to  resist  the  transverse 

36  000  X  15  .  .    .  .  L        <..   1.  •      •  _^«         . 

stress  « —  »  14  m;  or  each  beam  must  be  4H  by  12  m  m  section  to 

4  X  144  X  67 

resist  the  transverse  stress,  and  3  by  12  in  to  resist  the  compressive  stress. 

Consequently  each  beam  must  be  7 H  by  12  in  in  cross-section. 

As  this  would  moke  the  girder  very  wide,  27 U  in,  we  will  use  beams  14  in 
deep,  increasing  the  depth  of  the  girder  i  in,  so  that  the  height  on  centers  will 
still  be  30  in. 

The  area  required  to  resist  the  compressive  stress  will  be  the  same  as  before, 
36  in,  but  as  the  beam  is  14  in  deep  the  breadth  will  be  only  2.57  in. 

The  total  breadth  to  reast  the  transverse  stress  will  be -z — 7-  ■■  10.28  in, 

4  X  196  X  67 

or  3.43  in  for  each  beam.  The  total  breadth  for  each  beam  will  therefore  be 
6  in.  A  beam  with  a  cross-section  of  6  by  14  in  will  meet  the  requirements. 
The  total  width  of  the  girder  will  then  be  22V4  in.  The  load  on  C«»  H  I^* 
22  500  lb,  or  II  250  lb  over  es^h  rod.  The  theoretical  sectional  area  in  square 
inches  necessary  to  rerUst  this  load  »  ix  250/13  000 for  cast  iron  and  11  250/1  000 
for  oak.  As  the  struts  must  be  the  full  width  of  the  girder,  however,  it  will 
be  necessary  to  make  the  sectional  area  much  greater  than  the  theoretical  re- 
quirements. If  made  of  cast  iron  the  strut  should  be  of  the  shape  shown  in 
Fig.  10.  and  if  of  oak,  of  the  shape  shown  in  Fig.  II.  The  cast-iron  strut  will 
be  the  best,  but  an  oak  strut  will  answer. 
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a.  It  is  required  to  support  a  floor  over  a  lecture-room  40  ft  wide, 
by  means  of  trussed  girders;  and  as  the  room  above  is  to  be  used  for  electrical 
purposes^  it  is  desired  to  have  a  truss  with  very  little  iron  in  it.  It  is  decided, 
therefore,  to  use  a  truss  such  as  is  shown  in  Fig.  9. 

Solution.    Where  the  girders  rest  on  the  wall,  there  will  be  brick  pilasters 
having  a  projection  of  6  in,  which  will  make  the  span  of  the  truss  39  ft,  and 
the  rods  RR  will  be  placed  so  as  to  divide  the  tie- 
beam  into  three  equal  spans  of  13  ft  each.    The  tie- 
beam  B  will  consist  of  two 

long-leaf  yellow  pine  beams, 

with  the   struts  5   coming 

between   them.    There   are 

two  rods,  instead  of  one,  at 

RR,  coming downon each  side 

of  the  struts  S,  and  passing 

through  iron  castings  below 

the  beams  B,  and  forming 

supports    for    them.     The 

height    of    the   truss  from 

center  to  center  of  timbers 

must  be  limited  to  18  in. 

The   trusses    are    8    ft   on 

centers. 

The  total  floor-area  supported  by  one  girder  is  8  by  39  ft,  or  312  sq  ft.  The 
heaviest  load  to  which  the  floor  will  be  subjected  is  the  weight  of  the  people 
in  the  room,  for  which  75  lb  per  sq  ft  is  an  ample  allowance;  and  the  weight 
of  the  floor  itself  is  about  xoo  lb  per  sq  ft.  This  makes  the  total  weight  liable 
to  come  on  one  girder  31  200  lb. 

T^     IS7  in 
Compression  in  5,  from  Formula  (18)  -  —  X    ^.      ■-  90  700  lb 

3       18  m 


Fig.  10.    Cast-iron  Strut 
for  Two  Tie-rods 


Fig.  11.    Wooden  Strut  for 
Two  Tie-rods 


Tension  in  one  pair  of  rods 


^  IK 

—  —  10  400  lb 

<9 


Tension  m  B  or  compression  m  I>»  — X    ^  .     ■  90 130  lb 

3       18  m 

As  the  unsupported  length  of  D  is  greater  than  that  of  5,  a  beam  that  will 
resbt  the  compression  in  D  will  be  ample  for  S.  We  find  from  Table  II,  Chap- 
ter XIV,  that  it  will  require  a  post  10  by  i  a  in  in  cross-section  to  resist  the  com- 
pression in  Df  which  is  i^  ft  in  length.  The  tension  in  each  rod  is  only  5  200  lb; 
but  as  the  rods  must  support  a  larger  washer  at  the  bottom,  they  are  made 
I  in  in  diameter,  not  upset.  The  tension  in  each  of  the  beams  B  is  45  065  1!). 
This  divided  by  i  200,  the  safe  unit  tensional  stress  for  long-leaf  yellow  pine 
"  37.6  sq  in,  or  about  2H  by  14  in. 

The  total  breadth  of  the  tie-beam  to  resist  the  transverse  load  is  foimd  from 
Formula  (25).    Assuming  14  in  for  the  depth  of  B 


Breadth  of  B 


31  200  X  13 
6X196X67 


5.15  in,  or  about  2H  in  for  each  beam 


The  breadth  of  each  tie-beam  must  therefore  be  2H  in-f-  2H  in-  sH  in. 
Hence  the  tie-beams  must  be  s  by  14  in  in  section.  The  girder,  therefore,  must 
be  built  with  10  by  14-in  strut-beams  and  two  s  by  14-in  tie-beams,  each  42  ft 
Jong.    The  i-in  rods  may  be  cut  H  in  into  the  strut-beams,  and  H  in  into  the  tie- 
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beams,  so  that  the  latter  will  come  dose  against  the  struts  5.  The  tfanist  of 
the  strut  S  is  equal  to  its  compressive  stress,  and  a  comiection  between  the  tie- 
beams  and  the  struts  must  be  designed  that  will  resist  this  thrust,  which  in  this 
case  is  90  700  lb.  As  the  inclination  of  the  strut  is  very  slight,  there  is  ample 
room  for  bolts.  It  is  best  to  use  bolts  which  are  at  least  i^  in  in  diameter. 
As  they  are  in  double  shear,  the  resistance  to  shearing  of  one  bolt  is  35  340  lb. 
(See  Table  IX,  page  431.)    Steel  bolts  are  used. 

The  bearing  area  of  a  iH-in  bolt  in  a  timber  10  in  wide  is  15  in.  For  the 
bearing  resistance  of  long-leaf  yellow  pine,  we  may  allow  i  400  lb  per  sq  in 
(Table  XVI,  page  647),  which  will  give  ai  000  lb  as  the  bearing  resistance  of 
one  I  H-in  steel  bolt.  As  the  force  to  be  resisted  is  90  700  lb,  it  will  require 
five  iH-in  steel  bolts  to  sustain  this  bearing  pressure,  the  reastance  to  shearing 
being  greater  than  this  stress. 

The  number  of  bolts  required  to  resist  the  bending  moment  must  now  be 
determined.  The  total  bending  moment  to  be  resisted  (see  page  434*  Chap- 
ter XII)  "  90  7CO  times  the  distance,  in  inches,  between  the  centers  of  the  tie- 
beams  divided  by  12,  or  90700X  ^%a  »  1x3375  in-lb. 

From  Table  IX,  page  431,  we  find  that  the  maximum  bending  moment, 
at  a  fiber-stress  of  20  000  lb  per  sq  in,  for  a  i  H-in  steel  bolt  is  6  630  in-lb. 
Hence  it  will  require  seventeen  i^-in  bolts  to  resist  the  thrust  in  5  without 
bending  the  bolts.  As  it  b  impracticable  to  put  in  so  many  bolts,  larger  ones 
must  be  used.  For  a  2H-in  steel  bolt,  the  maximum  bending  moment  is 
30  700  in-lb  (Table  IX,  page  431),  and  four  times  this  is  122  800  in-lb; 
hence  four  2W-in  steel  bolts  will  be  sufficient  to  resist  the  bending  stress,  and 
also  the  shearing  and  bearing-stresses.  It  will  be  seen  from  this  example  that 
it  is  much  more  difficult  and  expensive  to  make  satisfactor>'  end-joints  for 
girders  trussed  as  in  Figs.  7  and  9  than  it  is  for  the  single  and  double-strut 
trusses  like  those  shown  in  Figs.  6  and  8.  The  latter  forms  are  to  be  preferred 
when  the  conditions  will  admit  of  their  use. 

These  four  cases  of  tbussed  girders  are  but  special  examples  of  trusses. 
The  stresses  in  them  may  also  be  determined  by  the  methods  explained  in 
Chapter  XX\^I;  and  where  the  divisions  of  the  girder  cannot  be  made  uni- 
form, the  stresses  should  be  computed  by  the  general  methods  there  explained. 
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CHAPTER  XVm 

STIFFNESS  AND  DEFLECTION  OF  BEAMS 

By 
CHARLES  P.  WARREN 

LATE  ASSISTAin  PROFESSOR  OF  ARCHITECTURE,  COLUMBIA  UNIVERSITY 

1.  General  Principles  of  the  Deflection  o£  Beams* 

Strength  and  StifFness.  In  many  structures  it  is  necessary  that  beams  and 
girders  shall  be  not  only  strong  enough  but  stiff  enough;  that  is,  not  only 
must  RUPTURE  be  prevented,  but  the  beams  must  not  bend  so  much  as  to  ap^ 
pear  unsightly,  or  to  crack  the  cciKng.  Therefore,  in  many  cases,  deflection, 
rather  than  absolute  strength,  may  become  the  governing  consideration  in 
determining  the  size  of  a  beam.  Unfortunatelyf  there  is  no  method  at  present 
of  combining  the  two  calculations  for  strength  and  for  stiffness  in  one.  A 
beam  properly  proportioned  for  strength  will  not  bend  enough  to  stress  the 
fibers  beyond  the  elastic  limit,  but  it  may  in  some  cases  bend  more  than  a 
due  regard  for  appearances  will  justify.  The  distance  that  a  beam  bends 
under  a  given  load  is  called  its  deflection,  and  its  resistance  to  deflection  is 
called  its  stiffness. 

A  General  Formtda  for  the  Maximum  Deflection  of  any  beam  under  a 

concentrated  or  uniformly  distributed  load  not  stressed  beyond  the  elastic 

LIMIT  is: 

^  ^  ...  load  in  pounds  X  cube  of  span  in  inches  X  «  ,  . 

Deflection  m  mches  -  j-^ -—7-: — —7—  U/ 

modulus  of  elasticity  X  moment  of  mertia 

The  values  of  ^  are  as  follows: 

For  beam  supported  at  both  ends,  loaded  at  the  middle o.oar 

For  beam  Supported  at  both  ends,  uniformly  loaded 0.013 

For  cantilever  beam,  loaded  at  free  end 0.333 

For  cantilever  beam,  uniformly  loaded o.  135 

Deflection  of  Beam  with  Rectangular  Section.  By  making  the  proper 
substitutions  in  Formula  (z),  the  following  formula  for  a  rectangular  beam 
SUPPORTED  AT  BOTH  ENDS  and  LOADED  AT  THE  MIDDLE  may  be  derived: 

^  „      .      .    .    ,  load  in  pounds  X  cube  of  span  in  feet  X  i  72S 

Deflection  m  mches  «■  r — iir r — rz — TZTT^ ^^' 

4  X  breadth  X  cube  of  depth  X  E 

Modulus  of  Elasticity.  From  this  formula  the  value  of  the  MODiars  of 
ELASTICITY,  E,  for  different  materials,  has  been  calculated  by  accurately  measur- 
ing the  actual  deflection  of  known  beams  under  given  loads  applied  at  the 
middle  and  then  substituting  these  known  quantities  in  Formula  {2). 

Simple  Formula  for  Deflection.  Formula  (2)  may  be  simpUfled  some- 
what by  representing  1 72S/4E  by  ifF,  which  gives  the  formula 

WxP 
Deflection  in  inches  -  r — — — ri  (3) 

bX(fixFj 

For  a  DISTRIBUTED  LOAD  the  deflection  will  be  five-eighths  of  this. 

*  See.  alio,  in  Chapter  XVI.  formula  on  page  636  and  Table  XVI.  page  647. 

t  The  constant  f  corre»poad»  to  HatfieU's  F,  ia  his  treatise  oa  "Traosverse  Sttaioa." 
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To  Find  the  Load  at  the  Middle  that  will  cause  a  given  DEFLEcnoN, 
transpose  Formula  (2}  so  that  the  load  becomes  the  left-hand  member  of  the 
equation.    Thus: 

Load  at  middle     4  X  breadth  X  cube  of  depth  X  deflection  in  in  X  £ 
in  pounds      " 


(4) 


cube  of  span  X  1 7^8 

Limit  of  Deflection.  In  order  that  this  formula  may  be  of  use  in  deter- 
mining the  maximum  load  which  may  be  placed  upon  a  beam,  the  uiOT  of  the 
DEFLECTION  must  in  some  way  be  fixed.  This  is  generally  done  by  making  it  a 
certain  proportion  of  the  span. 

Allowable  Deflection  of  Floor-Beams.  Tredgold  and  other  authorities 
state  that  if  a  floor-beam  deflects  more  than  one-fortieth  of  an  inch  for 
EVERY  FOOT  OF  SPAN,  it  is  liable  to  crack  the  ceiling  on  the  under  side:  and  hence 
this  is  the  limit  which  is  often  set  for  the  deflection  of  beams  in  first-class 
buildings. 

Formulas  for  Deflection  of  Floor-Beams.  If  the  length  in  feet  divided 
by  40  is  substituted  for  the  deflection  in  inches.  Formula  (4)  becomes 

breadth  X  cube  of  depth  X  e 


Load  at  the  middle  « 


em 


square  of  span  in  feet 


(5) 


in  which 

17280 

Most  engineers  and  architects,  however,  think  that  onb-ihirtietb  of  an 
INCH  per  foot  of  SPAN,  that  is,  ^^0  of  the  span,  is  not  too  much  to  allow  for 
the  deflection  of  floor-beams,  as  a  floor  is  seldom  subjected  to  its  full  estimated 
load,  and  then  only  for  a  short  time. 

Table  I.    Values  of  Constants  for  Stiffness  or  Deflection  on  Beams* 


Cast  iron |  15 

Wrought  iron ■  26 

Steel 29 

Ash 

California  redwood 

Cedar 

Chestnut 

Cypress 

Douglas  fir 

Hemlock 

Long-leaf  yellow  pine 

Maple 

Norway  pine 

Short-Ieaif  yellow  pine 

Spruce 

White  oak 

White  pine 


000000 

000000 
000000 
482000 
700000 
700000 
goo  000 

900  CKO 
500  O30 
900000 
500  OX) 
9OJOOO 
100  000 
X>0  000 
JOOOOO 
500  000 
000  000 


34  7M 
60000 

67 130 
3430 

1  620 

X  620 

2080 
20S0 

3  47* 

2  oSo 

3472 
4400 
2546 
2777 
2  777 
347a 
231S 


862 

I  500 
i6t8 

87 
40 
40 
52 
52 
87 
SJ 
87 
no 

64 
«9 
69 
87 
58 


X  157 

2000 

2238 

114 

54 

54 

69 

69 

X16 

69 

116 

X46 

85 

9a 

92 

XI6 

77 


E  "  modulus  of  elnsticity.  pounds  per  square  iach;  seasoned  timber; 

F  "  constant  for  deflection  of  beam,  supported  at  both  ends,  loaded  at  middle; 

e  ■>  constant,  allowing  a  deflection  of  one-fortieth  of  an  inch  per  foot  of  span* 

ci  —  constant,  allowins  a  deflection  of  one-thirtieth  of  an  inch  per  foot  of  span; 
*  See.  also,  in  Chapter  XVI  formula  on  page  6?6,  and  Table  XVI,  page  647. 
t  See  Notes,  page  637,  regarding  reductions  in  value  for  £,  for  unseasoned  timber. 
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If  this  ratio  is  adopted,  the  conszami  for  oevlbctxon  becomes 

E 

ft« — 

12960 

Conatonts  for  Stiffness  or  Deflection  of  Beams.  In  either  of  the  above 
cases  it  is  evident  that  the  values  used  for  E,  F,  e,  or  eu  should  be  derived  from 
tests  on  timbers  of  the  same  size  and  quality  as  those  to  be  used.  The  values 
for  the  various  woods  given  in  the  preceding  table  have  been  adopted  by  the 
editors  after  careful  comparison  with  the  results  of  numerous  tests  on  large 
timbers  and  with  values  given  by  different  authorities.  The  editors  believe 
that  they  are  perfectly  reliable  for  first-class,  seasoned,  merchantable  timber. 

2.  Formulas  for  Loads,  Based  Upon  the  Stiffness  of  Beams 

Safe  Loads  for  Limited  Deflections  for  Rectangular  Beams.  Knowing 
the  deflection  caused  by  a  load  concentrated  at  the  middle  of  a  beam,  and  the 
SATio  OF  OTHER  DEFLECTiOKS,  caused  by  different  modes  of  loading  and  support- 
ing, formulas  for  Cases  I  to  VIII.  Figs.  1  t>  ^,  considered  under  the  strength  of 
KECTANGULAR  BEAMS  (Chapter  XVI),  can  be  easily  deduced.  These  cases,  ar- 
ranged in  a  different  order,  are: 

For  Beams  Supported  at  Both  Ends* 

Load  at  the  middle 

„  ,   ,      ,     breadth  X  cube  of  depth  X  ft  , .. 

Safe  load ; (6) 

square  of  span 

or, 

^       .  ,        load  X  square  of  span  ,  . 

Breadth  -  — .      ,  .      .  ^  (7) 

cube  of  depth  X  ei 

Load  at  a  pohit  other  than  at  the  middle,  at  and  n  being  the  segments  into 

which  flie  beam  is  divided 

„  ,   .     ,     breadth  X  cube  of  depth  X  square  of  span  x  ei  ... 

Safe  load  -  ^  ,,    -^   , (8) 

16  X  m«  X  n* 

or, 

^      _,  ^  loadXw*X«*Xi6  ,  . 

Breadth  -  -7 — 7-; — r (9) 

cube  of  depth  X  square  of  span  X  ei 

Load  uniformly  distributed 

«  ^   .     ^     8  X  breadth  X  cube  of  depth  X  ft  ,    .^ 

Safe  load- (10) t 

5  X  square  of  span 

or, 

_       -  ,         S  X  load  X  square  of  span  ,    . 

Breadth   -  ^- r — .  .      .  ^^ (11) 

8  X  cube  of  depth  X  ft 

Inclined  beam,  loaded  at  the  middle t 

^  ,   ,      ,  breadth  X  cube  of  depth  X  ft  /    v 

Safe  load  «  ■ (12) 

span  X  horizontal  distance  between  supports 

or, 

^       ,  ,        load  X  span  X  horizontal  distance  between  supports         ,    . 

Breadth ^=^ *  .      ,  .    ,.  ^ (13) 

cube  of  depth  X  ft 

*  In  Formulas  (6)  to  (17)  the  breadth  and  d^pth  are  to  be  taken  in  inches,  and  the 
length  or  span  in  feet.    The  load  is  alw^ays  in  pounds. 

The  values  given  in  either  of  the  last  two  columns  of  Table  I  may  be  used  for  e  or  ei, 
according  to  the  degree  of  stiffness  desired,  but  the  values  ti  in  the  last  column  are 
ample  under  ordinary  conditions. 

t  See.  also,  formula  in  Chapter  XVI,  page  636. 

X  Tredgold's  Elements  of  Carpentry,  pa^e  65. 
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For  Beams  Fixed  at  One  End,  or  CantUever  Beams 

Load  at  the  free  end 

_  ,  ,     ,     breadth  X  cube  of  depth  X  «i  .    . 

Safe  load- (14) 

16  X  square  of  spaa 


or. 


or. 


Breadth   -  '6  X '"'^  X  «!"«"  °f  »P"  (    ) 

cube  of  depth  X  ft 

Load  unifonnly  distribttted 

_  -   ,    J     breadth  X  cube  of  depth  X  ft  .  -. 

Safe  load ;: — =- (i6) 

6  X  square  of  span 

Q».^*k       6  X  load  X  square  of  span 

JSzeaatn  •■ — r-^ — (17} 

cube  of  depth  X  ft 

Kote.  When  the  span  in  feet  is  less  than  the  depth  in  inches,  the  beams 
should  not  be  calculated  by  the  formulas  for  stiffkess,  but  by  those  for  hori- 
zontal SHEAS.    (See  Chapter  XVI,  page  635.) 

3.  Relative  Stiffness  of  Beams 

Beam  supported  at  both  ends  and  loaded  at  the  middle z 

Beam  supported  at  both  ends  and  uniformly  loaded H 

Beam  fixed  or  restrained  at  both  ends  and  loaded  at  the  middle. . .  4 

Beam  fixed  or  restrained  at  both  ends  and  uniformly  loaded 8 

Cantilever  beam  loaded  at  the  free  end Me 

Cantilever  beam  uniformly  loaded H 

The  Stiffest  Rectangular  Beam  containing  a  given  amount  of  material  is 
that  in  which  the  ratio  of  depth  to  breadth  is  as  10  is  to  6;  hence,  in  designing 
beams,  the  depth  and  breadth  should  be  made  to  approach  as  near  this  ratio  as 
is  practicable. 

Example  x.  What  is  the  greatest  distributed  load  that  an  8  by  10  in  white- 
pine  girder,  20  ft  in  span,  will  support,  without  deflecting  at  the  center  more 
than  one-thirtieth  of  an  inch  per  foot  of  span? 

Solution.  This  girder  comes  under  the  case  of  a  beam  supported  at  both 
ends  and  loaded  with  a  uniformly  distributed  load,  and  hence  should  be  calcu- 
lated by  Formula  (10).    Substituting  the  given  dimeosions  in  Formula  (10), 

Safe  load  => 3  464  lb 

5X400 

Example  a.  What  should  be  the  dimensions  of  a  long-leaf  yellow-pine  beam, 
10  ft  in  span,  to  sup[x>rt  a  concentrated  load  of  4  250  lb  at  the  middle  without 
deflecting  more  than  one-third  of  an  inch  at  the  center? 

Solution.  A  deflection  of  one- third  of  an  inch  in  a  span  of  10  ft  is  in  the  pro- 
portion of  one-thirtieth  of  an  inch  per  foot  of  span;  and  as  the  load  is  concen- 
trated at  the  middle.  Formula  (7)  should  be  used,  with  ft,  the  value  given  in  the 
fourth  column  opposite  long-leaf  yellow  pine. 

Formula  (7)  gives  the  dimensions  of  the  breadth,  but  in  order  to  obtain  it, 
a  value  for  the  depth  must  first  be  assumed.  For  such  a  short  span,  xo  inches 
would  seem  to  be  a  proper  depth. 

Substituting  in  Formula  (7) 

u      ^*u      4  350  X  100         .  . 
Breadth  ■■ «  3.6  m 

z  000X116 
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Hence  it  will  be  necessary  to  use  a  4  by  lo-in  beam.  As  the  span  of  this 
beam  in  feet  is  the  same  as  its  depth  in  inches,  it  should  be  tested  to  see  if  it 
meets  the  requirements  for  strength  also.  From  Table  XII»  page  643,  it 
is  found  that  the  safe  distributed  load  for  a  x  by  lo-in  beam,  xo  ft  in  span,  is 
I  333  lb,  and  for  a  4  by  lo-in  beam  the  safe  load  would  be  four  times  as  much, 
or  5  532  lb.  The  load  in  this  example,  however,  is  applied  at  the  middle; 
hence  the  safe  distributed  load  must  be  divided  by  2,  which  gives  2  666  lb  for 
the  safe  load  at  the  middle.  As  this  is  much  less  than  the  load  to  be  carried, 
the  size  of  the'beam  should  be  increased  to  4  by  16  in.  In  general  it  is  not  safe 
to  use  the  forkulas  for  stiffness  when  the  span  in  feet  does  not  exceed  the 
depth  in  inches. 

Example  3.  What  is  the  largest  load  that  an  inclined  spruce  beam  8  by  x  2  in 
in  cross-section  and  x6  ft  in  length  between  the  supports  will  carry  at  the 
middle,  consistent  with  stiffness,  the  horizontal  distance  between  the  supports 
being  14  ft? 

Solntion.  Formula  (12)  is  the  one  to  be  used  in  this  case.  Assuming  the 
limit  of  deflection  at  one-thirtieth  of  an  inch  per  foot  of  span,  the  value  of  ei 
is  found  opposite  spruce  in  the  last  column  of  Table  I.  Making  the  proper 
substitutions, 

c  X   1     J     8Xx  728X92        ^  _  ,. 

Safe  load -^ -  5  678  lb 

x6X  14 

4.   Cylindrical  Beams 

Formulas.  The  formulas  for  beams  with  square  cross-sections  may  be 
used  for  beams  with  circular  cross-sections,  if  1.7  X  0  is  substituted  for  e. 
That  is,  other  conditions  being  equal,  a  cyundrical  beam  bends  or  deflects 
X.7  times  as  much  as  a  beam  the  cross-section  of  which  is  the  square  circum- 
scribing the  circular  cross-section  of  the  cylindrical  beam. 

5.  Safe  Loads  for  Wooden  Beams  for  a  Given  Deflection 

Use  of  Tables  and  Formulas.  Tables  VII  to  XV,  inclusive,  pages  638  to 
646,  giving  the  safe  loads  for  beams,  give,  also,  the  maximum  loads  for  beams, 
z  in  thick,  that  will  cause  a  deflection  not  exceeding  Viao  of  the  span,  that  is, 
l^  in  per  foot  of  span.  Where  two  loads  are  given  for  any  span  or  depth  the 
upper  load  is  calculated  for  strength  and  the  lower  load  for  deflection. 
Where  one  load  is  given  the  calculation  is  for  strength,  as  the  calculation  for 
deflection  in  those  particular  beams  would  give  an  excessive  load  (Example  2). 
To  6nd  the  corresponding  load  for  any  thickness,  multiply  the  load  given  in 
the  table  by  the  breadth  of  the  beam  in  inches.  Suppose,  for  example,  that  it 
*s  required  to  find  the  greatest  distributed  load  that  an  8  by  xo-in  white-pine 
girder,  20  ft  in  span,  will  support,  without  deflecting  at  the  center  more  than 
one-thirtieth  of  an  inch  per  foot  of  span.  Referring  to  Table  VIII,  page  639, 
giving  the  safe  loads  in  pounds  for  white-pine  beams,  two  values  are  found 
opposite  the  20-ft  span,  389  and  308,  the  latter  being  the  safe  load  for  deflection. 
The  safe  load,  therefore,  for  an  8  by  xo-in  girder  will  be  eight  times,  or 
308  X  8  •<■  2  464  lb,  which  agrees  with  the  safe  load  for  the  same  girder  calcu- 
lated for  deflection  by  Formula  xo,  Example  x. 

f.  Nominal  and  Standard  Sizes  of  Wooden  Beams 

Conversion  Factors  for  Wooden  Beams  of  Standard  Size.  Table  11 
may  be  used  for  beams  that  measure  less  than  the  nominal  dimensions. 
Pressed  beams,  and  in  many  localities  floor-joists  carried  in  stock,  are  more 
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or  leRs  SCANT  of  the  nominal  dimensions,  and  for  such  ioists  a  reductioQ  in  the 
safe  load  must  be  made  to  correspond  to  the  reduction  in  size.  The  dressed 
SIZES  are  generally  H  in  scant  up  to  4  in  in  breadth*  above  which  they  are  Mt  in 
scant;  while  in  depth  they  are  all  generally  ^  in  less  than  the  noicinal  sizes. 
The  safe  loads  may  be  obtained  by  multiplying  the  safe  loads  as  given  in 
Tables  VII  to  XV,  pages  638  to  646,  by  the  factobs  given  in  the  following 
table: 

Table  IL    Convenioa  Facton  for  Beams  of  Coiamercial  or  Staadaxd  Siios 


Cross-sections 

1 
Crass^ections 

of  beams  ia 

Factors 

of  beams  iti 

Factors 

inches 

1 

inches 

iHxsH 

1.47 

I^iXllli 

I  61 

2^iXsH 

2.31 

2^iXllVi 

2  S3 

1HX6M 

X.51 

i^ixnVi 

161 

a«x6Vi 

a. SI 

a^4Xi3'/i 

2  56 

iHX7H 

.     1  S4 

mxis^i 

16s 

xMxi^i 

2  42 

2^4XI5V4 

2  S8 

mx9^i 

1.58 

I?4XI7Vi 

X6s 

2?1X9W 

248 

1 

2.6o 

Bnmple  4.  What  is  the  safe  load  for  a  iM  by  i3Vi-in  spruce  beam«  i8-ft 
span? 

Solution.  From  Table  V^II.  page  639,  the  safe  load  for  a  i  by  r4-in  beam 
is  847  lb.  Multiplying  this  by  2.56  the  product  is  a  168  lb.  the  safe  distributetJ 
load  for  a  beam  39i  by  13 Vi  in  in  cross-section.  For  a  full.  ** nominal"  size. 
3  by  X4-in,  the  safe  load  would  be  2  S4i  lb. 


7.  Deflection  of  Steel  Beams 

General  Formula.  The  deplection  of  any  steel  beam  may  be  found  by 
means  of  Formula  (i),  page  663. 

Example  5.  It  is  required  to  determine  the  deflection  of  a  xs-tn  3X-S-Ib 
beam,  20  ft  in  span,  under  its  maximum  uniformly  distributed  load  of 
9.59  tons. 

Solution.  The  load  in  pounds  «  9-59  tonsX  2  000  -  x9  180  lb:  the  span  in 
inches  >■  20  ftX  12  ••  240  in;  c,  for  a  beam  supported  at  both  ends  and  uni- 
formly loaded,  from  the  values  given  under  Formula  (i),  is  0.013:  £.  for  steel  is 
29  000  000  lb  per  sq  in  (Table  I,  page  664) :  and  the  moment  of  inertia,  from 
the  properties  of  steel  I  beams,  page  35 s«  is  215.8.  Substituting  these  values 
in  Formula  (i),  i)age  663, 

r»  ii    *•      •    •    1.        19  180 X  240*  X  0013         ..    . 

Deflection  m  inches  •■ —  —  0.551  m 

29000000X  215.8 

The  allowable  deflection  is  V^o  of  an  inch  per  foot  of  span,  or  ^%o  «  0.666  in. 

Coefficients  of  Deflection.  In  order  to  save  the  time  required  to  use  th? 
DBFLECTiON-FORifULA,  coEFFiciEhfTS  OF  DEFLECTIOK  have  been  Worked  out  for 
different  spans  and  are  given  in  Table  III. 
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Tkibte  nL    Coeffldnti  of  Defleedm  for  UBlfoniilsr  Ptttrilwtittl  Loads* 


Fiber-etress.  pounds  per 

Fiber-«trea,  pounds  per 

Span  in 
feet 

square  inch 

Span  in 
feet 

square  inch 

x6  000 

14000 

13  500 

x6ooo 

X4000 

xa500 

X 

O.OI7 

0.0x4 

0.0x3 

a6 

XX. 189 

9.790 

8.74X 

a 

0.066 

0.058 

o.Qsa 

37 

xa.o66 

XO.558 

9-437 

3 

O.X49 

0.130 

o.xx6 

a8 

X3.977 

11.354 

10.X38 

4 

o.a65 

o.a3a 

0.307 

39 

13930 

xa.i8o 

10.875 

5 

0.414 

0.36a 

0.333 

30 

14.897 

13034 

XX. 638 

6 

0.596 

o.sax 

0.466 

3X 

15.906 

13.918 

X3.437 

7 

0.811 

0.710 

0.634 

33 

16.949 

14.830 

13.341 

8 

1.059 

0.937 

o.8a8 

33 

X8.035 

15.773 

X4.063 

9 

I.34X 

X.173 

1.047 

34 

19.134 

X6.743 

14.948 

10 

1.655 

1.448 

1393 

35 

ao.a76 

17.741 

X5.84X 

XX 

a. 003 

X.753 

1.56s 

36 

31.451 

X8.770 

16.759 

la 

a. 383 

a. 086 

i.R6a 

37 

aa. 659 

19.827 

17.703 

13 

a. 797 

3.448 

a.  185 

38 

33.90X 

30.913 

X8.673 

14 

3-344 

a.839 

a. 534 

39 

35.175 

aa.oaB 

19668 

XS 

3.734 

3.359 

3.909 

40 

36.483 

33.173 

ao.690 

x6 

4.237 

3.708 

3  310 

41 

37.833 

34.346 

31.737 

X7 

4.783 

4.186 

3  737 

43 

39.197 

35.548 

aa.8io 

i8 

5.363 

4  692 

4  190 

43 

30.604 

36.779 

23.909 

19 

5. 975 

5-328 

4668 

44 

31-954 

38.039 

35-034 

ao 

6.6ax 

5.793 

5. 173 

45 

33.517 

39338 

a6.i85 

ax 

7.399 

6.387 

5.703 

46 

35.033 

30.646 

37.363 

32 

8. on 

7.010 

6.259 

47 

36.563 

31  993 

38  565 

23 

8.756 

7.661 

6.?4I 

48 

38.135 

33.368 

39  793 

u 

9.534 

8.34a 

7.448 

49 

39.741 

34.773 

31.047 

25 

10.345 

9.05a 

8.08a 

50 

41.379 

36.207 

33.338 

*  Taken  by  permission  from  Pocket  Companion,  CamcKie  Steel  Company. 

To  find  the  deflection  in  inches  of  a  section  sykmetkical  about  the  neutral 
AXIS,  such  as  the  section  of  an  I  beam,  channel,  zee,  etc.,  divide  the  coefficient 
in  the  table  corresponding  to  the  given  span  and  fiber-stress  by  the  depth  of  the 
section  in  inches.  To  find  the  deflection  in  inches  of  a  section  not  symmetrical 
ABOUT  THE  NEUTRAL  AXIS,  such  as  the  section  of  an  angle,  tee,  etc.,  divide  the 
coefficient  corresponding  to  the  given  ^>an  and  fiber-stress  by  twice  the  distance 
of  the  extreme  fiber  from  the  neutral  axis,  obtained  from  the  tables  of  Chapter  X. 
To  find  the  deflection  in  inches  of  a  section  for  any  other  fiber-stress  than 
the  fiber-stresses  given,  multii^y  this  fiber-stress  by  any  of  the  coefficients  in 
Table  III,  for  the  given  span,  and  divide  by  the  fiber^stress  corresponding  to  the 
coefficient  used. 

Eimmple  6.    Required  the  deflection  of  a  lo-in  35-lb  beam  of  xo-ft  span,  under 

its  maximum  distributed  load  of  13  tons,  the  fiber-stress  being  taken  at  16  000  lb 

per  sq  in.    Table  III  gives  x.655  as  the  deflection-coefficient,  and  dividing  this 

by  10,  the  depth  of  the  beam  in  inches,  the  result  is  x.655/10- 0.X655,  for 

the  deflection  at  the  middle.    By  Formula  (i),  page  663,  the  deflection  for 

.1-  V  J  1    J      36  000  X  X  728  OOP  X  0.013  ^       .      ., 

the  same  beam,  span,  and  load  -  — 0.X049  m,  the 

39  000  000  X  X 33.x 
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two  results  being  neariy  identicaL  For  the  same  beam,  a  span  of  x8  f t  and  a 
load  ol  7.3  tons,  the  deflection  by  the  table  is  0.5363  in;  and  by  Formula  (i), 
0.5328  in,  practically  the  same  result. 

Safe  Loads  and  Deflection.  In  the  tables  of  Chapter  XV,  giving  the  safe 
loads  for  I  beams,  channels  and  roiled  beams  of  other  cross-sections,  the  loads 
given  are  for  the  save  uiot  or  deflection;  and  the  safe  loads,  also,  are  given 
which  will  cause  deflections  of  more  than  ViM  of  the  span-length  in  inches. 

Lateral  Deflection  of  Beams.  When  the  unbraced  length  exceeds  ten 
times  the  width,  the  tabular  safe  loads  should  be  reduced  in  accordance  with 
the  ratios  given  in  the  following  table  in  order  to  insure  that  the  stresses  in  the 
compression-flanges  should  not  exceed  the  allowed  safe  unit  stress: 


Length  of  span 


5  X  f1anff&-width 
10  X  flange-width 
15  X  flange-width 
20  X  flange-width 


Allowable  safe  load 


Pull  Ubular  load 
Pull  tabular  load 
90.6%  tabular  lobd 
81.3%  tabular  load 


Length  of  spaa 


Allowable  safe  load 


3S  X  f!ange-width 
30  X  flange-width 
35  X  flange-width 
40  X  flange-width 


71.9%  tabular  load 
6a.5%  tabular  load 
53.1%  tabular  load 
43.8%  tabular  load 


« 


In  addition  to  this  lateral  deflection  which  is  induced  within  the  beam  by 
the  action  of  pure  bending-stresses,  lateral  deflection  may  be  induced  by  the 
thrust  of  floor-arches  or  other  loading  acting  on  an  axis  perpendicular  to  the 
line  of  principal  bending-stress.  The  thrust  of  these  arches  should  either  be 
neutralized  by  tie-rods,  or  the  safe  carrying  capacity  of  the  beam  should  be 
computed  in  accordance  with  the  general  formulas  of  flexure  to  provide  for 
the  combined  stresses  due  to  the  action  of  both  vertical  and  horizontal  forces; 
that  is  to  say,  the  safe  loads  should  be  figured  around  both  the  axes  i-i  and 
2-3,  and  the  unit  stress  computed  so  as  not  to  exceed  16  000  lb  per  sq  in. 


»* 


8.  Graphical  Determinatioii  of  Deflection  of  Boams 


The  Deflection  of  a  Beam  with  parallel  flanges  and  constant  moment  of 
inertia  may  be  detebmiiied  graphically.    The  deflected  form  is  identical 

with  the  bending-moment  curve  for  the 
beam  with  a  load  distributed  in  a  form 
similar  to  that  of  the  bending-moment 
diagram.    Fig.  1  is  a  beam  of  length  /. 

The  moment-curve  due  to  loading 
ABC  is  the  deflection-curve  due  to 
concentrated  load  P.  The  deflection* 
curve  is  obtained  graphically  by  divid- 
ing area  ABC  into  thin  vertical  strips 
and  constructing  force  and  equilibrium* 
polygons  (page  396).  If  a  pole-distance 
be  chosen  bearing  a  convenient  ratio 
to  EI  {E  is  the  Modulus  of  Elasticity 
of  the  material  and  /  the  Moment  of 
Fig.  1.  Moment  and  Defleetton-dlagtams  Inertia  of  the  cross-section  of  the  beam), 
of  Beam  Loaded  at  the  Middle  the  deflection  at  any  point  of  the  beam 

will  have  the  same  ratio  to  the  scaled 
ordinate  at  that  point  of  the  equilibrium-polygon. 
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CHAPTER  XIX 

STEENGTH  AND  STDPFXBSS  OF  CONTIlfUOUS 

GIEDEftS 

BY 

CHARLES  P.  WARREN 

LATE  ASSISTANT  niOraSSOR  OF  ARCHtTECTURE,  COLUMBIA  UNn^ERSITY 

1.  General  Considerations 

Continuous  Versus  Single-Span  Girders.  A  continuous  girder  is  one 
rioting  upon  three  or  monp  supports,  ss  distinguished  from  a  simple  girder 
which  rests  upon  two  supports.  Continuous  girders,  except  in  reinforced-con« 
Crete  construction,  and  in  some  types  of  grillage-foundations,  are  of  rare  occur- 
rence in  building-construction.  While  in  almost  every  building  of  importance 
it  is  necessary  to  employ  girders  resting  upon  piers  or  columns,  placed  from  15 
to  20  ft  apart,  and  while  in  many  cases  steel  girders  could  conveniently  be  ob- 
tained which  would  span  two  and  even  three  of  the  bays  between  the  supports, 
they  are  practically  limited  to  one*story  buildings,  because  in  tall  buildings  it  is 
better  construction  to  have  the  vertical  rather  than  the  horizontal  supports 
continuous.  Many  different  opinions  are  held  as  to  the  relath'e  strength 
and  STIFFNESS  of  continuous  and  non-continuous  girders,  and  different  formulas 
have  been  proposed  from  time  to  time;  but  in  this  chapter  the  mathematical 
discussions  will  not  be  given.* 

Continuous  Girders  and  Oyerhanging  Girders.  In  all  continuous 
GIRDERS,  the  end-spans  (Fig.  2)  are  somewhat  in  the  condition  of  a  simple 
GIRDER  with  ONE  OVERHANGING  END,  while  the  Other  spans  are  somewhat  in 
the  condition  of  a  simple  girder  with  two  overhanging  ends.  At  each  inter- 
mediate support  there  is  a  negative  bending  moment,  the  effect  of  which 
is  to  reduce  the  bending  moments  between  the  supports. 

2.  Supporting  Forces  or  Reactions  of  Continuous  Girders 

Continuous  Girder  of  Two  Equal  Spans.  Concentrated  Load  at  the 
Middle  of  Each  Span.  If  a  girder  of  two  spans,  each  equal  to  /  (Fig.  1),  be 
loaded  at  the  middle  of  the  left  span  with  P  lb,  and  at  the  middle  of  the  right 
span  with  P\  lb,  the  reaction  at  the  support  Rx  is  determined  by  the  formula 

13P-3P1  ,, 

Ri (i) 

32 

the  reaction  at  the  support  R^  by 

i^.-HloCP  +  Pi)  (2) 

and  the  reaction  at  the  support  Ri  by  the  formula 

3a 

*  For  the  derivation  of  the  following  formulas,  see  an  article  by  F.  E.  Kidder  on  this 
pibj«ct.  in  Van  Nostraod's  Engioeering  Magazine,  July,  x88t. 
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If  P  -  Pu  then  each  of  the  end-supports  must  support  M«  P  and  the  nuddle 
support  *^t  P.  If  the  girder  is  cut  so  as  to  make  two  girders  of  one  span 
each,  then  the  end-supports  will  carry  ViP  or  fit  P,  and  the  middle  support 

>M«  P'  Hence,  it  is  seen  that  by  using 
the  continuous  girder  of  three  spans,  the 
reactions  of  the  end-supports  are  dimin- 
ished, while  the  reaction  at  the  middle 
support  is  increased. 

Continttoas  Girder  of  Two  Spaaa. 
Umformly  Distrflmtad  Load  Over  Bach 
Span  (Fig.  1).  Load  over  each  span  equals  w  lb  per  unit  of  length.  Let  / 
be  the  length  of  the  left  span  and  /i  the  length  of  the  right  span.  Reaction  of 
left  support 


FSg.  1.    Continuoui  Girder  of  Two  Spans 


Reaction  of  middle  support. 
Reaction  of  right  support 


(4) 


(S) 


(6) 


When  both  spans  are  equal  to  /,  the  reaction  of  each  end^support  is  H  w/>  and 
of  the  middle  support  H  f(^;  hence  the  girder,  by  being  continuous,  reduces  the 
reactions  of  the  end-supports,  and  increases  that  of  the  middle  support  M,  or 
25%. 

Continuotts  Girder  of  Three  Equal  Spans.  Concentrated  Load  of  P  Pooada  at 
the  Middle  of  Each  Span  (Fig.S). 

Reaction  of  either  abutment 


Reaction  of  either  middle  support 

RflU'^^^P 


(8) 


or  the  reactions  of  the  two  end-supports  are  ^o  less»  and  those  of  the 
two  middle  supports  Ho 
greater  than  they  would 
have  been  had  three 
separate  girders  of  the 
same  cross-section  been 
used,  instead  of  one  con- 
tinuous girder. 

Contfamoos  Girder  of  Three  Equal  Spans.    Uniformly  Distributed  Load  Over 
Each  Span  (Fig. I).    The  load  per  unit  of  length  is  w  lb. 
Reaction  of  either  end-support 


Fig.  2.    Continuous  Girder  of  Three  Spans 


Reaction  of  either  middle  support 

Ri^Ri^Hiowl 


(9) 


do) 


Hence  the  reactions  of  the  end-supports  are  H  less,  and  of  the  middle  supports 
Ho  more,  than  if  the  girder  were  not  continuous. 
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S.  Bending  Moments  of  Continttoas  Girders 

Streagth  of  Continaoas  Girders.  The  strength  of  a  girder  depends  upon  its 
material  and  the  shape  of  its  cxoss-section,  and  also  upon  the  disposition  of  the 
external  loads  imposed  upon  it.  The  latter  give  rise  to  the  bending  moments. 
which  are  measures  of  the  tendencies  of  the  external  forces,  such  as  the  loads 
and  the  supporting  forces,  to  bend  or  to  break  the  girder.  It  is  the  difference 
in  the  nunierical  values  of  these  bending  moments  which  causes  the  difference 
in  the  flexural  strength  of  continuous  and  non-continuous  girders  of  the 
same  cross-section. 

Continuoos  Girders  of  Two  Spans.  When  a  beam  is  at  the  point  of  breaking 
by  flexure,  the  flexure-formula,  M  »  SI/c,  is  frequently  used  to  calculate  a 
NOMINAL  UNrr  stress  developed  in  the  beam;  and  when  the  beam  has  a  rec- 
tangular cross-section  the  formula  takes  the  form  (see  page  635) 

Maximum  bending      Modulus  of  rupture  ^  X  breadth  X  square  of  depth  .    . 
moment  "  6 

la  order  that  the  beam  may  carry  its  load  with  perfect  safety,  the  breaking-load 
must  be  divided  by  a  proper  factor  of  safety.  Hence,  if  the  maximum 
BENDING  moment  of  a  beam  can  be  found  under  any  conditions,  the  required 
dimensions  of  the  beam  can  easily  be  determined  from  Formula  (11).  (See 
Table  I,  page  557,  for  the  safe  values  of  the  fiber-stresses.)  The  greatest 
bending  moment  for  a  continuous  girder  of  two  spans  is  almost  always  over  the 
middle  support,  and  is  a  minus  bending  moment,  if  the  plus  sign  is  given  to 
the  maximum  bending  moments  between  the  supports.  It  is  the  nttmerical 
VALUE  only,  however,  that  is  considered. 

Continuous  Girder  of  Two  Spaas.  Distributed  Load  over  Bach  Span.  The 
greatest  bending  moment  in  a  continuous  girder  of  two  spans,  /  and  l\  (Fig.  1), 
loaded  with  a  uniformly  distributed  load  of  10  lb  per  unit  of  length  is  over  the 
middle  support  and  is 

Maximum  bending  moment  -»  — — — —  (12) 

When  /  ■•  /t,  or  both  spans  are  equal, 

Maximum  bending  moment  >  uP/^  (12a) 

which  is  the  same  as  the  maximum  bending  moment  of  a  beam  supported  at 
both  ends  and  uniformly  loaded  over  its  whole  length.  Hence  a  continuous 
girder  of  two  spans  uniformly  loaded  is  no  stronger  as  far  as  flexure  is  concerned 
than  if  non-continuous. 

Continuous  Girder  of  Two  Equal  Spaas.  Concentrated  Load  at  the  Middle 
of  Each  Span.  The  greatest  bending  moment  in  a  continuous  girder  of  two 
equal  spans,  each  of  length  /,  loaded  with  P  lb  at  the  middle  of  one  span,  and 
with  Pi  lb  at  the  middle  of  the  other,  is 

Maximum  bending  moment  -  %2  l{P-\-  Pi)  (13) 

*  The  modulus  of  rupture  is  equal  to  the  ultimate  flexural  unit  stress  developed  in  a 
beam  when  the  beading  moment  is  Rreat  enough  to  cause  failure,  and  is  expressed  in 
pounds  per  square  inch.  It  usually  lies  between  the  ultimate  unit  compressive  strength 
and  the  ultimate  unit  tensile  strength  of  the  material.  (See,  also,  Chapter  XV,  page 
556.)  It  is  to  be  noted,  that  the  flexure-formula  M  "  SI /c  is  not  really  applicable  to 
beams  of  materials  for  which  the  stresses  are  not  proportional  to  the  deformation,  nor  to 
noa-homogeoeous  beams,  nor  to  beams  under  stresses  greater  than  the  elastic  limit  oi 
the  material. 
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When  P  «  Pi,  or  the  two  loads  ue  equal,  this  beoomes 

Maximum  bending  moment  -  ^i«  PI  (13a) 

or  H  less  than  its  value  when  the  beam  is  cut  at  the  middle  support.* 

Continuous  Girder  of  Three  Spans.  Uniformly  Distributed  Load  O^er  Each 
Span.  The  greatest  bending  moment  in  a  continuous  girder  of  three  spans 
loaded  with  a  uniformly  distributed  load  of  w  lb  per  unit  of  length,  the  length 
of  each  end-span  being  U  and  of  the  middle  span  /,  is  at  either  of  the  middle  sup- 
ports, and  is  determined  by  the  formula 

Maximum  bending  moment  -  -— --; rr  (14) 

4  Ci  /  +  2  /i) 

When  the  three  spans  are  equal,  this  becomes 

Maximum  bending  moment  -*  u'/'/ 10  (14^) 

or  H  less  than  what  it  would  be  were  the  beam  not  continuous. 

Coatinuous  Girder  of  Three  Equal  Spans.  Concentrsted  Load  of  P  Ponnds  at 
the  lliddle  of  Each  Span.  The  greatest  bending  moment  in  a  continuous 
girder  of  three  equal  spans,  each  of  a  length  /,  and  each  loaded  at  the  middle 
with  P  pounds,  is 

Maximum  bending  moment  *  Ho  PI  (15) 

or  H  less  than  that  of  a  non-continuous  girder. 

4.  Deflection  of  Conttnuoui  Girders 

Continuous  Girder  of  Two  Equal  Spaas.  Uniformly  Distributed  Load  Over 
Each  Spaa.  The  greatest  deflection  of  a  continuous  girder  of  two  equal  spans 
loaded  with  a  uniformly  distributed  load  of  w  lb  per  unit  of  length  is 

Maximum  deflection  -  0.005416  ui^/EI  (16) 

in  which  E  is  the  modixus  op  elasticity  and  /  the  icouent  of  tNERHA  of  the 
cross-sfction  of  the  beam.  The  greatest  deflection  of  a  similar  beam  supported 
at  both  ends  and  uniformly  loaded  is 

Maximum  deflection  •  o.oi30Cow/^/£/ 

Hence  the  deflection  of  the  continuous  girder  is  only  atx>ut  H  that  of  a  non- 
continuous  girder.  The  greatest  deflection  of  a  continuous  girder  of  two  spans 
is  not  at  the  middle  of  either  span,  but  between  the  middle  point  of  a  span  and 
one  of  the  abutments.  The  greatest  deflection  of  a  continuous  girder  of  two 
equal  spans,  loaded  at  the  middle  of  one  span  with  a  load  of  P  lb,  and  at  the 
middle  of  the  other  with  P\  lb,  is,  for  the  span  with  the  load,  P 

Maximum  deflection — — r —  (17) 

I  536  £/ 

for  the  span  with  load  Pi 

Maximum  deflection  ■■ '  ^  1., —  (17a) 

1  536  EI 

When  both  spans  have  the  same  load 

Maximum  deflection  -  ^Att  PP/ET  (17^) 

*  In  this  continuoas  beam  the  maximum  bending  moment  is  the  minus  bending  mo- 
ment over  the  middle  support  and  in  each  of  the  two  simple  beams  the  maximum  bend- 
ing moment  is  a  plus  bending  moment  and  is  between  two  supports. 
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The  greatest  deflection  of  a  simple  beam  supported  at  both  ends  and  loaded 
at  the  middle  with  P  lb  is 

Maximum  deflection  «  P/'/48  EI 

or  the  deflection  of  the  continuous  girder  is  only  Ma  that  of  a  non-continuous  one. 

CoBtmnoos  Oinler  of  Three  Equal  Spans.    ITalfonnly  IMstriboted  Load  Oref 
Badi  Span. 
The  load  per  unit  of  length  is  w  lb. 

Greatest  deflection  at  the  middle  of  middle  span  ->  0.00052  wl*/EI       (18) 
Greatest  deflection  in  the  end-spans  -  0.006884  ufl*/EI     (19) 

Hence  the  maximum  deflection  of  the  continuous  girder  is  only  about  H  that 
of  a  non-continuous  girder. 

Continuous  Girder  ci  Three  Bqoal  Spans.    Concentrated  Load  P  at  the  Middle 
of  Bach  Spaa. 

Greatest  deflection  at  the  middle  span  «  ^so  PP/EI  (20) 

Greatest  deflection  at  the  middle  of  end-spans  -  ^Hso  PP/EI  (21) 

Hence  the  maximum  deflection  of  the  continuous  girder  is  only  ^Ho  oC  that  of 
the  non-continuous  girder. 
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Sopports  and  Reactions  of  Comdmious  and  Noa-Continnous  Oiiders.  From 
the  foregoing,  some  conclusions  can  be  drawn  which  will  be  of  use  in  deciding 
whether  it  is  best  in  any  case  to  use  a  cx>ntinuous  or  a  non-continuous 
cntDCR.  From  the  formulas  given  for  the  reactions  of  the  supporting  forces 
in  the  different  cases  of  continuous  girders  it  is  seen  that  the  oid'^upports  do 
not  bear  as  much  of  the  load  as  they  do  when  the  girders  are  non-continuous. 
The  difference  is  added  to  the  reactions  of  the  other  sopports.  This  might  be 
of  advantage  in  a  building  in  which  the  girders  run  across  the  building,  and 
have  their  outside  ends  supported  by  the  side  walls  and  their  inside  ends  by 
piers  or  colunuis.  In  this  case,  by  using  continuous  girders,  part  of  the  load 
cxmid  be  taken  from  the  walls  and  transferred  to  the  piers  or  columns.  But  in 
cases  of  this  kind,  the  vibration  may  have  to  be  considered.  If  the  building 
is  a  mill  or  factory  in  which  the  girders  support  machines,  any  vibration  in  the 
middle  span  of  the  girder  is  carried  to  the  side  walls  if  the  girder  is  continuous; 
while  if  non-continuous  girders  are  used,  with  their  ends  an  inch  or  so  apar^ 
little  or  no  vibration  is  carried  to  the  side  walls  from  the  middle  span.  In  all 
cases  of  important  construction  the  supporting  forces  should  be  carefully 
considered.  1 1 

Relalira  Steenglh  d  Ceatiattous  aad  KoB-^^entlnaous  Girdera.  As  the 
RELATIVE  STRENGTH  of  coutinuous  and  non-continuous  girders  of  the  same 
cross-section,  material  and  spans,  and  loaded  in  the  same  way,  is  proportional 
to  their  maximum  bending  moments,  the  strength  of  a  continuous  girder  can 
be  calculated,  from  the  formula  for  its  maximum  bending  moment.  From  the 
values  given  for  these  bending  moments  for  the  various  cases  considered,  it  is 
seen  that  the  parts  of  the  girder  most  stressed  are  those  which  come  over  the 
middle  supports.  It  is  seen,  also^  that,  except  in  the  single  case  of  a  girder  of 
two  spans  uniformly  loaded,  the  strength  of  a  continuous  girder  is  greater 
than  that  of  a  non-continuous  girder.  But  the  gain  in  strength  in  some  in- 
stances is  not  very  great,  although  it  b  generally  enough  to  pay  for  making  the 
girder  continuous. 
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Relative  Stiffness  of  Centinuoas  and  Non-Continttoiis  Girders.  The  STtPF- 
NESS  of  a  girder  varies  inversely  as  its  deflection;  that  is,  the  less  the  deflec- 
tion under  a  given  load  the  sdffer  the  girder.  From  the  values  given  for  the 
MAXIMUM  DEFLECTION  of  continuous  girders,  it  is  evident  that  the  stiffness  of 
a  girder  is  increased  by  making  it  continuous;  and  this  is  usually  the  principal 
advantage  in  the  use  of  continuous  girders.  It  sometimes  happens  in  building- 
construction  that  it  is  necessary  to  use  beams  and  girders  of  much  greater 
strength  than  is  required  to  carry  the  superimposed  load,  because  the  deflections 
of  smaller  beams  or  girders  would  be  too  great.  But  if  continuous  girders 
are  used  they  may  be  made  of  just  the  size  required  for  strength,  because  their 
deflections  are  less.  Where  great  stiffness  is  required,  therefore,  continuous 
beams  or  girders  should  be  used  if  possible,  as  ia  the  case  of  grillage-girders. 
(See  Example  3,  page  679.) 

€.  Formulas  for  the  Strength  and  Stiffnesa  of  Continuous  Girdara 

Girders  of  Rectangular  Cross-Section.  For  convenience,  the  proper  formulas 
for  calculating  the  strength  and  stiffness  of  continuous  girders  of  rectangular 
cross-section  are  given.  The  formulas  for  strength  are  deduced  from  the  flexure* 
formula  M  -  5//e,  modlfled  for  the  rectangular  section  of  breadth  b  and  depths. 

«     J.  .     by.d*xS  ,    , 

Bending  moment  -  -i (aa) 

o 

in  which  S  is  the  safe  unit  fiber-stress.  This  is  eighteen  times  the  coefficient 
i4  *  of  Table  II.  page  628. 

SiKENGTH.  Continuous  Girder  ol  Two  Bqual  Spans.  Uniformly  Distributed 
load  Over  Bach  Span. 

*  Breaking-load  f (23) 

where  h  denotes  the  breadth  and  d  the  depth  of  the  girder  in  inches,  and  /  the 
length  of  one  span,  in  feet.  The  values  of  the  constant  A  are  three  times  the 
values  given  in  Table  II,  page  628.  For  long-leaf  yellow  pine,  201 ;  for  Douglas 
fir,  168;  chestnut,  132;  and  for  spruce  and  white  pine,  117  lb  per  sq  in,  are  rec- 
ommended for  the  values  of  il  in  these  formulas. 

Continuous  Girder  of  Two  Equal  Spans.  Concentrated  Load  at  the  Middle  of 
Bach  Span. 

«     f     I    J     ^/     txi«xx  ,    , 

Breaktng-load  -  %  X ' (24) 

Continnotti  Girder  of  Three  Bqual  Spans.  Unifonnly  Distriboted  Lead  Over 
Bach  Span. 

Breaking-load  -  %  X  ^^^^^  (25) 

Continuous  Girder  of  Three  Bqual  Spans.  Concentrated  Load  at  tha  Middle 
of  Bach  Span. 

Breaking-load  -  %  X (a6) 

•  See.  ifeo.  Table  1.  page  S57.  and  Tabie  XVI,  page  647.  for  safe  fiber-stresses, 
t  Brealing-Uiad  in  pounds  in  all  cases. 
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Stiffness.  Contianoai  Okdar  of  Two  Bqoal  Spaas.  Uaifoniily  Distributad 
Lood  Orer  Bach  Span. 

The  following  formulas  give  the  loads  which  the  beams  will  support  without 
deflecting  more  than  one'thirtieth  of  an  inch  per  foot  of  span. 

Load  on  one  span  - — r-  (27) 

0.26  X/* 

Coatinnoas  Girder  of  Two  Bqoal  Spaas.  Coacoatratod  Load  at  fho  Middle  of 
Each  Span. 

Load  on  one  span  -  ^9^  X z (a8) 

Coatiattoos  Girder  of  Three  Espial  Spans.  Uaifonnly  Distribnted  Load  Over 
Bach  Spaa. 

Load  on  one  span  -  —  (29) 

0.33  X  A  ' 

Continuooa  Girder  of  Three  Equal  Spans.  Coaceatrated  Load  at  the  Middle 
of  Bach  Spaa. 

Load  on  one  span  -  '%i  X  jj (30) 

The  value  of  the  constant  ei  is  obtained  by  dividing  the  modulus  of  elas- 
ticity by  12  969;  and,  for  the  three  woods  most  commoaly  used  as  beams,  the 
following  values  may  be  taken: 

Long-leaf  yellow  pine,  xx6;  white  pine,  77;  spruce,  92;  Douglas  fir,  116. 
(For  other  woods^  see  Table  I,  page  664.) 

For  Continuous  Steel  Beams  the  requisite  size  may  be  found  by  first  com- 
puting the  MAXIMUM  BENDING  MOMENT,  by  means  of  Formulas  (12)  to  (15), 
and  then  selecting  a  beam  that  has  a 

3  X  maximum  bending  moment  in  ft-Ib  ,    ^ 

SECTION-MODULUS  «    (31) 

4000 

Values  for  the  section-moduli  for  the  different  shapes  of  rolled  steel  used  as 
beams  are  given  in  the  tables  in  Chapter  X. 

Example  i.  What  steel  beam  should  be  used  to  support  two  load<t  of  16  000 
lb  each,  concentrated  at  the  middle  of  two  spans  of  xo  ft  each,  the  beam  being 
continuous? 

Soltttioa.  Formula  (x3a)  gives  the  maximum  bending  moment  as  Me  P/,  or 
30000  ft-lb.  Therefore,  from  Equation  (31),  a  beam  having  a  section-modulus 
equal  to  3X30000/4000  or  22.5  should  be  used.  From  the  Table  IV,  page 
355,  it  b  found  that  a  9-in  30-lb  beam  has  a  section-modulus  of  22.5,  and  a 
xo>in  25.4-lb  beam  a  section-modulus  of  24.4.  Either  of  these  beams  will  there- 
fore answer,  the  lo-in  beam  being  the  cheaper,  however,  and  also  the  stiffer. 

Example  a.  A  steel  beam  continuous  over  three  spans  is  required  to  support 
a  uniformly  distributed  load  of  1 000  lb  per  lin  ft.  The  two  end-spans  are  12  ft 
each,  and  the  middle  span  10  ft.  What  should  be  the  size  and  the  weight  of  the 
beam  used? 

Solution.    The  maximum  bending  moment  is  found  by  Formula  (14),  and  is 

zoooX  X  ooo-f*z  ooox  I  728  - 

-. r^ -  X2  630 

4(30+24) 
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The  aectioa^modulus,  hy  Equatioa  {$r),  must  equal  $  x  ta  630/4  000  »  9.47* 
which  requires  a  7-in  15.3-lh  beam  (Table  IV,  page  355). 

If  the  beam  were  not  continuous  an  S^in  18.44b  beam  would  be  required  for 
the  la-ft  spans,  and  a  7-in  15. 3 -lb  beam  for  the  xo-ft  span. 

For  a  beam  of  two  equal  spans,  loaded  uniformly,  the  strength  is  the  same  as 
though  it  were  not  continuous. 

The  formulas  given  for  the  reactions  at  the  supports,  and  for  the  deflections 
of  cotUinuous  girders  with  concentrated  loads,  were  verified  by  Mr.  Kidder  by 
means  of  careful  experiments  on  small  steel  bars.  The  remaining  formulas 
were  verified  by  comparing  them  with  the  formulas  of  other  authorities  where 
it  was  possible  to  do  so.  In  regard  to  some  of  the  cases  given  the  author  has 
never  seen  any  discussion  of  them  in  any  work  on  the  subject. 

7.   Continuous  Girders  in  Grillage-Foundations 

GriOage-Beams  Censidered  as  Inverted  Continuoas  Girders.  As  stated  in 
the  beginning  of  this  chapter,  continuous  girders,  as  such,  are  seldom  used  in 
building-construction,  although  their  employment  in  grillage-beam  footings  is  fre- 


J^ 
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Fig.  3.    Continuous  Girder  in  Grillage-foundation 


Fig.  4.    Sbear-diagTMi)  and  Bending-moment  Diagram 

quent.  Fig.  3  represents  a  footing  consisting  of  two  layers  of  beams,  which  dis- 
tribute the  load  of  the  three  columns  above,  uniformly  over  the  foundation-bed. 
By  inverting  the  footing  the  three  columns  become  the  supports  or  reactions,  and 
the  upper  layer  of  beams,  a  continuous  gfrder,  loaded  with  a  uniformly  distrib- 
uted load  which  is  the  pressure  of  the  lower  layer.    As  in  practice  the  colimm- 
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loads  are  never  equal,  and  the  dintancft  between  the  columns  seldom  equal,  it 
Is  necessary  to  project  the  continuous  girder  beyond  the  most  heavily  loaded 
cdunm  in  order  to  insure  a  uniform  pressure  upon  the  lower  layer.  Because 
ol  these  limitations  none  of  the  formulas  previously  deduced  can  be  applied, 
although  the  principles  upon  which  they  are  based  hold  good. 

Maxfmnm  Bending  Moment.  Since  the  reactions  in  this  case  are  the  given 
column-leads  it  b  required  first  to  find  the  maximum  bending  moment.  From 
what  has  already  been  said  about  continuous  girders,  it  is  evident  that  the 
point  of  maximum  bending  moment  may  be  under  columns  i  or  2,  or  between 
the  columns.  Since  the  maximum  bending  poments  are  the  points  of  no 
SHEAR,  coiistruct  the  shear-diagram,  find  where  the  shear  passes  through 
zero,  and  calculate  the  bending  moments  at  these  points.  The  maximum  bend- 
ing moment  is  determined,  as  in  examples  i  and  2,  in  order  to  determine  the 
section-modulus  of  the  girder. 

Sxample  3.  The  continuous  girder  under  columns  i,  2  and  3  (Fig.  3)  is 
33  ft  long;  the  overhang,  to  the  left  of  column  i,  6.25  ft;  the  distance  between 
columns  i  and  2,  13.12  ft;  between  colunms  2  and  3,  12.88  ft;  and  from  column 
3  to  the  right  edge  of  the  girder,  .75  ft.  The  column-loads  are  as  follows:  on 
column  I,  565  tons;  on  column  2,  600  tcms;  and  on  column  3,  255  tons. 

The  column-loads  may  be  considered  uniformly  distributed  over  parts  of  the 
girder  by  the  bases,  which  are  3  ft  wide  under  columns  i  and  2  and  iS  in  wide 
under  column  3.  The  unit  pressure  under  column  i,  therefore,  is  565/3  « 
188.3  tons;  under  column  2,  600/3  ~  aoo  tons;  and  under  column  3,  255/1.5 
» 170  tons.    The  unit  pressure  under  the  continuous  girder  is 

(56s  +  600  +  255)/33  -  43  tons 

The  first  step  in  the  calculation  of  the  girder  is  the  determination  of  the 
POINTS  OF  NO  shear  and  the  plotting  of  the  shear-diagram  in  Fig.  4.  It  is 
obvious  from  the  shear-diagram  that  there  are  four  points  of  no  shear  and  con- 
sequently four  points  of  possible  maximum  bending  moment.  The  first  of 
these  is  under  column  i,  the  second  between  columns  i  and  2,  the  third  under 
column  3  and  the  fourth  between  columns  2  and  3.  The  bending-moment 
diagram  is  shown  by  the  solid  curved  line  in  Fig.  4.  The  points  of  contra- 
flexure  or  no  bending  moment  are  the  intersections  of  this  line  with  the  hori- 
zontal line  of  reference. 

The  shear-diagram,*  shown  by  the  broken  line  in  Fig.  4,  may  be  constructed 
as  follows: 

Kxt  ■  +  43  tons  per  ft  X  (6.25  -  1.5  -  4-75  ft)  -  +  204.25  tons 
y*  *  ( +  43  tons  per  ft  X  6.25  ft)  -  565/2  tons  -  +  268.75  -  282.5 
- -13-75  tons 
This  shows  that  xu  the  point  of  no  shear,  lies  between  points  z  and  2.    To 
find  this  poin^  let  y  be  its  distance  beyond  or  to  the  right  of  point  1.    Then, 
the  EQUATION  FOR  NO  SHEAR  is  43  tons  X  (4.75  ft  +  y  ft)  >  188.3  X  y,  or  204.25 
+  43y-  188.3  y,  from  which  145.3  y—  204.25  and  y-  1.4  ft:    hence  xi,  the 
FIRST  POINT  OF  NO  SHEAR,  is  4.75  f t -|- 1.4  ft,  or  6.1  ft  from  the  left  end.J 

The  SECOND  POINT  OF  NO  SHEAR,  xi,  is  such  a  distance  from  the  left  end  that 
the  DOWNWARD  SHEARING-FORCE  of  565  tons  from  column  I  is  neutralized  by 

*  The  upward  forces  are  here  called  i^us  or  positive  and  the  downward  forces  minus 
or  negative. 

t  V|  is  taken  at  point  x,  the  left  edge  of  base  of  Colunm  x,  Vt  at  point  3,  at  the  axis  of 
Colttmn  3,  etc. 

t  The  following  computations  axe  carried  out  to  one  decimal-i)laGe,  only,  the  nearest 
approximate  values  being  used. 
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an  equal  upwakd  sBEAiiNG-roBCE  of  43  tons  per  ft  oa  flp»  ft.    Hence  xt  •  565/43 
« 13.1  ft. 

V»  -  +  43  tons  per  ft  X  [(6.25  +  13.12  -  1.5)  -  17  9  ft)  -  565  tons 
■  769.7  —  565  -  +204.7  tons 

^T  -  +  43  tons  per  ft  X  (6.25  +  13.12  -  19.4  ft)  -  (565  +  600/2  tons) 
■■  +  834.2  —  865  tons  -  —  30.8  tons 

rhis  shows  that  the  third  point  of  no  sheaRp  am,  lies  between  6  and  7.  Let 
y  be  its  distance  to  the  right  of  point  6.  The  equation  for  no  shear  at  this 
point  is  43  tonsX  (i7-9  ft+  y  ft)  -  565  tons+  (200  tons  X  y  ft),  or  769.7  •+•  43  y 
*  565  +  200  y,  from  which  157  y  ■■  204.7  &od  y  «  x.3  ft.  Hence  xa,  the  ibiko 
POINT  OF  NO  SHEAR,  is  17.9  ft  +  x^3  ft  -•  19-2  ft  from  the  left  end. 

The  FOURTH  POINT  OF  NO  SHEAR,  Xi,  is  such  disUoce  from  the  left  end  that 
the  DOWNWARD  SHEARING-FORCE  of  coiumus  I  and  2,  amounting  to  565  4-  600 
or  1165  tons,  is  neutralized  by  an  equal  upward  shearing-force  of  43  tons 
per  ft  on  .1:4  ft.    Hence  JC4  ■  i  165/43  -  27.1  ft. 

Having  found  the  points  of  no  shear,  the  bending  mobcent  at  these  points 
may  now  be  determined. 

Af  at  xi «  43  toa«  X  6.1  ft  X  6.1/2  ft  -  188.3  tons  X  x.4  ft  X  x.4/2  ft 
■■  +  615.5  ft-tons 

i/  at  xs  «•  43  tons  X  13. x  ft  X  13.x /2  ft  —  565  tons  X  6.8  ft  •■  —  152.4  ft-tons 

Jf  at  XI  -  43  tons  X  19.2  ft  X  192/2  ft  -  565  tons  X  12.9  ft  -  200  Tx  1.3  ft 
X  x.3/2  «•  +  467  ft-tons 

If  at  X4  -  43  tons  X  27.1  ft  X  27.1/2  ft  —  565  tons  X  20.8  ft  —  600  tons 
X  7.7  ft  -  —  582.2  ft-tons 

The  iCAxncuH  bending  moment  therefore  is  at  xi  and  equals  6x5.5  ft-tons*  or 
x  231  000  ft-Ib.    Substituting  in  Formula  (31),  the  section-modulus  is  found 

to  be —  923.2.    The  following  beams  could  be  used,  as  far  as 

4000 

flexure  is  concerned.    For  investi^tions  of  the  resi3tance  of  the  girders  to  web- 
buckling  or  crippling,  see  Chapter  II,  pag«ss  182  to  184,  and  Chapter  XV, 
pages  567  to  569. 
Four  standard  24-in  iio-lb  X  beams,  section-modulus  of  each.  259.1  (page  354) 
Three  Bethlehem  30-in  x  20-U>  I  beams,  section-modulus  oi  each,  349.3  (page 

357) 
Three  Bethlehem  24-in  X40-Ib  girder-beams,  section-modulus  of  each,  350.1 

(page  358) 
Two  Bethlehem  28-in  i8o-lb  girder-beams,  section-modulus  of  each,  5x8.9 

(page  358) 
The  28-in  and  30-in  beams  are  stiffer  than  the  24-in  beams,  have  a  smaller 
total  amount  of  steel  and  cost  less  than  the  others  for  the  number  of  beams 
required. 

*  The  bending  moments  at  X}  and  x^  have  very  nearly  the  same  numerical  values,  and 
in  the  computations  the  retaining  or  dropping  of  figures  in  the  second  decimal-place  may 
change  the  result  aad  make  the  value  at  X4  aUghtly  greater  than  at  x^. 
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CHAPTER  XX 
EIVET1SD  STEEL  PLATE  AND  BOX  GIKDEBS 

Bv 

« 

CHARLES  P.  WARREN 

XJkTE  ASSISTANT  PROFESSOR  OF  ARCHITSCTURE,  COLUMBIA  UNIVERSITY 

1.  General  Notes  on  Plate  and-  Box  Girders 

Types  of  Riveted  Girders.  Girders  built  up  of  plates  and  angles,  as  shown 
in  section  in  Figs.  1  to  4,  are  extensively  used.  This  is  undoubtedly  owing  to 
the  simplicity  of  their  construction,  to  the  comparatively  low  cost  of  the  ^pes 
of  which  they  are  fabricated  and  to  their  adaptability  to  any  arrangement  of 
loads  or  to  any  span  for  which  girders  are  usually  required.  Riveted  girders, 
however,  are  seldom  made  for  spans  greater  than  6o  ft  and  are  seldom  more 
than  6  ft  in  depth.  The  most  conunon  forms  of  these  girders  are  shown  in 
Figs.  2  and  4. 


Fig.l 


Fig.  2  Fig.  3 

Types  of  Riveted  Girders 


The  girders  with  a  single  vertical  plate  called  the  web  are  usually  called 
PLATE  GIRDERS,  and  those  with  double  or  triple  webs,  box  girders.  Plate 
girders  are  more  economical  than  box  girders,  and  more  acces«ble  for  painting 
and  inspection;  but  box  girders  are  stiff er  laterally  and  should  alwajrs  be  used 
where  great  length  of  span  requires  wide  flanges.  In  general,  it  may  be  said 
that  plate  girders  should  be  used  to  support  floor-beams  and  floor-arches  and 
walls  not  over  12  in  thick,  and  that  box  girders  should  be  used  where  a  flange- 
width  greater  than  1 2  in  is  required.  The  girder  shown  in  section  in  Fig.  1  has 
DO  flange-plates  and  should  be  used  only  for  comparatively  light  loads  and  short 
spans,  and  never  to  support  masonry. 

Flange  and  Web.  The  term  flange,  as  applied  to  riveted  girders,  includes 
all  the  metal  in  the  top  or  bottom  parts  of  the  girder,  exclusive  of  the  web-plates.* 
The  DEPTH  of  a  riveted  girder  is  the  distance  between  the  centers  of  gravity  of 
the  flanges;  but  in  practice  this  is  usually  taken  as  the  depth  of  the  web- 
plate,  and  the  word  will  be  so  used  in  this  chapter.  The  top  and  bottom  of 
the  flange-angles  extend  Vi  in  beyond  the  top  and  bottom  of  the  web-plate. 
(See  the  figure  in  Tabic  IV,  page  706.)    Stiffeners  are  short  pieces  of  angles 


*  This  may  be  modified,  however,  as  some  engineers  include  one-sixth  of  the  web-azca 
in  the  effective  flang»4rca.    See,  also,  FUoge-Area  in  the  examples  of  this  chapter. 
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riveted  to  the  web  at  intervals,  to  keep  it  from  buckling.  They  should  fit 
closely  against  the  horizontal  legs  of  the  flange-angles,  and  should  always 
be  used  at  the  supports  and  under  concentrated  loads. 

Economic  Doiitlis  of  Girders.  The  depth  of  a  riveted  girder  may  vary 
from  one-tenth  to  ono'fifteenth  or,  in  ezceptiooal  cases,  one-sixteenth  the  span. 
The  greatest  economy  of  material  is  said  to  be  obtained  when  the  depth  is  one- 
twelfth  the  span.  Thus  for  a  36-ft  span  a  3-ft  girder  should  be  used  if  the 
conditions  will  permit;  but  the  least  depth  should  be  Hi  of  36,  or  about  2  ft 
5  in  or,  in  exceptional  cases,  H0  of  36,  or  2  ft  3  in.  A  girder  is  said  to  have  its 
ECONOMIC  DEPTH  when  the  amount  of  material  in  the  flanges  is  equal  to  that 
in  the  web,  and  there  are  no  cover-plates.  The  rule  holds  approximately 
when  there  are  cover-plates. 

The  Width  of  the  Top  Flange  should  not  be  less  than  one-twentieth  the 
distance  between  lateral  supports;  or  if  there  are  no  lateral  supports,  then  not 
less  than  one-twentieth  the  span. 

Arches  Between  Girders,  or  floor-beams  riveted  to  the  sides  of  girders,  may 
ht  considered  as  lateral  supports. 

S.  Details  of  Constructiott  of  Plate  and  Box  Girders* 

General  Reqoirements  for  Plate  and  Box  Girders.  The  following  re- 
quirements are  those  which  must  be  generally  satisfied  in  the  design  of  riveted 
girders. 

(i )  All  the  connections  and  details  of  the  several  parts  shall  be  of  such  stiength 
that,  upon  testing,  rupture  shall  occur  in  the  body  of  the  members  rather  than 
in  any  of  their  details  or  connections. 

(2)  In  members  subject  to  tensile  stress  fidl  allowance  shall  be  made  for  the 
reduction  of  the  section  by  the  rivet-holes. 

(3)  The  webs  of  plate  girders^  when  they  cannot  be  obtained  in  one  length, 
must  be  spliced  at  all  joints  by  a  plate  on  each  side  of  the  web. 

(4)  Tees  must  not  be  used  for  spGces. 

(5)  Stiff eners  shall  be  used  at  the  ends  of  all  girders,  wherever  there  are  con- 
centrated loads,  and  elsewhere  when  the  shearing-stress  is  greater  than  the 
resistance  to  buckling. 

(6)  The  PITCH,  that  is,  the  dbtance  between  centers  of  rivets,  shall  not  ex- 
ceed 6  in,  nor  16  times  the  thickness  of  the  thinnest  outside  plate,  and  it  shall 
not  be  less  than  2}i  in  for  H-in  rivets,  or  2H  in  for  H-in  rivets,  in  a  straight 
line. 

(7)  The  rivets  used  should  be  H  in  in  diameter  for  plates  from  H  to  fi-in 
thick,  and  H  in  in  diameter  for  plates  of  greater  thickness. 

(8)  The  distance  between  the  edge  of  any  piece  and  the  center  of  a  rivet- 
bole  must  never  be  less  than  iH  in. 

(9)  In  PUNCHING  plates  or  other  members,  the  diameter  of  the  die  shall  in  no 
case  exceed  the  diameter  of  the  punch  by  more  than  He  in. 

(10)  All  RIVET-HOLES  must  bc  so  accurately  punched  that  when  the  several 
parts  forming  one  member  are  assembled,  a  rivet,  He  in  less  in  diameter  than 
the  hole,  can  be  inserted,  hot,  into  any  hole  without  reamino  or  stressing  the 
metal  by  the  use  of  drift-pins. 

(11)  The  rivets  when  driven  must  completely  fiU  the  holes. 

(12)  The  RIVET-HEADS  must  be  hemispherical,  except  where  flush  surfaces 
are  required,  and  of  uniform  size  throughout  for  rivets  of  the  same  size.  They 
must  be  full  and  neatly  made,  and  be  concentric  with  the  rivet-holes. 

*  Thete  requirements  are  taken  largely  from  Bitkmire's  "  Compound  Rfvcted  Girdio.* 
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(i3)'Whcnevcr  possible,  all  rivets  must  be  icachine-driven. 

(14)  The  several  pieces  forming  one  built  member  must  fit  closely  together, 
and,  when  riveted,  must  be  free  from  twists,  bends  or  open  joints. 

(15)  Girders  60  ft  and  less  in  length  seldom  require  spucing,  as  the  plates  and 
angles  can  readily  be  obtained  in  such  lengths.  In  spticing  the  top  flange, 
when  of  two  or  more  thicknesses,  no  additional  cover-plate  will  be  required 
over  the  joint,  but  the  ends  should  be  planed  true  and  butt  closely.  The  rivets 
should  be  spaced  closer  near  the  joint. 

(16)  The  plate  covering  the  bottom  flange  must  be  of  the  same  area  as  the 
plates  joined,  and  of  sufficient  length  to  take  a  number  of  rivets  equal  to  the 
strength  of  the  cover-plate. 

S.  Design  of  Plate  and  Box  Girders 

The  Prindpal  Steps  In  the  Design  of  Sireted  Girders.    In  designing 
a  riveted  girder  to  sustain  safely  a  given  load,  the  following  steps  axe  necessary: 
(i)  The  determination  of  the  required  flange-area. 

(2)  The  determination  of  the  thickness  of  the  web  to  resist 

(a)  Shearing. 

ib)  Buckling.    This  step  also  detennines  if  stiffenen  are  necessary. 

(3)  The  determination  of  the  nun^r  and  pitch  of  the  rivets. 

(4)  The  approximate  weight  of  the  girder. 

C5)  The  determination  of  the  length  of  the  flange-plates  when  more  than  one 
is  required  for  each  flange. 

(i)  The  Flange-Area.  In  determining  the  flange-area  of  riveted  girders, 
it  is  customary  to  assume  that  the  bending  moments  are  entirely  resisted  by  the 
upper  and  lower  flanges,  the  web  being  assumed  to  resist  the  shear  only.  Just 
what  should  be  included  in  the  flange-area  is  a  question  on  which  engineers  differ. 
Some  include  the  flange-plates  and  angles  and  one^ixth  of  the  web-area,  others 
the  flange-plates  and  angles  only,  while  others  include  the  flange-plates  and  only 
the  horisootal  legs  of  the  angles,  the  vertical  legs  being  considered  as  belonging 
to  the  web.  In  compression-flanges,  usually  the  upper  ones,  the  gross  soctioa^ 
area  may  be  taken,  provided  the  rivets  are  machixie-driven  and  fill  completely 
the  holes;  but  in  tension-flanges,  usually  the  lower  ones,  the  net  area  is  taken, 
that  is,  the  gross  area  minus  the  area  of  the  greatest  number  of  rivet-holes  in 
any  cross-section,  since  the  stresses  of  tension  are  not  transmitted  through  the 
rivets  as  are  those  of  compression. 

A  general  foricula*  roR  determining  the  flange-area,  which  applies  to 
all  conditions  of  loading  is 

Area  of  one  flange  maximum  bending  moment  in  foot-tons 

in  square  inches      depth  of  web  in  feet  X  safe  imit  flber-stress  in  tons 
or 

A  -  Mnmx/dS  (l) 

*  This  may  be  derived  from  what  is  sometimes  called  the  pLATS-ontDER  lORMtTLA, 
Umu.  *  SAd,  in  which  5  is  the  safe  unit  bending-streas  in  the  flange  at  the  section  of 
ipuximwm  bending  moment,  A  is  the  area  of  the  cross-section  of  either  flange  and  d  b  ap- 
praximately  tiie  depth  of  the  girder.  Of  course  the  units  must  be  the  same  in  both  mem- 
bers of  the  equation.  If  the  center  of  moments  is  taken  at  the  center  of  giavity  of  the 
cross-section  of  either  flange-area  and  if  the  area  <rf  metal  resisting  bending  a  considered 
to  be  concentrated  in  the  flanges,  the  depth  of  each  being  very  small  compared  to  that 
of  the  girder-depth,  then  SA  b  the  total  hoiizontal  stress  in  either  flange,  d  its  lever- 
ann  and  SAd  the  resisting  moment  of  the  cross-section,  equal  to  Mmtz.    Hence  A  «• 

u /tK.    Another  method  uses  the  section-modulus,  I/e  «  M/S,  in  detennining  the 

flange-areas  and  proportioning  the  girder.     (See  pages  706  to  7x6.) 
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Rules  for  finding  the  maximum  bending  moment  for  different  conditions  of 
loading  are  given  in  Chapter  IX. 

S,  the  SAFE  UNIT  FIBER-STRESS  FOR  FLANGE-BENOiNa,  was  formerly  taken  at 
from  13  000  to  16  000  Ih  per  sq  in,  the  tables  in  the  manufacturers*  handbooks 
giving  the  safe  loads,  etc.,  for  riveted  girders,  varying  in  regard  to  this  stress.* 

If  it  is  required  to  compute  the  safe  uniformly  distributed  load  for  a 
girder  already  constructed  or  designed,  the  following  fonnulaf  may  be  used. 
The  safe  load  in  pounds,  uniformly  distributed  is 

8  X  net  area  of  bottom  flange  X  depth  in  ft  X  5 

span  in  feet 
or 

W'SAdS/l  (a) 

From  the  result  the  weight  of  the  girder  itself  should  be  subtracted. 

For  the  safe  concentrated  load  at  the  middle  of  the  span  take  one-half 
the  result  obtained  by  formula  (2)  and  subtract  the  weight  of  girder.  (See 
Case  IV,  page  326.) 

(2)  The  Thicknets  of  the  Web.  The  thickness  of  the  web  is  determined 
by  it$  resistance  to  vertical  shearing.  Whether  or  not  stiffeners  shall  be  used 
is  determined  by  the  resistance  of  the  web  to  buckling. 

(a)  Shearing.  To  resist  the  vertical  shear  the  net  sectional  area  or  thb 
WEB  in  square  inches  must  be 

the  maximum  vertical  shear 

"*"  S 

A  -  V„^S  (3) 

V  and  5  being  both  in  tons,  S  is  taken  at  10  000  }  lb  or  5  tons  per  sq  ro.  (See 
Table  II,  page  703.) 

The  MAxiMtm  vertical  shear  in  any  beam  or  girder  is  at  the  greater  reaction 
and  is  equal  to  it. 

For  a  girder  supported  at  both  ends  and  uniformly  loaded  with  a  load  W, 

the  MAXIMUM  VERTICAL  SHEAR  IS 

Kmax  -  W/2 

For  a  girder  supported  at  both  ends  and  loaded  at  the  middle  with  a  load  P« 

Tmax  -  P/2 

For  a  girder  supported  at  both  ends  and  loaded  as  in  Fig.  7, 

Fnux  -  Pm/l  -  Ri 

For  a  girder  supported  at  both  ends  and  loaded  with  two  equal  concentrated 
loads  P,  P,  equally  distant  from  the  middle,  as  in  Fig.  8, 

For  combinations  of  loads  the  maximum  vertical  shear  will  equal  the  greater 
reaction.  The  method  of  determining  the  reactions  at  the  supports  of  a  beam 
or  girder  is  given  in  Chapter  IX,  Subdivision  i.    The  vertical  shear tnc- 

*  See  Chapter  XV,  parajottphs  relating  to  riveted  single  and  double-beam  girders  and 
foot-note  with  Mine  par.es  603  and  604;  also  page  704.  The  value  in  most  dty  codes  is 
now  16  000  lb  per  sq  in. 

t  From  Formula  (i)  just  explained,  and  from  Case  V,  page  326.  Jfmaz  ■■  SAd  and 
limAx  -  Wl/S.    Hence  Wl/S  -  SAd  and  IT  -  8  AdS/l. 

X  This  b  a  cooaervative  value.  The  Carnegie  Pocket  Companion  and  the  building 
laws  of  most  cities  permit  10  000  lb  per  sq  in  for  steel. 
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lOfiCE  at  aoy  given  vertical  section  of  a  beam  or  girder  between  the  supports  is 
the  algebraic  sum  of  all  the  vertical  ertemal  forces  acting  on  the  beam  to  the 
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Figs.  5  to  0.    Diagrams  for  Vertical  Shean  for  Different  I<o«dingi 

left  of  that  section,  forces  acting  upwards  being  considered  as  plus,  and  those 
acting  downwards  being  considered  as  minus. 

Thus,  in  the  case  of  the  beam  shown  in  Fig.  9,  the  reaction  Ri  will  be 
found,  by  the  method  explained  in  Example  2,  page  323,  and  by  Formulas  (a) 
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•oi  <3)>P>Se  ji],  tobci5otb,  uid  Ibu  M  Jb  to  be  140  lb.  The  ibeu  >t  vail- 
ou*  tectkni  Buy  be  found  by  ippiyiag  the  Iracgoiog  definition  d  vutkal 
SBEAS,  thus: 

Shear  at  X  -  +  150  -  50  -  +  lOo  lb 

Sheukt  )'-  +  i50-50-Bo-  +  K>  lb 

Sbeirat  Z-  +  i50-50-So-ioo--Solb 

SbearatO  -  + 150-50-80- 100-60-- no  lb 
The  nunner  in  which  (he  \'Ektical  sheab  varies  between  tbe  sapporti,  under 
different  diiposilioiu  of  tbe  loads,  is  slioirn  giapliically  by  the  hatdwd  ucas  in 
Figs.  6  to  9;  in  tbe  fint  Uuee  cua  W  and  P  arc  lasumed  to  liave  the  same 

Wlien  tile  load  Is  tntiiouiLV  distsibutsd  the  vebtical  ebeak  can  be  found 
■nphicaQy  by  laying  off  vertically  Ri  and  Rito  n  scale  ol  pounds,  and  diawing 
the  tine  ab,  Fig.  5.  The  shear  at  X  will  thm  be  represeoted  by  the  ordinate 
Xi  and  the  sheai  at  K  by  Ki.  and  they  can  readily  be  scaled. 

(b)  Bnckling.*  The  safe  resistance  of  the  wd)  to  bvcelinc,  in  pounds  per 
iquaie  inch,  may  be  detennined  by  the  lonnula 


Sb- 


U) 


in  which  5b  is  the  safe  buckling  value  in  pounds  per  square  inch,  d  is  the  depth 
of  llie  web  in  the  clear  between  flange.plate9  in  inches  and  I  is  the  thickness  of 
the  web  in  inches.  When  (his  tesiitance  is  less  than  the  unit  stxeSS  fOR 
VERTICAL  SHEAR  a(  any  section,  sttflenets  must  be  used. 

StUlenan.  The<ie  should  be  made  of  angles,  nut  less  than  j>i  by  3>4  by  H 
in  in  size.  Tbey  should  always  be  tightly  gttni  between  the  flange-aneles,  so 
as  to  support  the  horiaontal  flanges.  In 
order  to  bring  the  stiffeners  in  contact  with 
the  web  and  (he  vertical  leg  of  the  angles, 
FtLLEKS,  of  the  same  thicknrss  as  the 
flange-angles,  ai'e  generally  used,  as  shown 
In  Fig.  10.  Where  there  are  several  girders 
exactly  alike,  »>inething  may  be  saved  by 
omilling  the  hllcrs  and  B£.viitNc  me  STtf- 
reNEKS,  as  shown  in  Fig.  II.  This  bend- 
log,  however,  can  be  done  properly,  only 
by  the  use  of  special  dies,  and  cusd  more 
than  the  fillers  unless  there  are  many 
r,.IO.  Slifleneo  Fig.  11.  Bent  "i^^""^"-  The  SPACING  or  STjrTESEas  is 
with  FUleis  Stiffeners        ""■"  »  matter  of  judgment  and  eipenence 

than  of  exact  calculation.  SHZAn-DiACRAHS, 
shown  in  Figs,  6  to  9,  are  of  great  assistance  in  visualizing  shearing-stresse<;. 
The  general  rule  is  to  place  the  stiffeners  not  farther  apart  than  the  depth  of 
the  full  web-plate  on  girders  over  j  ft  in  depth,  with  a  maximum  spacing  of  ;  ft. 
On  girders  under  3  tl  in  depth  they  are  idated  3  ft  apart.  Girders  i  It  and  lew 
in  depth  require  no  stiffeners.  On  girders  supporting  distiibutRl  loads  they  are 
generally  placed  nearer  together  at  the  ends  than  towards  the  middle. 

*  Sn  Table  III.  p^  ;oj,  and  alu  in  Chapter  XV.  the  paiagraphi  and  icni-oolc, 
pa«M  S6)  to  J69.  rdaling  to  the  wcb-butkliog  of  bonu  and  girdns.  Tke  fomula 
used  lor  wil>.biidLliiig  !□  Table  III.  page  ;□:.  is  the  lotmula  thai  wu  used  in  tbe  Pamic 
SirI  Compiny'i  Manual,  and  as  the  valurs  compuled  by  it  vjiiy  but  lillle  from  thoK 
deduced  Iqr  ifae  Cuobda  loraola  (lee  p*te  j68j.  Table  III  li  letaiDcd  aa  It  b. 
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Sdffenen  should  always  be  placed  at  the  ends  of  gliders  and  directly  over  the 
edge  of  each  suiqxxrt,  as  shown  in  Fig.  18,  and  wherever  there  are  concentrated 
loads.  On  plate  girders  the  stiffeners  are  always  placed  on  each  side  of  the  web; 
on  box  girders  on  the  outside  only. 

The  Besring  of  Girders.  This  depends  somewhat  upon  the  character  of  the 
loading,  but  a  safe  general  rule  is  to  make  the  bearing  of  the  girder  beyond  the 
edge  of  the  support  equal  to  one-half  the  depth  op  the  gikdek. 

(S)  The  Number  and  Pitch  of  the  Rivets,  (a)  Rivets  hi  Web-Legs  of 
Angles.  It  will  readily  be  seen  that  when  a  plate  or  a  box  girder  is  loaded,  the 
tendency  of  the  bending  moments  b  to  cause  the  flange-plates  and  angles  to 
slide  horizontally  past  the  web;  this  tendency  is  resisted  by  the  rivets 
which  connect  the  angles  with  the  web.  The  total  amount  of  this  tendency 
to  sude,  called  the  horizontal  flange-stress,  between  any  section  of  the 
flange  and  the  nearer  end  of  the  girder,  is  equal  to  the  bending  mousnt  at 
that  point  divided  by  the  depth  of  the  web.*  The  total  nuicber  of  rivets 
between  that  section  and  the  nearer  end  must  be  such  that  their  combined 
resistance  to  shearing  or  bearing,  whichever  has  the  bwer  value,  shall  equal 
thb  borisontal  flange-stress  at  the  section;  or 

,    .  horizontal  flange-stress  ,  . 

number  of  nvets  -  r — : r — : i r— r  (5) 

bearing  or  sheanng  of  one  nvet 

and  the  total  number  of  rivets  in  the  web-angle  from  end  to  end  is  twice  this,  or 

2  X  maximum  bending  momentf  in  foot-pounds     ... 

total  number  of  nvets  - -p-TT-T — ,  .    .    ^^. — r- z r— ;  (6) 

depth  of  web  m  feet  X  least  resistance  of  one  nvet 

If  the  number  of  rivets  determined  by  formula  (6)  is  such  that  they  would 
be  more  than  6  in  apart,  then  the  number  must  be  increased,  as  in  no  case 
should  they  have  a  greater  pitch  than  6  in. 

(b)  Rivets  m  Flange-Legs  of  Andes.  With  a  single  cover-plate.  For 
girders  with  a  single  cover-plate,  it  is  customary  to  put  the  same  number  of 
rivets  in  the  flange-leg  as  in  the  web-leg  for  a  distance  of  3  ft  from  the  ends  of 
the  girder,  staggering  the  rivets  as  in  Fig.  15.  Beyond  that  point  to  the 
middle  of  the  girder  one-half  the  nimiber  of  rivets  will  be  sufficient,  provided  th:s 
will  not  give  them  a  greater  pitch  than  6  in. 

WnH  TWO  OR  MORE  COVER-PLATES.  When  two  or  more  cover-plates  are 
used,  each  plate  must  have  sufficient  rivets  between  the  end  of  the  plate  and  the 
point  where  its  resistance  is  required,  that  is,  for  example,  between  a  and  5, 
Fig.  13,  to  transfer  to  the  angle  and  flange-plates  between,  an  amount  equal 
TO  THE  SAFE  STRENGTH  OF  THE  PLATE.  From  this  point  to  the  middle  point  of 
the  girder,  the  rivets  can  be  spaced  according  to  the  rule  for  the  greatest  pitch. 

(c)  Rivets  in  Stiffenert.  The  spadng  of  rivets  in  the  stiflfeners  is  generally 
determined  by  the  rules  given  for  the  pitch  of  rivets.  Further  explanation  of 
the  method  of  determining  the  spacing  of  rivets  will  be  found  in  the  following 
examples. 

(4)  The  ApproxifflAte  Weight  of  the  Girder.  In  determining  the  size  of 
a  riveted  girder  to  support  a  given  load,  it  is  desirable  to  be  able  to  add  to  the 

*  See  Formula  (i).  page  6S3,  and  foot-note  relating  to  it.  H  «  SAd,  and  hence 
SA  -  M/i,  SA  being  the  total  amount,  in  pounds,  of  the  tendency  to  slide,  and  S  being 
the  horixontal  unit,  flange,  fiber-stress  in  pounds  per  square  in,  due  to  flexure.  A  is  the 
area  in  square  inches  of  the  cnM»-section  of  the  flange  and  d  is  the  approximate  depth  of 
the  girder. 

t  Because  the  maximum  horizontal  flanKe-stress  is  equal  to  the  maximnm  bending 
liomcot  dividnd  bv  the  cirdn-deDth.  or  SmuA  «■  Mmm^d. 
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f uperimpoaed  load  the  weight  ov  the  girder  itself,  as  this  often  fonns  &  con- 
siderable part  of  the  load  to  be  supported.  The  following  empirical  rule*  is 
often  used  to  detennine  the  approximate  weight  oC  a  plate  or  box  girder: 

Weight  of  girder  between  supports,  in  tons  «>  TF//700  (7) 

in  which  W  equals  the  load  to  be  supported,  in  tons,  and  /  equals  the  span,  in 
feet.  The  constant  700  was  determined  for  girders  of  from  35  to  50  ft  long,  but 
may  be  used  without  much  excess  for  girders  of  shorter  spans. 

(5)  The  Determination  of  the  Lengths  of  the  Flange-Plates.  For  the 
methods  used  to  determine  these,  see  the  f oUowing  examples. 

4.  Szplanation  of  Tables 

The  Calcvlatiens  lor  the  Design  of  Riveted  Girders  may  be  greatly 
facilitated  by  the  use  of  Tables  I,  II,  III  and  IV  at  the  end  of  this  chapter. 

Table  I  gives  the  sectional  area  that  should  be  deducted  for  rivet-holes  in 
plates  of  different  thicknesses.  In  computing  this  table  H  in  was  added  to  the 
diameter  of  the  rivet  to  allow  for  the  injury  to  the  metal  caused  by  punching 
and  also  to  allow  for  the  expansion  of  the  heated  rivet. 

Table  II  gives  the  safe  shearing  value  for  web-plates  for  various  depths  and 
thicknesses,  and  the  deduction  to  be  made  for  each  H-in  or  ^i-in  rivet. 

Table  ni  gives  the  safe  resistance  to  buckling  per  square  inch  of  net  section, 
and  also  the  total  safe  resistance  in  pounds  for  the  more  common  sizes  of  web- 
plates,  with  two  rivet-holes  deducted.  It  is  very  seldom  that  any  vertical  sec- 
tion between  the  stiffeners  contains  more  than  two  rivet-holes.  Tables  giving 
the  dimensions  and  properties  of  angles  will  be  found  in  Tables  XI  and  XII, 
pages  362  to  367,  and  the  shearing  value  and  bearing  values  of  rivets  are  given 
in  Tables  II  and  III,  pages  418  and  419. 

Table  IV  gives  the  elements  of  riveted  plate  girders  of  various  depths,  from 
which  it  is  possible  to  select  economical  sections  for  almost  any  ordinary  condi- 
tion of  loacting. 

5.  Examples  of  Plate  and  Box  Girders 

Example  x.  It  is  required  to  support  the  floor  over  a  room  50  by  64  ft,  by 
means  of  riveted  steel  plate  girders,  placed  across  the  room,  16  ft  on  centers. 
The  room  above  is  to  be  used  for  general  assembly  purposes.  The  floor-joists 
are  of  wood  and  there  is  a  plaster  ceiling  on  the  under  side  of  them.  The  design 
of  the  girder  is  required. 

First  Step.  The  Load.  The  6rst  step  is  to  determine  the  load  to  be  supported 
by  each  girder.  The  floor-area  supported  by  each  girder  is  50  by  16  ft,  or  800  sq 
ft  The  weight  of  the  floor-construction  between  the  girders  will  not  be  over 
as  lb  per  sq  ft,  and  an  allowance  of  100  lb  per  sq  ft  for  the  live  load  will  be 
ample.  The  unit  load,  125  lb  x  800  «  100  000  lb,  or  50  tons,  the  load  to  be 
carried  by  the  girder.  To  this  should  be  added  the  weight  oi  the  girder  itself. 
Substituting  m  Formula  (7), 

the  approximate  weight  ot  the  girder  !«• »  3.57  tons,  or  about  7000  lb, 

700 

and  the  total  load,  in  round  numbers,  is  107  000  lb.    This,  of  course,  is  uni* 

formly  distributed. 

•  From  ** Compound  Riveted  Girden,'*  by  W.  H.  Bukmire. 
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Second  Stey.  Th«  FUmge-Area.  The  next  step  is  to  determine  the  flange- 
Before  this  can  be  done,  however,  the  width  and  depth  of  the  girder 
must  be  decided.  As  it  is  desirable  to  keep  the  girder  as  shallow  as  possible, 
consistent  with  good  engineering,  the  case  will  be  considered  an  exceptional 
one  and  the  depth  of  t  ne  web- plate  will  be  made  36  in.  which  is  about  one- 
stxtecnth  the  span  and  a  little  less  than  the  usual  limit. 

As  the  girderfi  are  braced  sidewise  by  the  floor-joists,  it  will  not  be  necessary 
to  make  the  width  of  the  flange- plates  one-twentieth  the  span  of  the  girder, 
and  it  may  be  made  13  in  width.  The  flange-area  may  be  determined  by 
Formula  (i),  page  683,  and  is 

A  -  Mm^x/dS 

maximum  bending  moment  (ft-tons) 


or  flange-area  (sq  in)  « 


depth  of  web  (ft)  X  S  (tons  per  sq  in) 


The  maximum  bending  moment  for  a  uniformly  distributed  load  on  a  simple 
beam  is  A/max  ~  Wl/S  (Case  V.  page  326),  or  in  this  particular  case,  53.57 
tons  X  50  ft/8  -  334-8  ft-tons. 

The  value  of  5*  has  varied  in  the  handbooks  from  6  to  8  tons,  depending 
upon  varying  conditions  and  upon  the  judgment  of  engineers.  A  value  of  S 
of  8  tons  or  x6  000  lb  per  sq  in  !•»  the  requirement  of  the  new  New  York  Building 
Code,  and  of  the  codes  of  most  cities.  In  this  example  14  000  lb  per  sq  in  is 
assumed  for  S. 

Substituting  this  value  in  the  formula  gives  for  the  net  area  of  either  flange, 
334-8/(3  X7)  -  16  sq  in. 

The  upper  flange  may  now  be  designed.  For  a  girder  of  this  size  and  loaded 
in  this  way,  it  will  be  advisable  to  try  two  5  by  3Vi  by  Mc-in  angles,  with  the 
long  legs  horizontal.t  The  sectional  area  of  these  angles  (Table  XI,  page  36^) 
is  7.06  sq  in  which  leaves  9  sq  in  for  the  area  of  the  flange-plates.  Dividing  this 
by  la-in,  the  width  of  the  flange,  gives  H  in  for  the  total  thickness  of  the  plates, 
which  may  be  made  up  of  two  H-in  thick  plates.  Of  course,  any  other  combina- 
tion of  plates  and  angles  having  an  area  of  cros-vsection  of  x6  sq  in  will  fulfill 
the  conditiob?  of  the  problem,  the  selection  in  all  cases  depending  upon  the 
judgment  and  experience  of  the  designer.  Note,  also,  that  no  part  of  the  web 
has  been  included  in  the  flange-area  although  it  would  be  safe  to  include  one- 
sixth  of  it.    This  also  is  a  matter  of  individual  opinion. 

As  the  lower  flange  is  in  tension,  the  rivet-holes  should  be  deducted  in  order 
to  obtain, the  net  area.  Assuming  that  f4-in  diameter  rivets  are  used,  it  will 
be  noted  that  the  greatest  loss  of  section  is  by  two  rivet-holes  opposite  each 
other,  connecting  the  angles  with  the  plates  of  the  bottom  flange.  From  Table  I, 
I>age  702,  the  area  of  two  H-in  rivets  in  a  H-in  plate  is  1.31  sq  in,  and  in  a 
^e-in  plate,  the  same  thickness  as  that  of  the  angles,  it  is  0.76  sq  in.  The  sum 
of  these  thicknesses  is  2.07  sq  in,  which  must  be  added  to  the  net  area  of  the 
upper  flange-plates,  16  sq  in,  making  18.07  sq  in  for  the  gross  area  of  the  lower 

*  See,  in  Chapter  XV,  paragraphs  and  foot-notes,  page  603,  relating  to  fiber-stresses 
for  bending  for  riveted  beam  girders,  etc. 

t  For  the  flange-angles  of  pUte  girders  the  5  by  3  H-in  size  is  most  commonly  used, 
when  the  flange-plate  is  x  3  in  wide,  and  6  by  4-in  angles  when  the  flange-plate  is  over  la  in 
wide.  For  box  girders  5  by  4.  5  by  3Vi,  4  by  3W  and  jH  by  3  H-in  are  common  sizes; 
whOe  for  very  heavily  loaded  girders,  requiring  two  rows  of  rivets  in  the  web-leg,  6  by 
6-in  angles  are  often  used.  For  most  riveted  girders,  in  which  only  one  row  of  rivets  ia 
required,  the  short  leg  b  riveted  to  the  web.  so  as  to  bring  most  of  the  material  as  far  from 
the  neutral  axia  of  the  girder  as  possible.  The  minimum  thkkness  of  flange-angka 
should  be  H  in*  and  the  mmrimnm  thickness  for  wdinary  loads  is  H  in. 
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flange-plates.    This  additional  area  may  be  obtained  b«r  iocreasing  the  thick- 
ness of  the  plates  to  H  in. 
The  flanges  will  then  be  made  up  as  follows: 


Upper  flange:  Two  angles  5  by  sH  by  M«-in 
Two  plates  12  by  H-'m 

ToUl 

Lower  flange:  Two  angles,  5  by  sH  by  M«'in 
Two  plates,  12  by  Ji-in 

Total 


7.06  sq  in.  gross  area 
9.00  sq  in«  gross  area 


z6.o6  sq  in.  gross  area 

-*   7.06  sq  in,  gross  area 

*  12.00  sq  in,  gross  area 

*  19.06  sq  in,  gross  area 


Third   Step.    Tfaa  Length  of  the  FlaAge>Plate«.     To  determine  this  it  is 
necessary  to  plot  the  bending-moment  diagram  ^own  in  Fig.  12.    The  bending- 


Fig.  12.    Diagrams  for  Bending  Momenta  and  Vertical  Shears.    Example  i 


moment  diagram  for  a  girder  under  a  uniformly  distributed  load  is  bounded  by 
a  parabola  having  a  height  over  the  middle  of  the  girder  equal  to  the  maximum 
bending  moment.  From  the  middle  point  C,  of  a  horizontal  line  AB,  at  any 
convenient  scale,  lay  off  a  vertical  line  CD,  equal  to  the  maximum  bending 
moment,  334*8  ft-tons.  Construct  the  parabola  ADB  (see  page  79);  thea  the 
bending  moment  at  any  other  point,  as  £,  is  equal  to  the  ordinate  EF  above 
that  point,  measured  to  the  same  scale. 
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To  find  the  tbeoretiral  length  of  the  flaoge-plates  of  the  lower  flange,  inclose 
the  beDding-momsnt  diagram  in  a  rectangle  and  from  any  convenient  point, 
such  as  C.  lay  off  any  line  CG,  equal  to  the  total  flange-area,  ig  units  in  length, 
and  at  such  an  angle  that  the  upper  end  G  will  lie  on  a  horizontal  Une  drawn 
through  D.  Divide  the  line  CG  into  three  parts.  CH  representing  the  sectional 
area  of  the  angles,  equal  to  7  units,  and  BI  and  IG  representing  the  Mctiohal 
area  of  the  two  plates,  equal  to  6  units  each.  Draw  horizontal  lines  through 
II  and  /;  then  the  line  J  J  will  represent  the  theoretical  required  length  of  the 
second  or  upper  flange-plate  and  the  line  KK  the  length  of  the  first  or  lower 
Ban^e-plate.  In  practice,  however,  the  plates  are  usually  extended  beyond  the 
points  J  and  K  on  each  side  as  an  additional  factor  of  safety,  a  distance  suflS- 
dent  to  take  enough  rivets  to  transmit  at  least  one-third  the  resistance  of  the 
plate.  It  is  also  customary  to  make  the  first  or  lower  flange-plate  the  full 
length  of  the  girder  as  it  greatly  stiffens  the  angles  and  adds  but  a  small 
amount  to  the  cost.  Theoretically  the  length  of  the  flange-plates  of  the  top 
flange  would  be  less  than  the  length  of  the  plates  of  the  lower  flange,  because 
the  flange-area  of  the  top  flange  is  less  than  that  of  the  lower  flange;  but  they 
are  usually  made  the  same  length. 

Fourth  Step.  The  Web.  Webs  are  proportioned  to  resist  the  shear.  The 
maximum  shearing-stress  in  a  girder  imiformly  loaded  is  equal  to  either  reaction, 
which  in  this  case  is  one-half  the  total  load,  or  53  500  lb.  As  the  girder  is  3  ft 
deep,  this  small  shear  would  require  a  very  thin  section,  thinner  than  the  min- 
imum thickness  for  webs,  which  is  H  in.  From  Table  II,  page  703,  it  is  seen 
that  the  shearing  resistance  of  a  H  by  36-in  web-plate  is  135  000  lb,  which  is 
greatly  in  excess  of  the  actual  shear. 

Fifth  Step.  The  Stiffeners.  As  before  explained,  stiffeners  will  be  required 
whenever  the  vertical  shear  exceeds  the  safe  resistance  of  the  web  to  buckling. 
The  vertical  shear  is  53  500  lb  and  the  resistance  to  buckling  may  be  found  from 
Table  III,  page  705.  This,  for  a  H  by  36-in  web  with  two  H-in  rivets  is  found 
to  be  31  560  lb;  hen(»  stiffeners  will  have  to  be  used.  As  stated  under  Buckling 
of  Web,  page  686,  the  spacing  of  stiffeners  is  more  a  matter  of  judgment  and 
experience  than  of  exact  calculation,  and  for  this  a  shear-diagram,  also  shown 
in  Fig.  12,  is  of  great  assistance.  It  may  be  constructed  as  follows:  On  a 
horizontal  line  LM,  lay  off  to  any  convenient  scale  vertical  lines  LN  and  MP, 
each  representing  53  500  lb.  Connect  the  points  N  and  P;  then  the  vertical 
shear  at  any  point  is  equal  to  the  ordinate  at  that  point,  measured  to  the  same 
scale.  Thus,  at  Xi,  3  ft  from  the  left  end,  the  shear  is  47  500  lb,  at  Xt,  6  ft 
from  L,  it  is  40  500  lb,  at  Xi,  9  ft  from  £,  it  is  34  000  lb  and  at  X4,  12  it  from 
L,  it  is  27  500  lb.  As  the  vertical  shear  at  Xt  is  greater  than  the  safe  resist- 
ance to  buckling  and  at  X4  less,  it  might  be  safe  to  stop  the  stiffeners  at  Xa; 
but  as  the  floor-joists  are  framed  flush,  or  nearly  so,  with  the  top  of  the  girder, 
and  rest  upon  angles  riveted  to  its  web,  it  will  be  advisable  to  put  about  3 
stiffeners  between  ^4  and  the  corresponding  point  on  the  right-hand  half  of 
the  girder.  Additional  stiffeners  should  be  placed  directly  over  each  support, 
making  15  stiffeners  on  each  side  of  the  girder.  These  will  be  made  of  4  by  4 
by  fi-in  angles. 

Sixth  Step.  The  IVamber  aad  Pitch  of  the  Rivets.  First,  the  number  of 
rivets  in  the  web  will  be  considered.  As  a  rivet  b  required  at  the  end  of  each 
stiffener,  it  will  be  necessary  to  determine  the  number  and  spacing  of  the  rivets 
between  each  pair  of  adjacent  stiffeners.  In  the  web,  the  rivets  are  in  double 
shear.  In  Tables  II  and  III,  pages  418  and  419,  values  are  given  based  upon 
unit  shearing  values  of  7500  and  10  000  and  bearing  values  of  15000  and 
x8  000  lb  per  sq  in .    (See  foot-notes  with  these  tables.)    The  shearing  resistance 
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of  a  H'itL  rivet  at  xoooo*  lb  per  sq  in  is  4  420  X  2  •■  8  840  lb  for  doable  shear, 
and  the  bearing  value  of  the  same  rivet  in  a  H-in  plate,,  at  20  000*  lb  per  sq  in, 
is  5  630  lb.  As  the  bearing  value  is  the  smaller,  it  will  determine  the  number 
of  rivets  required. 

The  number  of  rivets  from  either  end  of  the  girder  to  any  point  depends  upon 
the  horizontal  flange-stress  at  that  point,  and  it  has  been  shown  that  the  flange- 
stress  is  equal  to  the  bending  moment  divided  by  the  depth  of  the  web.  (See 
foot-notes  with  Equations  (5)  and  (6).)  Scaling  off  the  bending  moment  above 
the  point  Xi  gives  75  ft-tons;  hence  the  horizontal  flange-stress  is  equal  to  75/3  • 
25  tons  ••  50  000  lb.  The  number  of  rivets  required  between  this  point  and  the 
left  reaction  is,  from  Formula  (5),  equal  to  50  000/5  630  ■■  xo  rivets,  which  are 
to  be  spaced  in  a  distance  of  36  in)  making  the  spacing  3.6  in.  Above  Xt  the 
bending  moment  scales  141.24  ft-tons,  the  flange-stress  is  141.24/3  «•  47.08  tons, 
or  94  160  lb,  and  the  number  of  rivets  required  between  Xt  and  A  is  94  160/5  630 
">  17;  but  xo  of  these  are  required  between  Xi  and  A,  leaving  7  to  be  placed 
between  Xi  and  Xt  in  a  distance  of  36  in  making  the  spacing  5.1  in.  At  Xt,  the 
bending  moment  scales  X97.4  ft-tons,  and  the  flange-stress  is  197.4/3  ->  65.3  tons, 
or  130  600  lb.  The  number  of  rivets  required  is  130  600/5  630—  24,  but  17  of 
these  are  required  between  Xt  and  A,  leaving  7  to  be  placed  between  Xt  and 
Xi,  making  the  spacing  the  same  as  in  the  second  panel.  At  X%  the  bending 
moment  scales  243'96  ft-tons,  and  the  flange-stress  is  243.96/3  -"81.32  tons  or 
162  640  lb.  The  number  of  rivets  required  b  162  640/5  630  >•  30,  but  24  of 
these  are  required  between  Xi  and  .4,  leaving  6  to  be  placed  between  Xt  and  .Y4 
in  a  distance  of  36  in,  making  the  spacing  6  in.  As  this  is  the  maximum  spacing 
allowed,  it  will  be  used  from  Xi  to  the  corresponding  point  on  the  opposite 
right-hand  half  of  the  girder.  The  same  number  of  rivets  will  be  used  in  the 
flange-legs  of  the  angles  as  in  the  web-legs,  but  they  will  be  spaced  so  that 
they  will  come  between  those  in  the  web. 

The  outer  flange-plate  scales  28  ft  6  in  in  length  in  the  bending-moment  dia- 
gram, but  this  length,  as  before  stated,  should  be  increased  sufficiently  to  take 
enough  rivets  to  transmit  at  least  one-third  of  the  resistance.  The  area  of  the 
plate  is  Vi  in  X  X2  in  -  6  sq  in,  minus  the  area  of  two  H-in  rivet-holes,  0.87  sq 
in  (Table  I,  page  702),  leaving  a  net  area  of  5.13  sq  in.  The  resistance  of 
the  plate  is  therefore  equal  to5.i3sqinX  14  000  lb  per  sq  in  »  71  820  lb.  One- 
third  of  this,  or  23  940  lb,  must  be  transferred  by  rivets  placed  beyond  the 
points  J  J.  As  the  rivets  in  the  flange  are  in  single  shear,  the  shearing  value 
of  one  rivet  in  single  shear,  4  420  lb,  will  govern.  The  number  of  rivets  re- 
quired, then,  is  23  940/4  420  -  6,  or  3  in  each  angle.  The  spacing  of  the  rivets 
in  this  panel  is  6  in.    The  plates  will  therefore  be  extended  1 8  in  on  either  side 

of/y. 

*Tbe  shearing  value  of  rivets  is  taken  at  from  7  000  to  ta  000  lb  per  sq  in  and  the 
bearing  value  at  from  12  000  to  34  000  lb  per  sq  in.  The  usual  values  are  xo  000  lb  for 
shear  and  20  000  or  24  000  lb  for  bearinj,'.  Values  of  12  000  lb  for  bbear  and  24  000  lb 
for  bearing  are  the  requirements  of  the  New  York  Building  C<wie  A  bearing  value 
other  than  those  of  Tables  II  and  III.  pages  418  and  410  is  purposely  used  in  this  example 
as  It  IS  frequently  necessary  to  use  diETerent  unit  stresses  than  those  from  which  some 
particular  table  has  been  computed.  If  no  other  table  is  at  hand  for  the  values  based  upon 
some  particular  rivet  bearing-stress.  Tables  II  and  III,  pages  418  and  419.  can 
be  used  and  the  new  value  found  by  proportion;  or  the  bearing-stress  can  be 
found  by  multiplying  the  product  of  the  diameter  of  the  rivet  and  the  thick 
Bess  of  the  web  by  the  new  unit  stress  In  thir>  example.  Table  III,  page  419. 
gives,  for  18000  unit  stress.  5060  lb  for  bearing;  »96  of  this  gives  5622  lb 
for  a  30  000  unit  stress.  Also,  *»  in  by  J4  in  by  20000  lb  per  sq  in*  5  625 
lb. 
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rwiiw  As  the  tottl  length  of  the  giider  is  but  sj  ft,  it  will  not  be  necouiy 
to  ipUcc  the  wetM  oi  the  flanges,  because  the  extreme  length  oC  k  M  by  36-ia 
plate  is  no  ft  and  o[  ■  11  by  ^i-ja  plate,  90  ft.*  It  15  never  Decesuiy  to  splice 
angles  u  Ihey  are  rolled  in  tenglhi  up  to  00  ft.  In  veiy  long,  de^  girders, 
faowevei,  it  is  KKnetimei  necessary  to  splice  the  web,  and  the  joint  is  •ometines 
made  at  the  middle,  as  theoietically  there  is  tta  vertical  sbearing-itren  in  the  web 


Fig.  la.    Sl^idiig  of  Imier  Plate  of  Bottom  FtaDge  of  Plate  Girds.    Eiamplc  i 

at  that  point  when  the  load  is  unifonnly  distributed.  Generally,  however, 
the  web  is  ipliccil  in  two  places,  equidistant  from  the  middle  of  the  girder. 
The  splice  is  calculated  for  vertical  stmr  only,  the  rule  being  to  divide  the  shear 
at  the  splice  by  the  safe  shearing  value  or  bearing  value  of  one  rivet.  This 
gives  the  numbfr  c^  rivets  requited  on  each  side  of  the  splice-plate,  unless  the 
n  pitch  is  exceeded,  when  more  are  added. 
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Whenever  a  ^ice  is  requited  in  a  ftaoge-plate,  it  should  be.  if  possible,  at  a 
point  just  beyond  the  end  of  the  plate  above  it.  The  joint  must  be  made  by 
liveting  to  the  spliced  plate,  a  plate  of  tlic  same  thickaeas  and  of  sufficient  length 
to  receive  a  number  c^  rivets  on  each  side  of  the  joint  equal  to  the  strength  of 
the  plate  that  is  spliced.  When  the  flange  is  made  up  of  two  plates  of  the  same 
thickness,  the  simplest  method  d  splidng  the  loner  |jate  is  as  sbonn  in  Fig.  13. 


F<|,  It.  Ekvatloo  of  Put  of  Plate  Girder.  EurniJe  i 
Let  t  denote  the  theoretical  position  of  the  end  of  the  outer  plate,  as  determined 
by  the  bending-moment  diagram,  and  a  the  punt  to  which  the  plate  must  be 
extended  to  receive  riveti  of  a  resistance  equal  to  oue-lhird  the  strength  of  ■ 
the  plate.  Then  let  the  joint  in  the  inner  plate  be  just  over  a  and  cileiMl  (he 
outer  [date  lo  k,  or  such  a  distance  that  it  can  receive  a  number  of  rivets  equal 
in  resistance  to  the  strength  of  one  plale. 


•Table*  ol  « 


:  Ubtc  CI 


n  the  V 


694 


Riveted  Sted  Plate  and  Box  Girdeis 


Chap.  20 


Fig.  16  shows  one  end  of  the  girder,  dnwn  according  to  the  foregoing  calcu> 
latioDS. 


The  Bin  of  Quantities  for  the  Girder.    The 

*     f        9        9     f 


following  b  a  bill  of  quantities 
for  the  construction  of  this 
girder. 

Load:  looooo  lb»  uniformly 
distributed.       Span    50     ft. 
Depth  3  ft 
Upper  flange: 
Two  an£^  5  hy  3H  by 

Me  in,  53  ft  long 
One  pUte  13  by  H  in»  53 

ft  o  in  long 
One  plate,  z  a  by  H  in,  31 
ft  6  in  long 
Lower  flange: 
Two  angles,  s  by  3Vi  by 

Me  in,  53  ft  long 
One  plate,  1 2  by  ^i  in,  SS 

ft  o  in  long 
One  plate,  12  by  Vi  in,  31 
ft  6  in  long 
Web: 
One  plate,  36  by  H  in,  53 

ftoin  long 
30  stiffeners,  4  by  4  by 
H-in  angles,  2  ft  11  in 
long 
30  fiUer-pIates,  4  by  H  in, 

29  in  long 
92  ft  8  in  of  4  by  4  by 
H-in    angles    for    sup- 
porting floor-joists 
Rivets: 
H  in  in  diameter 

Example  2.  The  wall  shown 
in  Fig.  16  is  to  be  supported  by 
a  riveted-steel  box  girder  at  the 
height  indicated.  It  is  re- 
quired to  design  the  girder. 

First  Step.  The  Load.  The  first  step  towards  designing  the  girder  is  the  de- 
termination of  the  load.  The  space  under  the  lower  windows  is  too  small  to  dis- 
tribute the  weight  from  the  piers  uniformly  over  the  girder,  so  that  the  only  safe 
assumption  is  that  the  weight  of  the  wall  between  the  lines  A  and  B  is  concen- 
trated at  Pi,  the  weight  of  wall  between  lines  B  and  C  at  Pt  and  so  on.  The 
floor-joists  run  across  the  building,  so  that  only  the  weight  of  the  wall  will  be 
supported  by  the  girder.  Allowing  200  lb  per  square  foot  of  face  for  the  21 -in 
wall,  and  165  lb  for  the  17-in  wall,  both  walls  being  plastered  on  the  inside: 
Load  at  Pi 


16.      Box    Girder    Supporting    Brick    WalL 
Example  a 


ns'3"X  10'- 7'x  2' 3'1Xaoo-    

)  Is'  3"  X  40'  -  (2'  3"  X  14'  +  3'  2"  X  7')]  X 


i6s 


.7350 
2579s 


I- 


$3  MS  lb 
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Load  atPt 

"  I  [7'4"X4o'-(4'6"Xi4'+4'9"X7')lXi6s- 32354)      '^^^ 

Load  at  Pi  -  that  at  Pt  * 40  720  lb 

Load  at  Fa 

^  ([4'ii"Xio'-2'3"X7'lX200- 6683)   .,^„o,u 

1  [4'ii"X40'~(2'3"Xx4'  +  3'2"X7')lXi6s-  ....23595  )       ^    ^ 
Total  load  on  girder  « 144  863  lb 

or  72.4  tons 
From  Equation  (7) 

•      *        ■  u^    c    '  A         ^X^      72.4 X24H  ,  ,, 

approximate  weight  of  girder  =    — 77^; ■■2.5  tons,  or  5  000  lb 


700 


700 


About  one*third  of  this,  or  say  i  600  lb,  should  be  added  to  Pt  and  /'j,  and  900  lb 
to  Pi  and  Pi.  This  will  give,  approximately,  the  following  loads,  applied  as  in 
Fi«.  17: 

Pi  •■  34 000  lb        Pi  ■•  42  300  lb 

Ps>-42  30olb        p4- 31  200  lb 


Fig.  17.    Diagram  for  Bending  Moments.    Example  2 

Second  Step.  The  Determination  of  the  Maximum  Bending  Moment..  By 
means  of  the  formula  under  Case  VT,  page  327,  the  maximum  bending  moment 
in  foot-pounds  for  the  loads  are  found  to  be  as  follows: 

T.      r,     .*  34  000Xi'6"X23'4"  „    ,,  ,, 

For  Pi,  Mmtix  -  — -r-rrr, — ^-^     -  47  980  ft-lb 


For  Pj,  Af  max 


For  P»,  J/irax  -• 


For  Pi,  3/inax 


24'  10" 

42  3O0X8'ii"Xis'ii" 

24'  10'' 

42  300Xi6'3"X8'7" 

24'  10" 

3i200Xi'4"X23'6" 

24'  10" 


242  000  ft-lb 
237  900  ft-lb 
39  420  ft-lb 


Plotting  these  moments  to  a  scale,  as  explained  for  Fig.  15,  page  329,  the 
bending-moment  diagram  shown  in  Fig.  17  *  is  obtained.    The  maximum  bend- 

*  The  bending  moments  in  this  diagram  are  drawn  to  a  scale  of  about  400  000  f t4b 
to  one  inch. 
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ing  moment  is  at  P^  over  the  longest  ordinate  hh  and  where  the  vertical  shear 
is  zero,  and  is  equal  to  the  length  of  the  ordinate  hb,  which  scales  418  000  It-lb, 
or  209  ft-tons. 

Third  Step.  The  Determination  of  the  Flange-Area  and  the  Length  of  the 
Cover-Platea.  Before  these  can  be  determined,  the  depth  of  the  web-plate 
must  be  dedded.  As  there  is  nothing  to  limit  the  depth  of  the  girder,  it  will 
be  made  about  one-tenth  of  the  span,  or  30  in.  Then  by  Formula  (i),  page 
683,  A  -  Mm*x/dS,  and  using  14  000  lb  or  7  tons  per  sq  in  for  S, 

the  cross  area  of  upper  flange  -  209/2.5  X  7  *  X2  sq  in 

As  the  thickness  of  the  wall  to  be  supported  is  21  in,  the  flange-plate  must  be 
at  least  20  in  wide  and  not  less  than  H  in  thick.  The  sectional  area  of  a  H 
by  20-in  plate  is  7H  sq  in,  leaving  4Vi  sq  in  to  be  made  up  by  the  angles. 
The  sectional  area  of  two  5  by  3H  by  Me-in  angles  b  7.06  sq  in  (Table  IX, 
page  363),  which  leaves  a  small  excess  for  the  lower  flange.  For  rivets  H  in 
in  diameter,  the  loss  in  area  due  to  two  rivet-holes  in  a  H~in  plate  is  (Table  I, 
page  702)  0.65  sq  in  and  in  a  M«-in  plate,  the  thickness  of  each  angle,  0.76  sq  in, 
making  1.41  sq  in  in  dl,  for  which  the  excess  in  the  angles  is  more  than  suffi- 
cient. The  width  of  the  flange  being  more  than  one-twentieth  the  span  makes 
lateral  support  unnecessary. 

Fourth  Step.  The  Webs  and  Stiffenera.  The  maximum  shear  is  equal  to  the 
maximum  reaction  which  in  this  case  is  obviously  equal  to  the  left  reaction. 
Taking  the  center  of  moments  at  the  right  reaction,  the  equation  of  moments  is, 

^1X24.83'-  (17  tonsX  23.33') +  (21.15  tonsX  15.9O  + (21.15  tons  X  8.58') 
+  (15.6  tonsX  1.33O 

whence  24.83  X  /?i  -  935.32x5  ft-tons  and  Ri  -  37.669  tons,  or  75  338  lb.  Xote 
that  the  loads  have  been  changed  from  pounds  to  tons,  for  convenience  in  milk- 
ing the  calculations.  As  this  box  girder  has  two  webs,  the  maximum  shear  in 
each  web  will  be  37  669  lb.  The  thinnest  web  permissible  is  H  in  thick.  From 
Table  II,  page  703,  the  resistance  of  a  H  by  30-in  web-plate  to  shearing  is 
IT2  500  lb,  so  that  the  webs  are  amply  safe  in  resisting  vertical  shear.  From 
Table  III,  page  705,  the  safe  resistance  to  buckling,  deducting  for  two  H-'m 
rivets,  is  33  830  lb.  As  this  is  less  than  the  maximum  shear,  stiffeners  will 
be  used,  placed  2  ft  4  in  from  each  support,  with  five  between  them,  making 
the  spacing  about  3  ft  4  in  on  centers.  Two  others  will  be  placed  over  each 
support.    4  by  4  by  H~in  angles  will  be  sufliicient  for  the  stiffeners. 

Note.  If  the  loads  were  really  concentrated  at  the  points  Pi,  Pt,  etc.,  as 
from  columns  or  girders,  it  would  be  necessary  to  place  stiffeners  at  each  one 
of  these  points  and  two  in  each  of  the  intermediate  spaces,  but  as  the  pier- 
loads  are  partly  distributed  it  will  be  better  to  space  them  as  first  planned. 

Fifth  Step.  The  Number  and  Pitch  of  the  Rivets.  The  rivets  in  the  web- 
legs  and  flange-l^s  of  the  angles  are  in  single  shear.  From  Table  III,  page 
419,  the  shearing  value  of  a  f4-in  rivet  in  single  shear  at  xoooo  lb  per  sq  in  is 
4  420  lb,  and  the  bearing  value  in  a  H-in  plate  at  x8  000  lb  per  sq  in  is  5  060  lb. 
Hence  the  shearing  value  will  govern.  The  number  of  rivets  required  depends 
upon  the  flange-stress,  which  is  equal  to  the  maximum  bending  moment 
divided  by  the  depth  of  the  girder.  (See  Formula  (i),  page  683.)  The  bending 
moment  at  Pi,  found  by  moments  or  graphically  by  scaling  off  the  ordinate 
oa,  Fig  17,  is  56.5  ft-tons.*    This,  divided  by  the  depth  2.5  ft,  gives  22.6  tons, 

*  This  may  be  found,  also,  by  takinir  Pi  as  the  center  of  moments  and  multiplying 
^1  -  37-669  tons  by  the  lever-arm  i'^  ft.  The  result  is  56.5  ft-tons.  The  bending 
moments  at  the  other  loads  may  be  detennined  by  taking,  in  each  case,  the  alrebraic 
turn  of  the  moments  of  the  external  vertical  forces  on  either  side  of  each  point  considcrBdi 
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or  4s  100  lb,  (ot  the  flange-stress,  or  11  600  lb  for  cacb  web.  The  number  at 
HveCs,  therefore  (Fonnula  (s),  page  6St)  is  »  600/4  4'o  ~  *>'  '^'■^  distance 
(ram  P,  to  the  lelt  reaction  is  18  in,  which  makes  the  sparing  j  in.  The 
flange-stress  at  P.  is  209.B8  U-toat/i-s  ft  -  Sj.95  tons,  or  167  900  lb,  and  one- 
half  of  this  is  83  cijo  lb.  The  number  of  rivets  therefore  is  Bj  950/4  410-  19. 
But  6  erf  lbe«e  are  required  between  Pi  and  the  left  reaction,  leaving  i,;  tn  go 
between  Pi  and  Pi,  a  distance  of  S9  in,  making  the  pitch  about  6.9  in.  As 
ihL;  exceeds  the  manmuin  allowable  pitch,  the  rivets  will  be  spaced  6  in  on 
centers  between  Pi  and  Pi,  and  between  Pi  and  Pi.  The  spacing  on  tke  right- 
hand  end  ol  the  girder  will  be  made  the  same  as  that  on  the  left.  Some  details 
of  the  girder  arc  shown  in  Fig.  18. 


Wj^'^jgoqjCTC'^g^yy^iT'r^ipypc" 


Fif .  IS.    Elevuic 


I  iDd  S«tion  of  Boi  G 


Eiunple  1 


Tha  Details  and  BUI  of  Onantltlei  far  tha  Oltdsr.    The  loads,  dimenmooa,  rix^ 
□umber  of  pieces,  etc.,  for  Ibe  girder  are  given  in  the  following  summary: 
Loads:  34000  lb,  t  ft  6  in  from  left  support.     Span:  24  ft  10  In 
42  ioo  lb,  8  It  1 1  in  from  left  support.     Depth;  30  in 
4]  joo  lb,  8  ft  7  in  from  right  support 
31  Joo  lb,  I  ft  4  in  from  right  support 
Both  Qanges:   Four  angles,  5  by  31^  by  Mi  in,  17  ft  6  in  long 

One  phite,  10  by  H  in,  17  ft  6  in  long 
Two  webs:  M  by  30  in,  17  ft  6  in  long 
Twcnty-lwo  stillencn:  4  by  4  by  H  in,  igH  in  long 
Twenly-two  ftller-plBles:  4  by  ?!•  In,  13  In  long 
Rivets;  %  in  in  diameter 
Enm|>I«  3.     What  are  the  dimeiksions  of  a  box  girder,  40  ft  in  span,  required  to 
support  the  following  loads?     90  tons  from  a  column,  8  ft  from  the  left  support; 
75  tons  from  a  column.  11  It  from  the  right  support:  and  a  masonry  pier,  lo  It 
in  length,  beginniiu?  10  ft  from  the  left  support  and  weighing  4  tons  per  running 
ft.     (See  Fig.  19.) 

Fint  Step.  The  Deteimliiitlon  of  the  Rsietions,  Shears  aad  BeBdiog  US' 
menti.  To  find  either  reaction,  (he  center  of  moments  h  taken  at  the  other 
reaction.  The  equation  of  moments  for  the  left  reaction  is.  therefore,  taking  the 
center  of  moments  at  the  right  reaction, 

40  ft  -  tgo  tons  X  31  fl)  +  (40  tons  x  ij  It*)  +  (7s  tons  X  11  ft) 
from  which 

4oXi-4  78oft-toasBnd  Ki  -  119.!  tons 


if  (on 


Kribulcd  loads  i 
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In  like  manner,  the  equation  of  moments  for  the  right  reaction  is 

40^1  -  (75  tonsx  28  ft)  +  (40  tonsX  iS  ft)  +  (90  tonsX  8  ft) 

from  which 

40  J?t  -■  3  420  ft-tons,  and  Rt  -  85.5  tons 

The  greatest  vertical  shear  V\  is  equal   to  the  greater  reaction,  which  is 
119.S  tons.    The  shear-diagram  (Fig.  19)  may  be  constructed  by  laying  ofi  at 


i 


1 

i 

II 

i 


Fig.  19.    ElevatloB  of  Box  Girder  and  Diagrams  for  Bending  MciacDts  and  Vertical 

Sheais.    Example  3 


any  convenient  scale  an  ordinate  equai  in  length  to  11 9.5  tons.  Immediately 
at  the  right  of  point  i,  under  the  left  column,  the  shear  is  equal  to  1x9.5  —  90  <- 
29.5  tons.  It  is  the  same  at  point  2,  the  left  end  of  the  wall.  At  point  3,  the 
right  end  of  the  wall,  the  shear  is  1 19.5  —  90  —  40  -  — 10.5  tons,  showing  that  the 
shear  passes  through  zero  somewhere  between  a  and  3,  which  is  the  point  of 
maximum  bending  moment.  This  point,  X,  is  by  scaling  the  shear-diagram, 
17.4  ft  from  Ri'    It  is  over  the  point  of  intersection  of  the  slanting  line  in 
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the  ahear-diftgnuxi,  with  the  horizontal  line  of  reference.  ThU  ilanting  line 
is  drawn  from  the  top  of  the  shear-ordinate  for  point  2  to  the  bottom  of  the 
shear-ordinate  for  point  3.  Just  at  the  right  of  point  4,  the  shear  is  1x9.5  — 
90  —  40  —  75  -  —85.5  tons,  the  same  as  the  right  reaction.  The  point  X,  of  no 
shear  and  maximum  bending  moment,  may  be  found,  also,  as  follows:  At  the 
left  of  point  2  the  shear  is  29.5  tons.  One  foot  to  the  right  of  2  it  is  29.5 
tons—  4  tons—  25.5  tons.  Two  feet  to  the  right  of  2  it  is  29.5—  8  tons  — 
21.5  tons,  etc.  Therefore,  since  the  shear  decreases  at  the  rate  of  4  tons  per 
foot,  it  will  be  zero  at  29.5/4  or  7.4  ft  at  the  right  of  2,  or  17.4  ft  from  Ri. 

The  maximum  bending  moment  is  at  JC,  the  point  of  no  shear.  The  equation 
of  moments,  considering  the  forces  to  the  left  of  X,  is 

if  max  -  (119-5  toosX  17-4  ft)  -  (9«>  tons  X  9-4  ft)  -  (4  tonsX  7-4  ft  X  74  ft/2) 

7.4  ft/2  1?  the  distance  from  X  to  the  center  of  gravity  of  the  wall-load  to  the 
left  of  Xt  and  is  the  lever-arm  of  that  load,  considered  as  a  vertical  downward 
force  concentrated  in  a  single  line  of  action.    Hence 

i/aax  «■  2  079.3  —  846  —  109.5  ~  I  i2s^  ft-tons 

The  bending-moment  diagram  may  be  constructed  by  lasting  off  at  X,  at  any 
convenient  scale,  an  ordinate  XC  equal  to  i  123.8  ft-tons  in  length.  It  Is  neces- 
sary to  find  the  bending  moment  at  other  points,  since  the  bending-moment 
diagnun  cannot  be  plotted,  as  in  the  previous  examples,  because  the  uniform 
load  is  not  distributed  over  the  entire  girder.  The  other  critical  points  are  i, 
2,  3  and  4. 

Afi  -  (119.5  tons  X  8  ft)  -  956  ft-tons 

Ms  —  (119.S  tons  X  10  ft)  —  (90  tons  X  2  ft)  -  i  015  ft-tons 

Mt  —  (i  19.5  tons  X  20  ft)  -  (90  tons  X  12  ft)  -  (40  tons  X  5  ft)  =  1 1 10  ft-tons 

Mi  ■■  (119.5  tons  X  28  ft)  —  (go  tons  X  20  ft)  —  (40  tons  X  13  ft)  - 1 026  ft-tons 

By  laying  off  ordinates  at  these  points  equal  by  scale  to  the  respective  bending 
moments;  drawing  straight  lines  from  R  to  A,  the  extremity  of  the  ordinate 
through  I,  and  from  A  to  B;  drawing  curved  Unes  from  B  through  the  points 
C  and  D;  and  connecting  D  and  E  and  E  and  Rt  by  straight  lines;  the  bending*> 
xaoment  diagram  R1ABCDER2  may  be  constructed. 

Second  Step.  The  Webs.  As  stated  on  page  683,  it  is  considered  safe  by 
many  enpneo's  to  include  one-sixth  of  the  web-area  in  the  flange-area,  and 
this  will  be  done  in  this  example.  The  web,  therefore,  must  be  designed  first. 
As  there  is  nothing  to  limit  the  depth  of  the  girder,  it  will  be  made  3  ft  deep, 
about  one-twelfth  the  span.  The  greatest  vertical  shear  is  equal  to  the  greater 
or  left  reaction,  119.5  tons.  Since  the  girder  carries  a  brick  wall,  it  must  be  of 
the  box  type,  and  hence  the  vertical  shear  on  each  web  is  59.75  tons.  A  H  by 
36-in  web  will  be  tried  first.  Its  area  is  18  sq  in,  from  which  must  be  deducted 
the  loss  in  area  due  to  the  rivet-holes  for  the  rivets  through  the  stiffeners.  The 
rivets  will  be  placed  the  maximum  dbtance  on  centers,  making  six  in  eadi 
stiffener.  Because  of  the  concentrated  loads  near  the  reactions  more  rivets  will 
be  required,  and  in  order  to  avoid  a  close  spadng,  H^in  rivets  will  be  used. 
From  Table  I,  page  702,  the  sectional  area  to  be  deducted  for  a  li-'m  rivet  in  a 
Ji-in  plate  is  0.50  sq  in;  hence  the  net  area  of  the  web  is  18  —  (6  X  0.50)  -  15 
sq  in,  and  its  shearing  resistance,  at  10  000  lb  or  5  tons  per  sq  in  (Table  11,  page 
703),  is  IS X  5  tons-  75  tons,  which  is  15.25  tons  in  excess  of  the  59.75  tons 
required. 

TlUrd  Step.    The  Fknge-Area.    From  Formula  (x),  page  683, 

the  flange  area,  A  -  Mmhx/dS  -  — ^  -  53.5  sq  in 

3X7 
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As  the  girder  has  no  lateral  support,  the  flange-width  should  be  not  less  than  one- 
twentieth  the  span,  which  will  make  it  2  ft. 
The  upper  flange  may  be  proportioned  as  follows: 

One-sixth  of  net  section-area  of  two  webs  >- 5 .00  sq  in 

Two  5  by  5  by  fle-in  angles,*  with  section-area  •■ 10.62  sq  in 

Three  Me  by  a4-in  plates,  with  section-area  of  13-50  sq 

in  eachi" 40.50  sq  in 

Total  section-area  of  upper  flange  « 56. 12  sq  in 

To  proportion  the  lower  flange,  allowance  must  be  made  for 
the  loss  in  area  due  to  two  rivet-holes. 

From  Table  I,  page  702,  the  area  of  two  H*in  rivet-holes  in 

'    a  Me-in  plate  (thickness  of  angles)  * i.iasqin 

Areaf  of  two  rivet-holes  in  three  H-in  flange-plates  -. . .       3 . 75  sq  in 

Total  rivet-area  -■ 4.87  aq  in 

Hence  the  gross  section-area  of  the  lower  flange  must  be  . 
53.5  +  4.87  -  58  sq  in. 
This  may  be  made  up  of 

One-sixth  of  net  section-area  of  two  webs  — 5.0   sqin 

Two  5  by  5  by  ^U-m  angles,  with  section-area  « xo.62  sq  in 

Three  H  by  24-in  plates,  with  section-area  of  15  sq  in 
each  - 4S.oosq  in 

Total  section-area  of  lower  flanget  *■ 60.62  sq  in 

The  length  of  the  flange-plates  is  determined  from  the  bending-moment 
diagram.  Draw  a  horizontal  line  through  C  (Fig.  19)  and  at  any  point,  as  3, 
lay  off  to  any  convenient  scale  and  angle,  a  line  3  £^  »  60.62  units  in  length, 
with  its  upper  extremity  on  the  horizontal  line  PG  drawn  through  C.  Divide 
this  line  into  five  parts:  3  /,  containing  5  units  for  the  web-area;  //,  10.62  units 
for  the  angles;  and  JK,  KL  and  LH  of  15  units  each,  for  the  three  plates.  Draw 
horizontal  lines  through  the  points  /,  /,  K  and  L  as  shown.  The  horizontal 
intercepts  of  these  horizontals  in  the  bending-moment  diagram  will  give  the 
theoretical  lengths  of  the  flange-plates.  For  practical  considerations,  the  inner 
plate  is  alwajrs  carried  the  full  length  of  the  girder  and  the  other  plates  are  ex< 
tended  beyond  tbe  intersection-points  on  either  side,  a  distance  sufficient  to 
take  enough  rivets  to  transmit  at  least  one-third  of  the  resistance  of  the  plate. 
The  resistance  AS,  of  the  outer  plate  is  15  sq  in  X14  000  lb  per  sq  in  «  210  000  lb. 
One-third  of  this,  or  70000  lb,  must  be  resisted  by  rivets  placed  beyond  the 
points  A  A,  From  Table  III,  page  4x9,  at  10  000  lb  per  sq  in,  the  shearing 
value  of  a  ^in  steel  rivet  in  single  shear  is  6  010  lb  and  in  a  H-in  plate  its  bearing 
value  at  18  000  lb  per  sq  in  is  9  820  lb.  Hence  the  number  of  rivets  required  is 
70  000/6  0x0  •■  1 2,  or  6  on  each  side.  With  a  2-in  pitch  this  would  lengthen  the 
plate  12  in  at  each  end.  The  outside  plates  in  this  partictilar  girder  would  be 
extended  far  enough  to  pass  beyond  the  base  of  the  column  on  the  left  side  of 
the  girder. 

*  Angles  with  equal  l^;s  are  selected  because  the  same  number  of  rivets  will  be  re- 
quired in  both  legs,  as  they  are  all  in  single  shear,  and  large  angles  are  selected  because 
the  rivets  wilt  have  to  be  staggered,  owing  to  the  concentrated  loads  being  placed  so  near 
the  ends  of  the  girder. 

t  Since  91  a -in  plates  arc  selected  for  the  upper  flange,  it  b  reasonable  to  suppose  that 
^-in  plates  will  be  necessary  for  the  lower  flange. 

X  Both  flange-areas  are  made  slightly  in  excess  of  the  requirements,  because  in  this 
examplf  one-sixth  of  the  web-area  is  included. 
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Foutii  Sttp.  Tlie  SfiSsiMfs.  From  Table  III,  page  705,  the  safe  buckling 
value  of  a  H  by  36-in  plate  with  two  H-in  rivets  is  6a  320  lb,  and  as  this  is 
much  less  than  the  shearing  value,  stlfieners  must  be  used.  The  stiffenera 
under  the  concentrated  loads  may  be  considered  as  short  struts  in  direct  com- 
pression. Assuming  that  4  by  4  by  H-ia  angles  are  used  for  the  stiffeners,  the 
safe  bad  from  Table  XV,  page  502,  is  over  20  tons.  The  greatest  concen- 
trated bad  is  90  tons,  and  hence  four  stiffencrs  will  be  placed  under  each 
column.  Four  more  will  be  placed  at  each  bearing,  as  shown  in  Fig.  19,  four 
on  each  side^  between  the  columns,  about  4  ft  on  centers;  and  two  on  each  side, 
between  the  columns  and  the  bearings^  making  15  on  each  side^  or  30  in  all. 

Fifth  Step.  The  Number  and  Pitch  of  the  Rivets.  In  a  box  girder,  the  rivets 
are  in  single  shear.  The  shearing  value  of  a  H-ln  rivet  at  10  000  lb  per  sq  in 
is,  from  Table  III,  page  419,  6  010  lb,  and  its  bearing  value  at  18  000  lb  per 
sq  in,  in  a  M«-in  plate,  the  thinnest  outside  plate,  is  6  880  lb;  hence  the  shearing 
value  will  govern. 

The  number  of  rivets  depends  upon  the  horizontal  flange-stress,  which  is 
equal  to  the  maximum  bending  moment  divided  by  the  depth  of  the  girder 
(Formula  (i),  page  683).  Af  at  i  —  956  ft-tons,  and  the  horizontal  flange-stress 
""  956/3  "■3x9  tons,  or  638  000  lb.  From  Formula  (5),  page  687,  the  number 
of  rivets  required  -  638  000/6  010  •«  106,  or  53  on  each  side.  These  are  to  be 
spaced  in  a  distance  of  8  ft,  or  96  in,  which  makes  the  pitch  about  x.8  in.  As 
this  is  less  than  the  minimum  pitch,  2H  in,  or  three  diameters,  the  rivets  will 
have  to  be  staggered.  Hence  the  justification  for  selecting  Luge  angles  with 
equal  legs  for  this  paricular  girder.  At  X  the  horizontal  flange-stress  - 
X  123.8/3  -  374.6  tons,  or  749  200  lb,  and  the  number  of  rivets  is  749  200/6  010 
»  124,  or  62  on  each  side;  53  of  these,  however,  are  required  between  Ri  and  i, 
leaving  9  to  be  placed  between  i  and  X,  a  distance  of  about  9  ft.  As  the  re- 
sulting pitch  will  exceed  the  maximum  pitch,  they  will  be  placed  6  in  on  centers 
between  i  and  X.  At  4  the  horizontal  flange-stress  «  z  026/3  ~  342  tons,  or 
684  000  lb.  The  number  of  rivets  is  684  000/6  010  >  x  12,  or  56  on  each  side, 
to  be  spaced  in  a  distance  of  x2  ft,  or  144  in,  making  the  spacing  2.5  iiL  Be- 
tween 4  and  X  the  maximum  pitch  will  be  determined  as  before. 

Sixth  Step.  The  Weight  of  the  Girder.  So  far,  no  account  has  been  taken 
of  the  weight  of  the  girder.  The  practice  is  to  neglect  this  weight  when  the  max- 
imum bending  moment  due  to  it  alone  is  less  than  10%  of  the  maximum  bend- 
ing moment  due  to  the  loads.  From  Formula  (7),  page  688,  the  weight  of  the 
girder  *  205  X  40/700  »  12  tons.  From  Case  V,  page  326,  the  maximiun  bend- 
ing moment  due  to  it  -  x  2  X  40/S  »  60  ft-tons.  As  this  is  much  less  than  10% 
of  X  123.8  ft-tons,  the  maximum  bending  moment  due  to  the  loads,  it  may  be 
neglected.  Had  it  been  otherwise,  the  weight  would  have  to  be  considered  as 
an  additional  uniformly  dbtributed  load  over  the  entire  girder  and  a  new  bend- 
ing-moment  diagram  drawn. 

Other  Data  on  Riveted  Girders.  By  applying  the  principles  illustrated  in 
the  preceding  examples  it  is  possible  to  compute  the  necessary  dimensions  and 
details  for  riveted  girders  under  any  conditions  of  loading.  If  further  examples 
are  desired,  the  reader  is  referred  to  "  Compound  Riveted  Girders,"  by  VVilUam 
H.  Birkmire,  in  which  different  examples  of  loading  are  fully  worked  and  ex- 
plained, and  also  to  other  recent  treatises  on  this  subject. 

Detail  Drawings  and  Stress-Diagrams  of  one  of  the  earlier  heavy  pkte 
girders  used  in  building-construction  are  published  in  the  Engineering  Record 
of  Dec.  28,  1895.  This  girder  is  one  of  six  plate  girders  used  in  the  construc- 
tion of  Tremont  Temple,  Boston,  Mass.,  Blackall  &  Newton,  architects.  The 
girder  is  75  ft  long  between  centers  of  coUimni,  6  ft  i  in  deep,  with  flanges  28  in 
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vide,  9JBd  Is  cfilculated  to  support  distributed  and  concentrated  loads  aggre- 
sating  497.5  toas.  The  single  web-plate  is  64M  in  deep*  and  H  in  thick  at  tba 
ends;  the  flanges  are  4^  in  thick  at  the  middle  of  the  girder;  and  the  flange- 
angles  are  6  by  8  by  i  in.  Since  that  time  there  have  been  erected  for  many  of 
the  large  buildings  a  number  of  riveted  girders  of  very  great  sizo  and  strengtb^ 
and  details  of  their  construction  may  be  found  in  the  engineering  and  architec- 
tural periodicals. 

€,  Tabl9i  Used  im  tht  00tigA  of  Plate  and  Bos  Girden 

Tables  I,  II,  III  and  IV  contain  data  usually  required  for  the  design  of  plate 
and  box  girders  to  satisfy  all  but  the  most  unusual  conditions. 

Table  I.*t    Sectional  Area  in  Square  Inches  to  be  Deducted  from  Plates  and 

Angles  for  Rivet-Holes 

Taken  H  inch  in  excess  of  diameter  of  rivet  t 


Number  of  rivets,  x  in 

Nxunber  of  rivets,  li 

in 

Thickness 

diameter 

diameter 

of  plate. 

in 

z 

3 

3 

4 

I 

3 

3 

4 

I 

1.12 

2.2s 

3  37 

1 

4.50 

1. 00 

2.00 

3.00 

4.00 

»M« 

I. OS 

2.10 

3.16 

4  21 

0-94 

I   87 

2.81 

3. 75 

li 

0.98 

1.97 

2.9s 

3  93 

0.87 

1.75 

2.62 

3. SO 

»^« 

0.91 

1.83 

2.74 

3.«S 

o.8x 

I  «2 

3.44 

3  25 

r* 

0.84 

1.69 

3.53 

3-37 

0.75 

I. SO 

3.3S 

3.00 

iH» 

0.77 

1. 55 

3.33 

309 

0.$9 

1.37 

3.06 

2.75 

56 

0.70 

I.4I 

2. II 

2.81 

0.62 

1.25 

1.87 

2.50 

9U 

0.63 

1.26 

1.90 

3.53 

0.56 

X.X2 

1.69 

2.25 

H 

o.s<» 

I. II 

1.69 

2.25 

O.SO 

1. 00 

I.SO 

2. CO 

lU 

0.49 

0.98 

1.47 

I  97 

0.44 

0  87 

1. 31 

1  75 

H 

0.42 

C.84 

1.26 

1.69 

0.37 

0.75 

X.I3 

I.SO 

Nu 

Lmber  of  rivets,  H 

'in 

Nut 

nber  of  rivets,  9i 

in 

Thickness 

diameter 

diameter 

of  plate, 

in 

I 

2 

3 

4 

I 

3 

3 

4 

I 

0.87 

1. 75 

2.63 

3. SO 

0.7s 

i.So 

2.25 

3.00 

»M6 

0.82 

T.64 

2.46 

3.28 

0.70 

1.40 

2.11 

2.8X 

T6 

0.77 

1.53 

2.30 

306 

0.65 

1.31 

1.96 

2.62 

^U 

0.71 

1.42 

2.13 

2.84 

0.61 

1.22 

1.83 

2.41 

H 

0.66 

1.31 

1.96 

2.62 

0.56 

X.I3 

1.69 

3.35 

nu 

0.60 

1.20 

1.80 

2.40 

c.si 

1.03 

1. 54 

3.06 

H 

o.SS 

1.09 

1.64 

2.19 

0.47 

0.94 

1.41 

X.88 

916 

0.49 

0  9$ 

1.48 

1.96 

0.42 

0.84 

1.26 

1.69 

H 

0.43 

0.87 

1. 31 

I -75 

0.37 

0.75 

1.12 

1.50 

7/U 

0.3» 

0.7fl 

lis 

'     1.53 

0.33 

0.66    1    o.9g 

1. 31 

H 

0.32 

0.65 

0.98 

1. 31 

0.28 

0.56    1    0.84 

1.13 

9ifl 

0.27 

0.5S 

0.82 

1.09 

0.23 

0.47    i    0.70 

0.94 

n 

0.22 

0.44 

0.66 

0.87 

0.18 

0.37 

1      0.56 

0.7s 

*  For  explanation  of  tables,  see  Subdivision  4,  page  688. 

t  This  table  is  taken  from  "Compound  Riveted  Girders."  by  W.  H.  BiitmiK. 

I  Set  pocagnob*  Puocbiag  Rivet'HoIss,  pags  414.  and  Table  XI,  page  400, 
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Ttbto  IL*    Safe  Shearing  Valoa  of  Web-PiatM  in  Founds 
Mild  stcd.    Gross  area.    Safe  unit  stress,  lo  ooo  lb  per  sq  in 


Deptbt 
in 

Thiclmeis  in  inches 

96 

lU 

W 

9i« 

H 

94 

Ti 

as 
30 
3a 
36 
40 
4a 
46 
48 

105000 
112  500 
120000 
135000 
150000 
157500 
172500 
180000 

122500 
131  300 
140000 
157500 
n5  0oo 
183  8co 
201  300 
8IOQ00 

140000 
150000 
160000 
180000 

200  000 
910  000 
23DOOO 
340000 

157500 
168800 

180000 
202500 
225000 
236300 
258800 

270000 

175000 
187500 
200000 
325000 

350  000 

263500 

387  500 

300000 

aioooo 
S25  000 
340000 
370  coo 
300  oco 
315000 
345000 

360000 

345000 
362500 
380000 
315000 
350000 
367500 
403500 
410000 

Dednctsons  in  pounds  for  one  ^-in  rivet f 

3200 

3800 

4300 

4900 

5SO0 

6600 

7700 

Deductions  in  pounds  for  one  ]Pi-in  rivet  t 

3700 

4400 

5000 

5600 

6aoo 

7500 

8700 

*  For  explanation  of  tables,  see  Subdivisioii  4,  page  688. 

t  The  area  of  the  hole  is  taken  H  in  in  excess  of  the  diameter  of  the  rivet  to  allow  for 
injury  of  the  metal  sustained  by  punching. 

Example  4.  What  is  the  safe  shearing  value  of  a  36  by  H-in  wei>-p'iate  with 
seven  H-ia  rivets  in  the  stififeners? 

Solution.    The  gross  shearing  value  -  135  000  lb 

The  deduction  for  seven  rivets  ■■7X3  200  »    22  400  lb 

The  safe  shearing  value  ^  1x2  600  lb 

To  use  this  table  for  any  other  unit  stress,  divide  the  shearing  value  by  10  000 
and  multiply  by  the  given  unit  stress.  For  example,  what  is  the  safe  shearing- 
value  of  a  40  by  H-in  web-plate  at  12  000  lb  per  sq  in?  (250  000/10)  X  12  • 
300  000  lb. 

Tables  of  Riveted  Steel  Plate  Girders.t  It  is  not  practicable  to  give 
TABLES  OF  SAJPE  LOADS  for  riveted  steel  plate  girders  because  of  the  great  variety 
of  combinations  of  plates  and  angles  that  can  be  selected  for  any  given  condition 
of  loading.  Moreover,  any  variation  in  the  loading  would  make  the  tables  use- 
less. In  place  of  the  safe  loads,  therefore,  the  pkoperties  or  elements  of 
RIVETED  STEEL  PLATE  GIRDERS  EFC  given  in  Table  IV,  pages  706  to  716,  which 
will  aid  in  determining  the  size  of  the  girder  and  the  approximate  thickness  of 
the  plates  and  angles  for  any  special  case.  To  determine  the  dimensions  and 
other  details  of  a  girder  suitable  to  carry  any  specified  loading,  determine  the 
ICAXIMUM  END-REAcnoN  in  pounds  and  the  maximlt*  bending  moment  in  inch- 
pounds.  Select  from  Table  IV  the  different  parts  for  a  girder  of  the  required 
depth,  a  thickness  of  web  as  determined  by  the  maximum  end-reaction  and 
a  suitable  section-modulus  as  determined  by  dividing  the  maximum  bending 

t  For  tables  of  riveted  single-beam  girders  and  double-beam  girders,  see  Tables  XIV 
and  XV,  Dafes  605  to  611. 
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moment  by  the  peucissible  unit  stress  for  flexure  in  pounds  per  square 
inch.  The  spacing  of  the  rxvets,  the  number  and  position  of  the  stiffeners, 
the  length  of  the  flange-plates,  if  more  than  one  are  needed,  and  the  loss 
IN  FLANGE-AREA  and  WEB-AREA  due  to  the  punching  of  the  rivet-holes,  must 
be  determined  in  each  case  by  the  rules  already  given.  The  weights  of  the 
rivets  and  stiffeners  are  not  included. 

As  an  illustration  of  the  use  of  these  elements  or  properties,  in  Example  (i) 
the  total  load  on  the  girder  is  107  000  lb,  making  each  end-reaction  53  500  lb. 
The  maximum  bending  moment  is  334.8  ft-tons,  or  8  035  000  in-lb.  The  section- 
modulus  //c- If /5"  8035000/14000- 574.  The  depth  of  the  girder  is 
limited  to  36  in.  Looking  up  the  properties  of  36-in  girders  in  Table  IV,  page 
709,  it  is  seen  that  a  H-in  web  is  more  than  sufficient  to  resist  the  end- 
reaction.  The  nearest  section-modulus  to  574  is  567.2,  that  of  a  girder  com- 
posed of  a  36  by  Ms'in  web,  5  by  3H  by  ^-in  angles,  and  la  by  H-ln  flange- 
plates.  In  working  out  the  problem  in  detail  it  was  found  that  the  girder 
required  5  by  3H  by  Hs-in  angles  and  two  la  by  ^i-in  flange-plates  to  com- 
pensate for  the  k»8  of  area  due  to  the  punching  of  the  rivet-holes.  (See  pages 
219  and  710.) 

Table  IV  is  based  upon  an  extreme  fiber-stress  for  flexure  of  16  000  lb  per  sq  in. 
and  gross  sections  are  used  in  determining  the  values  given.  The  attention  of 
readers  is  called  to  the  two  methods  of  plate  and  box-girder  design:  (i)  the  one 
using  the  plate-girder  formula  (page  683),  and  (2)  the  one  using  the  section- 
modulus  (pages  703  and  704,  and  706  to  716).  It  is  customary,  also,  to  take 
into  account  the  tendency  of  the  compression-flange  of  the  girder,  if  long  between 
lateral  bracings,  to  buckle  or  fail  as  a  column;  and  the  permissible  reduced  flangt- 
stress  is  determined  by  column-formulas. 
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TaU«  m.*    8af«  BocUiac  VahiM  of  Web-PUites 

SATB  UNIT  BUCKUNG  VALUS  IN  FOUNDS  PER  SQUARK  INCH 

XOOOO 


Calculated  by  fonnulat  St  ^ 


x  + 


3000 1* 


'   5»  M  safe  buckling  resistance  in  pounds  per  square  inch;  d  «■  depth  ol  web  in  the  clear 
between  flange-plates  in  inches;  t  «■  thick  nets  of  web  in  inches 


Depth, 
in 


28 
30 
32 
36 
40 
42 
4« 


Thickness  in  inches 


H 


TU 


3498 
3192 
2889 

2456 

2087 

1930 
1548 


4228 
3896 
3634 
3069 
2696 
2455 
1994 


H 


4890 
4546 
4228 
3666 
3191 
2983 
2543 


9i» 


5476 
5133 

4787 
4229 

3724 
3498 
2918 


H 


5932 
5656 

5339 

4748 
4228 
3992 
3371 


Va 


6522 
6236 
5656 
5133 
4889 
4228 


H 


6930 
6392 
5882 

5649 
4992 


TOTAL  SAFB  RBSISTANCS  IN  FOUNDS  FOR  PLATES  WITH  TWO  94-IN  RIVKTS 


Depth, 
in 


28 

30 
36 

42 
48 


Thickness  in  inches 


H 


34450 
33830 
31560 
29  140 
26860 


lU 


48580 
48  150 
46000 
43230 
40360 


H 


64200 
64230 
628C0 
60040 
58820 


Me 


80880 
81560 
81  500 
79190 
75920 


H 


97340 

99880 

loz  750 

100440 

97450 


« 


138  200 

145300 
147600 
146670 


H 


191570 
198960 

302  000 


TOTAL  SAFE  RBSISTANCB  IN  POUNDS  FOR  PLATES  WTTH  TWO  ^IN  RIVETS 


Depth, 
in 

Thickness  in  inches 

H 

M« 

H 

«• 

9* 

H 

H 

28 
30 
36 
42 
48 

34  TOO 

3.^510 
31  310 
289^ 
26700 

48  ITO 
47720 
45660 
42960 
40140 

63570 
63640 
62320 
50660 

58490 

80100 
80840 
80900 
78700 
75520 

96390 

98980 

ICO  690 

99800 

96910 

136960 
144230 
146690 
145860 

190x70 
197710 
200930 

*  For  explanation  of  tables,  see  Subdivision  4,  page  688. 

t  See  in  Chapter  XV  the  paragraphs  and  foot-notes,  pages  568  and  569.  relating  to 
the  web-buckling  of  X-beams.  The  formula  for  the  above  table  n  the  formula  that  was 
used  in  the  Passaic  Steel  Company's  Manual,  and  as  the  values  computed  by  it  vary  but 
little  from  those  deduced  by  the  Cambria  formula.  Table  III  b  retained  as  it  is. 

See.  aho,  page  686,  paragraph  relating  to  Safe  Resistance  of  Web  to  Buckling. 
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Takte  IV.*    Sl«aMBt»  el  Bifilsd  Ftate  OMen 


1-* — 

^ 

^1    ^^    #ltfHfr^^>^W%a  V*^   ^P%^    ^l^H^nilM    f\W    0^f\9%U^^%9^^9^%0^    0\W    a 

_:_<a>i^  ...:« . 

T^ 

^ 

io  aeiennine  inc  aeiaus  01  oonsxrucxion  01  a  541  u^i  siub- 
able  to  carry  any  spediied  loading,  determine  the  man- 

1      i: 

r 

mum  end-reactioos  in  pounds  and  the  marimitm  bending 

1 
s  1 

^ 

moment  in  inch-pounds 

• 

Select  from  the  table  a  girder  having  the  desired  depth. 

..-1 

a  thickness  of  web  as  determined  by  the  maximum  end- 

reaction  and  a  suitable  section-modulus,  determined  by 

^1 

dividing  the  maximum  bending  moment  by  the  permissi- 

ble unit  bending  fiber^treas  in  pounds  per  square  inch 

1 

1 

For  limiting  conditions,  see  the  pages  702  to  705  and 

.ir^ 

V 

the  first  three  subdivisions  of  this  chapter 

^ 

Weights  given  do  not  include  stiffeners,  rivet-heads,  or 
other  details 

"T— 

— T-' 

SiMS 

Weight  per  foot 

1 

Maximum 

Section- 

Web- 

end- 

modulus, 
asds,  i-x. 

Web- 

Flange- 

Plange- 

plate 

Flange- 

reaction  in 
thousands 

in< 

plate, 
in 

angles, 
in 

plates. 
in 

MmA\Jk 

flange* 

angles, 

lb 

plates, 
lb 

of 
pounds     1 

I 

242.0 

5X3HXH 

97.8 

60.8 

270.9 

5X3V5XH 

12XH 

72.2 

30.6 

60.8 

306.1 

24XH 

5X3MXH 

12X^^ 

72.2 

408 

60.8 

343-6 

5X3HX>i 

I2X^* 

85.0 

40.8 

608 

378.5 

SXiMXVi 

12XH 

85.0 

51.0 

60.8 

414.  X 

SXsHXH 

12XH 

97.8 

51.0 

60.8 

ISIS 

4X3    XH 

61.6 

S6.3 

X76.8 

SX3HXH 

69.2 

56.3 

186.6 

4X3    XH 

72.0 

56  3 

aox.2 

26X^« 

6X4    XH 

76.8 

56.3 

2196 

5X3HX^ 

82.0 

56.3 

252.0 

6X4    X^i 

934 

563 

260.7 

5X3HXH 

94  8 

56.3 

341. S 

6X4    XH 

X4XH 

824 

35  7 

«7S 

354.4 

6X4     X?« 

127  6 

67.5 

377.4 

5X3^iXH 

12XH 

87.6 

40.8 

67.S 

386.1 

6X4    XH 

X4XV4 

82.4 

47.6 

67.S 

415.2 

SX3hX^i 

12XH 

87  6 

51.0 

67.S 

43S.I 

26XH 

6X4    XVi 

i4X^a 

98.0 

47.6 

67.5 

454. 5 

SXiViXH 

X2XH 

100. 4 

51.0 

<^7.S 

479-3 

6X4    XV4 

14XH 

98.0 

59  5 

67. S 

526.x 

6X4    XH 

14XH 

113. 2 

595 

67.S 

569.9 

6X4    XH 

14X^4 

113  2 

71  4 

fns 

613.9 

6x4  xn 

X4X}i 

127. 6 

71.4 

67.S 

200.4 

4X3    XH 

83.1 

78.8 

233-4 

4X3    XH 

MI 

788 

233.5 

a6XM« 

SXjViXH 

93  I 

78.8 

265.8 

6X4    X4 

103.5 

788 

274.  S 

5X3^iXH 

XOS.9 

78.8 

314.8 

6X4    XH 

118.7 

78.8 

•  From  Pocket  Companion,  Carnegie  Steel  Company,  Pittsburgh,  Pa. 
tiooal  values  are  given  in  the  Pocket  Companion. 


Some  addi- 
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Table  XV*t  (Cootiitaetf).    Bl— leati  of  ]Uv«tod  PUto  QMan 


Sixes 

Weight 

per  foot 

Maximum 
end- 

Section- 

Web- 

modulus, 
aiis  I'l, 

Web- 

Plange- 

Flange- 

plate 
and 
flange- 
angles. 

Flangv^- 

reaction  in 

u>> 

plate, 
in 

angles, 
in 

pUtes. 
in 

pUtes. 
lb 

ol 

pound* 

• 

lb 

361.3 

6X4    XH 

X33.X 

78.6 

3840 

5X3>iXV^ 

laXH 

93  X 

40.8 

78.8 

421.8 

SX3^iXH 

12XH 

93X 

51.0 

78.8 

441. 7 

6X4    XH 

14XH 

XQ3.S 

47.6 

78.8 

461.  Z 

26XM« 

5X3HXH 

X2XH 

1059 

51.0 

78.8 

485.9 

6X4    XH 

14XH 

103.5 

59.5 

78.8 

532.7 

6X4    XH 

14XH 

X18.7 

59  5 

78.8 

576.5 

6X4    XH 

14XH 

1X8.7 

7X.4 

78.8 

620.5 

6X4    XH 

14XH 

I3d.X 

7x4 

78.8 

Z85.6 

5X3HXH 

70.3 

56.3 

azi.o 

6X4    XH 

77.9 

56.3 

230.3 

5X3HX^i 

83.1 

56.3 

264.1 

27XM« 

6X4    XH 

93.5 

56.3 

273.2 

5X3HXH 

95.9 

56.3 

304.5 

SX3HXH 

X3X9i 

70.3 

30.6 

56.3 

315.3 

6X4    XH 

X08.7 

56.3 

344.2 

5X3>^XH 

X2XH 

70.3 

40.8 

56.3 

337.7 

6X4    XH 

XXS.7 

67.S 

366.7 

5X3^iXH 

X2XH 

77.3 

40.8 

67.5 

372.8 

6X4    XH 

I4XH 

84.9 

35.7 

67.S 

3M.5 

6X4    XH 

' 

130. 1 

67.S 

4". 7 

SX3HXH 

I2XH 

90.1 

40.8 

67.5 

420.8 

6X4   XH 

I4XH 

ft4.9 

47.6 

67. S 

437.0 

28XH 

6X4   XH 

144. 5 

67.5 

452.5 

5X3^iXH 

X2XH 

90.1 

Si.o 

67.$ 

474  3 

6X4    XH 

X4XH 

100.5 

47.6 

67.5 

4953 

5X3HXH 

X2Xfi 

X02.9 

5Z.O 

67.S 

S2I.9 

6X4    XH 

I4XH 

zoo. 5 

59  5 

67.5 

573.1 

6X4    XH 

I4XH 

IIS.  7 

59.5 

67.S 

620.4 

6X4    XH 

X4XH 

XXS.7 

71. 4 

67.5 

668.6 

6X4    XH 

X4XH 

Z30.I 

7X.4 

67.S 

257  X 

5X3HXH 

96.1 

78.8 

292.4 

6X4    XH 

106.5 

78.8 

301. 8 

5X3HXH 

Z08  9 

78.8 

345.S 

6X4    XH 

Z2Z.7 

78.8 

396.5 

6X4    XH 

Z36.X 

78.8 

419.5 

lexji. 

5X3HXH 

X2XH 

96.x 

40.8 

78.8 

445.1 

6X4    XH 

150.5 

78.8 

460.2 

5X3HXH 

12XH 

96.x 

SX.o 

78.8 

482.0 

6X4    XH 

X4XH 

ZO6.5 

47.6 

78.8 

S03.0 

5X3HXH 

I2XH 

XO8.9 

SX.o 

78.8 

529.6 

6X4    XH 

X4XH 

ZO6.5 

595 

78.8 

580.8 

6X4    XH 

X4XH 

Z2I.7 

595 

78.8 

*  From  Pocket  Companion,  Carnegie  Steel  Company,  Pittsburgh,  Pa. 
t  For  explanation  of  table,  see  page  706. 
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TftbU  IV  *t  (CoDtiitaed).    Bogiaits  <d  Shreted  PIftte  Oii4ert 


Sixes 

Weight 

per  foot 

Maziniuni 
end- 

Section- 

Web- 

modulus, 

plate 
and 
flange- 
angles, 

reaction  in 

axis  x-i, 

Web. 

Flange- 

Flange- 

Flange- 

thousands 

itt> 

plate, 
in 

angles, 
in 

plates, 
in 

plates, 
lb 

of 

pounds 

lb 

628.0 

2BXM8 

6X4    XH 

14XH 

I2X.7 

71.4 

78.8 

676.  a 

6X4    X94 

I4XH 

136.1 

71. 4 

78.8 

221.8 

5X3^6XH 

799 

74.3 

2S0.S 

6X4    XH 

87.5 

74.3 

272.1 

5X3^6XH 

9a  7 

74.3 

310.3 

6X4    XH 

XQ3.I 

74.3 

3305 

SXs^iXH 

105.5 

74.3 

3S3.8 

SX3HXH 

X2XH 

79.9 

30.6 

74.3 

366.2 

5X3^2X^4 

XI7.S 

74.3 

368.x 

6X4    XH 

1x8.3 

74-3 

397  8 

5X3ViXH 

I2XH 

799 

40.8 

74.3 

404.7 

6X4    XH 

X4XH 

87.5 

35. 7 

74.3 

423.x 

3PXH 

6X4    XH 

132.7 

74  3 

446.6 

5X3^X^4 

X2XH 

92.7 

40.8 

74.3 

456.1 

6X4    XH 

X4XH 

87.5 

47.6 

74.3 

475.8 

6X4    XH 

147.1 

74  3 

490.3 

5X3HXH 

12XH 

92.7 

51.0 

74.3 

S14.0 

6X4    XH 

14XH 

103.  X 

47  6 

74  3 

536.7 

5X3HXH 

12XH 

105.5 

Si.o 

74  3 

565.1 

6X4    XH 

14XH 

103. 1 

59  5 

74.3 

620.6 

6X4    XH 

UXH 

XX8.3 

59  5 

74  3 

67X.3 

6X4    XH 

X4XH 

1X8.3 

7x4 

74  3 

723-8 

6X4    XH 

X4XH 

132.7 

71.4 

74.3 

28X.4 

SX3HXH 

990 

86.6 

319  5 

6X4    XH 

109  4 

866 

329  7 

5X3HXH 

XXI. 8 

866 

375  5 

5X3HXH 

X23.8 

86.6 

377  3 

6X4    XH 

124.6 

866 

432  3 

6X4    XH 

139  0 

86.6 

455  S 

5X3HXH 

I2XH 

990 

40.8 

866 

485.0 

30XM6 

6X4    XH 

1534 

86.6 

499  3 

5X3HXH 

I2XH 

990 

51. 0 

866 

523  0 

6X4    XH 

I4XH 

109  4 

47.6 

86.6 

545.6 

5X3HXH 

I2XH 

III. 8 

51.0 

866 

574.0 

6X4    XH 

I4XH 

109.4 

59  5 

866 

629  5 

6X4    XH 

I4XH 

124. 6 

59.5 

866 

680.X 

6X4    XH 

I4XH 

X24.6 

71.4 

86.6 

73a  6 

6>^4    XH 

UXH 

139  0 

71.4 

86.6 

290.6 

5X3HXH 

1054 

990 

328.8 

6X4    XH 

XIS.8 

990 

338.9 

30XH 

5X3HXH 

118.2 

99  0 

384.7 

5X3HXH 

X30.2 

990 

386.5 

6X4    XH 

X3I.O 

99.0 

•  From  Pocket  Companion,  Carnegie  Steel  Company,  PitUburgh,  Pa. 
t  For  explanation  of  Uble.  see  page  706. 
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TiUe  nr*t  (CoDtiiraed).    Bemeflti  of  Kh«f«d  Plate  GIfdon 


ai — 

9|Se8 

Weight 

per  foot 

Maximum 
end- 

Section- 

Web- 

modulus, 

plate 

reaction  in 

axis  x-i. 

Web- 

Flange- 

PUngf- 

Flange- 

thousands 

in* 

plate, 
in 

angles, 
in 

plates, 
in 

flange- 
angles, 
lb 

plates, 
lb 

of 
pounds 

441.5 

6X4    XH 

145. 4 

99.0 

4644 

SX3HXH 

12XH 

X0S.4 

40.8 

99.0 

494.3 

6X4    XH 

XS9.8 

99.0 

506.0 

5X3WX^ 

12XH 

105. 4 

51.0 

990 

531-9 

30XH 

6X4    XH 

I4XH 

XX5.8 

47.6 

990 

554.5 

5X3V4XH 

I2XH 

XX8.3 

5X.O 

990 

58a. 8 

6X4    XH 

14XH 

XX5.8 

59.5 

990 

638.3 

6X4    XH 

14XH 

131. 0 

59.5 

990 

688.9 

6X4    XH 

14XH 

13x0 

71.4 

99  0 

741.3 

6X4    XH 

I4XH 

145.4 

71.4 

990 

251.7 

5X3HXH 

83.7 

8x.o 

2837   . 

6X4    XH 

91.3 

8x.o 

307.7 

33XH 

5X3HXH 

96.5 

8x.o 

308.4 

6X6    XH 

X01.7 

X2X.5 

350.3 

6X4    XH 

X06.9 

8x.o 

430.3 

6X6    XH 

X24.3 

X3S.0 

460.0 

5X3HXn 

X2S.1 

87.8 

46a.4 

6X4    XH 

X2S.9 

87.8 

503.3 

6X4    XH 

14XH 

95.1 

35.7 

87.8 

510. 5 

6X6    XH 

X42.7 

135  0 

530.2 

6X4    XH 

140.3 

87.8 

531.6 

6X6    XH 

14XH 

105.5 

35.7 

X35  0 

554.3 

5X3HXH 

12XH 

100.3 

40.8 

87.8 

S6S.I 

6X4    XH 

14XH 

95  X 

47.6 

87.8 

593.2 

6X6    XH 

14XH 

105. 5 

47.6 

135  0 

595. 3 

6X4    XH 

154.7 

87.8 

606.8 

36XH 

SX3HXH 

X2XH 

X00.3 

5x0 

87.8 

636.5 

6X4    XH 

14XH 

1x0.7 

47.6 

87.8 

654.9 

6X6    XH 

14XH 

10S.5 

S9  5 

X3S  0 

664.2 

5X3HXH 

laXH 

113- X 

51.0 

87.8 

674.4 

6X6    XH 

X4XH 

124.3 

47.6 

135  0 

698.0 

6X4    XH 

14XH 

no.  7 

59  5 

87.8 

7355 

6X6    XH 

14XH 

124.3 

59  5 

135.0 

766.6 

6X4    XH 

14XH 

125.9 

59  5 

87.8 

796.8 

6X6    XH 

X4XH 

124.3 

71.4 

135. 0 

8x3.x 

6X6    XH 

14XH 

142.7 

59  5 

135.0 

827.6 

6X4    XH 

14XH 

125. 9 

71.4 

87.8 

873.8 

6X6    XH 

14XH 

142.7 

71  4 

135.0 

893.8 

6X4    XH 

I4XH 

140.3 

71.4 

87.8 

3S7.7 

5X3HXH 

X08.0 

102.4 

404.7 

36XMs 

6X4    XH 

1X8.4 

102.4 

417.0 

5X3HXH 

X20.8 

X02.4 

443.6 

6X6    XH 

132. 0 

157.5 

*  Fcdm  Pocket  Companion,  Carnegie  Steel  Company,  Pittsburgh,  Pa. 
t  For  explanation  of  Uble,  see  page  706. 
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Tabto  X7*t  (Cwtfin— d>.    B 

iMMBts  Of  UMtai.  Ptete  QMcra 

Giaes 

W«ight 

per  foot 

Manmuni 
end- 

Seolk»- 

Web- 

plata 
And 

reaction  in 

■aiftx-i. 

Wcb- 

Flange- 

Plangc- 

Flang!». 

thousanili 

itf 

plate. 

angles, 

pUtes, 

iM4A^a 

flange 

plates. 

of 

in 

in 

in 

angles, 
lb 

lb 

pounds 

473-3 

5X3HXH 

# 

133.8 

X03.4 

475-7 

6X4    XH 

X33.6 

XO2.4 

523-8 

6X6    XH 

XS0.4 

157-5 

5435 

6X4    XH 

X48.0 

102. 4 

567.3 

SX3HXH 

I3XH 

108.0 

40.8 

XO2.4 

606.6 

6X4    XH 

X62.4 

XO2.4 

6*97 

5X3^^X4 

I3XH 

X06.0 

5X.0 

102. 4 

649.5 

6X4    XV* 

X4XH 

1x8. 4 

47.6 

X02.4 

677.x 

36XH« 

5X3HXH 

X3XH 

X30.8 

51.0 

XC2.4 

6»7.3 

6X6    XH 

14XH 

133.0 

47.6 

157  5 

7x0.8 

6X4    XH 

14XH 

1x8.4 

59.5 

102. 4 

748.4 

6X6    XH 

X4XH 

X33.0 

59.5 

1575 

779-5 

6X4    XH 

14XH 

1336 

59  5 

'  X02.4 

809.5 

6X6    XH 

14XH 

133. 0 

7X.4 

157. 5 

8359 

6X6    XH 

14XH 

XS0.4 

595 

157.5 

840.4 

6X4    XH 

14XH 

X336 

71. 4 

102.4 

886.6 

6X6    XH 

14XH 

X50.4 

7X.4 

X57.5 

90S. 5 

6X4    XH 

X4XH 

X48.0 

7X.4 

102.4 

418.0 

6X4    XH 

X26.0 

n7.o 

456.» 

6X6    XH 

139.6 

X80.0 

4B90 

6X4    XH 

X4X.2 

117. 0 

537.x 

6X6    XH 

X58.O 

xSo.o 

556.9 

6X4    XH 

XS5.6 

X17.0 

614.5 

6X6    XH 

176. 0 

X80.0 

621.9 

6X4    XH 

170.0 

1x7.0 

662.5 

6X4    XH 

14XH 

X26.0 

47.6 

X17.0 

669.2 

6X6    XH 

193-6 

X80.0 

700.3 

6X6    XH 

X4XH 

139.6 

47.6 

180.0 

7237 

^ 

6X4    XH 

X4XH 

126.0 

59.5 

X17.0 

761.3 

36xfl 

6X6    XH 

X4XH 

139-6 

59.5 

X80.0 

793.3 

6X4    XH 

X4XH 

14X.3 

59.5 

XX7.0 

822.3 

6X6    XH 

X4XH 

139.6 

71.4 

xSd.o 

838.& 

6X6    XH 

X4XH 

158. 0 

59.5 

X80.0 

853.3 

6X4    XH 

I4XH 

14X.3 

71.4 

XX7.0 

899.4 

6X6    XH 

X4XH 

158.0 

71. 4 

xSo.o 

918.3 

6X4    XH 

X4XH 

155.6 

7X.4 

X17.0 

973-7 

6X6    XH 

X4XH 

176.0 

71.4 

X80.0 

,     1 039.4 

6X4    XH 

X4Xl 

155.6 

95.3 

1x7. Oi 

X  094.x 

6X6    XH 

i4Xt 

176.0 

95-3 

180.0 

'     ixox.x 

6X4    XH 

X4X1: 

170.0 

95.3 

117.0 

,     1164.91 

6X6    XH 

I4Xl 

103.6 

95.3 

x8o.o 

444.7 

36XH 

6X4    XH 

14X3 

146.3 

483.5 

6X6    XH 

X54.9 

325.0 

*  ProB  PodMt  Compaaaon.  Carnegie  Steel  Coqumu^,  PitUburgb,  ?a. 
t  For  explanation  of  Uble,  see  page  706. 
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Talito  IV*t  {CootiBiMiA).    Btamaila  of  Biflid  FUtt  OtrMtft 


. 

Sioes 

Weight  1 

per  foot 

Maximum 
end- 

Section- 

Web- 

modulus, 

plate 
and 
flange- 
angles. 

reaction  in 

axis  i-x. 

Web> 

Ptang&t 

Flante- 

Flanks- 

thousands 

ki« 

plate, 

angles. 

platOB. 

plates, 

of 

itt 

in 

in 

lb 

pounds 

lb 

51S.7 

6X4XU 

X56.5 

146.3 

563.7 

6X6XH 

X73.3 

225. 0 

583.5 

6X4XH 

170.9 

146  3 

641.2 

6X6XM 

X9X.3 

225.0 

648.S 

6X4XH 

185.3 

14^. 3 

688.4 

6X4X4 

X4X4 

141. 3 

47.6 

146.3 

7XS.8 

6X6XH 

208.9 

1 

225.0 

726.2 

6X6X4 

X4X4 

X54.9 

47.6 

749-4 

6X4X4 

I4XH 

I4X.3 

59.5 

X46.3 

787.0 

6X6X4 

X4X4i 

X54.9 

595 

225.0 

8x8.  X 

36XH 

6X4XH 

uxH 

X56.5 

,     595 

146.3 

847.9 

6X6X4 

14X^4 

1549 

■     71.4 

225.0 

864.6 

6X6XW 

14X^4 

X73.3 

.     595 

225.0 

878.8 

6X4XW 

w<H 

156.5 

1     71.4 

146. 3 

924.9 

6X6XH 

14XH 

X73.3 

71. 4 

225.0 

943.9 

6X4X% 

14X94 

170.9 

:    71.4 

146.3 

999.3 

6X6X^1 

UXH 

191. 3 

.     71. 4 

225.0 

I  045.9 

6X6XH 

i4Xi 

173.3 

95. 2 

225.0 

1064.7 

6X4XH 

X4X1 

X70.9 

,     95.2 

X46.3 

X  1x9.3 

6X6X^4 

14X1 

X9X.3 

95.2 

225.0 

X  X36.3 

6X4X^/« 

X4Xl3 

X85.3 

95-2 

X46.3 

X  X90.1 

6X6XTIi 

X4>^il 

208.9 

.     95.2 

1 

225.0 

390.2 

6X4XH 

X02.8 

IOX.3 

427.5 

•  6X6X^ 

XX3.2 

157.5 

477.2 

6X4X4 

1X8.4 

101.3 

527.2 

6X6X4 

X32.0 

157.5 

561.4 

6X4X^ 

133.6 

101. 3 

606.6 

6X4XH 

14X9^ 

102.8 

35.7 

X0X.3 

623.S 

6X6X54 

150.4 

1 

157.5 

638.3 

6X4X5* 

i6XH 

X02.8 

40.8 

XOX.3 

642.x 

6X4X54 

X48.0 

xor.3 

643.2 

6X6XH 

X4XH 

1132 

357 

X57.5 

675.1 

42XH 

6X6XH 

i6X?:4 

1x3.2 

40.8 

157. 5 

678.6 

6X4X5* 

14X4 

102.8 

47.6 

101.3 

715.2 

6X6XH 

14X4 

1x3.2 

47.6 

157.5 

716.5 

1 
1 

6X6XH 

X68.4 

157.5 

719.5 

1 

6X4X^i 

X62.4 

10X.3 

757.7 

' 

6X6XH 

i6X4 

XX3.2 

54.4 

157.5 

763.7 

6X4X4 

14X4 

1x8.4 

47.6 

101. 3 

787.2 

6X6XH 

X4XH 

XX3.2 

59.5 

157.  S 

S06.2 

6X4X4 

i6X4 

XX8.4 

54.4 

101. 3 

806.4 

6X6XT6 

X86.0 

157.5 

812.7 

6X6X4 

X4X4 

X32.0 

47.6 

15T.5 

*  From  Pocket  Companion,  Canie^e  Steel  Company  Pittsbutgh,  Pfc- 
t  For' explanation  of  table,  see  page  706. 
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Table  IV*t  (Contittned).    Btomnti  of  Birtled  FUte  Oirden 


Sins 

Weight  ] 

per  foot 

Maximum 
end- 

Section- 

Web. 

modulus, 

plate 
and 

flange- 
angles. 

reaction  in 

azisi-i. 

Web- 

Flange- 

Flange- 

Flange- 

thousands 

in* 

plate, 
in 

angles, 
in 

plates, 
in 

plates, 
lb 

of 

pounds 

lb 

835-5 

6X4XVi 

I4XH 

118.4 

59-5 

101.3 

855.2 

6X6X4 

16X^4 

132.0 

54-4 

157-5 

884.2 

6X6XH 

X4XH 

132.0 

59-5 

157.5 

917  3 

6X4XH 

X4XH 

133.6 

59-5 

101.3 

937-3 

6X6X.4 

16XH 

132.0 

68.0 

157-5 

9SS-7 

6X6XVi 

14X94 

132.0 

71-4 

•157  5 

970.4 

6X4XH 

16XH 

133.6 

68.0 

lot.  3 

977.6 

6X6XH 

X4XH 

150.4 

59-5 

IS7  5 

988.7 

6X4XH 

14X94 

133.6 

71.4 

101.3 

1030.8 

42XH 

6X6XH 

X6X96 

150.4 

68.0 

157. 5 

1  048.6 

6X6XH 

i4X9i 

ISO.  4 

71.4 

157. 5 

1066.6 

6X4X94 

14X94 

X48.0 

71.4 

101.3 

I  xxa.4 

6X6XH 

16x94 

ISO.  4 

81.6 

157  5 

I  130.4 

6X4X^4 

16x94 

148.0 

81.6 

101.3 

1138.S 

6X6X?4 

14X94 

168.4 

71.4 

157-5 

X194.1 

6X6XH 

i6X?6 

ISO.  4 

9S.2 

157  5 

xaoa.3 

6X6X?4 

16x94 

168.4 

81.6 

157  S 

X  283.5 

6X6X« 

16XH 

168.4 

9S  2 

157  5 

1386.4 

6X4X'i 

i6X^i 

162.4 

95.2 

101.3 

X  369.9 

6X6XH 

i6X^ 

• 

186.0 

95.2 

157  5 

495.3 

6X4XH 

127.3 

XI8.X 

545-4 

6X6X^i 

140.9 

183.8 

5795 

6X4XH 

142. 5 

118. 1 

641.6 

6X6XH 

159  3  • 

1838 

660.2 

6X4XH 

156.9 

118. 1 

734.7 

6X6X94 

177.3 

183.8 

737.6 

6X4XH 

171.3 

118. 1 

781.S 

6X4XH 

UX^ 

127-3 

47.6 

X18.X 

824.0 

6X4XH 

i6XHi 

127.3 

54-4 

118.1 

824.6 

6X6X'/i 

194.9 

183. 8 

830.4 

6X6XH 

l4X^i 

140.9 

47-6 

183.8 

853. 1 

42XM« 

6X4X^4 

14XH 

127.3 

59  S 

118. 1 

872.9 

6X6X^4 

i6XH 

140.9 

54.4 

183  8 

901.8 

6X6XH 

14XH 

140.9 

59  5 

183.8 

934.9 

6X4XH 

X4XH 

142  S 

S9S 

118.  X 

954.9 

6X6XH 

16XH 

140.9 

68. 0 

183.8 

973.2 

6X6XW 

14X94 

140.9 

71-4 

X83.8 

988.1 

6X4XH 

16XH 

142. 5 

680 

118. 1 

995.3 

6X6XH 

14XH 

159  3 

59  S 

183.8 

X  006.2 

6X4XH 

14X94 

142. 5 

71.4 

XX8.1 

104B.4 

6X6XH 

x6XH 

1593 

68.0 

t83.8 

1066.2 

6X6XH 

14X94 

159-3 

71.4 

183.8 

X0B4.1 

6X4XH 

i4X9i 

156.9 

71.4 

1x8.  X 

*  From  Focket  Companion,  Carnegie  Steel  Company,  Pittsburgh*  Pa. 
t  For  explanation  of  table,  see  t>sge  706. 
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Sizes 

Weight 

per  foot 

Mazimiim 
end- 

Section- 

Web- 

modulus, 

plate 

and 

fiange> 

angles. 

reaction  in 

axis  x-i,    ^ 

Web- 

Plang»> 

Flange* 

Flange- 

thousands 

in*        1 

plate, 
in 

angles, 
in 

plates, 
in 

plates, 
lb 

of 
pounds 

lb 

11299 

6X6XH 

i6X>4 

159.3 

81.6 

183.8 

1  147  9 

6X4X'>4 

i6Xf4 

156.9 

81.6 

X18.1 

I  156. 0 

6X6XW 

X4XW 

177.3 

71.4 

X83.8 

I  an. 6 

42XTi 

6X6XH 

16XH 

1593 

95.2 

183.8 

I  319-8 

6X6X^4 

16x94 

177.3 

8X.6 

183.8 

1300.9 

6X6XW 

16XH 

177.3 

95.2 

X83.8 

1387.3 

6X6XH 

x6XU 

194.9 

95. 2 

183.8 

S13  S 

6X4XH 

136.2 

1350 

563  5 

6X6X^ 

149.8 

210.0 

597  7 

6X4XH 

151.4 

135.0 

6598 

6X6XH 

x68.2 

210.0 

678.4 

6X4XW 

165.8 

135  0 

7S2.8 

6X6XH 

186.2 

2x0.0 

755.8 

6X4XH 

180.2 

1350 

799  a 

6X4XV4 

14XH 

136.2 

47.6 

135.0 

841.7 

6X4X^ 

x6XH 

136.2 

54.4 

135  0 

842  7 

6X6XVk 

203.8 

2x0.0 

848.x 

6X6XVi 

14XH 

149.8 

47.6 

210.0 

870.8 

6X4XH 

14XH 

136.2 

59.5 

135.0 

890.6 

6X6XV4 

x6XW 

149.8 

54.4 

2x0.0 

919  4 

6X6XV4 

14XH 

149.8 

595 

210.0 

952.6 

6X4XH 

14XH 

151.4 

595 

135.0 

9726 

42XH 

6X6XH 

16XH 

149.8 

68.0 

210.0 

990.8 

6X6XV4 

14X54 

149.8 

71.4 

2x0.0 

1005.7 

6X4XH 

i6XH 

151. 4 

68.0 

135.0 

I  012.9 

6X6XH 

14XH 

168.2 

59  5 

2X0.0 

1023.7 

6X4XH 

14X54 

151.4 

71.4 

135.0 

X066  0 

6X6XH 

x6XH 

168.2 

68.0 

2x0.0 

1083.7 

6X6XH 

14X?4 

168.2 

71.4 

2X0.0 

1  101. 7 

6X4XH 

14XH 

165.8 

71.4 

135.0 

1147.5 

6X6XH 

16x54 

x68.2 

81.6 

2X0.0 

I  165.4 

6X4X^ 

16X54 

165.8 

81.6 

135.0 

1 173  6 

6X6X^4 

14X54 

X86.2 

71.4 

2X0.0 

I  229.0 

6X6XH 

16XH 

X68.2 

95.2 

210.0 

1237.4 

6X6X^4 

16X54 

X86.2 

81.6 

2X0.0 

I  318.4 

6X6X54 

i6XTi 

186.2 

95. a 

210.0 

1321.2 

6X4XU 

i6XH 

180.2 

95.a 

135.0 

1404.7 

6X6XH 

16XH 

203.8 

95.a 

2X0.0 

466.9 

6X4XH 

X10.4 

121.5 

512.7 

6X6XH 

X20.8 

X80.O 

567.4 

4&XH 

6X4XH 

126.0 

12X.5 

628.9 

6X6X^i 

139.6 

X80.0 

664.9 

6X4XH 

141.2 

12X.5 

*  From  Pocket  Companion,  Carnefie  Steel  Cmnpany,  Pittsburgh,  Pa. 
t  For  ezplanatioQ  of  table,  see  page  706. 
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TaUa  IV*t  (OonthmM),    BI«bmiiIs  of  Riveted  Plate  Okden 


Sizes 

Weight 

per  foot 

Maxixnuxn 

Section- 

Web- 

end- 

modulua. 

WW  %i^^^ 

plate 
and 
flange- 
angles. 

reaction  In 

axisx-i. 

Web- 

Flange* 

Flange- 

Flange- 

thousands 

ittS 

plate. 

angles* 

plates, 

plates, 

o( 

in 

in 

in 

lb 

pounds 

lb 

714-4 

6X4XH 

i4X9i 

1x0.4 

35.7 

I2X.5 

741. 3 

6X6XH 

158.0 

X80.0 

7S0.8 

6X4XH 

i6X9i 

no. 4 

40.8 

X2X.5 

7S8.S 

6X4X^4 

155.6 

X2X.5 

7595 

6X6XH 

I4XH 

120.8 

35.7 

180.0 

795. 9 

6X6XH 

i6X9i 

120.8 

40.8 

180.0 

797.0 

6X4XH 

X4XV^i 

110.4 

47.6 

121. 5 

841.9 

6X6XH 

14XH 

120.8 

47.6 

X80.0 

848.3 

6X4XH 

170.0 

lax.s 

850.1 

6X6X94 

176.0 

180.0 

890.4 

6X6XH 

16XH 

120.8 

54.4 

X80.0 

895.5 

6X4X^ 

i4X^i 

X26.0 

47.6 

X2I.5 

924  3 

6X6XH 

14X'H 

120.8 

59.5 

180.0 

944.0 

6X4X^4 

16XH 

126.0 

54.4 

121. s 

955  a 

6X6X?i 

T93.6 

X80.0 

955.8 

6X6X^4 

14XH 

139.6 

47  6 

180.0 

977.7 

6X4XV4 

X4X?6 

126.0 

59. 5 

X2I.5 

1004.3 

48XH 

6X6X^ 

i6xyi 

139.6 

54.4 

180.0 

1037  6 

6X6XW 

14XH 

139.6 

59.5 

X80.0 

1072.7 

6X4XH 

X4XH 

141. 2 

59.5 

121. 5 

X098.2 

6X6XV4 

16XH 

139.6 

68.0 

180.0 

1  "9  5 

6X6XV4 

14X94 

139.6 

71.4 

180  0 

I  133  3 

6X4XH 

16XH 

141.2 

68.0 

X2X.S 

I  147. I 

6X6XH 

14X96 

158.0 

59. 5 

xSo.o 

I  154  4 

6X4XH 

UX94 

141.2 

71  4 

X2I.5 

I  207.8 

6X6XH 

16XH 

X58.0 

68.0 

180.0 

I  228.4 

6X6XH 

14x94 

158.0 

71.4 

X80.0 

X24S  2 

6X4X^4 

14X94 

155.6 

71.4 

X2I.5 

1301.2 

6X6XH 

16X94 

158.0 

81.6 

X80.O 

X  317.9 

6X4X94 

16X94 

155.6 

81.6 

X2X.5 

1334  0 

6X6XH 

X4X94 

176.0 

71.4 

x8o.o 

1394  7 

6X6XH 

16X^4 

158.0 

95.2 

x8o.o 

1406.7 

6X6X^4 

16x94 

176.0 

81.6 

X80.0 

1 498.1 

6X4XT6 

16XH 

170.0 

95  2 

121 .5 

X499  7 

6X6X94 

i6Xji 

176.0 

95  2 

X80.0 

X  601.3 

6X6XH 

16XH 

193.6 

95  2 

180.0 

591  2 

6X4XH 

136.2 

14x8 

652.7 

6X6XVi 

149  8 

2X0.0 

688.7 

6X4XH 

15x4 

X4X.8 

765  0 

48XMe 

6X6XH 

168.2 

3X0.0 

782.3 

6X4X94 

165.8 

I4X.8 

872.  X 

6X4X7.i 

X80.2 

141. 8 

8738 

6X6X94 

X86.2 

axo.o 

*  From  Packet  Companion,  Carnegie  Steel  Company,  Pittsburgh,  Pa. 
t  For  explanatioQ  of  table,  see  page  706. 


Tables  Used  in  the  Design  of  Plate  and  Box  Girders        715 


Tttte  IV  «t  (Cofttiaacd).    BMseats  of  Rlrctvd  Plate  Girders 


Sisee 

Weight 

per  foot 

Maxixnum 

Section- 

Web- 

end- 

modulus, 

plate 

and 

fiange- 

angles, 

lb 

reaction  in 

axis  i-i. 

Web- 

Flange- 

Plange- 

Flange- 

in> 

plate, 
in 

angles, 
in 

platcs, 
in 

plates, 
lb 

of 
pounds 

918.8 

6X4XV< 

i4XVi 

X36.3 

47.6 

141. 8 

967.3 

6X4XV4 

x6XH 

X36.3 

54.4 

X41.8 

9790 

6X6XH 

303.8 

3X0. 0 

979.0 

6X6XVi 

X4XW 

149  8 

47.6 

3XO.O 

1000.8 

6X4XW 

14XH 

X36.3 

595 

X4X.8 

1037.6 

6X6XH 

i6XVi 

149.8 

54.4 

3XO.O 

1060.8 

6X6XW 

I4XH 

149.8 

595 

3X0. 0 

1095.8 

6X4XH 

X4XH 

X51.4 

59  5 

I4X.8 

X  121. 4 

6X6X>i 

x6XH 

149  8 

68.0 

3X0.0 

II42.S 

6X6XM 

X4XH 

149  8 

71.4 

9X0 .0 

XI56  S 

6X4X9i 

x6XH 

151  4 

68.0 

X4I.8 

1x70.3 

48XT1« 

6X6XH 

14XH 

X68.3 

59-5 

3XO.O 

X  X77.4 

6X4XH 

X4X94 

XSI.4 

71  4 

X41.8 

X  330.9 

6X6XH 

x6xH 

X6S.3 

68.0 

3IO.O 

I251.S 

6X6XH 

X4X^4 

168.2 

71.4 

310.0 

1268.2 

6X4X)4 

14X^4 

165.8 

71  4 

X4X.8 

1324  3 

6X6XH 

16x94 

X68.2 

81.6 

310.0 

13410 

6X4X^4 

16XH 

X65.8 

81.6 

X4X.8 

X3S7  0 

6X6X^4 

UXH 

X86.3 

71.4 

3XO.O 

X  417.7 

6X6XH 

x6XH 

X68.3 

95  2 

3IO.O 

X  439.8 

6X6XH 

16X94 

X86.3 

8x6 

3X0.0 

X  531.0 

6X4XH 

x6X^4 

180.3 

95.3 

X4X.8 

X  522.7 

6X6X^4 

lexH 

186.3 

95  3 

3X0.0 

X  624.2 

6X6X^ 

x6XH 

303.8 

95  3 

3XO.O 

615.0 

6X4XW 

X46.4 

163.0 

676.4 

6X6XVi 

160.0 

240.0 

7X3. 4 

6X4X^« 

X61.6 

X63.O 

788.8 

6X6XH 

X78.4 

340.0 

806.0 

6X4X^ 

176.0 

X63.O 

895.8 

eXAXli 

190.4 

X63.O 

897.6 

6X6XH 

196. 4 

340.0- 

943.x 

6X4X^i 

14XH 

X46.4 

47.6 

X63.O 

990.6 

6X4XV4 

i6X^ 

146.4 

54  4 

X63.O 

X  003.3 

48X^i 

6X6XVi 

14XH 

160.0 

47.6 

340.0 

X  003.7 

6X6X7.i 

314.0 

340.0 

X  034.0 

6X4XW 

X4XH 

146.4 

59  5 

X63.O 

X  050.8 

6X6XW 

i6X^i 

160.0 

54  4 

340.0 

X  083.9 

6X6XH 

X4XH 

160.0 

59  5 

340.0 

X  1x9. 0 

6X4XH 

X4XH 

X61.6 

59.5 

X63.O 

1X445 

6X6XV^ 

x6XH 

x6o.o 

68.0 

340.0 

X  X65.6 

6X6XV4 

X4X94 

x6o.o 

71.4 

340.0 

X  X79.6 

6X4X9i 

16XH 

x6i.6 

68.0 

X63.0 

XX93.4 

6X6XH 

14XH 

X78.4 

59. 5 

240.0 

*  From  Pocket  Companion,  Carnegie  Steel  Company,  Pittsburgh,  Pa. 
t  For  ezptanation  of  table,  see  page  706. 
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Table  IV  "^t  (Coiitin«ed).    El«m«nts  d  Rlreled  Plat*  Gkden 


Section- 

xnodtdus. 

axis  x-i, 

in> 

Siaes 

Weight  per  foot 

Maximum 

end- 
reaction  in 
thousands 
of 
pounds 

Web. 

plate, 

in 

Flange- 
angles, 
in 

Flange- 

plates, 
in 

Web- 
plate 
and 
flange- 
angles, 
lb 

Flange- 
plates, 
lb 

z  200.5 
X  254.x 

X  274.5 
X  291.2 

X  347.3 

1364.0 
1380.0 
X  440.6 
X  452.8 

X543  9 
X  545.6 

X  647.1 

48XH 

6X4X>i 
6X6X5i 
6X6XH 
6X4X54 
6X6X5i 
6X4X54 
6X6X54 
6X6XH 
6X6X54 
6X4X7/i 
6X6X54 
6X6X^ 

14X54 
x6XH 
X4X54 
X4X54 
16X54 
X6X54 
14X54 
16XH 
X6X54 
x6X% 
16XH 
16XH 

z6x.6 
X78.4 
X78.4 
176. 0 

X78.4 
X76.0 

X96.4 
X78.4 
196.4 
X90.4 
X96.4 
2x4.0 

71.4 
68.0 

71.4 
7X.4 
81.6 
81.6 

71.4 
95  2 
81.6 
95.2 
95.2 
95.2 

163.0 

240.0 

240.0      ■ 

162.0      ; 

240.0 

162.0 

240.0 

240.0 

240.0 

162.0 

240.0 

240.0 

*  From  Pocket  Companion,  Carnegie  Steel  Company,  Pittsboxgh,  Pa. 
t  For  explanation  of  table,  see  page  706. 
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CHAPTER  XXI 

STEEirGTH  AND  STIFFNSSS  OF  WOODEN  FLOORS 

By 
THOMAS  NOLAN 

FROFESSOK  OF  ASCHriECTUKAL  CONSTRUCnON,  CNIYERSITY  OF  PENNSYLVANIA. 

The  Problems  Stated.  The  problems  which  are  presented  in  this  part  of 
building-construction  are,  in  general,  (i)  the  designing  of  the  joists  and  girders 
forming  the  framework  of  the  floor  to  safely  support  the  greatest  load  likely  to 
come  upon  it,  and  (2)  the  determination  of  the  maximum  safe  load  for  a  floor 
already  built.  The  first  of  these  problems  is  the  one  with  which  architects 
and  builders  more  commonly  have  to  deal,  and  is,  therefore,  considered  first. 

Layout  of  the  Floor-Framing.  Before  any  calculations  can  be  made  for 
the  sizes  of  the  timbers  it  is  necessary  to  know  the  spans  of  the  joists,  and,  if 
there  are  openings  in  the  floor,  or  the  floor-joists  have  to  support  longitudinal 
partitions,  a  framing-plan  should  be  made,  showing  the  floor-area  that  will 
be  supported  by  each  joist,  and  also  the  position  of  partitions  or  special  loads. 
If  the  floor  is  to  be  supported  by  posts  and  girders  the  position  of  these  should 
also  be  accurately  indicated  on  the  framing-plan.  Where  the  joists  are  sup- 
ported entirely  by  walls  or  partitions,  the  spans  of  the  joists  wUl  of  course  be 
fixed  by  the  plan  of  the  building.  When  the  distance  between  a  wall  and  a 
partition  b  too  great  for  a  single  span,  there  may  be  a  question  as  to  the  best 
locations  for  the  posts  and  girders.  When  planning  a  building  in  which  wooden 
joists  are  to  be  used,  it  is  important  to  keep  in  mind  the  general  scheme  of  the 
floor-framing  and  particularly  the  spans.  Whenever  practicable  the  spans  of 
wooden  joists  should  not  exceed  34  ft.  When  the  distance  between  the  sup- 
porting waUs  exceeds  30  ft,  girders  should  be  placed  so  that  the  maximum  span 
of  the  joists  will  not  exceed  24  ft  for  light  buildings  nor  from  16  to  x8  ft  for 
warehouses. 

Xa  School  Boildlagt  it  b  desirable  to  have  the  rooms  at  least  27  ft  wide,  and 
hence  in  thb  class  of  buildings  the  jobts  usually  have  spans  of  from  27  to  30  ft. 
For  a  span  of  30  ft,  however,  i6*in  joists  should  be  used,  and  as  these  are  expen- 
sive, and  often  difficult  to  obtain,  it  b  much  better  and  more  economical  to 
make  the  schoolrooms  27  by  33  or  34  ft,  than  to  make  them  30  ft  square.  A 
schoolroom  27  ft  wide  by  from  32  to  34  ft  long,  with  windows  on  the  long  side, 
only,  b  economical  and  satbfactory,  as  it  permits  of  using  3  by  14-in  jobts, 
28  ft  long,  and  also  results  in  the  most  satisfactory  lighting. 

Contiinuraa  Joists.  When  jobts  are  supported  by  a  girder  placed  so  that  a 
34-ft  or  26-ft  jobt  extends  over  the  two  spans,  it  b  always  better  to  have  the 
jobts  continuous  over  the  girder,  as  by  that  construction  they  make  a  much' 
stiffer  floor.    (See  Chapter  XDC.) 

Floor-Loads.  Having  decided  on  the  arrangement  of  the  jobts,  and  drawn 
a  framing-plan  showing  the  span  and  the  k>cations  of  all  special  timbers,  the 
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neit  step  involves  the  determination  of  the  loads  for  which  the  joists  and  girders 
are  to  be  i>roportioned.  Floor-loads  are  made  up  of  two  parts,  the  weight  of 
materials  ounposing  the  floor  itself,  and  the  ceiling  below,  if  there  is  one;  and 
the  load  liable  to  be  put  on  the  floor.  The  first  is  called  the  dead  load,  and 
the  second  the  live  load.  When  the  save  load  for  a  floor  is  spoken  of  the 
live  load  is  generally  meant. 

Weight  of  Wooden  Floor-Constmction.  Wooden  floors  usually  consist  of 
<i)  beamsr  coiamoaly  called  joifixs,*  or  floob-joists,  (a)  one  er  two  thcknoKS 
of  £boring-boa:rds,  and,  m  a  finished  building,  (3)  a  ceiling  underneath  the 
joists.  In  figuring  the  weight  of  ^-in  flooring-boards  it  will  be  sufficiently 
accurate  to  estimate  the  weight  of  a  single  thickness  at  3  lb  per  sq  ft.  The 
joists  may  also  be  figured  at  3  lb  per  ft,  bodrd-measure,  with  the  exception  of 
hard-pine  and  oak  joists,  which  should  be  figured  at  4  lb  per  ft*  board-measttFe. 
The  weight  of  the  joists  must  also  be  reduced  to  their  equivalent  weight  per 
square  foot  of  floor.  Thus,  the  weight  of  a  2  by  xa-in  joist  is  about  6  lb  per  lin 
ft.  If  the  joists  are  spaced  x  2  in  on  centei^  this  will  be  equal  to  6  lb  per  sq  ft; 
but  if  the  joists  are  16  in  on  centers  there  will  be  but  one  linear  foot  of  joist 
to  every  iH  sq  ft,  which  will  be  equivalent  to  4H  lb  per  sq  ft;  and  if  they  are 
20  in  on  centers,  the  weight  will  be  equal  to  $M  lb  per  sq  ft;  spaced  24  in  on 
centers,  the  weight  will  be  3  lb  per  sq  ft.  The  weight  of  a  lath-and-plaster 
ceiling  should  be  taken  at  10  lb  per  sq  ft,  and  of  a  94-in  wooden  ceiling  at  2H  lb 
per  sq  ft.  A  Gorrugated*iron  ceiling  weighs  about  r  lb  per  sq  ft.  For  stamped- 
steel  ceilings,  a  lb  per  sq  ft  will  cover  the  weight  of  the  metal  and  furring.  The 
following  table,  giving  tfie  wdght  of  joists,  will  be  found  convenient  in  figuring 
the  weight  of  floors: 


Table  L    Weight  of-  Floors  Jbhrts  per  Square  Foot  of  Floor 


Sizes  of  joists 


m 


aX  6. 

ax  8. 
3X  8. 
2XX0. 
3XXO. 
aXxa. 
3X12. 

aXX4. 
3Xi4s 


Spilice,  hemlock, 
white  pine 


Spacing  in  inches. 
ccattr  to  center 


12 


lb 


K^-^tmm^ta^-^ 


3 

4 
6 

5 

7W 
6 

9 

7 
zo4 


16 


lb 


aH 
3 

4H 
3H 

4>4 
8H 


Hard  pine  or  oak 


Spacing  in  inches, 
center  to  center 


za 


lb 


4 

5^ 

8 

6Ji 
xo 

8 
ra 

9M 
Z4 


16 


lb 


■**m»»m 


-fe*«- 


3 

4 
6 

5 

7Vi 
6 

9 
7 


*  Wefgfit  of  Crowds,    t  J:  Johnson  reports  f  results  of  some  tests  to  ascer- 
tain the  weight  of  crowds  ot  men,  in  which  he  obtained  weights  of  134.2,  143.9, 

laaicad  of  the  wud  jom. 


building  ladrausfftfae  teem  njoa»>: 
1  See  Enginrrring  News,  April  24,  1904. 
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14&X  and  156.9  lb  per  sq  ft.  The  hat-mentioned  iwiglit  was  obCamed  by  pack- 
ing 67  men.  in  a  room  about  6  by  xi  ft  in  size.  Piofeasor  Jofanson  also  found 
that  with  50  men  in  the  xoom,  making  a  load  of  122  lb  per  sq  ft,  the  crowd  was 
compacted  "so  that  a  man  could  dbow  hia  way  throu^^  it  only  with  persever- 
ance and  determined  effort." 

Superimposed  Loads.  There  is  much  difference  of  opinion  as  to  what 
allowance  should  be  made  for  the  live  load.  Table  n  shows  the  minimum 
allowance  for  live  loads  for  different  classes  of  buildings,  as  fixed  by  the  build- 
ing laws  of  the  cities  mentioned.     (See,  also,  page  149.) 

Table  IL    Mnihnnm  Safe  Soparimposed  Loads  loc  Vlooca»  Requited  by 

Vanooa  BiaMhig  Laws 


QasMt  of  buildings 


Dwellings 

Hotels,  tenements  and  lodg- 
ing-houses  

Office-buildings 

Buildings  for  public  assembly 

Stores,  warehouses  and  mf  g. 
bldgs. 


Minimum  live  k>ad  per  square  foot  of  floor 


Buffalo. 
1 90s 


40 

70 

70 

100 

laet 


Boston, 
19XS 


SO 

50 

80 

zoo 

last 


Chi. 
eago, 
19x6 


40 

so 

50 

zoo 

root 


Phila* 

delphia. 

Z9X4 


70 

70 
100 

Z20 
I20t 


New 

York, 

Z9Z7 


40 

60 
60* 
zoo 

I20I 


St. 
Louis. 

Z9Z0 


60 

60 
70* 
zoof 

xsot 


*  Fixst  floor,  X50  lb.  f  Also  achool-bouses.  }  And  upwards. 

It  was  the  opinion  of  Mr.  Kidder  that  the  following  allowances  for  floor-loads, 
taken  in  connection  with  the  values  given  for  the  safe  strength  of  joists  or  beams, 
provide  absohite  safety  with  proper  allowance  for  economy. 

Lb  per 
sqft 

For  dweUings,  sleeping-rooms  and  lodging-rooms. 40 

For  schoolrooms '   50 

For  offica-buildSngB,  upper  stories 60 

For  office-buildings,  first  stoiy te 

For  stables  and  caxxiage-bouses 65 

For  hanking^oems»  churches  and  theaters 80 

For  assembly-halfe,  dancing-halls  and  the  corridors  of  all  public 

buildingSi(  including  hotiels lao^ 

For  drillHtooms 150 


Lite  Loads  for  Stsns.  sad  BniWtnia  for  Light  Maauiiclariag;  Floam  for 
ordinaiy  sIors,  light  mannfarhning  and  liglit  storage  should  be  compnted  for 
not  less  than  120  lb  per  sq:  ft,  and.  for  a  ooacentEated  load  at  any  poixift  oi 
4  0oolbL 


Live  Loads  fbr  XhrelUngs*  etc.  Floors  of  dwellings,  tenements,  lodging-houses 
and  rooms  in  hotels,  are  seldom  loaded  with  more  than  20  lb  per  sq  ft  for  the 
entire  area,  and  a  minimum  load  of  40  lb  per  sq  ft  should  provide  for  all' 
possible  caodfigtticieat 
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Lire  Loads  for  Ofltee-Bofldliifi.  The  floors  of  offices  are,  as  a  rule,  not  more 
heavily  loaded  than  the  floors  of  dweliings*  but  the  possibilities  for  increased 
loads  from  safes  and  heavy  furniture,  and  possibly  from  a  more  compact  crowd 
of  people,  are  greater,  so  that  the  minimum  floorJoad  for  offices  should  be  some* 
what  increased.  Some  years  ago  the  firm  of  BiackaU  &  Everett,  in  Boston, 
found  that  the  average  live  load  in  210  offices,  In  three  prominent  office-buildings 
ia  that  city,  was  between  16  and  17  lb  per  sq  ft,  while  the  average  load  for  the  10 
heaviest  office-buildings  was  33.3  lb  per  sq  ft.  As  such  loads,  however,  are  as 
a  rule  unevenly  distributed,  some  portions  of  the  floor  being  generally  much 
more  heavily  loaded  than  others,  it  would  not  appear  to  be  safe  to  use  this 
average  to  determine  the  strength  of  floor-beams  and  floor-arches,  although  it 
would  probably  answer  for  the  columns.  There  seems  to  be  a  considerable  differ- 
ence of  opinion  among  the  leading  architects  and  structural  engineers  as  to  just 
what  allowance  should  be  made  for  office-floors.  Among  some  of  the  earlier 
fire-proof  office-buildings,  for  example,  may  be  mentioned  the  former  MiUs 
Building  in  San  Francisco  in  which  the  live  loads  were  assumed  at  40  lb  per  sq 
ft  for  all  floors  above  the  first.  In  the  Venetian  Building,  Chicago,  the  second, 
third  and  fourth  floors  were  calculated  for  60,  and  the  upper  floors  for  35  lb  per 
sqft  of  live  load,  while  in  the  Old  Colony  and  Fort  Dearborn  Buildings  in 
Chicago,  the  live  loads  on  the  floor-beams  were  assumed  at  70  lb  per  sq  ft. 
At  the  present  time  (19x5)*  50,  60,  70,  75,  100  and  150  lb  per  sq  ft  are  the 
minimum  live  loads  for  the  design  of  floors  of  office-buildings  required  by  the 
building  laws  of  six  different  cities.  C.  C.  Schneider  reconunends*  for  the 
design  of  floors  of  office-buildings  above  the  first  floor,  for  the  uniform  load 
of  the  floor-area,  50;  for  concentrated  loads  applied  at  any  point  of  the  floor, 
5  000;  and  for  the  uniform  load  for  girders,  i  000;  the  50  being  in  pounds  per 
sq  ft,  the  5  000  in  pounds  and  the  i  000  in  pounds  per  linear  foot. 

Lire  Loads  for  Churches,  Theaters  and  School-Houses.  *'An  allowance  of 
1 20  lb  per  sq  ft  for  the  live  load  in  churches,  theaters  and  school-houses  is  much 
greater  than  the  actual  conditions  require.  The  average  size  of  a  schoolroom 
is  about  28  by  32  ft,  and  such  a  room  usually  contains  seats  for  fifty-six  scholars 
and  the  teacher.  Assuming  the  average  weight  of  each  scholar  at  120  lb,  the 
average  live  load,  including  ten  visiting  adults  and  the  desks  and  furniture,  is 
13  lb  per  sq  ft.  Even  suppodng  that  the  scholars  of  two  rooms  were  united 
for  some  special  occasion,  there  would  be  only  22  lb  per  sq  ft;  and  this  is  as 
great  a  load  as  it  is  possible  to  imagine  in  such  a  room,  as  the  fixed  desks  prevent 
the  crowding  together  of  the  sch(^ars  except  at  the  sides  of  the  room.  From 
this  reasoning,  therefore,  50  lb  per  sq  ft  would  appear  ample  for  schoolrooms. 
As  a  matter  of  fact,  3  by  14-in  long-leaf  yellow-pine  joists,  16  in  on  centers 
and  with  a  28-ft  span,  have  been  used  for  school-room  floots  for  years;  but 
such  beams,  if  calculated  by  the  formula  for  stiffness,  would  support  a  live 
load  of  only  43  lb  per  sq  ft.  (Table  XII,  page  643  and  Table  I,  page  718.) 
The  minimum  floor-space  allotted  to  a  single  seat  in  theaters  is  4  sq  ft,  while 
the  average  b  about  5  sq  ft.  Assuming  the  weight  of  an  opera-chair  at  35  lb 
and  of  the  average  adult  at  140  lb,  a  liberal  allowance,  there  results  an  average 
of  44  lb  per  sq  ft  of  floor.  A  minimum  of  80  lb  per  sq  ft  would  therefore  seem 
to  provide  for  any  possible  crowding  during  a  panic,  except  in  corridors.  On 
the  other  hand,  it  has  been  shown  (see  Weight  of  Crowds,  page  718)  that  a 
crowd  of  able-bodied  men  may  result  in  a  load  of  about  120  lb  per  sq  ft,  and 
this  should  be  the  minimum  for  assembly-halls  without  fixed  desks  and  also  for 
the  corridors  of  all  public  buildings.  For  armories,  the  minimum  load  should 
be  increased  on  account  of  the  vibration,  "f 

*  "General  Specifications  for  StnictTiral  Woik  of  Buildings,"  z9xo»  psfs  $!• 
t  F.  E.  Kklder. 
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The  Averse*  Floor-Load*  for  Store*  has  also  been  greatly  over-estimated. 
W.  L.  B.  Jeaney  found  that  the  average  load  on  the  floors  of  the  wholesale  ware- 
house of  Marshall  Field  &  Company,  in  Chicago,  was  but  50  lb  per  sq  ft,  and 
very  few  retail  stores  will  average  over  80  lb  per  sq  ft.  An  allowance  of  120  lb 
per  sq  f t  is  sufficient  for  ordinary  retail  stores,  with  the  possible  exception  of 
hardware  stores. 

Live  Loads  for  WarehooMS.  Warehouses,  on  the  other  hand,  may  be  very 
heavily  loaded,  and  the  floors  in  buildings  intended  for  the  storage  of  merchan- 
dise should  be  proportioned  to  the  espedal  class  of  goods  which  they  are  de- 
signed to  support.  Table  III,  originally  compiled  by  C.  J.  H.  Woodbury,* 
and  to  which  some  additions  have  been  made  by  the  Insurance  Engineering 
Experiment  Station  and  by  Mr.  Kidder,  will  be  found  of  assistance  in  deciding 
upon  the  live  load  to  be  assumed  for  warehouse-floors.  The  weights  per  square 
foot  are  for  single  packages.  If  the  goods  are  piled  two  or  more  cases  high, 
the  weight  per  square  foot  of  floor  will  of  course  be  increased  accordingly.  In 
fact,  the  height  to  which  the  goods  are  liable  to  be  piled  is  a  very  important  con- 
sideration  in  fmng  upon  the  floor-load.  In  Table  III  "the  measurements  were 
always  taken  to  the  outside  of  case  or  package,  and  gross  weights  of  such  pack- 
ages are  given." 

Methods  of  Determiaing  the  Sizes  of  Joists,  Beams  or  Girders  Re- 
quired for  Any  Building.  As  already  explained,  the  flrst  step  is  the  making 
of  a  framing-plan  of  the  floors  or  enough  of  it  to  show  any  special  framing 
and  also  the  span  and  floor-area  supported  by  the  different  joists,  beams 
or  girders. 


Table  m.    Wei^its  of  Merctaaadiae  f 


Materials 


MoBBitfenients 


Floor- 
space, 
sqft 


Con- 
tents, 
cuft 


Weights  ttt  pounds 


Total, 
lb 


Per 

sqft 


Per 

cuft 


Wool 


Bale.  East  India 

Bale,  Australia 

Bale.  South  America. 

Bale,  Oregon 

Bale,  California 

Bag.  wool 

Stack  of  scoured  wool . 


3.0 

13. 0 

340 

"3 

S.8 

a6.o 

385 

66 

7.0 

34.0 

X  coo 

X43 

6.9 

33  0 

4«2 

70 

75 

330 

SSO 

73 

50 

30.0 

aoo 

40 

28 
15 
29 

IS 

17 

7 
5 


WooLUBN  Goods 


Case. 
Case. 
Case. 
Case. 
Case. 
Case. 
Case. 


flannels 

flannels,  heavy. 

dress  goods 

cashmeres 

underweax 

blankets 

horae*blankets . 


ss 

13.7 

220 

40 

7.1 

IS. a 

330 

46 

55 

2a. 0 

460 

84 

xo.s 

28.0 

550 

52 

7.3 

21. 0 

3SO 

48 

10.3 

35  0 

450 

44 

4.0 

14.0 

250 

6J 

17 

22 

21 
20 
16 

13 

18 


*  Tbe  Fire  Protection  of  Mills,  page  118.     t  See,  also,  pages  1501  to  1508. 
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r- 


Materialt 


Measurements 


space, 

sq  ft 


Con- 
tents, 
cuft 


Weights  in  pounds 


Total, 
lb 


Per 
sq  ft 


Per 

cuft 


CoTTox,  Etc 


Bale 

Bale,  compressed 

Bale,  American  Cotton  Co 

Bale,  Planters'  Compressed  Co 

Bale»  jute 

Bale,  jttte  lashings 

Bale,  manila. . . , 

Bale,  hemp 

Bale,  sisal 


8.x 

4-1 
4.0 

a. 3 
a. 4 

2.6 
32 

8.7 
53 


44.2 

SIS 

64 

12 

21.6 

550 

134 

25 

11. 0 

2«3 

66 

24 

7.2 

254 

no 

35 

99 

3* 

laS 

30 

10. 5 

4SO 

172 

43 

ZO.9 

280 

88 

36 

34.7 

700 

8z 

ao 

17.0 

400 

7S 

24 

Cotton  Goods 


Bale,  unbleachfcd  jeana. . 

Piece  duck 

Bale,  brown  sheetings . . . 
Case,  bleached  sheetings. 

Case,  quilts 

Bale,  print  cloth 

Case,  prints 

Bale,  tickings 

Skeins,  cotton  yam 

Burlaps 

Jute  bagging 


4.0 
i.x 
36 
4.8 
7-2 
40 
4  5 
3  3 


14 


12. 5 

300 

2.3 

75 

10. X 

235 

"4 

330 

19. 0 

295 

93 

175 

13  4 

■  420 

8.8 

325 

130 

5  3 

100 

72 

68 
65 
69 
41 
44 
93 
99 


70 


24 
33 
23 

30 
x6 

19 
31 
37 
II 
30 
24 


Rags  in  Bales 


White  linen. . . 
White  cotton . . 
Brown  cotton. 
Paper  shavings 

Sacking 

Woollen 

Jute  butts 


8.5 

39  5 

9x0 

107 

9.2 

40.0 

715 

78 

7.6 

30.0 

442 

59 

7  5 

34  0 

507 

68 

x6.o 

65.0 

450 

28 

7.5 

30.0 

600 

80 

2.8 

IX. I 

4QO 

143 

23 

18 

IS 

IS 

7 

20 

36 


Paper 


Calendered  book 

Supercalendered  book. 

Newspaper 

Strawboard 

Leather-board 

Writing 

Wrapping 

Manila 


50 
69 
38 
23 
59 
64 
10 

37 
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MeMuremenU 

Weights  in  poundf 

Pinor* 
space, 

sqft 

Coo- 
tenu. 
cuft 

Total, 
lb 

Per 

sqft 

Per 
cuft 

Gkain  * 


Wheat,  in  bags 

Wheat,  in  bulk,  mean 

Barrels,  flour,  on  side 

Barrels,  flour,  on  end 

Com.  in  bags , 

Commeal,  in  barrels 

Oats,  in  bags , 

Bale  of  hay 

Hay,  Dederick.  comin'essed 

Straw.  Dederick,  compressed 

Tow.  Dederick,  compressed 

Bacdsior.  Dederick.  compressed. 
Hay,  loose 


4-3 

4. a 

I6S 

40 
S3 

4.x 

54 

2X8 

3  1 

7.x 

2I8 

70 

3* 

3.6 

1 12 

31 

3  7 

5-9 

2I8 

59 

3  3 

36 

96 

29 

SO 

20.0 

284 

57 

I -75 

5  25 

125 

72 

1.75 

5  25 

100 

57 

1.75 

5  25 

150 

86 

1.75 

5  25 

100 

57 

40 

4S 
40 
31 
31 
37 
27 
14 
24 
J9 
29 
19 
4 


Dysstuffs.  Etc 


Hogshead,  bleaching  powder. 

Hogshead,  soda-ash 

Box.  indigo 

Box.  cutch 

Box.  sumac 

Caustic  soda  in  iron  dram. . . 

Barrel,  starch 

Barrel,  pearl-alum 

Box.  extract  logwood 

Barrel.  Ihne 

Barrel,  cement.  American. . . 

Barrel,  cement,  English 

Barrel,  plaster 

Barrel,  rosi  n 

Barrel,  lardoil 

Rope 


11.8 

39  2 

I  200 

102 

10.8 

29.2 

z  800 

167 

3.0 

9.0 

385 

Z28 

4-0 

3.3 

ISO 

38 

1.6 

4  1 

160 

100 

4-3 

6.8 

600 

140 

3.0 

X0.5 

250 

83 

30 

10.5 

350 

117 

Z.06 

0.8 

55 

52 

3.6 

45 

225 

63 

3.« 

5-5 

325 

86 

3.8 

SS 

400 

105 

3.7 

6.1 

325 

88 

30 

9.0 

490 

143 

4.3 

12.3 

- 

422 

98 

31 
62 

43 
45 

39 
88 

24 

33 
70 
50 
59 
73 
53 
48 
34 
42 


M1SCEU.ANBOVS 


Box.  tin 

Box,  glass 

Crate,  crockery , 

Cask,  erockeiy , 

Bale,  leather 

Bale,  goatskins , 

Bale,  raw  hides , 

Bale,  raw  hides,  compressed. 

Bale.  fol&>leather 

Pile,  sole-leather 

Barrel,  granulated  sugar 

Barrel,  brown  sugar 

Cheese 


2.7 


9.9 
13. 4 

7  3 
II. 2 

6.0 

6.0 
12.6 


30 
3.0 


05 

139 

99 

39.6 

I  600 

162 

42.5 

600 

52 

12.2 

190 

26 

16.7 

300 

27 

30.0 

400 

67 

30.0 

700 

117 

8.9 

200 

22 

7-5 

317 

106  * 

7-5 

340 

113 

278 

60 

40 

14 
16 
18 
13 
23 
x6 

17 
42 
45 

30 


*  For  pressure  of  grain  in  deep  bins,  see  Engineering  News,  March  10, 1904,  pages  234 
and  336,  and  Dec.  is.,  1904. 
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The  second  step  is  to  determine  appnudmately  the  weight  of  the  floor  and  ceil- 
ing, and  dedde  what  superimposed  load  per  square  foot  the  floor  is  to  be  designed 
to  carry.  Having  done  this,  the  next  step  b  the  computing  of  the  required 
dimensions  of  the  common  floor-joists.  For  most  buildings  the  size  of  floor- 
joists  required  can  be  readily  determined  by  reference  to  Tables  XIII  to  XVII, 
inclusive,  and  XXII  to  XXVI,  inclusive,  of  this  chapter.  For  other  floor-loads 
the  sizes  of  the  common  joists  may  be  determined  by  computing  the' load  to 
be  supported  by  a  single  joist  and  then,  by  the  formulas  or  tables  in  Chapter 
XVI  or  the  formulas  in  Chapter  XVIII,  determining  the  dimensions  of  the  joists 
to  support  that  load.  (See  Example  z.)  For  the  floors  of  all  buildings  except 
stores  and  warehouses  it  is  recommended  that  the  sizes  of  the  common  joists 
be  determined  by  the  formulas  for  stiffness  in  Chapter  XVIII  or  the  stiffness- 
values  in  the  tables  in  Chapter  XVI,  unless  one  value,  only,  is  given  in  tables 
for  safe  loads,  in  which  case  that  value  may  be  used.  For  stores  and  ware- 
houses the  sizes  of  the  joists  may  be  proportioned  by  the  formulas  or  strength- 
values  of  the  tables  in  Chapter  XVI. 

The  Dimenaiona  of  Special  Beams,  such  as  headers,  trimmers  and  beams  sup- 
porting partitions,  and  also  of  the  girders,  should  be  determined  in  the  same 

way.  that  is,  by  comput- 


e . fe 


1^:^?  ing  the  maximum  load 
the  beam  may  have  to 
support,  and  then  the 
dimensions  of  a  beam 
that  will  support  that 
load  with  safety.  The 
manner  of  making  the 
computations  is  ex- 
plained  in  the  following 
examples. 

Bzample  x.    The  sim* 
plest  type  of  floor-fram* 
ing  is  that  shown  in  Fig. 
Fig.  1.    Plan  of  Floor-joists  1,   in  which  all  of  the 

joists  are  of  the  same 
span  and  support  equal  floor-areas.  In  such  a  floor,  the  floor-area  sup- 
ported by  each  joist  is  equal  to  the  span,  /.,  multiplied  by  the  spacing,  5,  in 
feet.  The  load  on  each  joist  is  equal  to  the  floor-area  multiplied  by  the 
sum  of  the  dead-loads  and  superimposed  or  live  loads.  To  show  the  applica- 
tion of  the  above-mentioned  formulas  and  tables  we  will  assume  that  Fig.  I 
represents  the  framing  of  a  floor  in  a  dwelling-house  or  lodging-house,  that 
Z,  —  i8  ft,  5  -  i6  in  or  iH  ft,  and  that  the  timber  is  common  white  pine.  The 
joists  are  to  support  a  plastered  ceiling  and  a  double  floor  of  ^in  boards. 
What  should  be  the  size  of  the  joists;  average  quality,  conditions  not  ideal? 

SolotioA.  The  floor-area  supported  by  each  joist  is  iVi  by  x8,  or  24  sq  ft. 
From  Table  XIII  or  XXII,  pages  737  and  742.  for  a  span  of  18  ft,  the  joists 
will  probably  have  to  be  at  least  a  by  12  in,  and  their  weight  will  be  about  4Vi  lb 
per  sq  ft  (see  Table  I,  page  718).  The  plastered  ceiling  weighs  about  xo  lb  and 
the  flooring  6  lb  per  sq  ft,  making  the  total  weight  of  the  floor  2oVft  lb  per  sq  ft. 
For  the  superimposed  load  we  should  allow  at  least  40  lb  per  sq  ft  (see  page 
7i9)>  This  might  be  greater,  if  exacted  by  any  particular  building  law.  The 
load  on  a  single  joist  will,  therefore,  be,  with  these  assumed  unit  loads,  6o^i  lb 
by  24  sq  ft,  or  I  452  lb. 

From  Table  VIII,  page  639,  we  find  that  the  maximum  load  for  a  i  by 
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iT-m  white-pSne  joist  of  1 8  ft  span  is  623  lb;  hence  to  support  i  453  lb  will 
require  a  breadth  equal  to  1452/623  »  2H  in.  Ther^ore,  to  comply  with  the 
requirements  for  both  strength  and  stiffness,  the  joists  should  be  2^  by  12  in. 
This  is  not  a  stock  size.  Joists  2  by  12  in,  12  in  on  centers,  may  next  be 
tried.  Each  joist  must  support  1 116  lb,  requiring,  by  Table  VIII,  page 
639,  a  1.8  by  x2-in  joist,  determined  by  the  quotient  1 116/623.  So  that,  in 
this  example,  white-pine  joists  of  a  nominal  size  of  2  by  12  in  and  spaced  12  in 
on  centers  might  be  used,  although  they  are  slightly  under  the  required  depth, 
as  the  dressed  size  is  about  iH  by  xx^  in.  From  Table  VI,  page  637,  the 
conversion-factor  is  1.6 1,  and  623  lb  x  i.6x  ■>  i  003  lb  which  is  less  than  x  1 16  lb, 
the  load  to  be  supported.  From  Tables  XIII  and  XXII,  pages  737  and  742, 
the  maximum  spans  for  2  by  X2  in  white-pine  jobts,  x  2  in  on  centers,  are  19  ft 
and  18  ft  8  in  respectively,  according  to  the  assumed  value  of  the  modulus  of 
elasticity  for  white  pine.  For  3  by  12-in  joists,  x6  in  on  centers,  the  load  is 
I  506  lb,  and  x  506/623  -  2^  in.  The  dr^sed  size  is  almost  2H  by  xi!^  in, 
the  conversion-factor,  2.53,  and  623  x  2.53  ■  i  576  lb,  an  amount  greater  than 
I  506  lb.  Tables  XIII 
and  XXII,  again,  give 

19  ft  8  in  and  19  ft 
4  in  for  the  maximum 
spans.  Joists  3  by  12, 
16  in  on  centers,  are 
stronger  than  neces- 
sary. If,  in  this  ex- 
ample, the  span  is  made 

20  ft,  by  Table  VIII, 
page  639,  for  12-in 
joists  two  values  for  the 
safe  loads  are  found, 
and  the  smaller,  stiff- 
ness-value, should  be 
used,  unless  the  deflec- 
tion need  not  be  con- 
sidered. 

Example  a.  Fig.  2 
shows  a  partial  section 
of  a  dwelling,  in  which 
the  second-floor  joists 
support  a  plastered 
partition  which  also 
supports  the  attic  joists. 
What  should  be  the 
size  of  the  second-floor 
joists  to  meet  the  re- 
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quirements  of  strength,  the  timber  being  fair«quality  Eastern  spruce  with  a 
safe  fil>er-strcss  assumed  to  be  700  lb  per  sq  in  for  flexure?  As  the  effect  of  a 
concentrated  load,  compared  with  a  distributed  load,  in  producing  deflection,  is 
not  as  great  as  the  comparative  effect  in  producing  rupture,  whenever  a  beam 
has  a  considerable  concentrated  load  it  may  be  calculated  by  the  formula  or 
tables  FOR  strength  only.    The  timber  is  assumed  to  be  poorly  seasoned. 

Solntloiu  The  first  step  will  be  to  determine  the  load  on  a  single  floor- joist. 
We  will  awsumf,  as  a  trial,  that  the  joists  are  to  be  2  by  xo  in,  X2  in  on  centers, 
that  both  the  fixst-stoiy  and  second-story  ceilings  are  to  be  plastered,  and  that 
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only  single  flooring  will  be  used  in  tke  second  story  and  attic.  We  will  assume 
that  the  attic-joists  are  to  be  2  by  8  in,  i6  in  on  centers,  and  that  the  width  of 
floor  supported  by  the  partition  is  lo  ft. 

The  second-floor  area  supported  by  a  single  joist  is  12  in  by  15  ft,  or  15  sq  ft. 
The  weight  of  the  floor-joists  per  sq  ft  is  5  lb,  of  the  plastered  ceiling  10  lb  and 
of  the  flooring  3  lb,  making  the  dead  load  per  sq  ft  18  lb.  For  the  live  or  super- 
imposed load  we  should  allow  40  lb  and  hence  the  load  per  square  foot  on  each 
second-floor  joist  due  to  the  second  floor  and  its  load  is  s&  Ih.  As  the  floor- 
area  for  a  single  joist  is  15  sq  ft  the  load  from  the  second  floor  is  is  sq  ft  by 
58  lb  per  sq  ft  or  870  lb  on  each  joist.  We  muBt  now  find  what  wiU  be  the 
load  from  the  partition  and  attic-floor.  The  attic-floor  and  ceiling  weigh  about 
16  lb  per  aq  ft,  and  24  lb  b  a  suf&dent  allowance  for  the  live  load.  The  weight 
per  linear  foot  on  the  partition  will  therefore  be  400  lb.  A  partition  of  2  by 
4-in  studs,  lathed  and  plastered  on  both  sides,  weighs  about  20  lb  per  sq  ft  of 
face;  hence  the  partition  itself  weighs  x8o  lb  per  lin  ft.  The  partition  and 
attic-floor,  therefore,  bring  a  load  of  580  lb  on  each  second-floor  joist,  con- 
centrated at  a  point  one-fourth  of  the  span  from  the  inner  end  of  the  joist. 
To  combine  this  concentrated  load  with  the  load  from  the  second  floor,  we 
must  multiply  the  concentrated  load  by  1.5  (Table  TV,  page  633),  which  gives 
an  equivalent  distributed  load  of  870  lb.  Adding  this  to  the  second-floor  load 
we  have  i  740  lb  as  the  total  load  for  which  each  joist  should  be  proportioned. 
From  Table  VIII,  page  639,  we  find  that  the  safe  load  for  a  i  by  xo-in  spruce 
joist  of  15-ft  span  is  518  lb;  hence  the  breadth  of  each  joist  should  be  equal  to 
X  740/5x8  -  3.36  or  about  3H  In.  Deeper  joists,  therefore,  must  be  used.  If 
we  try  2  by  x2-in  joists.  12  in  on  centers,  the  safe  load  for  a  i  by  12-in  spruce 
joist  of  is-ft  span  is  747  lb.  Hence  the  breadth  is  x  755/747  *■  2.35  or  about 
2)i  in,  indicating  2H  by  12-in  joists,  12  in  on  centers.  If  the  fiber-stress  is 
assumed  at  800  lb  per  sq  in.  the  values  of  Table  X,  page  641.  may  be  used. 
This  will  give,  for  2  by  12-in  joists,  12  in  on  centers  and  xs-ft  span.  854  lb  for 
the  safe  load  for  a  x  by  12-in  joist;  and  i  755/^54  <■  about  a  in.  The  load  per 
sq  ft  on  each  of  these  joists  is  x  755/15  -  X17  lb;  and  Tables  XVI  and  XXV, 
pages  739  and  744,  give  x6  ft  6  in  and  16  ft  x  in  for  the  xnaidmum  safe 
spans. 

Example  3.  It  is  required  to  determine  the  sizes  of  the  girders  and  joists  in 
the  floor  shown  in  Fig.  3.  ail  of  the  timbers  being  of  long-leaf  yellow  pine,  and 
the  floor  above  being  supported  by  posts  and  girders  in  the  same  way.  The 
building  is  intended  for  l6dging  purposes,  and  the  height  of  the  story  is  xo  ft. 
There  b  to  be  a  double  floor  and  the  ceilings  and  partitions  are  to  be  plastered. 
The  floor-joists  are  to  be  spaced  16  in  on  centers.  Average  timber,  poorly  seasoned. 

Solution.  We  will  first  determine  the  size  of  the  common  joists  at  A^  calling 
the  span  24  ft.  The  floor-area  supported  by  a  single  joist  is  24  by  iH  ft,  or 
32  sq  ft. 

From  Table  XIII  or  XXII,  pages  737  and  742.  for  a  24-ft  span.  2>i  by  x4-in 
joists  are  probably  required.  We  will  allow  S^t  lb  per  sq  ft  for  the  weight  of 
joists  and  bridging  (Table  I.  page  718),  10  for  the  ceiling  and  6  for  the  flooring, 
making  24^  lb  per  sq  ft  for  the  dead  load.  For  the  live  load  we  will  allow  40 
lb  per  sq  ft.  The  load  for  which  the  joists  should  be  proportioned  is,  there- 
fore, 32  by  64^4  or  2  072  lb.  We  may  use  Table  XII,  page  643,  to  find  the 
maximum  load  for  a  x  by  X4-in  joist  of  24-ft  span.  The  deflection-load  given  in 
the  table  is  882  lb;  hence  the  thickness  of  the  joists  must  equal  2  072/882  * 
2.35  or  about  3M  in.  Therefore  2^i  by  14-in  long-leaf  yellow-pine  joists,  x6  in 
on  centers,  may  be  used,  but  they  should  run  .'full  2^2  in  thick.  The  joists 
at  B  (Fig.  3)  have  to  support  a  partition,  but  as  the  span  is  much  less,  and  the 
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pftttitioQ  is  iiuite  aeu  the  end  of  tbe  jiustg,  it  will  be  tale  to  mak«  tbm  <if  the 

The  joisU  at  C  (Fig.  3)  have  the  tame  flooi-load  to  support  it  at  A,  and  in 
aiidition  the  wdght  oi  the  partition,  which  is  concentrued  at  oae-tbird  ol  the 
ipaji  (roni  one  support.  As  the  psnitkn  ii  10  ft  high,  13M  sq  ft  of  partition  will 
be  sucfiocted  by  eacb  joitt.  the  joiaU  being  16  in  ga  ceatcn.    Assuming  ao  lb 


Fig.  3.    Plan  of  Floor-FranJng  Shoving  Partitions  Above 

per  iq  ft  of  face  a*  the  weight  of  the  partition,  we  have  367  lb  as  the  weight 
from  the  partition  to  be  boine  by  each  joist.  To  itduu  this  to  an  equivalent 
ilistributed  load,  we  should  multiply  by  1.78  [Table  IV',  page  631),  which  gives 
468  lb.  The  joicts  at  C.  therefore,  should  be  proportioned  to  a  unifonnly 
distributed  load  of  1  071  +  4S3  •  3  540  lb,  which  requina  14-ia  joists,  a£i  in 
thicli,  or,  sagr,  3  by  i4-iD  joiata. 


728  Strength  and  Stiffness  of  Wooden  Floors         Chap.  21 

The  Reftder.  We  will  next  determine  the  required  breadth  for  the  header, 
H  (Fig.  3),  the  depth  being  necessarily  14  in,  the  same  as  for  the  joists. 

The  header  is  14  ft  long  and  must  support  the  floor  half-way  to  the  wall,  or 
a  floor-area  of  14  by  9  ft,  or  126  sq  ft.  Multiplying  this  area  by  64M  lb,  the 
weight  per  square  foot,  we  have  8  159  lb,  the  total  floor-lead  to  be  supported, 
to  which  must  be  added  a  certain  percentage  of  the  partition.  The  portion  of 
the  partition  supported  by  the  header  is  (14  ft »  x  ft  4  in) «  12  ft  8  in  long  and 
10  ft  high,  and  will  weigh  about  20  lb  per  sq  ft  of  face,  or  a  total  of  2  532  lb. 
As  the  partition  is  one-ninth  of  the  span  from  the  header,  eight-ninths  of  its 
weight  will  be  supported  by  the  header  and  one-ninth  by  the  wall.  Eight-ninths 
of  2  532  is  2  251  lb,  which,  added  to  the  floor-load,  makes  a  total  load  for 
the  header  of  10  410  lb.  From  Table  XII,  page  643,  we  find  that  the  safe 
load  for  a  i  by  i4-in  beam  of  long-leaf  yellow  pine,  X4-ft  span,  is  x  867  lb;  hence 
it  will  require  a  breadth  of  10  410/1  867  -  5.58  in.  If  the  tail-beams  are  framed 
into  the  header,  it  should  be  thicker  to  allow  for  the  weakening  effects  of  the 
framing;  so  that,  in  this  case,  the  header  should  be  at  least  6  by  14  in  in  actual 
cross-section,  before  any  framing  is  done. 

The  Trimmers.  We  will  next  consider  the  trimmer,  T  (Fig.  3).  This 
beam  has  four  loads:  (i)  a  distributed  floor-load;  (3)  a  distributed  load  from 
the  partition  above;  (3)  one-half  the  load  on  the  header  //;  (4)  and  a  small 
direct  load  from  the  longitudinal  partition. 

(i)  The  strip  of  floor  supported  by  the  trimmer  will  be  about  12  in  wide  and 
24  ft  long,  and  will  weigh  64M  lb  per  sq  ft  x  24  sq  ft »  i  554  lb. 

(2)  The  partition  above  will  weigh  10  x  24  ft  x  20  lb  per  sq  ft  ->  4  800  lb. 

(3)  One-half  of  the  load  on  fT  is  10  410/2  «  5  205  lb.  As  this  is  concentrated 
at  one-fourth  the  span  from  the  support,  we  must  multiply  it  by  1.5  (Table  IV, 
page  632)  to  obtain  the  equivalent  distributed  load,  which  then  becomes 
5  205  X  i.s-  7  808  lb. 

(4)  About  8  in  of  the  longitudinal  partition  must  be  supported  by  the  trimmer, 
and  this  will  weigh  10  x  H  f t  x  20  lb  per  sq  ft «  133  lb.  As  it  is  concentrated 
at  one-third  the  span  from  the  support,  we  must  multiply  by  1.78  (Table  IV, 
page  633)  to  obtain  the  equivalent  distributed  load,  which  then  becomes 
133  X  1.78-  237  lb. 

The  total  load  for  which  the  trinmier  must  be  computed  will  be,  therefore: 

(i)  From  the  floor x  554  lb 

(2)  From  the  partition  above 4  800  lb 

(3)  From  the  header 7  808  lb 

(4)  From  the  longitudinal  partition 237  lb 

Total 14  399  lb 

The  trimmer  should  be  of  the  same  depth  as  the  joists,  14  in.  From  Table 
XII,  page  643,  we  6nd  that  a  1  by  14-in  long-leaf  yellow-pine  beam  of  24-ft 
span  will  safely  support  882  lb  and  not  cause  a  deflection  of  more  than  Vico  of 
the  span.  Hence,  the  breadth  of  the  trimmer  would  be  14  399/882  «  16.34  i^t 
which  is  greater  than  the  depth.  This  would  suggest  the  substitution  of  a  sted 
I  beam  of  proper  size  or  the  use  of  a  deeper  wooden  beam,  such  as  an  i  x  by  16  or 
a  12  by  x6-in  beam.  If  the  deflection  of  the  wooden  beam  is  not  taken  into 
account,  the  strength-value,  i  090  lb  of  Table  XII,  page  643,  may  be  used, 
giving  14399/1  090-  13.21  in  as  the  width  of  the  beam.  This  would  agree 
with  the  former  New  York  Code  for  strength.  If  the  flexure  fiber-stress  is 
taken  at  i  300  lb  per  sq  in,  permitted  by  the  Chicago  code,  Table  XIII,  page 
644,  may  be  used,  giving  14  399/x  179  -  12.21  in  for  the  width  of  the  trimmer. 
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If  I  800  lb  per  aq  in  is  taken  for  5,  Table  XV,  page  646,  is  used,  giving  14  399/ 
X  633  «  8.8x  in  for  the  width.  Hence,  the  architect  will  be  governed  by  laws 
in  cities,  or  by  engineering  judgment  or  experience  elsewhere,  and  this  applies 
to  the  joists  as  well  as  to  the  girders.  If  wooden  trimmers  are  used,  they  should 
be  hung  in  beam-hangers  (see  last  part  of  this  chapter).  The  load  on  the  trim< 
mer,  /?,  will  be  the  same  as  on  the  trimmer.  T,  except  for  the  cross-partition. 
Deducting  the  weight  of  this  partition,  we  have  14  399  —  4  800  >-  9  599  lb  for 
the  equivalent  distributed  load  on  R,  which,  from  Table  XII,  page  643,  gives,  for 
the  required  breadth  10.88  in  or  8.8  in,  depending  upon  whether  the  deflection 
is  or  is  not  considered.  Other  variations  in  the  required  width  of  a  14-in 
wooden  girder  will  result  from  the  use  of  other  fiber-stresses. 

The  Girders.  The  floor-area  supported  by  the  girder,  G  (Fig.  3),  is  equal  to 
12  by  24  ft,  or  288  sq  ft.  As  a  general  rule,  it  will  be  safe  in  estimating  the  live 
load  on  girders  to  take  only  85%  of  the  load  assumed  for  the  floor-beams,  be- 
cause there  will  always  be  some  portion  of  the  floor  supported  by  the  girder  that 
is  not  loaded,  and  probably  other  portions  that  will  not  be  loaded  up  to  the 
assumed  load.  Hence,  the  live  load  would  be  85%  of  40  lb,  or  34  lb.  The 
dead  load  of  the  floor  and  ceiling  will  be  about  25  lb,  and  the  girder  itself  will 
weigh  between  i  and  2  lb  per  sq  ft,  say  2  lb  per  sq  ft  of  floor,  more,  so  that  we 
will  use  61  lb  per  sq  ft  for  the  total  floor-load  on  this  girder.  As  girder  G  su];>- 
ports  288  sq  ft,  this  will  be  equivalent  to  17  568  lb.  The  girder  supports,  also, 
a  partition,  9  ft  high,  above,  which  will  weigh  12  x  9  X  20  <-  2  x6o  lb.  The  total 
load  for  which  the  girder  should  be  proportioned  is,  therefore,  19  728  lb.  As- 
suming 14  in  for  the  depth  of  the  girder,  we  find  from  Table  XII,  page  643, 
that  the  safe  load  for  a  x  by  14-in  long-leaf  yellow-pine  beam  of  12-ft  span  is 
z  867  lb;  hence  the  breadth  of  girder,  G,  should  be  19  728/1  867  «  10.56  m  and 
an  IX  by  14-in  girder  could  be  used. 

The  girder,  G'  (Fig.  3),  supports  a  floor-area  at  the  left  of  is  x  12  »  144  sq  ft, 
which  represents  a  distributed  load  of  8  784  lb.  On  the  right  side  of  the  girider 
there  is  a  strip  of  floor  40  in  wide  by  12  ft  long  (8  in  of  the  floor  being  included 
in  the  load  on  70  which  will  weigh  2  440  lb.  This  may  be  considered  as  a  con- 
centrated load  applied  20  in,  or  one-seventh  the  span,  from  the  end  of  the 
girder,  in  which  case  the  effect  of  the  load  is  practically  the  same  as  if  the  load 
were  distributed.  The  load  coming  upon  girder  G'  from  T  will  equal  one-half 
the  actual  distributed  load  on  T,  plus  three-eighths  (H  of  H)  of  the  load  on  H, 
The  load  on  S  we  found  to  be  xo  410  lb,  and  three-eighths  of  this  is  about 
3  900  lb.  The  actual  distributed  load  on  T  we  found  to  be  x  554+  4  800  « 
6  354  lb,  and  one-half  of  this  is  3  177  lb.  Hence  the  trimmer,  T,  transmits  a 
load  of  3  900  +  3  177  *  7  077  lb  to  the  girder,  which  must  be  considered  as  a 
concentrated  load  applied  at  one-third  the  span  from  the  support,  and  hence  we 
must  multiply  it  by  x.78  (Table  IV,  page  632)  to  obtain  the  equivalent  dis- 
tributed load,  which  gives  X2  597  lb. 

The  load  for  which  the  girder,  G'  (Fig.  3),  should  be  computed  will  be 

From  the  floor  at  the  left 8  784  lb 

From  the  floor  at  the  right 2  440  lb 

From  the  trinuner,  T X2  597  lb 

From  the  partition  above 2  160  lb 

Total 25  981  lb 

From  Table  XII,  page  643,  we  find  that  this  load  will  require  a  (13.9  by 
X4-in)  14  by  x4-in  girder.  For  this  floor,  therefore,  the  requirements,  if 
long-leaf  yellow  pine  is  used,  and  if  the  maximum  flexure  fiber-stress,  5,  is 
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taken  at  x  aoo  lb  per  sq  in  (a  conservative  value  for  non-ideal  conditional 
for  example)  and  the  modulus  of  elasticity,  £,  at  1 500  000  lb  per  sq  in,  are  as 
follows:  an  I X  by  i4-in  girder  at  G;  a  X4  by  X4-in  girder  at  (7;  an  ix  by  x6,  or  xa 
by  i6>in  wooden  beam  or  a  steel  I  beam  for  the  trimmer,  T;  an  xi  by  X4-in 
beam  for  the  trimmer,  R]  a  6  by  X4>in  beam  for  the  header,  H;  2H  by  x4-in 
joists  at  A  and  B;  and  3  by  X4-in  joists  at  C.  For  these  stress-requirements 
the  architect  might  decide  to  use  steel  I  beams  for  girders  G,  G^,  etc.,  and  for 
the  trimmers,  T  and  R.  For  S,  1300,  Table  XIII,  page  644,  may  be  used  for 
long-leaf  yellow  pine;  for  S,  1500  lb  per  sq  in.  Table  XIV,  page  645;  for  a  hber* 
stress,  5,  of  x8oo  lb  per  sq  in,  Table  XV,  page  646;  and  for  .S  equal  to  x6oo  lb 
per  sq  in.  Table  XII,  page  643,  with  the  strength-values  increased  one-third. 
Of  course,  the  sizes  of  the  timbers  are  diminished  as  the  assumed  safe  fiber- 
stresses  are  increased. 

This  example  illustrates  nearly  all  of  the  computations  that  are  required  to 
determine  the  sizes  of  the  joists  and  special  beams  or  girders  in  any  ordinary 
floor-construction.  The  method  of  computation  is  the  same  for  any  floor- 
load,  the  only  difference  being  that  the  greater  the  live  load  assumed  the  greater 
will  be  the  loads  for  which  the  beams  must  be  proportioned.  As  will  be  seen, 
the  most  laborious  computations  are  those  for  beams  which  receive  loads  from 
different  sources,  and  it  will  generally  be  found  that  the  weakest  portions  of 
any  particular  floor  arc  the  headers,  trimmers  and  girders,  and  the  beams  which 
support  partitions. 

The  Strength  of  Mill-Floore.  The  beams  and  girders  for  mill-floors 
should  be  computed  by  the  same  general  method  illustrated  in  the  foregoing 
examples,  involving,  (i)  the  determination  of  the  loads  on  the  beams  and 
girders  and,  (2)  the  sizes  of  the  beams  axui  girders  required  to  support  such 
loads. 

Required  Thickneee  of  PUnk  Flooring.  The  thickness  of  the  plank  floor- 
ing in  mill  construction  may  be  determined  by  formulas  (x)  and  (a): 


Thickness  of  plank  In  in )      a  /weight  per  sq  f t  x  i* 


required  for  strength   )       T  24  x  .^ 


In  in)      A /weif 
igth   J  "  V 

ak  in  in )      * 'A 
Liffness  )       V 


Thickness  of  plank  in  in )      *  /weight  per  sq  ft  x  I* 
required  for  stiffness  J       V  19.2  x  «i 


(i) 


In  these  formulas,  /  is  the  span  in  feet,  from  center  to  center  of  beams,  A  the 
constants  for  strength  (page  628),  and  ey  the  constant  for  stiffness  (page  664). 

When  the  planks  are  connected  by  H-in  splines,  and  extend  over  two  spans. 
Formula  (1 )  may  be  used.  If  the  planks  are  in  single  lengths  from  beam  to  beam, 
or  are  not  splined,  then  Formula  (2)  should  be  used. 

Tables  IV  to  XI,*  inclusive,  show  the  safe  loads  for  plank  flooring  of  different 
woods,  thicknesses  and  spans,  derived  from  the  formulas  for  strength  and  stiffness, 
the  values  in  the  first  horizontal  line  in  the  case  of  each  thickness  of  plank 

•  Tables  VIII  to  XI,  inclusive,  were  calculated  by  Mr.  F.  E.  Kidder  and  are  retained 
from  the  preceding  edition  of  the  Pocket-Book.  Tables  IV  to  VII.  inclusive,  arc  added 
to  confonn  to  the  most  conservative  fiber-stresscjt  of  the  building  codes  and  of  the  other 
chapters  of  the  new  edition.  In  the  judgment  of  many  conatnicton  the  higher  vahies  of 
Tables  VIII  to  XI  are  safe  when  more  favorable  conditions  of  quality  and  drsmesa  of 
materials  prevail.  In  using  any  of  the  tables,  care  must  be  taken  to  notice  whether 
or  not  the  safe  loads  given  include  the  weight  of  the  flooring  itself.  Ip  the  revisioQ  of 
this  chapter  tiie  author  is  indebted  to  Professor  F.  H.  Safford,  of  the  Univcnity  of  Penn- 
sylvania, for  the  computations  required  for  the  new  Tables  IV  to  VII  and  for  the  chcckiaK 
^  Tables  VIII  to  XI. 
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denotiiiB  the  loads  given  by  the  £qnmik  lor  iiti«iiath 'aad.  the  £«uceB  in  the 
seoond  line  those  given  by  the  formula  for  stiffness.  The  span  is  supposed  to  be 
measured  from  center  to  center  of  beams.  The  values  given  by  the  formula  for 
strength  should  be  considered  safe  only  for  splined  floors  and  where  the  planks 
are  continuous  over  at  least  two  spans.  If  the  thickness  jpf  the  planks  falls 
short  H  or  even  H  in  from  the  dimensions  given,  the  safe  loads  must  be  mate- 
rially reduced. 

In  Table  IV,  the  modulus  of  elasticity,  £,  on  which  e i  in  the  stiffness-formula 
depends,  b  i  500  000  lb  per  sq  in,  and  the  safe  fiber-stress,  5,  on  which  the 
constant  for  strength,  A,  depends,  is  i  300  lb  per  sq  in,  A  being  67.  The  safe 
loads  given  are  within  the  requirements  of  all  cities  (or  strength  and  stiffness  for 
4ong4eaf  yelk>w  pine,  and  of  all  cities  for  Douglas  fir. 

In  Table  V,  £  is  i  200  000  lb  per  sq  In,  S,  1  000  lb  per  sq  in,  and  A  is  56. 
The  loads  given  satisfy  the  requirements  oif  Chicago  and  of  most  other  dties 
for  strength  for  short-leaf  yellow  pine.  The  values  given  for  stiffness,  also,  are 
recommended  for  this  wood. 

In  Table  VI,  £  is  i  200  000  lb  per  sq  in,  S,  800  lb  per  sq  in,  and  i4  is  44. 
The  loads  given  satbfy  the  requirements  of  all  cities  for  strength,  for  spruce, 
Norway  pine  and  white  pine,  and  the  values  given  for  stiffness,  also,  are 
recommended  for  spruce.  For  Norway  pine,  £  >-  1 100  000  lb  per  sq  in  may 
be  used. 

In  Table  VII,  £  is  x  000  000  lb  per  sq  in,  S,  700  lb  per  sq  in,  and  A  is  39. 
The  loads  given  for  strength  can  be  used  for  any  woods  of  that  safe  fiber- 
stress,  and  the  loads  for  stiffness  are  recommended  for  white  pine. 

In  Tables  VIII,  IX,  X  and  XI,  the  safe  loads  are  calculated  from  still  other 
values  of  5,  i4,  £  and  ei,  indicated  with  each  table,  and  may  be  used  by  those 
who  wish  to  assimie  larger  safe  values  for  the  strength  and  stiffness-factors 
in  cases  where  there  are  no  restncdont  f  tool  building  laws.  For  aoy^other  vahies 
of  A  or  ei  required,  such  values  must  be  inserted  in  Formula  (i)  or  (2)  and  the 
thicknesses  of  the  planks  determined  or  the  safe  load  determined  for  any  given 
thickness  of  planks. 

Note.  It  18  to  be  noted  that  for  Ideal  conditions  and  commercially  dry  lum- 
ber, protected  from  moisture,  and  when  there  is  no  impact,  the  given  fiber-stresses 
for  flexure  may  be  increased  from  30  to  40%.  (See,  also,  important  notes  on 
pages  628,  637  and  647  regarding  stresses  In  and  loads  on  wooden  beams.) 
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Tabl*  IV.    SAft  U?e  Loads*  in  Gonads  ytr  SqumFodt  for  Plank  Flooring 

See  explanation  on  pages  730-z.    The  loads  are  based  on  the  following  values. 
Strength:  5-  z  200  lb  per  sq  in,  A*  67;  stiffness:  £«  i  500  000  lb  per  a<i  in,  «!»  zz6 
"  LONG-LEAV  YELLOW  PINE  AND  DOUGLAS  FIR  f 


Thickness 

o(  planks, 

in 

Distance  between  centers  of  floor-beams,  in  feet 

4 

5 

6 

7 

8 

9 

10 

II 

» 

tH 

353 

339 

226 

117 

157 
68 

115 
43 

88 

39 

70 
20 

.  • . . .  ■ 

2?i 

567 

466 

363 
339 

353 

138 

185 
87 

142 
58 

112 
4« 

91 

30 

75 
22 

63 

17 

2H 

760 

734 

4«6 
371 
788 
764 

338 

314 

348 

135 

190 
90 

X50 
64 

243 

X31 

122 

46 

ZOO 

35 

84 

27 

3M 

547 
443 

402 

378 

308 
187 
402 
378 

197 
95 

163 
72 

137 
55 

4 

715 
660 

535 

416 

318 
196 

257 
143 

213 

107 

179 
82 

5 

820 
812 

628 
544 

496 
382 

715 
660 

402 
278 

333 
309 

279 
161 

403 
278 

6 

904 
940 

579 

481 

478 
361 

*  Weight  of  ceiling,  if  any, and  also  of  the  flooring  itself  b  to  be  deducted  from  these  values. 
t  If  S  for  Douglas  fir  is  taken  at  zooo  lb  per  sq  in,  use  Table  V. 

Tablo  V.    8«f o  Uf  Loads  *  in  Pooadi  par  Sqtuffo  Foot  for  Plank  Flooring 

See  explanation  on  pages  730-z.    The  toads  are  based  on  the  f<Jlowing  values. 
Strength:  .S  -  z  000  lb  per  sq  in,  i4  »  56;  stiffness:  £  —  z  aoo  000  lb  per  sq  in,  ei  >■  92 

SHORT-LEAT  YELLOW  PINE 


Thickness 

of  planks, 

in 

.Distance  between  centers  of  floor-beams,  in  feet 

4 

5 

6 

7 

8 

9 

10 

II 

12 

iH 

395 
182 

189 
93 

303 

189 

406 
394 

6S9 
606 

860 

131 

54 

311 

no 

2S2 
170 

457 
351 

597 
533 

96 
34 

74 
33 

2^4 

474 
370 

155 
69 

207 
107 

118 
46 

159 

72 

94 
33 

135 

50 

203 

104 

76 
34 

102 

37 

71 
21 

ZI4 
44 

294 

63s 
574 

84 
28 

136 

57 

3H 

I  029 

336 
221 

257 
148 

165 
76 

4 

439 
330 

3|6 
221 

265 
155 

215 
113 

178 
85 

149 
6S 

233 

128 

336 
221 

5 

933 

686 
644 

535 

431 

756 
745 

415 
303 

336 

221 

278 
166 

6 

987 

597 
533 

484 
382 

400 
387 

*  Weight  of  ceOing.  if  any.  and  also  of  the  flooring  itself  is  to  be  deducted  from  theso 
values. 
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Tabto  VL    Safe  Live  loads*  in  PDoads  par  Squaaa  Foot  for  Piaak  Floociag 

See  explanation  on  pages  730*-z*    The  loads  are  based  on  the  following  vahies. 
Strength:  5>  800  lb  per  sq  in,  i4  *  44;  stiffness:  £*  x  200  000  lb  per  sq  in,  «!■■  9a 

SPRUCE,    NORWAY   PINE   AND   WHITE   PINE 


Thickness 

of  planks, 

in 

Distance  between  centers  of  fIoor-6eams.  in  feet 

4 

5 

6 

7 

8 

9 

xo 

XX 

X3 

iH 

333 

i8a 

148 
93 

103 
54 

76 
34 

58 
33 

2H 

37a 
370 

238 
189 

l6s 
no 

133 
69 

93 
46 

74 
32 

60 

34 

2H 

499 

319 
294 

333 

163 
107 

13S 

73 

99 

50 

80 

37 

66 

38 

3M 

809 

SI? 

3S9 
351 

264 
321 

303 

X48 

x6o 
X04 

129 
76 

X07 
57 

89 
44 

4 

676 

469 

345 
330 

264 
32X 

209 
155 

169 
113 

140 
85 

XI7 
65 

5 

733 

«  •  «  •  « 

539 

412 

326 
303 

264 

32X 

3X8 

x66 

183 
X28 

6 

776 

•  •  •  »  • 

594 

469 

380 

314 

287 

264 
32X 

*  Weight  of  ceiling,  if  any,  and  also  of  the  flooring  Itself  is  to  be  deducted  from  these 
values. 

Tabla  YJL    Safe  Lire  Loada*  in  Pooads  per  Square  Foot  for  Plank  Floerinf 

See  explanation  on  pages  730-x.    The  loads  are  based  on  the  following  values. 
Strength:  5  *  700  lb  per  sq  in,  ^  ""39;  stiffness:  £  ■■  x  000  000  lb  per  sq  in,  ei  »  77 

TOR  HEMLOCK  AND   WOODS   OF  SIIOLAR   STRENGTH  AND   STIPFNESS 


Thickness 
in 

Distance  between  centers  of  floor-beams,  in  feet 

4 

5 

6 

7 

8 

9 

xo 

XX 

X3 

iH 

306 

IS3 

132 

78 

91 
45 

67 

3S 

aH 

330 
309 

3X3 

158 

147 
92 

xoB 
58 

83 
39 

65 

27 

2^4 

443 

480 

283 
246 

197 
142 

146 
90 

XXX 

60 

87 
43 

71 
31 

3V4 

717 

459 

319 
293 

234 

185 

179 

134 

142 
87 

115 

63 

95 
48 

80 

37 

4 

936 

599 

416 

306 
376 

234 
185 

185 
130 

150 

95 

134 
71 

104 
55 

5 

936 

650 

47« 

366 
36X 

289 
253 

234 
185 

193 
139 

163 

X07 

6 

936 

688 

526 

4x6 

337 
319 

378 

340 

234 
X8S 

*  Weiglit  of  cetUng,  if  any,  and  also  of  the  ftooiiBf  OaBi  is  to  be  dedneted  from  these 
values. 
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T«bto  Vm.   BtHe  Lin  Loate*  bk  Pbu^di  p*r  S^um*  Vo«t  fur  Vknk  Flootiac 

See  expUnatioo  oo  paces  730-x.    Tbe  loads  are  based  on  the  loUoving  values. 
Strength:  5*  x  8oo  lb  per  sq  m,  ^1  >  xoo;  stiffness:  £■■  x  780 000  lb  per  sq  in,  «i—  137 

Recotomended  by  Mr.  Kidder  for 

LONG-LEAF  YELLOW  PINE 


Thickness 

of  platiks, 

in 

Distance  between  centers  of  floor-beams,  in  feet 

4 

5 

6 

7 

8 

9 

10 

XX 

12 

xH 

515 
258 

325 

126 

223 

66 

x6q 
38 

xao 

2t 

9» 

XX 

72 
5 

2H 

831 
536 

527 
268 

3te 
X49 

26a 

88 

197 

54 

XS3 
34 

X2I 
24 

97 

X2 

80 
6 

a^4 

1 118 
838 

710 

42X 

488 
237 

354 
X44 

267 
9X 

206 

59 

16S 
38 

X34 
25 

IXO 

15 

3V4 

II58 
884 

798 

S04 

589 
310 

442 
202 

345 

X36 

27« 
94 

22s 
67 

x86 
47 

4 

1046 
759 

763 
47t> 

S8o 
308 

454 
2x0 

364 
148 

296 
106 

246 

77 

5 

1200 
934 

9x3 
6x8 

716 

427 

576 
304 

47X 
223 

392 
x66 

' 

1322 

X081 

X038 
7SX 

836 
540 

666 
398 

572 

300 

*  Weight  of  ceiling»if  any,  to  be  deducted.   Thewcigbt  of  the  flooring  has  been  deducted 
from  values  derived  from  formulas.    Deduction  about  72  lb  per  cu  ft  floor-material. 

Tftbis  I|[.    Safe  Ur«  Lqa4i  *  m  Pounds  par  Sfuar*  Foot  for  Plaak  Flp^risf 

See  explanation  on  pages  730-x.    The  loads  are  based  on  the  following  values. 
Strength:  5  —  x  620  lb  per  sq  in,  A  *■  90;  stiffness:  £»  x  425  000  lb  per  sq  in,  Ci"  xxo 

Recommended  by  Mr.  Kidder  for 
DOUGLAS  FIR  AND  SHORT-LEAF  YELLOW  FINE 


Thiclcness 

of  planks. 

in 

Distance  center  to  center  of  f!oor-beams.  in  feet 

4 

5 

6 

7 

8 

9 

xo 

IX 

12 

i^ 

4fi2 
205 

29X 

99 

199 
52 

X43 

26 

106 
15 

Si 

7 

64 

2H 

747 
428 

473 

2X2 

324 

117 

234 

66 

X76 
4X 

136 
25 

107 

X4 

•  •  ■  •  • 

2H 

xocis 
670 

637 

335 

438 
187 

317 
1x2 

239 
69 

185 
44 

147 

28 

X19 

17 

97 
9 

3^ 

Z040 

706 

7x7 

•401 

522 

246 

395 

IS9 

308 

X06 

246 

72 

200 

50 

x6s 
34 

4 

1362 
Xo6x 

940 
606 

68s 
374 

520 
244 

406 
165 

325 

X15 

26s 
8z 

220 

58 

5 

X476 
xigB 

1076 
745 

819 
491 

642 
338 

S16 
240 

422 

X74 

35X 
128 

6 

1560 
X3P2 

1x87 
863 

932 
597 

749 
428 

6x4 
314 

5x2 
236 

*  W««ht«icefliiig.ifa]iy,tobedidiicUd.  Tho  weight  of  the  flooring  has  becftdtdncted 
from  values  derived  from  formulas.    Deduction  abbut  72  lb  per  cu  ft  floor-matenal. 
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TtM»  Z.    Stfe  Uf  l4Md«*  la  BNUidi  f«  flquan  fooc'fiic  Plank  Vborfcif 

See  explanatfon  oo  ptgcs  73^x>    The  kMids  ere  hsmtd  on  the  fallowing  valnet. 
Strength:  5>-  x  360  lb  per  aq  in,  it  >»  70;  stiffness:  £«•  i  294  000  lb  per  sq  in.  «k  «  xoOb 

Recommended  by  Mr.  Kidder  for 

SPKUCE 


Thickness 

of  planks, 

in 

4 

5 

6 

7 

8 

9 

10 

11 

12 

iH 

3fio 
188 

227 
92 

155 
49 

1X1 
28 

83 

15 

64 
8 

so 

2H 

581 
39X 

368 
194 

252 
108 

182 
64 

137 
39 

105 
94 

83 
15 

67 

54 

2H 

782 
6ia 

496 
307 

341 

173 

247 
X04 

186 
66 

144 
4» 

lis 
28 

93 
18 

76 

3H 

1238 

1*74 

781 
644 

548 
367 

391 

92S 

296 

X46 

231 

98 

184 
68 

150 

47 

134 
33 

4 

1060 
9<» 

731 
554 

533 
343 

4QS 

317 
153 

253 

108 

207 

77 

m 

S6 

5 

• .  •  • « 

1148 
1093 

839 
662 

638 
ASO 

500 
3x1 

402 
212 

339 
I6a 

273 

120 

6 

X2I3 
1X88 

934 
789 

725 
54S 

583 

394 

478 
290 

400 
220 

*  Weight  of  ceilmg,  if  any,  to  be  deducted .   The  weight  of  the  flooring  has  been  deducted 
from  values  derived  from  fonnulas.    Deduction  about  72  lb  per  cu.  ft  floor-mateHaL 

Table  ZX.    Safe  Live  Loada  *  in  Ponnda  per  Square  Foot  for  Plank  Flooiinc 

See  explukation  on  po^es  730-x .    The  loads  are  based  4MI  the  following  vahies. 
Strength:  5  *  x  oBo  lb  per  sq  in*  il «  60;  stiffness:  £*  i  073  ooc  lb  per  sq  in,  C|  m  8j 

Reoemmended  by  Mr.  lUdder  for 

WHITE  PINTE 


of  planks, 
in 

Distance  between  centers  of  floor-beams,  in  feet 

4 

5 

6 

7 

8 

9 

XO 

" 

12 

m 

307 
153 

193 
74 

131 
39 

94 
21 

70 
11 

S3 
5 

4X 

2f« 

496 
3i« 

3x4 

157 

314 
86 

154 
SO 

1X6 
40 

89 
18 

70 

10 

56 

3M 

668 
499 

434 
249 

290 
139 

2X0 

83 

XS8 
53 

122 

33 

97 

20 

78 
12 

63 

3H 

1088 
1041 

691 
536 

476 
398 

346 
183 

261 
119 

30J 
78 

162 
53 

131 
36 

108 
35 

4 

906 
791 

635 
451 

455 
378 

345 
x8r 

369 
X23 

3X5 

85 

175 
60 

145 
43 

5 

.... 

983 
893 

7x6 
555 

544 
366 

436 
251 

342 
X78 

281 
139 

232  , 
95 

6 

X419 
1^3 

1037 
970 

789 

643 

1 

6x9 

445 

497 
319 

407 
334 

339 

175 

*  Weight  of  celling,  if  any,  to  be  de$^ucted.   The  weight  of  the  flooring  has  been  deducted 
from  values  derived  from  formulas.    Deduction  about  7  a  lb  per  cu  ft  floor-material. 


786  Strength  and  Sti&tefls  of  Wooden  Floois        Chap.  21 

TaUaa  for  tha  Mariwttm  Spaa  of  Iloor- Jalata.  As  the  timban  commoidy 
used  for  floor-joi8t&  are  sawed  to  regular  siaes  and  are  usually  spaced  either  12 
or  16  in  on  centers;  it  is  practicable  to  show  by  means  of  tables  tbc  sizes  of  joista 
required  to  support  given  loads  with  given  spans  and  spacings.  Tables  giving 
the  MAXIMUM  SAFE  SPANS  are  the  most  convenient  for  general  use,  and  the  follow- 
ing tables  have  accordingly  been  prepared.  They  show  at  a  glance  the  max- 
imum spans  for  which  different  sises  ol  floor-joists  and  ceiling-joists  should  be 
used  for  different  loads  and  spacings,  and  it  is  believed  that  they  will  be  found 
applicable  to  most  bufldings  in  which  wooden  floor-joists  are  used.  By  knowing 
the  size  of  a  room  and  the  purpose  for  which  it  b  to  be  used,  the  sizes  of  the 
floor-joists  required  can  be  determined  at  a  glance.  Incidentally  the  tables 
show,  also,  the  kind  of  wood  most  economical  to  use.  If,  owing  to  the  room 
being  irregular  in  shape,  the  joists  must  be  of  different  lengths,  the  spacing  or 
thickness  of  the  joists  may  be  varied,  so  that  the  same  depth  may  be  used 
throughout 

Precaationa  Required  in  Using  Tables.  The  precautions  necessary  in  using 
these  tables  are  in  regard  to  the  superimposed  loads  and  the  actual  sizes -of 
the  timbers.  The  total  loads  for  which  the  maximum  spans  have  l)eea  com- 
puted are  given  at  the  head  of  each  table.  The  actual  weight  of  the  floor 
(joists,  flooring,  plastering  and  deafening,  if  any)  subtracted  from  the  total  load 
will  give  the  superimposed  load,  that  is,  the  load  which  the  floor  is  expected  to 
carry.  If  the  actual  sizes  of  the  joists  are  less  than  the  nominal  dimensions, 
the  spans  or  spacings  must  be  reduced  from  those  given  in  the  tables,  and  as 
the  stock  sues  of  joists  generally  run  from  U  in  to  H  in  scant  of  the  nominal 
dimensions,  this  fact  should  alwasrs  be  taken  into  account  when  determining 
upon  the  sizes  of  joists.  In  this  connection  it  will  be  convenient  to  remember 
that  2-in  joists,  spaced  16  in  on  centers,  have  the  same  strength  as  i^i-in  joists, 
13  in  on  centers.  K  reduction  should  also  be  made  for  any  cutting  of  the 
joists  that  may  be  required.  No  allowance  has  been  made  for  PASTtnoNS,  and 
when  they  are  to  be  supported  by  the  floor-joists,  additwnal  joists  should  be 
used  or  the  span  reduced  according  to  the  relative  direction  or  position  of  the 
partitions  and  joists. 

Tables  Xn  to  TX.  Tables  XII  to  XVI,  inclusive,  were  computed  by  the 
PORMULA  FOR  STiFiA^ESS  (Chapter  XVI,  page  636  and  Chapter  XVIII,  page  665), 
on  the  assumption  that  the  Reflection  should  not  exceed  iio  in  per  foot  of  span. 
They  are  based  on  the  valuer  of  £.(the  modulus  of  elasticity)  regnmimMided  b^ 
F.  E.  Kidder.  Tables  XVII  to  XX,  inclusive,  were  computed  by  thcTORMULA 
FOR  STRENGTH  (Chapter  XVI,  page  635),  and  values  for  5  (the  safe  fiber-stress) 
recommended  by  Mr.  Kidder.  The  spans  given  in  Tables  XII  to  XX,  inclu- 
sive, come  within  th«  requirements  of  the  Buffalo  and  Denver  building  laws, 
and  Tables  XII,  XIV,  XV,  XVI  and  XVII  comply  with  the  Clucago  Uw  and 
very  nearly  with  the  New  York  law;  but  to  comply  with  the  Boston  law  a 
reduction  of  about  one-sixth  must  be  made  from  the  spans  given  (1914)-* 

Tablea  XZI  to  XJLlX  t  inclusive,  were  computed  for  reduced  values  of  E  (the 
modulus  of  elasticity,)  S  (the  fiber-stress  for  flexure)  and  A  (the  constant  for 
flexural  strength)  in  the  formulas  used,  these  values  agreeing  generally  with  the 
stresses  throughout  the  revised  handbook.  Of  these  new  tables,  aho,  Tablet 
XXI  to  XXV,  inclusive,  were  computed  by  the  formula  for  stiffness,  and 
Tables  XXVI  to  XXIX,  inclusive,  by  the  formula  for  strength. 

*  Building  Codes  are  frequently  revised  and  must  be  consulted. 

t  In  the  revision  of  this  chapter  the  author  is  faidebced  to  Mr.  A.  T.  North,  M.  Am.  Soc. 
C.  C,  for  valuable  assistance  in  the  compuUtions  required  for  the  new  Tables  XXI  to 
XXDC 
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Span  f^  C«lllac»  Joists 

See  txpiaoatoTy  notes  on  page  736 


Total  load,  ao  pounds 

per  square  foot 

Sues 

of 
joists 

in 

Distance 

on 
centers 

in 

Hemlock, 

1045000 
ft        in 

White  pine. 
E-x  073000 

ft        in 

Norwav 

pine  or 

spruce, 

£«x  394000 

ft        in 

Douglas 

fir  or 

Texas  pine. 

£-x  435000 

ft        in 

Long-leaf 

yellow 

pine, 

£«z  780000 

ft        in 

3X4 
3X4 
2X6 
2X6 
2X8 
aX8 
2X8 

X3 

x6 

X3 

z6 

13 

x6 

30 

9         3 
8         5 
X4         0 
13           8 
X8         8 
X7         0 
X5         9 

9         5 
H         6 

X4          X 

X3          XO 
X3          XO 
17            3 

15        xo 

xo         X 

9        I 
X5        X 

X3         8 
ao         X 
18        4 
X7         0 

10         5 
9         S 

»S         7   . 

14            3 
30          9 
iS       IZ 
17         6 

XI           3 
10         X 
x6         8 

IS           3 

33         4 
30         5 

18       xo 

Total  load,  24  pounds 

psr  squar3  foot 

2XX0 
2XX0 
2X10 

2X13 
2XX2 
2XX3 

13 

x6 
30 

X3 

x6 
ao 

33  0 
30            0 
X8            6 

36         5 

34  0 

33            3 

33            3 

ao        a 
x8        8 
26        8 
34        3 

33  8 
3X         7 

30            0 

38         S 
35       xo 

34  0 

34         5 

33  3 
30           7 
27         4 
36         8 

34  8 

36         4 
33       xo 

33            3 

31          7 
38         8 
26         8 

*  £  is  the  modulus  of  elasticity  and  is  in  pounds  per  square  inch. 

Table  XIII.    Msiinwm  Span  for  Flotf- Joists  for  DweUincs*  Tenements 
and  Grammar-School  Rooms  with  Fixed  Desks 
See  explanatory  notes  on  page  736 


Total  load.  60  pounds 

per  squan  foot 

Sizes 
of 

Distance 

on 
centers 

Hemlock, 

•£- 
I  045000 

White  pine. 
£•1073000 

Norway 

pine  or 

spruce, 

£«xa94  0oo 

Douglas 

fir  or 

Texas  pine, 

£«-i  435000 

Long-leaf 

yellow 

pine, 

E'^i  780000 

in 

in 

ft        in 

ft        in 

ft        in 

ft        in 

ft        in 

aX6 

13 

9         9 

9       10 

10        5 

10       10 

XI          7 

3X6 

x6 

8         9 

8        10 

9         6 

9       10 

xo        6 

3X6 

13 

XI          x 

II            3 

13            0 

xa        s 

X3         4 

3X6 

x6 

10        I 

10           2 

10          XO 

XI        2 

13           1 

3X8 

13 

la       XI 

13         I 

13        XX 

14         5 

Z5         6 

3X8 

16 

II        9 

XI          10 

13            8 

X3            X 

14          X 

3X8 

13 

14         9 

14        II 

16         0 

x6        6 

X7         8 

3X8 

16 

X3         6 

X3         7 

14         6 

15         0 

X6           3 

3Xxo 

13 

x6        a 

x6         4 

X7         S 

18        0 

X9         4 

ax  10 

16 

X4        9 

Z4       xo 

X5         9 

16         4 

17         7 

Total  loa 

d.  66  pounds 

per  square  fc 

lot 

3    Xio 

13 

18         0 

18          X 

19         3 

30            0 

31           6 

3    Xio 

16 

x6         3 

x6        5 

X7         7 

18            2 

19         6 

a    Xl3 

13 

x8       10 

19         0 

30         3 

20         10 

33         6 

a    Xia 

16, 

X7         a 

X7         3 

18         4 

19        0 

30          6 

3    Xia 

13 

31           6 

21         8 

33            3 

24         0 

35         9 

3    Xia 

x6 

19         7 

X9         8 

31            I 

31           9 

33         5 

a    X14 

13 

33         0 

22         2 

33         8 

34          4 

36         3 

a    X14 

16 

30           0 

20         I 

31           6 

33            3 

33       10 

aHXi4 

13 

33         8 

23       10 

35         6 

36         3 

38         3 

aV4Xi4 

16 

31            6 

21         8 

33            3 

33        10 

35         8 

3    X14 

13 

35         4 

35          4 

37            X 

38     ■    0- 

30         I 

3  ;><u 

It 

33         0 

33          0 

34          7 

35          4 

i7           4 

*  iS  is  the  modulus  o(  elasticity  »od  is  io  pounds  per  square  inch. 
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Tftblt  ZIV.    Mt^hmini  Spui  for  floor-Joiits  for  OIBeo-Buildiiigi 

See  explanatory  notes  oo  page  736 


Total  load,  93  pounds  per  square  foot 

Sizes 

of 
joists 

Distance 

on 
centers 

White  pine, 
*£«i073ooo 

Norway  pins 

OT  spruce, 
£-1294000 

Douglas  fir 

or  Teias  pine. 

£-1425000 

Long-leaf 
yellow  pine. 
£-1780000 

in 

in 

ft        in 

ft         in 

ft         in 

ft         in 

3X8 

13 

12       10 

13          9 

14          2 

IS          4 

3X8 

z6 

XX         8 

xa         6 

12            XO 

13         10 

2X10 

12 

14         I 

IS          X 

IS          6 

16           7 

aXio 

16 

12         9 

13           8 

14          1 

IS         a 

3X10 

12 

16         1 

17           3 

17          9 

19          a 

3X10 

16 

X4          8 

IS           8 

16          2 

17          5 

axia 

12 

16        10 

x8           x 

18           8 

30              I 

aXi2 

16 

IS          4 

16           S 

17           0 

18         3 

Total  load.  96  pounds  per  square  foot 

3    X12 

12 

19          7 

20          6 

21           2 

22          9 

3    X12 

16 

17          5 

18          7 

19           3 

30           8 

a    X14 

12 

19         6 

20         10 

21            7 

23           2 

a    X14 

16 

17         9 

19          0 

19           7 

21          a 

aHXi4 

12 

2t            X 

22          6 

23          a 

as          0 

a^4Xi4 

16 

X9         a 

20          4 

21              2 

23             8 

3    Xt4 

12 

22         4 

23         10 

24           8 

27            7 

3     X14 

16 

20           4 

21           8 

22              5 

^       * 

*  £  is  the  modulus  of  eUsticity  and  is  in  pounds  per  square  inch. 


Table  XV.    My""*"™  Span  for  Floor- Joists  for  Churchen  and  Thenten 

with  Filed  Seats 

• 

See  explanatoiy  notes  on  page  736 


Total  load.  IQ2  pounds  per  sqxiare  foot 

Sizes 

Distance 

White  pine, 
•£-1073000 

Norway  pine 

Douglas  fir 

Long-leaf 

of 
joists 

on 

centers 

or  spruce. 
E**i  294000 

or  Texas  pine. 
£-1425000 

yellow  pine. 
£—1780000 

in 

in 

ft        in 

ft          in 

ft          in 

ft         in 

3X8 

12 

la         6 

13           4 

13           9 

14         10 

3X8 

16 

11         4 

12              2 

13             6 

13          6 

aXio 

12 

13         7 

14           7 

IS           I 

16          a 

aXio 

16 

12         4 

13           3 

13           8 

14          9 

3X10 

13 

IS         8 

16           9 

17           3 

18          7 

3X10 

16 

14           2 

IS            2 

15           8 

16         10 

aXia 

12 

16         S 

17            7 

18           I 

19          6 

aXi2 

16 

14        10 

15          11 

16           5 

17           8 

Total  load,  ic 

>S  pounds  per  square  foot 

3    X12 

12 

18         7 

19        II 

30               6 

32              1 

3    X12 

16 

16       10 

18           X 

18           7 

30              1 

2    X14 

12 

19        0 

20          3 

30            10 

aa          6 

2     X14 

16 

17          3 

18          5 

19              0 

30              6 

2^X14 

12 

20          4 

21          9 

32              6 

a4          3 

2HXI4 

x6 

18          7 

19        xo 

ao          6 

33          x 

3     X14 

12 

21          8 

23         a 

33        10 

as          9 

a  X14 

16 

19          8 

31              T 

ai          9 

33             4 

*  £  is  the  modulus  of  eUstidty  and  is  in  pounds  per  square  inch. 


Tftbles  lor  Maximum  Span  of  Fbor^Joists 
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Sfsn  lor  Vloor*Joitte  for  AM«flriily-8iIi»  and 
Cociidort 

See  explanatory  notes  on  page  736 


Total  load.  123  potmds  per  square  foot 

Sizes 

of 

Distance 
on 

White  pine, 
•£-1073000 

Norway  pine 
or  spruce. 

Douglas  fir 
or  Texas  pine, 

I<ong-leal 
yellow  pine. 

joists 

centers 

£«*z  294000 

£«>x  42s  000 

£-1  780000 

in 

in 

ft        in 

ft          in 

ft          in 

ft          in 

3X8 

12 

II         7 

12           7 

13          0 

14          0 

3X8 

16 

to         8 

iz           4 

II          9 

12             8 

2X10 

12 

X2       10 

13           9 

14          2 

IS         a 

aXio 

16 

II         7 

XI           6 

12         10 

13        xo 

3X10 

12 

U         8 

15           8 

z6          a 

17          S 

3X10 

16 

13         4 

U           3 

14          9 

IS         xo 

aXia 

X2 

15         4 

z«           6 

17          0 

18           3 

2X13 

x6 

14         0 

15           0 

15          5 

i6           7 

Total  load.  126  pounds  per  square  foot 

3    X12 

12 

17         6 

18           8 

19          3 

20          9 

3    Xia 

16 

IS        10 

17           0 

17          7 

18          XI 

2    XX4 

12 

17        10 

19           I 

19           8 

21          a 

2    XX4 

.16 

16            2 

17           4 

17         II 

19          3 

2^XI4 

12 

19         3 

20           6 

21               9 

22          9 

2ViXi4 

x6 

17         6 

z8           8 

19           3 

20          9 

3    X14 

tl 

20        s 

2t           9 

22              6 

24           3 

3    XX4 

x6 

18         7 

X9         10 

ao          6 

22            I 

E  is  the  modulus  of  elasticity  and  is  in  pounds  per  square  inch. 


TaUe  ZVII. 


Maximum  Spaa  for  floor- Joisti  for  Retail  Storei 

See  explanatory  notes  on  page  736 


Total  load,  174  pounds  per  square  foot 


Sisea 

of 
joists 


in 


3X8 

3X8 

2X10 

2X10 

3X10 

3X10 

2X12 

2X12 


Distance 

on 
centers 

in 


12 

16 
12 
16 
12 
16 

Z2 
16 


White  pine, 
5-1080 

lb  per  sq  in 
•i4-6o 


ft 


m 


XI 

9 

XX 

xo 

X4 
12 

14 
12 


6 

II 

8 

2 
4 
S 
I 

2 


Norway  pine 

or  spruce, 

5-1260 

Ib'per  sq  in 

A-70 

ft  in 


12 

xo 

x^ 

xo 

IS 

13 
IS 
13 


5 

2 

8 
XX 

6 

S 

2 
I 


Douglas  fir 

ot  Texas  pine, 

5— X  620 

Ibper  sq  in 

A -90 
ft  in 


14 
12 

14 

X2 

17 
IS 
17 
14 


Z 
2 
5 

S 

7 

2 

2 

IX 


Long-leaf 
yellow  pine, 

5-X800 

lb  per  sq  in 

i4  =  ioo 

ft  in 


14 
12 

IS 
13 
x8 
16 
18 
IS 


9 
9 

X 
X 

7 
0 

2 
8 


Total  load,  177  pounds  per  square  foot 


3  Xia 
3  X12 
a    X14 

2  X14 
2WXX4 
2V6XX4 

3  X14 
3    X14 


X2 
16 
X2 

16 
12 

z6 

12 
16 


17 
14 

x6 

X4 
18 

15 
19 
17. 


2 
xo 

3 

2 
2 

9 
II 

3 


18 
16 

li 
15 

19 

17 
21 
x8 


5 

20 

It 

22 

0 

x8 

2 

19 

7 

19 

XX 

ax 

2 

X7 

3 

XA 

7 

22 

3 

23 

0 

19 

3 

20 

6 

H 

5 

25 

7 

2t 

2 

22 

X 

I 

X 
3 

6 

4 
8 

3 


*  il  fn  tht  tables  Is  the  coefficient  in  loninilas  for  beams  and  Is  one-efgiitceoth  of  the 
assumed  flexural  fiber-stress.  5. 
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Table  XVJ1L« 


^^^^^^■■^l  spaa  foe  SaftaCB*    ffh^njlfif  Bofrfi  not 
See  explanatory  notes  on  page  736 


■  •  »       ■    ■'*' "--t : 

Total  load.  48  pounds 

per  square  foot 

Norway 

Douglas 

Long-leaf 

yellow  pine, 

5-X800 

Sixes 
of 

Distance 
on 

Hemlock, 

5-990 
lb  per  sq  in 

White  pine, 

5-1080 
lb  per  sq  in 

pine  or 

spruce. 

5-X260 

fir  or 

Texas  pine. 

5-x6ao 

joists 

centers 

tA-SS 

A-60 

lb  per  sq  in 
A-70 

lb  per  sq  in 
A-90 

lb  per  sq  m 
A— 100 

m 

m 

ft        in 

ft      in 

ft        in 

ft        in 

ft        in 

aX4 

x6 

7         I 

7         9 

8         4 

9        6 

xo       xo 

aX4 

30 

6         7 

6       xo 

7         6 

8         6 

8       10 

aX6 

x6 

XX            X 

II         7 

xa         6 

X4        a 

IS         0 

2X6 

ao 

9       XI 

10         4 

XI         a 

xa        8 

13         4 

3X6 

x6 

13         7 

14        a 

X5         3 

17       S 

x8         3 

3X6 

ao 

X3        a 

xa         8 

13         8 

IS         7 

x6         4 

aX8 

16 

X4         9 

IS         6 

x6         8 

x8       XX 

30            0 

aX8 

ao 

X3         3 

13-       xo 

14       " 

x6       II 

17        10 

aX8 

34 

xa         X 

la        7 

13'       7 

IS         6 

X«         3 

aXxo 

x6 

x8         6 

19        3 

ao       10 

a3        8 

as        0 

aXio 

ao 

x6         7 

17        3 

x8         8 

ax  -     a 

33            3 

aXio 

34 

IS         I 

IS         9 

17         0 

19        3 

ao        4 

Table  XDL* 


Marimnm  Span  for  Rafters.    Slate  Roofe  not  Plaatered, 
or  Shingle  Roofs  Plastered 
See  explanatoiy  notes  on  page  736 


Total  load,  57  pounds 

per  square  foot 

Sixes 
of 

Distance 
on 

Hemlock. 

5-990 
lb  per  sq  in 

White  pine, 

5-X080 
lb  per  sq  in 

Norway 
pine  or 
spruce, 

5-xa6o 

Douglas 

fir  or 

Texas  pine, 

5-1  6ao 

Long-leaf 

yellow  pine, 

5-X800 

joists 

centers 

tA-SS 

A-60 

lb  per  sq  in 
A-70 

lb  per  sq  in 
A-90 

lb  per  sq  in 
A-xoo 

m 

m 

ft        in 

ft        ia 

ft        in 

ft        in 

ft        in 

aX4 

16 

6         9 

7         I 

7         7 

9         a 

aX4 

30 

6         0 

6         4 

6         9 

8        a 

3X6 

x6 

10         3 

xo         7 

XI         6 

X3         8 

aX6 

ao 

9         X 

9         6 

xo        a 

xa        3 

3X6 

x6 

13           6 

X3         0 

14         X 

IS       It 

x6        9 

3X6 

30 

IX            X 

XX         8 

xa        7 

IS         0 

aX8 

x6 

13         7 

14        a 

IS         3 

18         3 

3X8 

20 

xa         2 

xa        8 

13         8 

x6         4 

aX8 

34 

XX            X 

XX        7 

xa         6 

14         XX 

3X8 

x6 

x6         7 

17        4 

x8         9 

22            5 

3X8 

30 

14        10 

IS        6 

x6         9 

ao        X 

3X8 

34 

13         7 

14            3 

IS         3 

17          4 

x8        4 

aXxo 

x6 

17         0 

17         8 

19        a 

ax          M 

33          xo 

aXio 

ao 

IS        a 

xs       10 

17        X 

X9         4 

30            6 

aXio 

M 

13       10 

14          6 

IS          7 

17         8 

x6         8 

*  Tables  XVITT,  XIX  and  XX  are  intended  for  climates  where  a  a-ft  snow-fall  may  be 
expcltttti.*  In  th^  Southern  States.  Where  there  b  veiy  little  snow,  the  spans  in  TaUe, 
XVni  will  be  safe  for  slate  or  irravel  roofs  if  the  jobts  are  sawed  to  the  full  di^iensioDS. 
Variations  in  "  Safe  Spans"  in  dlfferetit  tables,  for  the  same  kind  of  wood,  depend  upon 
the  assumed  safe  flcxural-fiber-strass  or  modulus  of  elastidty^  or  both.  * 

t  A  in  the  taSlfsb  the  coefficient  in  formulas  for  bcMOs  and  b  ooe-«ighteeotb  ol  the 
assumed  flcxttrsl  fioer-stress.  5. 


Table  for  Maximum  Span  of  Raf ten 
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TablA  ZZ.* 


maiflmat  Sytn  for  Saflwi.    SImto  Roofi  Plaitorad. 
OniTal  RooCi  not  PiMtored  . 


See  explanatory  notes  on  page  736 

Total  load.  66  pounds 

per  square  foot 

) 

Sizes 

of 
joists 

Distance 

on 
centers 

Hemlock. 

5-990 
lb  per  sq  in 

White  pine, 

5-X060 

lb  per  sq  in 

A-60 

Norway 

pine  or 

spruce, 

^-x  260 

lb  per  sq  in 
A -70 

Douglas 

Texas  pine, 

5-X620 

lb  per  sq  in 

A -90 

Long-leaf 
yellow  pine, 

5«x8oo 

lb  per  sq  in 

A-xoo 

in 

in 

ft        in 

ft        in 

ft        in 

ft        in 

ft        in 

2X6 

x6 

9         S 

9       xo 

xo         8 

X2            I 

X2          9 

2X6 

20 

8         6 

8       xo 

9        6 

XO        9 

XX        5 

3X6 

x6 

XX          7 

X2            X 

X3          X 

14       xo 

XS         7 

3X6 

20 

xo        4 

xo       xo 

XX         8 

13         3 

X4         0 

2X8 

x6 

12          7 

13        2 

14           2 

x6        2 

X7         0 

2X8 

20 

XX         3 

XI        9 

12          9 

X4        5 

XS         2 

2X8 

24 

xo        3 

xo        9 

XI         7 

13        2 

13       xo 

3X8 

x6 

X5         5 

x6        X 

17         5 

19        9 

20          XO 

3X8 

20 

13         9 

14        5 

IS         3 

17         8 

x8         8 

3X8 

24 

X2          7 

13          2 

14           2 

x6         2 

X7         0 

2Xxo 

x6 

IS        9 

x6         6 

X7         9 

20         2 

2X            3 

aXxo 

20 

X4         I 

14         8 

XS          XX 

x8         0 

19         0 

2Xio 

24 

X2          XO 

13       S 

X4        6 

x6        6 

17         S 

2XX2 

x6 

x8       xo 

19         9 

21         4 

24         2 

25         6 

2X12 

20 

16       xo 

X7         8 

19         I 

21           8 

22       xo 

2XX2 

24 

XS         S 

x6        X 

X7         S 

19         9 

20       xo 

*  Tablet  XVIII,  XIX  and  XX  are  intended  for  climates  where  a  2-ft  snow-fall  may  be 
expected.  In  the  Southern  States,  where  there  is  very  little  snow,  the  spans  in  Table 
XVni  will  be  safe  for  slate  or  gravel  roofs  if  the  jobts  arc  sawed  to  the  full  dimensions. 
Variations  in  "Safe  spans"  in  different  tables,  for  the  same  kind  of  wood,  depend  upon 
the  sasumed  safe  flexural  fiber-streu  or  modulus  of  elasticity  or  both. 

t  A  In  the  tables  is  the  coefficient  In  formulas  for  beams  and  fe  one-eighteenth  of  the 
assumed  Ocxural  Sber-strass.  S. 
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Table  IXL 
See 


Spill  ftf  Csiliaa-Jabti 
oiy  notci  m  P«SB  736 


Total  load,  20  pounds 

per  square  foot 

Siies 

of 
joiste 

Distance 

Hemlock, 

White  pine, 

Sfaort4eal 
yellow  pine, 

Long-leaf 
yellow  pine. 

on 
oenten 

*£>-9ooooo 

JB— xcooooo 

pine, 
£*i  xooooo 

spruce. 
E"!  200000 

Dou^as  fir. 
£>x  500  000 

in 

in 

ft        in 

ft        in 

ft        in 

ft        iu 

ft        in 

2X4 

la 

6       XX 

9         3 

9         6 

9       10 

xo          7 

2X4 

x6 

8         z 

8         S 

8         8 

8       XX 

9         7 

2X6 

X3 

13         S 

13       xo 

14         4 

14         9 

XS       xo 

2X6 

x6 

12         2 

12         7 

X3         0 

X3         S 

14         5 

2X8 

X2 

Z7       xo 

x8         6 

x9        X 

19         8 

21        a 

2X8 

x6 

16         3 

x6       10 

X7          4 

17        XO 

19        3 

2X8 

20 

Z5          X 

XS         7 

X6          X 

16         7 

X7       xo 

■ 

Total  load.  24  pounds 

per  square  foot 

2X10 

X2 

21         0 

2Z            9 

22         5 

23          X 

24        IX 

2X10 

x6 

19         1 

19         8 

20         5 

21            0 

22         2 

2X10 

20 

17         8 

r«        4 

t8       It 

19         6 

21            0 

2X12 

12 

2S         2 

26        0 

26          XT 

27         9 

29       IX 

2X12 

16 

22       zx 

23        9 

24         6 

2S            2 

27        a 

2XX2 

20 

2Z            3 

22        0 

22         9 

»3        5 

2S            2 

*  £  is  the  modulus  of  elasticity  snd  is  ia  pounds  per  square  iach. 

Table  Zxn.    Majdmum  Span  for  Floor- Joista  for  Dwellings,  Tenements 

and  Graamar-School  Rooms  with  Fixed  Desks 

See  explanatoiy  notes  on  page  736 


Total  load.  60  pounds  per  sqture  foot 


Sizes 

of 
joists 


m 


2X  6 
2X  6 
3X  6 
3X  6 
2X  8 
2X  8 
3X  8 
3X  8 
2X10 
2X10 


Distance 

on 
centers 

in 


12 

z6 

12 

x6 

12 

x6 

12 

x6 

X2 

16 


Hemlock, 
*  £0900  000 


ft 


in 


9 
8 

xo 

9 
12 

IX 

14 

12 
IS 
14 


3 
5 

8 
8 

4 

3 

2 

XI 

6 

I 


White  pine, 
£>»x  000000 


ft 


m 


9 
8 

II 
10 
12 
II 
14 
X3 
x6 

14 


7 
9 

o 
o 
10 
8 
8 

4 
o 

7 


Norway 

pine, 

£>-i  100  000 


ft 


m 


9 
•9 
II 
10 
12 
12 
IS 
X3 
16 

IS 


II 

o 

4 
4 
3 

o 

2 

9 
7 
0 


Short-leaf 
yeUow  pine. 

^K'uce, 

£">i  200000 

ft        in 


Long-leaf 
yelloiw  pine. 
Douglas  fir, 
£*zsooooo 

ft        in 


10 
9 

IX 

10 

13 
12 

IS 
X4 
17 
IS 


3 
3 
8 
8 
8 
4 
7 
2 
O 

6 


II 
10 
la 
II 
14 
13 
16 

15 

18 
16 


o 

o 
7 
5 
8 

4 
10 

3 
3 
8 


Total  load,  66  pounds  per  square  foot 


3    Xio 

12 

3    Xio 

16 

2    X12 

12 

2    X12 

x6 

3    X12 

12 

3    X12 

16 

2    X14 

12 

2    X14 

16 

2ViXi4 

12 

2HX14 

16 

3    X14 

12 

3     X14 

16 

17 

IS 

18 
16 

20 

18 

21 

19 
22 

20 

24 
21 


2 

7 
o 

4 
7 
8 
o 
I 

7 

6 

o 

10 


17 
16 
18 
16 
21 

19 

21 
19 
23 
21 

24 
22 


9 

2 

8 
II 

4 

4 

II 

9 
5 

3 

10 

7 


18 
16 
19 
17 
22 
20 
22 
20 

24 
21 

2S 
23 


4 

18 

8 

17 

3 

19 

8 

18 

0 

22 

0 

20 

5 

23 

5 

21 

2 

24 

II 

22 

8 

26 

4 

24 

II 

2 

8 
o 
8 

7 
X 

0 
XX 

7 

5 

o 


20 
18 
21 

19 
24 
22 

24 
22 

26 

24 
28 

2S 


4 
6 

4 
S 

5 

2 

10 

7 

10 

4 

6 

10 


£  is  the  modulus  of  elasticity  and  is  in  pounds  per  square  inch. 


Tabka  ior  Maxisuun  Span  of  Floor-Joists 
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T^blaZJQOI. 


ICaiiamm  Spun  tor  Vlooft- JoMf  foe  OAcooBoMdiii 

See  cqdanfttoiy  aotM  on  psfc  756 


Total  load,  99  pdonds  per  square  foot 


Sises 

of 
joists 

in 


3X  8 
3X  8 
tXio 
aXxo 
3XX0 
3X10 
axxa 
aXxa 


DistaxKe 

on 
oentexs 

in 


la 
x6 
la 
16 
la 
x6 
la 
16 


Hemlock, 
*£>-900  00o 


ft 


in 


la 
It 

13 
la 

IS 
13 
16 

14 


3 
■  1 

4 

a 

4 
XI 

o 
7 


White  pine, 
£^1  000  000 


ft 


m 


xa 
II 

X3 
la 

IS 
14 
16 

15 


8 

6 

xo 

7 
xo 

5 
7 
I 


Mr... 

ShotUleal 

Lox^-leaf 

Nprwsy    i 

yellow  pine. 

yellow 

pine. 

pine, 
£— I  xoocoo 

spruce, 
£»i  aoocoo 

Douglas  fir, 
£*x  500000 

ft 

in 

ft 

in 

ft 

in 

13 

I 

13 

6 

X4 

6 

IX 

II 

xa 

3 

X3 

t 

14 

3 

14 

8 

XS 

10 

13 

0 

13 

4 

14 

5 

16 

4 

16 

10 

18 

a 

14 

to 

IS 

4 

X6 

7 

17 

a 

17 

8 

X9 

0 

IS 

7 

16 

0 

17 

3 

Total  load.  96  pounds  per  square  foot 


3    Xia 

la 

3    Xia 

a    X14 

a    X14 

aHXi4 

aHXi4 

3    X14 

3    X14 

x6 

18 

x6 
x8 
16 

19 
X8 
ax 
19 


2 
6 
6 

XO 
XI 

a 
a 

3 


X8 
17 
19 
17 
ao 
18 
ai 

19 


xo 

19 

5 

ao 

0 

ai 

X 

17 

8 

x8 

a 

19 

a 

19 

10 

ao 

5 

ax 

5 

x8 

0 

18 

6 

19 

8 

ai 

4 

22 

0 

a3 

9 

19 

5 

19 

XX 

ai 

XI 

22 

8 

a3 

4 

as 

XX 

30 

7 

ax 

a 

22 

6 
7 

IX 
XX 

8 
6 

a 
10 


*  £  is  the  modulus  of  elasticity  and  b  in  pounds  per  square  inch. 

TaUa  XZIV.    ^•■»<*««t*«  Span  for  Floor- Joists  for  Chnrchet  and  Theatera 

with  nxMl  Scats 

See  explanatory  notes  on  pa^  736 


Total  load.  loa  pounds 

per  square  foot 

Sizes 

of 
joists 

Distance 

Hemlock, 

White  pine. 

Norway 

pine, 
£»!  100  000 

Short-leaf 
yellow  pine, 

Long-leaf 
ydlow  pine. 

on 
centers 

*£->9oooQO 

£*l  000  000 

spruce, 

£^I  <MXI  000 

Douglas  fir. 
£•■1  500000 

in 

in 

ft        in 

ft       in 

ft        in 

ft       in 

ft        in 

3X  8 

xa 

IX       xo 

xa        3 

xa        8 

13         I 

14          I 

3X  8 

x6 

xo        9 

II         3 

IX         6 

II        u 

13           9 

aXio 

xa 

xa       IX 

13         5 

13       xo 

14         3 

IS         4 

aXio 

16 

IX        9 

xa        a 

13          7 

X3          0 

13       XX 

3X10 

xa 

14       10 

IS        4 

15       xo 

x6         4 

17         7 

3XX0 

16 

13         6 

13        11 

14         5 

14       xo 

X6         0 

aXia 

xa 

IS          7 

x6         I 

x6         8 

17       I 

18         5 

aXia 

x6 

14        a 

14         8 

IS         I 

IS         7 

x6         9 

Total  loa( 

1. 105  pomida 

1  per  square  foot 

3     XX2 

xa 

17         8 

18         3 

x8       10 

19         5 

30       II 

3    Xia 

x6 

16         0 

16         7 

17         I 

17         8 

19         0 

a    Xx4 

xa 

x8         0 

18          T 

19        3 

19         8 

ax        4 

a    X14 

x6 

16         4 

x6       11 

17         5 

x8         0 

19        4 

aViXi4 

xa 

19         4 

ao        X 

ao        8 

31           4 

33          0 

a^Xi4 

x6 

17         7 

18        3 

18       xo 

19         4 

30         IX 

3    XX4 

xa 

ao        7 

31            4 

33          0 

33         8 

34          5 

3    XX4 

16 

18         8 

X9           4 

30          0 

30          7 

33            3 

*  £  is  the  modulus  of  elasticity  and  is  in  pounds  per  square  inch. 
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Table  XIT.    Masimttm  Spts  lor  floor- Joiili  lor  AMomUy-Halii  and  CorridorB 

See  explanatory  aotes  oa  pe«e  736 


Total  load,  123  pounds 

per  square  foot 

Sises 

of 
joists 

Distance 

Hemlock. 

White  pine. 

Norway 

Short-leaf 
yellow  pine. 

Long-leaf 
yellow  pine. 

on 
centers 

*£«9ooooo 

£*■!  000000 

pine. 

R^l  XQOOOO 

spruce. 

Douglas  fir. 

£«-x  aooooo 

£*i'9soooo 

in 

in 

ft        in 

ft       in 

ft       in 

ft       in 

ft        in 

3X  8 

xa 

XX         a 

XX        7 

XX          XI 

12        3 

13         3 

3X  8 

x6 

XX           0 

xo        6 

xo          XO 

XI        a 

12            0 

aXio 

xa 

xa        a 

xa        7 

X3         0 

13         5 

14         5 

aXio 

x6 

XX           x 

XX        s 

IX       xo 

xa        a 

13        X 

3X10 

xa 

13        XX 

14         5 

X4          XX 

IS          4 

x6        6 

3X10 

x6 

xa        8 

X3            X 

13         7 

X3        XX 

IS         0 

aXia 

xa 

X4         7 

xs        a 

IS        8 

x6         X 

17         4 

aXia 

x6 

X3         3 

X3        9 

14        a 

14        8 

IS         9 

Total  luad 

I.  ia6  pounds 

per  square  foot 

3    Xia 

xa 

x6         7 

17         a 

17         9 

18        3 

19         8 

3    Xia 

x6 

IS         X 

IS         7 

x6         I 

x6         7 

17       xo 

a    X14 

xa 

x6       XX 

17         6 

x8         X 

x8         7 

ao        I 

a    XX4 

x6 

IS         4 

IS       IX 

16        s 

x6       XI 

18        3 

aMXi4 

xa 

x8         a 

18        10 

19        6 

ao        I 

ai        7 

aV4Xi4 

x6 

x6        8 

X7         3 

X7       xo 

18        4 

19        9 

3    X14 

xa 

X9         4 

ao        X 

ao         8 

ai         4 

aa       XI 

3     XX4 

16 

17         7 

18         3 

x8       xo 

19         4 

ao       xo 

*  £  is  the  modulus  of  elasticity  and  is  in  pounds  per  square  inch. 


Table  ZXVI. 


Mazimnm  Span  for  Floor- Joists  for  Retail  Stores 
See  explanatoiy  notes  on  page  736 


Total  load.  174  pounds  per  square  foot 


Sizes 

of 
joists 

in 


3X  8 
3X  8 
aXio 
ax  10 
3X10 
3X10 
aXia 
aXia 


Distance 

on 
centers 

In 


xa 
x6 
xa 
x6 
xa 
x6 
xa 
x6 


Hemlock. 
5-600  lb 
per  sqin 
•A -33^ 


ft 


in 


8 

7 
8 

7 
xo 

xo 
9 


7 
S 
9 
7 
9 
3 
6 

X 


White  pine, 

spruce. 

S-700  lb 

per  Sq  in 

>l-38.88 


ft 


m 


9 
8 

9 
8 

XX 

10 

XI 

9 


3 

o 

S 

a 

7 
o 

4 

10 


Norway 

lune, 
S-8oolb 
per  sqin 
A  "44*44 
ft        in 


9 
8 
10 
8 
xa 
xo 
xa 
10 


XI 

7 
X 

9 
S 
9 

a 
6 


Douglas  fir. 
diort-leaf 

yellow  pine. 

5-1  000  lb 
persq  in 
A^SS-SS 
ft        in 


XX 

9 

IX 

9 
13 
xa 

13 

XI 


X 

7 
4 

xo 
xo. 

o 

7 

9 


Southern 
long-leaf 
yellow  pine, 
5-1  aoolb 
persq  in 
A-6fiH 
ft        in 


xa 

10 

la 

to 
IS 
13 
14 
xa 


a 
6 
5 

9 

a 

a 
xo 
xo 


Total  load,  177  pounds  per  square  foot 


3  Xia 
3  Xia 
a  X14 
a  XX4 
aViXi4 
aWXi4 
3  X14 
3    X14 


la 
x6 
xa 
x6 

13 
16 
12 
16 


xa 

6 

13 

xo 

xo 

13 

a 

10 

6 

13 

7 

XI 

9 

16 

8 

x8 

14 

5 

15 

6 

9 
I 

4 

8 
8 

o 
7 


6 

x6 

a 

17 

6 

14 

0 

IS 

0 

IS 

8 

17 

a 

X3 

7 

14 

8 

17 

6 

19 

13 

7 

IS 

a 

x6 

19 

3 

21 

6 

a3 

16 

8 

18 

8 

ao 

9 

4 

a 

II 

a 

8 

7 

_5_ 


*  A  in  the  tabks  is  the  coefficient  in  fonnulas 
allowable  flexural  fiber-stzeas.  5.  For  values  of 
6a8. 


for  beams  and  Is  ooe^ighteenth  of  the 
A  for  other  woods,  see  Table  II,  ps^s 


Tables  for  Maximum  Span  of  Rafters 
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Tabt«  ZXVn.*    Itttdmom  Spaa  lor 

See  explanatory 


Stala^ad  Koofe,  act  Flsatand 


Total  load.  48  pounds 

per  square  foot 

Sixes 
of 

joists 

Distance 

on 
centers 

Hemlock. 
5-600  lb 
persq  in 
tA-33V* 

White  pine. 

spruce, 

5-700  lb 

persq  in 

i4 -38.88 

Norway 

pine. 
5-800  lb 
persq  in 
i4 -44-44 

Douglas  fir. 
short-leaf 

yellow  pine. 

5-1  000  lb 
persq  in 
i4-55.5S 

Southern 
long-leaf 

yellow  pine. 

5-1  aoolb 
per  sq  in 
i4-66H 

in 

in 

ft       in 

ft       in 

ft        in 

ft        in 

ft       in 

aX  4 

i6 

5         9 

6         3 

6         8 

7         5 

8         9 

ax  4 

ao 

5        a 

5         7 

S        II 

6         8 

7         4 

ax  6 

x6 

8        8 

9         4 

10         0 

II        a 

la        3 

aX  6 

90 

7         9 

8         4 

8       XI 

XO          0 

10         IX 

3X6 

x6 

10         7 

XX         5 

la        3 

13         8 

15        0 

3X6 

20 

9        6 

10        3 

10         XX 

la         3 

13        5 

ax  8 

i6 

XX         6 

12            6 

13        4 

14       11 

16         4 

ax  8 

ao 

10        4 

XX         a 

IX          II 

13         4 

14        7 

aX8 

a4 

9        S 

10        a 

XO         IX 

19           2 

13         4 

aXxo 

i6 

14         5 

IS         7 

16        8 

18        s 

90         5 

aXio 

90 

xa       XI 

13        XI 

14       II 

16         8 

18         3 

aXio 

94 

II         9 

la        9 

13         7 

IS        a 

X6         8 

Tabla  XXVIIL* 


Maximiim  Spaa  for  RaftoiB.    Slate  BoofS, 
or  SUagled  Roofs,  Plasterod 

SSee  explanatory  notes  on  page  736 


aot  Plaitorad, 


Total  load.  57  pounds 

per  square  foot                                    1 

White  pine, 
spruce, 
5-700  lb 

Douglas  fir. 

Southern 

Sizes 
of 

Distance 

Hemlock, 
5-600  lb 

Norway 
pine. 

short  leaf 
vellow  pine 

kmg-leaf 
yellow  pine. 

on 

persq  m 

5-800  lb 

5-xooolb 

5-1  aoolb 

joists 

centers 

t  A -33^4 

persq  m 
>l-3&88 

persq  in 
A -44.44 

persq  in 

persq  in 
A-66?i 

in 

in 
16 

It        in 

ft        in 

ft        in 

ft         iA 

ft       in 

ax  4 

5         3 

S        9 

6         x 

6       XO 

7        6 

ax  4 

90 

4         9 

5         I 

5        6 

6         X 

6        8 

ax  6 

16 

7        II 

8         7 

9        a 

10        3 

II         3 

aX  6 

ao 

7         I 

7         8 

8        a 

9        a 

10         1 

3X6 

x6 

9         9 

XO        6 

II        3 

la        7 

13        9 

3X  6 

90 

8         8 

9        S 

10        1 

II         3 

la        4 

aX8 

16 

10         7 

II         5 

12        3 

13         8 

IS        0 

ax  8 

ao 

9         6 

10        3 

10        IX 

xa        3 

13       s 

aX  8 

94 

8         8 

9         4 

10          0 

IX        a 

la        3 

3X  8 

16 

13         0 

14         0 

IS         0 

16        9 

18          4 

3X  8 

90 

II         7 

xa        6 

13      s 

IS         0 

16          4 

3X8 

34 

10         7 

II         S 

13         3 

13         8 

IS         0 

aXio 

16 

13         3 

14        4 

15          3 

17         I 

x8        9 

aXio 

.    ao 

II        10 

xa        9 

13         8 

IS         3 

16         9 

aXio 

a4 

10       10 

XI        8 

19          6 

13        11 

IS         3 

•  Tables  XXVII.  XXVIH  and  XXDC  are  inUmded  for  cUmates  whece  a  9-ft  snow-faU 
may  be  expected.  In  the  Southern  States,  where  there  is  very  little  snow,  the  spans  in 
Table  XXVII  will  be  safe  for  slate  or  gravel  roofs  if  the  joists  are  sawed  to  the  full  dimcn- 
sioos.  Variatkms  in  "Safe  spans"  in  different  tables,  for  the  same  kind  of  wood,  depend 
opoo  the  assumed  safe  flexurid  fiber-stress  or  modulus  of  elasticity  ar  both. 

t  See  ioQt-noU  with  Table  XXVI. 
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T«bto  ZZXX.'^ 


Mathrnim  6p«a  for  lttittm»    Slate  Roefk,  PUstaf«d»  te 
GrAY«l  Rools.  not  Histerad 

See  ezplanatoty  notes  on  page  736 


Total  load,  66  pounds 

per  square  foot 

Size3 
of 

Distance 

Hemlock, 
S=6oo\h 

White  pine, 

spruce, 

5-700  lb 

• 

Norway 
pina. 

Douglas  fir. 

short-leaf 

yellow  pine. 

Southern 

long-leaf 

yellow  pine. 

on 

persqia 

5->8oolb 

S-iooolb 

5-1  200  lb 

joists 

centers 

t^-33W 

per  sq  m 
A-38J« 

persqin 
X -44.44 

persqin 

persqin 
i4-66?i 

in 

in 

ft       in 

ft       in 

ft        in 

ft        in 

ft        in 

aX  6 

16 

7          S 

8        0 

8        6 

9        6 

10        s 

2X  6 

ao 

6         7 

7         2 

7         7 

8         6 

9         4 

3X  6 

16 

9         0 

9         9 

10        s 

IX         8 

12         10 

3X  6 

ao 

8         t 

8         9 

9         4 

10        5 

II         S 

sX  8 

x6 

9       so 

10         8 

II         4 

12         8 

13       II 

aX  8 

ao 

8       10 

9         6 

10         2 

II          4 

K2           5 

aX  8 

24 

8         0 

8         8 

9         3 

xo         S 

II          4 

3X  8 

16 

12         I 

13         0 

13       II 

IS         7 

17       I 

3X  8 

ao 

10        g 

II         8 

12        s 

13       II 

IS         3 

3X  8 

a4 

9        10 

10         8 

II         4 

12         6 

13        IX 

2X10 

x6 

12        4 

13         3 

•  14         2 

IS        II 

17         5 

aXio 

20 

IX           0 

II        II 

12         9 

14          2 

tS         7 

IXxo 

a4 

to       t 

10       10 

tl        10 

13         0 

14         a 

aXia 

16 

14         9 

15        II 

17          I 

19         X 

20       II 

aXia 

20 

13            2 

14         3 

IS          3 

17            I 

18         8 

aXia 

24 

xa         X 

13         0 

13        XX 

IS         7 

17         I 

*  Tables  XXVII.  XXVIU  and  XXDC  axe  intended  for  climates  where  a  a-ft  snow-faU 
may  be  expected.  In  the  Southern  States,  where  there  is  veiy  little  snow,  the  spans  in 
Table  XXVII  will  be  safe  for  slate  or  gravel  roofs  if  the  joists  are  sawed  to  the  full  dimen- 
sions. Variations  in  "Sale  spans"  m  different  tables,  for  the  same  kind  of  wood,  depend 
opon  the  assumed  safe  flexural  fiber-streas  or  modulus  of  dastidty  or  both. 

t  See  foot-note  with  Table  XXVI. 

To  Determine  the  Strongth  of  an  Ezistinc  Floor.  When  a  bufldin? 
is  leased  for  mercantile  or  manufacturing  purposes  the  tenant  will  generally 
desire  to  know  the  greatest  load  widch  it  will  be  safe  to  put  upon  the  floors, 
and  some  building  laws  require  that  the  safe  load  for  the  floors  in  certain  classes 
of  buildings  shall  be  computed  and  posted  in  a  conspicuous  place  in  each  story. 
It  is  therefore  important  that  every  architect  should  know  how  to  compute  the 
aafe  strength  of  any  existing  floor.  The  problem  is  practically  the  reverse  of 
that  of  proportioning  a  floor  to  a  given  load.  In  speaking  of  the  strength  of  a. 
floor  a  distinction  should  be  made  between  the  safe  strength  and  the  safe  load. 
The  SAFK  8TBENGTH  should  mean  the  marimum  safe  load  for  the  beams,  faidud- 
Ing  the  weight  of  the  construction,  flooring  and  ceiling,  while  the  safe  ju>ad 
refers  to  the  maximum  load  which  may  safely  be  placed  upon  the  floor.  The 
safe  load  is  foimd  by  first  computing  the  safe  strength  and  then  siibtiactlng 
the  weight  of  the  materials  forming  the  floor,  including  the  ceiling  below,  if  there 
b  one..  The  most  convenient  measurement  for  either  the  rate  strength  or 
the  SAFE  lOAD  of  a  floor  is  in  pounds  per  square  foot.  The  following  examples 
will  serve  to  show  the  method  of  determining  the  safe  load  for  an  ordinary  ware- 
house-floor. 

Example  4.  It  m  required  to  determine  the  safe  load  per  square  foot  for  a 
floor  framed  as  shown  in  Fig.  4,  the  building  being  la  a  dty  the  laws  of  which 
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allow  z  90O  lb  per  sq  tn  for  the  safe  flexure  fiber-stress  for  the  wood  of  which 
the  joists  and  girders  are  made.  The  joists  are  covered  with  two  thicknesses 
of  H-in  flooring  and  the  ceiling  below  is  corrugated  iron. 

Sohitiea.  The  first  step  will  be  to  find  the  SATE  STRENGTH  of  the  22-ft  joists. 
As  this  is  a  warehouse-floor  we  wfll  use  the  tables  for  strength  throu^out. 
From  Table  XII,  page  643,  for  5  -  1  200  lb  per  sq  in,  we  find  the  safe 
strength  of  a  i  by  14-in  joist  of  22-ft  span  to  be  x  188  lb;  hence  the  strength 
of  a  2M  by  14-in  joist  will  be  x  x88  x  2|i  •-  2  970  lb.  As  the  joists  are 
16  in  on  centers,  each  joist  supports  a  floor-area  of  iH  x  22  ft »  29H  sq  ft. 
The  SAFE  staENGTH  1»ER  SQUARE  FOOT  of  this  portion  of  the  floor  will  therefore 


Load  from  Stain 
1800  Ibt. 


^ 


BUrrap 
Fig.  4.    Flan  of  a  Warehouse-floor 


be  2  970/29.3  *  xoi  lb.  Suppose  the  estimated  weight  of  the  floor  per  square 
foot  b  8  lb  for  the  jofets,  6  lb  for  the  flooring  and  i  lb  for  the  corrugated-iron 
ceiUog,  OTr  say,  15  lb  in  all.  Then  the  safe  u>ad  per  square  foot  for  the  23-ft 
joists  will  be  xoi  -  15  «  86  lb. 

TIm  Headers.  We  will  next  find  the  safe  load  for  the  4  by  14-in  headers  at 
each  side  of  the  stair-well.  As  the  tail-beams  are  framed  into  the  headers, 
we  should  deduct  one  inch  from  the  thickness  of  each  header  for  the  loss  of 
strtngth  in  framing,  leaving  3  by  14  in  for  the  efifective  dimension  of  each. 
From  Table  XII,  page  643,  we  find  the  safe  strength  of  a  i  by  14-in  beam 
of  x9-ft  span  to  be  I  867  lb.  Hence  the  strength  of  the  3  by  14  will  be  i  867  x  3 
•  5  601  lb.  The  floor-area  supported  by  each  header  is  4^^  x  1 2  ft «  54  sq  ft; 
hence  the  safe  strength  of  the  header  per  square  foot  of  floor  is  5  601/54-* 
104  lb.  Deducting  the  weight  of  the  floor  per  square  foot,  we  have  104  ^  15  <- 
89  lb  for  the  safe  load. 

Trimmer  A.  Trimmer  A  (Fig.  4)  supports  about  the  same  amount  of  floor- 
ing as  one  of  the  common  joists,  and  supports^  also,  the  ends  of  the  headers. 
Deducting  iH  in,  the  thickness  of  the  common  joists,  we  have  a  5  by  x4-in  beazn 
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left  to  support  the  headers.    As  the  headers  are  supported  in  iron  stirrups,  or 
beam-bangers,  no  deduction  in  strength  need  be  made  for  framing.    To  6nd  the 
safe  strength  of  a  benn  loaded  with  two  concentrated  loads,  ■  equidistant  trt>ni 
the  supports,  we  must  use  Formula  (14),  Fig.  11,  page  631.    In  this  case  m  "■ 
S  ft  10  in,  or  &H  ft  and  A  "  i  200/18  «  66.7  (Table  XII,  page  643). 

Applying  the  formula,  the  safe  load  at  each  joint  "5X14X14X  66.7/4  X 
8H  »  X  848  lb. 

The  floor-area  supported  by  one  stirrup  is  equal  to  one-half  of  the  area  sup- 
ported by  the  header,  or  37  sq  ft;  hence  the  safe  strength  per  square  foot  of 
the  5  by  14-in  header  is  x  848/27  >  68  lb,  and  deducting  15  lb  per  sq  ft  for 
the  weight  of  the  floor,  we  have  53  lb  per  sq  f t  as  the  safe  load  that  the  trimmer 
will  support  on  the  floor  at  each  side  of  the  stairs.  Considering,  as  found 
above,  that  the  safe  load  for  the  a^  in,  which  we  deducted  to  take  the  place  of  a 
common  joist,  is  86  lb  per  sq  ft,  we  might  consider  the  safe  load  for  the  trimmer 
as  the  average  of  86  and  53,  or  about  70  lb  per  sq  ft. 

Trimmer  B.  This  xo  by  14-in  timber  (Fig[.  4)  has  to  support  the  same^oor- 
loads  as  trimmer  A ,  and  also  ttie  lower  end  of  a  flight  of  stairs  for  which  an  allow- 
ance of  at  least  x  800  lb  should  be  made.  This  stair-load  being  i>ractically 
concentrated  at  the  middle  of  the  trimmer  is  equivalent  to  a  distributed  load  of 
3  600  lb.  As  the  safe  bad  for  a  i  by  14-in  joist  of  22-ft  span  b  i  x88  lb  (Table 
XII,  page  643),  it  will  require  a  thickness  of  3  600/ x  x88  <-  3  in  to  support 
the  stairs,  leaving  7  in  to  support  the  floor-loads.  As  this  is  H  in  less  than  the 
thickness  of  trimmer  ^,  it  is  evident  that  the  strength  of  the  floor  at  B  will  be 
a  little  less  than  at  A ;  but  as  it  is  improbable  that  the  entire  floor-space  will  be 
loaded  at  any  given  time,  it  would  be  safe  to  rate  the  strength  of  the  floor  at 
each  side  of  the  stairway  at  70  lb  per  sq  ft,  live  load,  and  beyond  the  stair- 
way at  86  lb. 

Putitioos.  When  the  floor  supports  partitions,  the  weight  of  the  latter  and 
any  load  resting  upon  them  must  be  taken  into  account  in  determining  the 
safe  load  for  the  floor.  If  a  partition  runs  the  same  way  as  the  joists,  then  only 
the  joist  directly  under  the  partition,  and  the  joists  at  each  side  will  be  affected; 
but  if  a  partition  runs  across  the  joists,  then  It  affects  the  safe  load  oT  the  entire 
floor. 

Biample  5.  Suppose  that  the  22-ft  joists  in  the  floor  shown  in  Fig.  4  have  to 
support  a  pkstered  partition  12  ft  high,  running  across  the  joists  half-way  be- 
tween the  walls.    What  will  be  the  safe  load  for  the  floor? 

Sdntioa.  A  plastered  partition  with  a  by  4  or  2  by  6-in  studs,  set  x6  In  on 
centers,  weighs  about  20  lb  per  sq  ft  of  partition-face;  hence  a  partition  12  ft 
high  will  weigh  240  lb  per  lin  ft  of  partition.  As  the  joists  are  x6  in  on  cen- 
ters, each  joist  supports  xH  lin  ft  of  partition,  weighing  320  lb.  As  this  load  is 
concentrated  at  the  middle  span  of  the  joists  it  is  equivalent  to  a  distributed 
load  of  640  lb.  In  Ejounple  4,  we  found  the  safe  dutributed  load  for  the  2H  by 
14-in  joists  of  22-ft  Sinn  to  be  2  970  lb.  Subtracting  640  lb  from  this  we  have 
2  330  lb,  wliich  may  be  used  for  the  floor.  As  the  floor-area  supported  by  one 
joist  is  29Vi  sq  ft,  the  safe  strength  of  the  floor  per  square  foot  is  2  330/29)^  -  79  > 
lb,  and  the  safe  load  is  79  —  X5  >■  64  lb  per  sq  ft.  Hence  the  partition  decreases 
the  safe  load  by  86  »  64  »  22  lb  per  sq  ft.  Whj^never  the  upper-floor  joists. 
are  supported  by  a  partition  carried  by  a  floor  below,  the  effect  of  the  partition 
and  its  load  upon  the  strength  of  the  lower  floor  should  be  veiy  carefully  com- 
puted. 

Bridging  of  Floor- Joists.  By  BanxsiNO  is  meant  a  system  of  bracing  for 
floor-joistsy  either  by  means  of  sinall  struts^  as  in  Fig.  5,  or  by  means  of  sini^ 
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pieces  of  boards  set  at  ilEht-anelea  to  the  joists  and  fitting  In  between  them. 
The  eflcct  of  thii  brsdng  Is  of  decided  advantage  in  sustaining  any  concen- 
TSATED  LOAD  DpoD  a  floori  but  it  does  not  materially  stTeogtben  a  doai  to  reist 
a  TnaroEHLy  distubutrd  load.  The 
brid^ng  also  stiSens  the  joists,  and  pre- 
vents them  [ram  turning  udewiae.  It  is 
customaiy  to  insert  rows  of  cioss-bridging 
from  s  to  g  ft  apart;  and  to  be  eSective 
the  Tom  of  bridging  should  be  in  straight 
lines  along  tbeJloor,  so  that  each  bridging-  ' 
strut  may  abut  directly  opposite  those 
adjacent  to  it.  Tbe  method  of  bridging 
shown  in  Fig.  5,  and  linown  as  CHOSS- 
HBtDCiMc,  is  considered  to  be  by  far  the 
best,  as  it  allows  the  thrust  to  act 
parallel  to  the  axis  of  the  stiut,  and  not 
■cnna  the  gtain,  as  roust  be  the  case 
where  single  pieces  of  boards  are  used. 
The  bridging  should  be  of  iVi  by  J-ia 
(toclc.  for  1  by  lo-in  and  amallet  jiuita, 
and  of  1  by  j-in  stock  for  ii-  and  i4-in 

FramlDK  of  Woodsn  Flooi-Baama.        ^1-    Floor-ioitu  wlifa  Bridging 
In    dwelling),    tenemeots    and    lodging- 

bouHa  it  is  frequently  necessary  to  frame  the  tinibeis  so  that  they  are  6\a\ 
with  one  another.  The  old  methods  of  framing  the  tul-beams  and  headers  ot 
headers  and  trimmers  by  mortise-and-tenon  joints  are  now  generally  supeneded 
by  hanging  the  timben  in  stirrups  or  malleable-iron  joist-hangers.  In  t)us  con- 
struction the  entire  strength 
of  the  timbers  is  retained,  wbilt 
the  cost  of  the  hangcm  is  often 
less  than  the  labor-cost  in  pre- 


itirrupe  and  this  ia  usually 
required  in  tbe  building  code^ 
of  the  large  cities.  In  ware- 
houMS  and  all  grst -class  build- 
ings the  framing  should  be 
dime  by  means  of  jdst-hangers. 
For  light  floors,  with  moderate 
Ipons,  It  is  generally  safe  to 
frame  the  tail-beams  into  a 
header,  provided  the  latter  la 
strong  enough  to  cany  the 
load  and  allow  [  in  in  thickness 
for  the  mortising-  Headers. 
also,  carrying  not  more  than  two  tail-beams  are  often  framed  into  the  trimmers. 
In  case  the  old  methods  of  framing  are  used  instead  of  the  superior  methods 
with  jiMst-hangen,  the  best  shape  and  proportions  for  the  tenon*  and  ends  of 
the  tail-beams  or  headers  are  thoie  ihown  in  Fig.  0.    This  loim  of  fronung 


Framing  <^  Jofati 
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probab^  offers  as  large  a  proportion  of  the  strength  of  the  timbers  as  it  is 
possible  to  utilize,  although  for  tail-beams  it  was  the  opinion  of  Mr.  Kidder 
that  a  single  tenon  like  that  shown  in  Fig.  7  is  fully  as  strong,  especially  when 
the  header  is  built  up  of  3-in  planks  spiked  together.    In  either  case,  if  the  floor 


Tfg.  7.    Alternate  Method  of 
Framing  Joists  into  Header 


Fig.  8.    Framed  Joist  Split  byXoad 


is  loaded  to  its  full  strength,  the  tail-beam  will  split  at  the  bottom  of  the 
tenon,  as  shown  in  Fig.  8,  which  illustrates  the  weakening  effect  of  the 
mortise-and- tenon  framing. 

Stirrups  and  Joiat-Hangers.  The  first  device  used  for  framing  headers  to 
trimmers  without  mortising  was  the  wrought-iron  stirrup  shown  in  Fig.  9. 
These  are  made  either  single  or  double,  depending  upon-  whether  one  or  two 
beams  are  to  be  supported.    To  prevent  the  floor  from  spreading  and  thus  per- 


HMd 


DOUBLE  STIRRUP 


\.--=S 


^Knfc 


SINGLE  STIRRUP  AND  JOINT  BOLT 


F|g.S.    Framing  with  Wn)Qgbt4n>n  Stirrups 


mitttng  the  header  to  slip  out  of  the  stirrup,  a  joint-bolt  may  be  inserted,  as 
shown  in  the  two  right-hand  illustrations  of  Fig.  9.  To  determine  the  strength 
of  a  stirrup,  multiply  the  sectional  area  of  the  iron,  in  square  inches,  by  12  000 
lb  per  sq  in.     (Table  i,  page  376.) 

The  following  sizes  of  iron  should,  In  general,  be  used  for  the  <fifferent 
cf  Joists  to  be  supported: 


Joitt  md  B«aai-Saiigcn 


nppoiud,  ia  inchs  inn  la  iaclMt 

a  by   8  to  J  by  10 Mby  iM 

4byiot04byi9 HbyiH 

6by  11 103  by  14 Hbjrj 

8  by  11  to  4  by  14 HbyjM 

61v  14 MlV4 

8by  i4to>oby  M H  by  4 

Jcdat-Haii(ar«.  Aside  from  the  maXta  of  Mrength  there  are  objection!  to 
the  lue  of  stlrrupa.  If  the  timber  oa  which  they  rat  ii  not  perfectly  4ry,  the 
ttirrtips  will  seltk  by  ui  amaunt  equal  to  the  shrinkage  af  Ihe  beam  on  which  they 
rot,  and  te(  down  the  header  with  them,  and  the  projection  of  the  iron  above 
tbe  top  <A  the  timben  will  necesutate  cutting  out  the  floonng.  II  tfae  ttirrupt 
are  eipoecd  in  thta  way  their  ai^iearaiice  is  objectionable.  White  they  may 
be  desisned  to  renst  any  tauuaniil  stress  the  raiEttance  of  tied  to  bending 
a  comparatively  amall.  and  the  mulling  crxuhing  of  tbe  timber  whoe  they 
go  over  the  edge  is  the  chief  objection  to  the  use  of  itiirups  of  thi«  type 
for  heavily  loaded   floon.    The  small  bearing  of  a  timber  on  a  Mimip  b 


Fig.  10.    FuIuR  of  Steel  Sunup  WsU-baoga 


Dot  sufficient  to  distribute  the  load  on  the  wood  over  the  required  area.  This 
increase]  the  bearjig  per  square  inch,  allows  the  hanger  to  crush  into  the  edge 
and  tends  to  straighten  out  the  stirrup  as  shown  in  Fig.  29,  page  757.  The 
same  serious  objection  vptiee  to  the  uie  of  steel  stirrup-hangers  in  bikk  walls 
to  carry  beama  free  ol  the  walls.  As  previously  explained,  all  tfae  load  is 
brought  to  the  extreme  edge,  cBu.vng  a  much  greater  load  per  square  inch  on 
the  maxinfy  than  il  allowable.  Fig.  10  '  shows  the  effect  of  crushing,  in  a 
wairiioaa».buildins  b  Ulnneapi^  Minn.  WaU-hanger*  made  of  itec] 
ttiinipi  ibould  oat  be  laed.  Patented  steel  hangers  riveted  to  bearing-plates 
are  tikewise  very  undesirable  as  the  crushing  effect  is  greatnt  at  the  outer 
edge,  due  to  the  straigbtening-out  tendency  of  tlie  hanger  at  Ibis  point. 

Figs.  II  aod  12  illustrate  the  Duplex  and  Goetz  jiustr hangers,  Which  are 
patented  and  are  claimed  ID  be  superior  to  the  old-style  stimipe.  Tbe  Duplex 
banger  is  used  not  only  (or  ordinary  building-construction,  but  for  the  most 
heavily  loaded  mlll-constniclion  in  factories  and  warehouses.  As  thae  hangers 
are  madeol  matteaUe  iron  they  wiQ  not  straighten  out  when  heated,  in  rase  ol 
tzt,  aad  drop  the  beams.    That  is  what  happens  to  wrought-ste<~ 
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wben  the  twkt  becomes  beated.  TUa  hinger  tas  proven  perfectly  satisfactory 
«nd  is  exteodvely  used.  Both  ue  mule  in  s«s  to  Gt  all  resiilai  ^ses  of  j«i«u 
01  ^rden,  and  have  ample  ■tmsth  for  the  purpoie  for  which  th^  are  intukded. 


At  ihown  by  the  Olustrationa,  they  are  mi 
In  the  tide  of  the  carrying  timbeis,  at  oi 
thcM  bsngen  the  effect  of  shrinkage  is  re 


Fig.  11.    Coeti  Jofat-haiiga 

de  to  be  inserted  in  round  holes  bored 
a  little  above  the  center  line.  With 
luced  one-half,  and  the  other  two  ob- 


(ki^im  t  ... 

hancer  bas  ridRea  on  the  iniide  of  tbe  lide  bncketi  to  Ixdd  the  b( 
For  timti«>o(  lujer  tiie  and  for  the  heaviest  ooDitructioo,  the  Dupkx  liBEiai^ 


Jobt  and  BcamJIaiigEn  753 

Aomn  Id  F1(.  32,  page  789,  are  lued  umI  in  boHcd  to  ttu  bcanu.    By  tbu 
coDrtTuctioii  Ibe  entire  buiUiiig  is  tied  together  latenUy. 

Fig.  13  ibowi  the  Duplei  I-bom  hngCT'foi'fmiilnc  flooT-joiMs  to  I  betrnt. 
This  hanget  i*  made  to  exactly  Gt  into  the  flange  nt  the  I  beam.    It  hu  a  rib 


on  the  bottom,  H  in  high,  wluch  serves  as  a  tie  when  the  jtnit  is  placed  in  the 

hsnger,  and  it  provida  a  bearing  of  at  least' 4^t  in  for  the  joist.    It  is  msde 

to  carry  any  j<Hst  ot  legulu  size,  and  offers  one  ol  the  best  devices  (or  framing 

wooden  j<usts   to   I  beams  of  tbc  Same 

depth.    The  hangers  are   bolted   to   the 

web  of  [he  I  beam.     Fig.  14  ihowi  the 

Duplex  I-beam  shelf-hanger  which  Is  used 

when  the  construction  rer|uires  the  joists 

to  be  raised  above  the  lower  fiange  of  the 

t  beam  leu  than  4  in.     Fig.  15  illustrates 

the  Duplet   I-beam  boi-hanger  and  is 

RiWiUDeaded  where  the  jdsts  are  raised 

more  than  4  in  above  the  lower  flange 

of  the  I  beam.     In  both  these  construe-    Fig.  IT.    Duplo  Stal  .WfD-huctr  (or 

dons  the  hfcngen   are   bolted   tlngly  or  Lvge  Bums 

opposite,  M  required,  on  the  I  beam  and 

the  toads  are  carried  on  the  lower  flanges  ol  the  beama.    Fig.  IS  shows  a 

similar  hanger  made  to  support  the  wall-end  of  a.  floor -joist.    This  form  of 

unutruclion  is  coDaidetcd    much    luperior   to    the    method    of    buildiizg    the 


Fig.  IB,    Duplet  EMia-bcavy  WatMianta  lor  MDI-coaslructlMi 


I  Into  a  wall,  is  it  ^biolutdy  prevents  diy-rot.  and  penrdts  the  jcrists  to 
In  case  o(  be.  without  throwing  the  4raU.  It  also  gives  the  load  a  good 
ins  on  the  wall.  Fig.  17  IHustratei  the  Duplex  steel  wall-hanger  for  larger 
nSiUidFit.  ISibowttbe  Dtiplex  cMn-beavy  wall- banger  for  thehesvlnt 
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■mll-Mnst'UCtkin.  Tbne  hsngsn  bear  tbe  Ubel  oS  approvd  of  the  NatiooaJ 
Board  ol  Fire  Underwritera  and  are  genetaUy  canaideted  the  beat-6csi«ned  wali- 
bangeraiwwon^roaritet.  This  hanger  (dve*  an  e»tra  bearing  on  Ihemaionry 
anduao  constructed  that  it  reacia  as  a  unit  and  diBtribulet  the  kaul  equally  over 
the  eatire  surface  of  tbe  mauDry.    There  ii  no  tendency  for  a  hanger  ol  this 


foe  CoDcntc  Blodu 

type  to  crush  in  at  the  cdtte  of  the  masonry  and  straighten  out,  as  is  the  case 
with  some  other  types  of  wall-hangers.  Fig.  IS  shows  the  Duplex  wall-hanger 
used  in  aonnection  with  walls  constructed  oi  concrete  blacks.  These  hangers  ore 
often  used  In  repair-work  in  party  walls,  as  they  avoid  the  cutting  of  large  Itoles 
in  the  walls,  and  also  provide  an  easy  and  ^mple  method  ol  carrying  the  jiHsta 
dear  of  the  walla.    The  Ideal  banger  Illustrated  in  Fig.  20  is  made  of  wrooght 


Fi(.!t.    "Ideal"  WcDU|ht-MedWalMiu«B 


■tee)  and  corrugated  at  tbe  poiDts  where  it  is  beat  over.  This  itinlorcea  it  and 
tends  to  prevent  bending  at  these  pMnts.  Fig.  21  illustrates  onotlier  [onn  of 
the  Ideal  hanger  with  hole)  foi  spiking  [o  «.  timber.  Thia  tiangcf,  aba,  it 
torrugaled.  In  these  hanfera  the  full  strength  of  the  steel  i>  retained  •■  the 
Gben  of  the  metal  ore  not  cut  in  foimiag.them.  They  are  mode  of  Wfaagtd- 
Keel  ban  folded  to  the  roquired  shape.    Fig-  23  sbowi  the  Ideal  baiter  nvtted 


Jobt  and  Bcfttn-Hangen 


7fi9 


to  •  ited  plate  tnd  in  positioo  to  be  buflt  into  m  brick  iralL  Otbst  iUuitntiaDa 
ef  nll-hugen  ue  ^ven  in  Ctuptei  XXIL  Tbc  Vu  Darn  hamer,  illuurattd 
in  Fig.  as,  ii  esKotittly  a  itimip  foiftd  fren  hi«h-«rade  aUd.  TV  few  tesU 
tliat  have  been  made  would  iccin  to  uutjcate  Ibat  it  developes  a  greater  re- 
~   Q  the  Dtdinaiy  Uimi|it  nbile  it  glvw  »  wida  bewiiii 


Fi(.  23.    Vio  Dora 


FIk.24.    Vu  Dora  WalUnaacr 


for  the  idst  and  pnseats  a  much  Dcater  appearance.  Fig.  24  ahom  the  same 
haOKcr  rlvetal  to  a  bent  iron  plate,  to  build  into  bcick  walls.  When  tbc  hanger 
ii  to  be  uaed  over  a  steel  beam  the  upper  end*  are  bent  to  fit  over  th«  flange  o( 
the  beam,  as  b  Fig.  25.  "Although  I  know  of  no  test  of  the  strength  of  a  Van 
Dom  I-beam  haogei,  ft  would  seem  as  tbougb  it  ouut  be  much  stiovor  than 


VIg.S.    Vn  Son  I4aua  Hi^er 


Fig.  SS.    Si&xai  JaU 


FIga.  M  »d  37  show  tht  goMcal  form  ol  two  other  patented  joist-hangera, 

uhkh  aie  lotted  fi«u  plate  *tceL    Both  U  these  haogen,  alsc^  arc  made  to  be 

*F.  £.  Klddcc. 
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Fig.  97.    Laoe  Joiat  or  Beam-hanger 


built  iQto  bride  walls  and  to  go  over.stieel  beams.  The  National  hanger  (Fig.  26) 
has  a  flange  on  top,  which  helps  materially  in  distributing  the  load  over  the  top 
of  the  beam  as  shown  in  figure/^THe  larger  hangers  of  this  style  have  holes  in 

the  top  for  large  spikes.  This 
hanger  and  the  Lane  hanger 
(Fig.  27)  have  been  much  used. 
Comparmttve  StrengfliB  of 
Different  TypM  of  Joist- 
Hangen.  Althou^  the  tests 
that  have  been  made  to  deter- 
mine the  strength  of  different 
hangers  are  few  in  number,  a 
sufficient  numbet  have  been 
made  to  show  that  any  one  of 
the  hangers  described,  iaclading 
the  common  stirrup^  is  abun- 
dantly  strong  for  any  single 
njQOR-BEAM  not  exceeding  4  by 
14  in  in  cross-section  It  is 
only  in  the  case  of  a  header  or 
trimmer  which  supports  a  load  over  a  considerable  floor-area  that  the  strength 
need  be  considered  at  alL  From  tests  made  at  various  times  on  joist-hangers 
and  on  girder-hangers,  it  would  appear  that,  under  extreme  loads,  two-part 
hangers  usually  develop  great  strength.  A  two-part  hanger,  carrying  a  xe 
by  14-in  girder,  sustained  a  load  of  38000  lb  without  injury  to  the  hanger 
itself.  A  similar  hanger  held  imtfl 
loaded  up  to  39  550  lb,  when  one 
side  broke  off  short  under  the 
nipple  projecting  into  the  timber, 
the  condition  of  the  hanger  after 
failure  being  shown  in  Fig.  28.  A 
common  stirrup  made  from  %  by 
2V&-in  wrought  iron  failed  under  a 
load  of  13  750  lb  by  bending  and 
pulling  over  the  header,  as  shown 
in  Fig.  20.  A  6  by  is-in  steel 
hanger  **  began  to  strai^ten  out 
imder  a  load  of  13  300  lb»  and  failed 
to  hold  under  a  load  of  18  750 
lb."*  Single  hangers  of  the 
stirrup-type  do  not  bieak,  but  fail 
by  the  bending  up  of  the  parts 
which  lie  over  the  top  of  the  header 
as  shown  in  Fig.  20.  They  also  appear  to  crush  the  wood  under  them  par- 
ticularly at  the  edges,  to  a  very  much  greater  extent  than  does  the  spool  of 
the  Duplex  hanger.  With  a  double  stirrup  the  ultimate  strength  is  measured 
by  the  strength  of  the  iron.  Thus,  a  double  stirrup^  made  of  %  by  2}4-in  wrought 
iron,  was  loaded  up  to  57  6so  lb  (s8  825  lb  on  each  aide),  iriien  it  broke  at  one 
of  the  lower  comers.  A  single  itirrup  would  of  course  be  just  as  strong  if  it 
could  be  kept  from  bending.  In  actual  construction  the  flooring  over  the  beams 
to  some  extent  prevents  the  top  of  a  stirrup  from  springing  up.    The  tests  that 

*F^m  daU  compiled  by  Mr.  Kidder  from  a  leries  of  tests  on 
and  joist-haagers. 


Fig.  28.    Result  of  Test  of  a  Two-pait 
Beam-hanger 
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have  been  made  of  two-pait  hangen  ^kom  oooduaivdy  that  where  onbr  a 
angle  hanger  is  used  the  boles 
which  are  bored  in  the  header  do 
not  seriously  a£Fect  its  strength 
when  the  load  is  within  the  safe 
limit,  and  a  test  made  at  Balti- 
mocc^  Md^  August  24,  1904,  with 
a  by  i3-in  joists,  spaced  za  in  on 
centers  and  suspended  by  these 
hangers  let  into  a  header  fonned 
of  three  3  by  la-in  joists*  spiked 
together,  would  seem  to  prove 
that  even  when  the  holes  are  la  in 
apart  they  do  not  seriously  weaken 
it.  "  The  onbr  record  of  the  fail- 
ure of  any  form  of  hanger  when 
in  actual  use  in  a  building,  of 
which  I  am  aware^  is  that  of  a 
failure  in  Minneapdis^  where  a 
portion  of  six  floors  of  a  ware- 
house fell,  on  Nov.  7. 1902,  through  Ptg.iO.  Re«i]tQfTatofWioiiglit.*ranStirrup- 
the  faihue  ol  a  wall-hanger  made  hanger 

firom  a  4  by  a  by  %-in  stnictuxal- 

sted  angle,  whidi  was  sheared  and  bent,  and  riveted  to  an  8  by  16  by  H-hi 
bearing-plate.  The  failure  was  due  to  the  crushing  of  the  outer  edge  of  the 
brickwork  under  the  hanger,  and  the  consequent  bending  up  of  the  top  portioc* 
The  actual  load  on  the  hanger  was  about  15  000  lb."  * 

*F  B.  KIdte.    See,  also^  BaglBflering  News,  Nov.  to,  1900. 
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CHAPTER  XXII 

WOODEN  HILL  ABTD  WABEHOUSE-CONSTEUCTION 

By 

A.  P.  STRADLING 

SUFEBCnEMDENX  OF  StKVEYS,  FHILADEfinaA  ms  UMDBS.WUIBKS' 

ASSOCIATION 

1.  MUl-Conslnietioa 

DeflnitioiL  The  term  )hux:onstruction  is  commonly  used  to  designate  a 
method  of  construction  brought  about  largely  through  the  influence  of  the 
Boston  Manufacturers'  Mutual  Fire  Insurance  Company  of  Boston,  Mass.,  and 
especially  through  the  efforts  of  Mr.  Wm.  B.  Whiting,  whose  judgment  in 
mechanical  matters,  and  experience  and  skill  as  a  manufacturer  were  for  many 
years  devoted  to  the  interests  of  insurance  companies,  and  to  the  improvement 
of  factories  of  all  kinds.  The  extended,  use  of  this  system  and  the  improvements 
that  have  been  made  in  it  during  recent  years  are  probab^  due  more  to  the 
influence  of  Mr.  Edward  Atkinson,  President  of  the  Boston  Manufacturers' 
Mutual  Insurance  Company  and  Director  of  the  Insurance  Engineering  Experi- 
ment Station  at  Boston,  than  to  that  of  any  other  individual. 

Cost.  The  purpose  of  mill-construction  is  to  reduce  the  fire-risk  to  its  low- 
est point  without  going  to  the  expense  of  fire-proof  coustructibn.  The  increasing 
cost  of  heavy  timber,  however,  and  in  fact  of  all  lumber,  together  with  the 
lessened  cost  of  the  erection  of  the  so-called  fi&e-proof  types,  constructed 
entirely  of  reinforced  concrete,  or  built  withvptotected  steel  Irames  and  incom- 
bustible floors,  and  the  recognition,  also,  of  the  obvious  advantages  of  more 
FIRE-RESISTING  CONSTRUCTION,  especially  in  the  congested  sections  of  dties,  are 
bringing  these  types  into  more  general  use.  The  cost  of  these  latter  types  of 
construction  is,  in  many  instances,  no  more  than  the  cost  of  various  tsrpes  of 
mill-construction. 

The  Slow-burning  or  Mill-Constraction  Type.  The  experience  of  years 
has  entirely  justified  the  use  of  this  type.  It  renders  possible  a  somewhat  less 
costly,  and  at  the  same  time,  what  is  of  great  importance,  a  more  effective  system 
of  fire-protection  than  can  be  installed  in  buildings  of  light  construction,  with 
the  so-called  joisted  floors  and  with  the  roofs  made  of  boards  supported  on 
2-in,  3-in,  or  4-in  joists.  The  entire  subject  of  slow-bitrning  or  mill-con- 
struction as  applied  to  factories  is  most  admirably  described  and  illustrated 
in  Report  No.  5  of  the  Insurance  Engineering  Station  of  the  Boston  Manu- 
facturers' Insurance  Company,  No.  31  Milk  Street,  Boston,  Mass.,  from  which 
the  author  has,  by  permission,  taken  and  adapted  many  of  the  following  illus- 
trations and  descriptions. 

2.  What  Mill-Constnictioii  Is* 

• 

(i)  Heavy  Tlmben.  Mill-construction  consists  in  so  disposing  the 
timbers  and  planks  in  heavy,  solid  masses  as  to  expose  the  least  number  of 
corners  or  ignitable  projections  to  fire;  and  to  the  end,  also,  that  when  fire 
occurs  it  may  be  most  readily  reached  by  water  from  sprinklers  or  hose. 

*  From  Report  No.  5  of  the  Insurance  Ei^neering  Station  of  the  Boston  MaouCac 
tiueis'  Imnrance  Compaoy.  No.  31  Milk  Street,  Boston,  Mass. 
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h)  Vir«-8C«|W.  It  ccuMBts  in  aepovatiag  evety  floor  U<m  every  other 
floor  by  inoonlMMtible  stops,  by  ioBtalling  automatically  dosing  hatchways 
and  by  encasing  stairways  either  in  brick  or  other  incombustible  partitions,  so 
that  a  fire  will  be  retarded  in  passing  from  floor  to  floor  to  the  utmost  consistent 
with  the  use  ol  wood  or  ax^  material  not  absolutely  fire*proof . 

(3)  Fire<*Retardant8.  It  consists  hi  guarding  the  ceilings  over  all  specially 
hazardous  stock  or  processes  with  ns£-SETAKDANT  uatebials,  such  as  plaster- 
ing faud  over  wire  lath  or  expanded  metal,  or  over  wooden  dovetailed  lath, 
following  the  lines  of  the  ceilings  and  of  the  timbers  and  leaving  no  hiterspaces 
between  the  plastering  and  the  wood;  or  else  in  protecting  the  ceilings  over 
hazardous  places  with  asbestos,  air-ceil  boards,  sheet  metal,  Sackett  Plaster 
Board,  or  other  fire-retardant. 

(4)  Fir«-S«lag«ftrdt.  It  consists  not  only  in  so  constructing  the  mill,  work- 
ahop.  or  warehouse  that  fire  will  pass  as  slowly  a<<  possible  from  one  part  of  the 
building  to  another,  but  also  in  providing  all  suitable  sategoasos  AOAiRSt  rxKE. 

S.  What  MiU-Construction  Is  Not 

(i)  Concaalad  Spaces.  Mill-construction  does  not  consist  in  so  disposing  a 
given  quantity  of  materials  that  the  whole  interior  of  a  building  becomes  a  sbrics 
OF  WOODEN  CELLS,  or  concealed  spaces,  connected  with  each  other  direct^  or 
by  cracks  through  which  fire  may  freely  pass  where  it  cannot  be  reached  by 
water. 

(2)  Size  of  Timbers,  Fire*StopS,  etc.  It  does  not  consist  of  an  open-timber 
construction  of  floors  and  roofs  which  resembles  mill-construction,  but  which 
b  built  with  light  timber  of  insufficient  size  and  with  thin  planks,  without  fine- 
stops  or  fire-guards  from  floor  to  floor. 

(3)  Stairways.  It  does  not  consist  in  connecting  floor  with  floor  by  cotf- 
BVSTtBLE  WOODEN  STAIRWAYS  encased  in  wood  less  than  two  inches  thick. 

(4)  Partitions.  It  does  not  consist  in  putting  in  very  numerous  ught, 
WOODEN  DIVISIONS  or  partitions. 

(5)  Sheathing  and  Furring.  It  does  not  consist  in  sheathino  brick  walls 
with  wood,  especially  when  the  wood  is  set  off  from  the  walb  by  furring,  and 
even  if  there  are  stops  behind  the  furring. 

(6)  VaFnisli.  It  does  not  consist  in  permitting  the  use  of  varnisb  on  wood- 
work ovor  which  a  fire  will  pass  rapidly. 

(7)  Glass,  Ffre-Shntters  and  Wire-Olass.  It  does  not  con^st  in  leaving 
windows  exposed  to  adjacent  buildings  and  unguarded  by  FiRE-smiTTERS  or 

WIRE-GLASS. 

(8)  Psinting  and  Dry-Rot.  It  does  not  consist  in  painting,  varnishing, 
filfing  or  encasing  heavy  timbers  and  thick  planks,  as  they  are  customarily 
delivered,  and  thus  making  possible  what  is  called  dry-rot,  caused  by  a  lad: 
of  ventilation  or  opportunity  to  season. 

(9)  Sprinklers,  Pumps,  Pipes,  Hydrants,  etc.  It  does  not  consist  in 
leaving  even  the  best-constructed  building  in  which  dangerous  occupations  are 
followed  without  automatic  sprinklers,  and  without  a  complete  and  adequate 
equipment  of  pumps,  pipes  and  hydrants. 

(20)  finishiac  Ia  Weed  and  Other  Materials.  It  does  not  consist  in 
•sing  more  wood  im  finishing  a  building  alter  the  floors  and  roof  are  laid  than 
is  absolutely  necessary,  since  there  are  now  many  safe  methods  available  at  low 
cart  lor  finishing  walls  and  oonstmeting  partitions  with  slow-buiBtng  or  io,* 
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combustible  materials.  Acoordini^y  if  plafpfler  is  to  be  pilt  on  a  ceiling  and  is 
to  follow  the  line  of  the  uaderside  of  the  JBooriog  and  the  flooriiig*timbers,  it 
should  be  plain  ums-mobtab  plastee,  which  is  sufficiently  porous  to  permit 
seasoniog.  The  additibn  of  a  skim-coat  of  lime-putty  Is  hasardous,  especially 
if  the  over6ooriQg  is  laid  over  rosin-sised  or  asphalt  paper.  This  rule  applies 
to  almost  all  timber  as  now  delivered.  Examples  of  all  of  the  faulty  methods 
of  constnictioD  above  mentioned  have  been  found  in  various  buildings  pur- 
porting to  be  of  mill-construction,  and  they  all  form  parts  of  what  has  some- 
times been  called  combustible  coNSiaucTioN. 

4.  Standard  MUl-Conatroction 

Example  of  Standard  Mill-Conttnsction.  Fig.  1  shows  a  cross-section 
through  a  mill  of  the  customary  or  standamd  type  recommended  by  the  Boston 
Manufacturers'  Mutual  Insurance  Company,  the  details  of  construction  being 
revised  to  May,  1908. 

WaUi.  If  additional  stories  are  required,  the  walls  may  be  increased  in 
thickness  according  to  the  number  of  stories  added,  after  a  computation  has 
been  made  of  the  loads  which  a  standard  factory  may  be  called  upon  to  sus- 
tain. Walls  should  be  of  brick  and  at  least  13  in  thick  in  the  upper  story,  and 
their  thickness  should  be  increased  in  the  lower  stories  to  support  additional 
loads.  Plastered  walls  are  often  to  be  preferred  to  unplastered  walk.  Window- 
arches  and  door-arches  shouU  be  of  brick,  and  window-sills,  outside  door-siUs  and 
under-pinning  of  granite  or  concrete. 

Roofi  and  Floon.  The  roofs  should  be  of  3-in  pine  planks  spiked  directly 
to  the  heavy  roof-timbers,  and  covered  with  five-ply  tar-and-gravel  roofing. 
Roofs  should  incline  from  H  to  94  in  per  ft,  and  incombustible  cornices  are 
reconunended  when  there  is  exposure  from  neighboring  buildings.  Floors 
should  be  of  spruce  planks,  4  in  or  more  in  thickness  according  to  the  floor- 
loads,  spiked  directly  to  the  floor-timbers^  and  kept  at  least  \k  in  away  from  the 
face  of  the  brick  walls.  In  order  to  obviate  the  danger  of  cracking  the  walls, 
which  sometimes  results  from  the  swelling  of  planks  laid  close  against  them, 
these  spaces  left  between  walls  and  floor-planks  must  be  covered  by  strips  or 
battens  both  above  and  below.  In  floors  and  roofs,  the  bays  should  be  from 
8  to  xoV4  ft  wide,  and  all  planks  two  bays  in  length  should  be  laid  to  break 
joints  every  4  ft,  and  grooved  for  hard-wood  splines.  Usually  an  overfloor  of 
birch  or  maple  is  laid  at  right-angles  to  the  planking,  but  thC  best  mills  have  a 
double  overfloor,  a  lower  one  of  soft  wood,  laid  diagonally  upon  the  planks  and 
an  upper  one  laid  lengthwise.  This  latter  method  alk>ws  boards  in  alleys  or 
passageways  to  be  easily  replaced  when  worn,  while  the  diagonal  boards  brace 
the  floors,  reduce  the  vibration,  and  distribute  the  floor-loads  more  uniformly 
than  the  former  method.  Between  the  planking  and  the  overfloor  should  be 
two  or  three  layers  of  heavy,  hard  paper,  laid  to  break  joints,  and  each  mopped 
with  hot  tar  or  similar  material  to  make  a  reasonably  water-tight  as  well  as 
dust-tight  floor.  The  usually  rapid  decay  of  the  basement  or  lower  floors  of 
mills  makes  it  desirable,  whenever  wood  is  not  absolutely  necessary,  to  make 
such  floors  of  cement.  If  wooden  floors  are  required,  crushed  stone,  dnders, 
or  furnace  slag  should  be  spread  evenly  over  the  surface,  and  covered  with  a 
thick  layer  of  hot-tar  concrete.  On  this  tarred  felt  is  often  laid,  well  mopped 
with  hot-tar  asphalt,  and  over  it  a  flooring  of  3-in  seasoned  planks,  well  prened 
down  and  nailed  on  edge  without  perforating  the  water-proonw  under  it.  The 
haid-woodrbokids  of  the  overfloor  are  then  nailed  acron  thie^lanks.  Cement 
concMSipTCmote  decay  of  wood  fai  contact  with  them.  IfHwily>w|i»iii»  aw 
required  for  heavy  machinery,  independent  foundations  of  maaoory  shonki  be 
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(mvided.  In  view  □[  the  difficulties  frcquenlly  met  with  in  ptesBrving  base- 
ment floora  of  the  ocdloary  ttmbcr  tonsil uctioci.  becauu  of  the  lack  of  suitable 
ventiktion  underoeBth,  and  s1v>  in  view  oF  the  lapid  decay  □(  timber  and  plank 
floon  In  bteaLheries,  dye-worlis.  print-works,  and  the  like,  in  which  tbe  floors 
quickly  become  saturated  with  mcnsture,  attificial-stone  floon  arc  being  laid 
in  many  o(  the  modern  plaDU. 

Sizai  and  Elndi  of  Tlmbera.  Alt  woodwork,  not  etanhaid  cOKSnoc- 
nON,  in  order  to  be  SLOW-nuiNTNC,  must  be  in  luge  uassfs  whicii  present  the 
least  surface  passible  to  a  hre.  No  pieces  less  than  6  id  in  widtb  should  be  used 
for  the  ligblesl  roofs,  and  lor  substantial  rools  and  Boots  much  wider  ones  are 
needed,  Timlicn  should  be  of  sound,  Ions-leaf,  yellow  pine,  and  for  sisea  up 
to  14  by  t6  in,  single  pieces  are  preferred:  or,  timbers  7  to  S  by  ifi  in,  are  often 
used  in  pairs  bolted  together,  without  air-spaces  between.  They  should  not 
be  painted,  vami^ied  or  filled  for  three  years  because  of  the  danger  of  dry  rot. 
and  (or  the  same  reason,  an  air-space  should  be  left  in  the  masonry  aronad  the 

BMm-Boxei,  Colunn-Clpa,  etc.  Timbers  should  rest  on  cast-iron 
PLAKS  or  BEAH-BOXES  in  tfac  iralls  and  on  cast-iron  caps  on  the  colunms.  Beam- 
boxes  are  of  value  as  Ihey  strengthen  the  walla  when  the  floor  loads  are  heavy 
aod  the  distance  between  windows  small;,  they  facilitate  the  laying  ol  the 
bricks  and  the  handling  of  the  beams;  and  there  is  less  danger  of  brealdng  the 
bricks  in  putting  the  beams  in  place.    They  also  insure  ptoper  air-spaces  aiouod 


Fte.3.    Flmr-tfaBbti  oa  Walt-plate  Fig.  I.    Rool-timba  ob  Wsll-platc 

the  ends  ol  the  beams.  Fig.  3  shows  a  floor-timber  resting  od  a  CAsr-noN  wall- 
ruTE  with  a  lug  for  anchoring  the  timber  to  the  wall.  Fig.  3  shows  a  roof- 
timber  resting  on  a  cast-iron  wall-plate,  an  overhanging,  (qien,  woodeD 
cornice  and  a  wrou^t-iron  joist-anchor.  Fig.  4  shows  a  cast-ieon  cap  and 
PINTLE  for  columns,  and  dogs  for  holding  the  floor-timbers  together.  Fig.  5 
shows  a  roof-timber  resting  on  a  coluun-caf  cast  to  fit  tbe  slope  oF  the  roof; 
the  timbers  are  heid  together  by  i-in  wrought-iron  dogs.  These  djagiams  are 
Intended  only  as  general  illustrations  oF  SLOW-BUIHIHG  or  mu^-cONSTIlicnOH. 
The  details  should  ulmiys  be  adapted  lo  tbe  spedal  conditions  of  the  site  and 
to  the  purposes  for  which  the  buildings  are  used. 

Coltunna  of  yelbw  pine  should  be  bored  through  the  axis,  making  a  lU-lo- 
diameter  bole,  and  should  have  ^in  lateisl  vent-holes  neat  the  top  and  bottom. 
The  ends  should  be  carefully  squared.    To  prevent  dry-mt,  WOOIWH  cOuniHS 
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■hanld  not  be  iwintcd  until  tttey  tie  tboloustily  tasoaed.  The^  ihoold  be  uc 
on  PINTLES  which  may  be  lait  in  one  piece  with  the  cap,  or  Mpsrateljr.  CaIT- 
ison  COLDHNS  are  pcefeirtd  by  same  eagjaeeri,  uid  when  a  building  is  equipped 
with  automatic  Htrinkkn,  uich  colunM  b«ve  proved  ntufaOoiy;   but  tbey 


Ks.  4.     P(at<a|i  and  Pinde  tot  Ftonr-timbei  ud       TSg.  i.    Roof-tinibal  on  Cdumn- 
Cohinu*  up 

are  not  as  fire-resisting  as  wooden  tolumoe.  WEOnCHT-IsOM  or  siiel  coldmnj 
should  not  be  used  unlc^  eccased  «ith  at  least  3  in  of  fiieptoofiog. 

Window!  should  be  placed  ds  high  and  made  as  wide  as  possible  to  obtain  the 
greatest  amount  of  light,  and  the  use  of  iibbed  glass  is  recommended  for  Ibe 
upper  siahes. 

Wdgbt,  Dcflectloa  ind  Tibratlon.  In  campating  tbe  Jm  of  the  timben 
as  a  rat  io  to  the  wn-king-load,  con^demtion  must  be  given  not  only  to  the  weights 
which  are  to  be  canied,  but  also  to  the  chaiacTek  of  tbe  hacBinerY  which  is 
to  be  operated  on  the  floors.  Beams  of  sufficient  strength  to  support  tbe  weights 
may  vibrate  or  deflect  under  the  weight  and  action  of  the  machinery;  and  there 
are,  therefore,  three  factors,  wEltini;  deilection  and  vibkatton,  WTdcfa  must 
be  considered  in  determining  the  width  and  depth  of  the  beams  that  are  to 
be  used  in  the  stiuctuie. 

Objectloiuble  Type!  of  Conttnctlan.  "We  do  not  approve  what  has 
been  sometimes  nuscalled  hiix-comstidciion,  that  is,  longitudinal  girders 
resting  upon  posts  and  supporting  floor-beann  spaced  4  ft,  more  or  leas,  on 
centers.  This  mode  of  construction  not  only  adds  to  the  quantity  of  wood 
used,  but  the  disposal  of  the  timbers  obstructs  the  action  of  the  sprinklers,  pre- 
vents tbe  sweeping  o(  a  hose-stream  from  one  ade  of  the  mill  to  the  other,  and 
tbe  girders  also  obstruct  the  most  imporlaot  light,  that  from  the  top  of  the 

Timbar,  VMitUatJan,  Palntinc,  etc.  Timbers,  unless  known  to  be  thor- 
oughly seasoned,  should  cot  be  encased  in  any  liindof  atr-proof  plastering  nor 
painted  with  oil-paints:  white-wash,  calamine  and  wtw  paiitta  may  be  used, 
•1  they  are  porous.  As  a  rule,  timbers  should  be  LCn  vnraoiECtai,  ^nce  a 
fire  which  wilt  seriously  impair  and  destroy  heavy  timbers  will  already  have 
done  its  work  upon  other  parts  of  the  structure. 

Single  and  Componnd  Belml.  While,  in  general,  single  beams  should  be 
used,  in  some  instances  it  may  be  desrable  to  substitute  coufodnd  beaus, 
made  by  faateniBg  two  or  mote  beams  or  thick  plai^  aide  by  side.  It  is  often 
easier  to  obtain  weU-seasoned  lumber  in  imall  dimenuons.  Such  couFoutm 
fitAMI  should  be  tightly  bolted  together  without  air^apacet,  and  owing  to  tb* 
duifci  (li  dry-rot.  should  not  be  pointed  01  vaxniahed  for  three  years. 
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StMM-Pl^M.  If  a  mill  ii  to  be  heateit  by  cooveying  lUuu  throoih  pipei, 
Huch  pipes  thould  be  hung  oveiheul. 

Comlcae.  Wherever  build[ngi  are  exposed  or  are  liable  to  be  exposed  to 
fire  in  the  Dear  future,  the  cornices  should  be  o<  non-combuitible  coiutruction  or, 
preferably,  the  walls  should  exteod  above  tbc  rool-timbers. 

Glau,  Ftamea  and  Shuttan.  All  opening  in  nils  should  be  protected 
either  by  apiwoved  wire-Blass  in  approved,  metal  frames  or  by  standard  file- 


t.  Bdta,  StalTwara  and  Elarator-Towen 
Contioiwaa  Floon.    One  of  the  most  importaat  features  of  SLOw-i 
o  malie  each  and  every  Soor  coNimuoDS  from  «all 


aroiding,  ai  far  as  possible,  boles  (or  belts,  stairways,  or  elevatoia  ao  that  a 
flee  Diay  be  omRned  to  Ihe  story  in  which  it  sUrti,  No  wellHDfMined  mill- 
owner.  enciQeet  or  builder  will,  therefore,  fail  to  locate  elevators  stairs  and 
main  belts,  in  bbick  lowcas  or  in  sectiooi  of  the  building  cut  09  f  toot  all  rooma 
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by  immdHMible  wills.  All  opemn^  En  tbcw  walk  ihould  be  pntectcd  by 
nANDASD  nu^ocxs,  pRfcnbly  wU'donDg.  In  modern  practice  all  belts 
and  ropea  wUch  inay  t)«  uKd  f  M  tiM  tnoaniiukia  of  power  to  liw  vatioui  rooDu. 
are  pla<«d  in  tHCOMBCsmLE  vektical  BEtT-csAnaus,  from  wluch  the  pown 
is  tnBNUtlad  by  ihdt*  tbmiih  tba  walla  iUs  the  imil  ra—  at  Ae  faotary. 
Then  should  be  no  uaprotecled  opening)  in  the  inner  wall*  of  this  belt- 


Shafta  above  Roof.  Skyllfhta.  All  sbaits  for  etaixs,  EtsVATORS, 
BiLTS,  etc.,  should  extend  st  least  36  in  above  Che  roof,  and  all  such  thafta 
should  be,  if  possible,  on  the  outside  of  the  buildhg.  Elevator  and  belt'lfaafu 
should  be  coveiEd  with  thin  glass  skylights  in  metal  frames,  protected  under- 
neath mth  wire  netting.  Figs.  6  and  7  illustrate  a  section  and  plan  of  a  cotton- 
lOU.,  showing  elevator,  stair  and  belt^shafts  amngcd  on  the  above  principle. 
Clouts  should  be  in  a  separate  tower  rather  than  in  manufacturing  rooms. 

The  Bider-PUBt  should  be  in  a  separate  building  cut  oS  from  the  engine- 
ronn  by  a  brick  wall,  and  the  openings  in  this  wall  should  be  protected  by  Aim>- 


ExampI*  of  Storebonae-Conatractlaii.  Fig.  8  shows  a 
the  Gre-towei  and  Pig.  B  the  Gnt-story  plan,  including  tl 
tower  of  a  f  our-sto^ 


Fig.  8.    Four-itory  SCoRhouse.    Sectioo  thnnigh  Fire 


abould  not,  id  gen- 
cial,  exceed  5  000  sq 
ft  in  ABiA.  When 
used,  however,  for 
storage  of  noa-hajr 
ardous  goods,  the 
area  may  be  in> 
creased  to  10000  sq 
ft. 
HelfhiotStoriea. 

In  stoiehouses.  the 
stories  should  be  made  low  enough  (fig.  10)  to  prevent  overloading,  and  when 
deaigned  lor  case-goods,  the  HEICEIT  or  SToaiES  should  be  sufficient  to  take  two 
cases,  with  a  i  i-in,  clear  space  under  the  beams  to  allow  for  the  distribution  of 
water  from  the  sprinklers. 

nia-WaHi.  For  convenience,  as  well  as  to  separate  the  different  hazards  tA 
nw  matcriab  and  finished  goods,  the  building  should  be  divided  into  sectiona 
by  nas-WALts  extending  at  least  36  in  above  the  roof. 

One-Storr  Storehooaei.  A  oke-siokx  smKEHoirsE  is  recommended  in 
preference  to  the  design  just  described,  whenever  tbere  is  a  sufficient  quantity 
of  level  land  at  disposal  for  this  purpose.  The  one-atoiy  building  is  cheaper. 
more  convenient,  and.  when  separated  into  small  diviuoos  by  fire-walls,  repre- 
sents the  safest  method  of  itorebouse-construction. 

TImban  and  Fiamlag.  The  rLOOa-TniBEBS  and  loor-TnnEas  should  be 
of  long-leaf  yellow  [ane.  in  single  [Hecea,  if  possible.  If  necessary  to  use  double 
beams,  tbcy  should  be  bolted  together  without  air-spaces  between  them,    l^ia- 
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ben  ibould  nat  m  oM-iroo  pbta  or  beun-bases  in  the  mils,  uid  on  cut-iion 
ops  on  the  columiu.  At  IcuC  ti-te  air-ipaon  iboalil  be  Mt  umud  all  bau» 
built  into  tba  maaonir,  itkiwiiif  Ine  VMMitokin  and  pnvcotiiit  dry  rot.    CoL- 


Fif.  B.    Four^tmy  StoitfaaaM.    Fint-itory  Plui 
IS  of  ydiow  pine  should  have  their  end-iurfacei  cut  square  w. 


Flf.  10.    Four-ttoiy  SConhouK.    Iwmetiic  Mew 

M(Ll-CotrantCT7no!J.  The  flooring  should  be  comlnicted  as  called  for  under 
Sr^sDARn  MitLCowsTsccnoM.  In  order  that  the  floora  may  be  as  nearly 
water-proof  as  possible,  tarred  paper,  mopped  with  tar,  should  be  applied,  aa 
previously  sugsested.  The  floors  in  each  story  of  the  towrr  should  be  at  lea^t 
I  in  lower  than  the  floor  in  the  adjoining  compartment,  and  the  alls  of  ihe  door- 
openings  to  tbe  tower  should  be  inclined  to  make  up  the  difference  In  leveli, 
1^  lill.  alio,  of  tbe  outside  door  of  the  tower  should  be  lower  than  tbe  tower- 
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Semtptn.    Water  a 


B  tb*  Aeon  sf  tha  town  will  mdiauiir  Biow  down  the 
He  •mactBwnt  ol  the  doot-levels  iodicated  tlwve  wiH  onli- 
a  beam  an  ivpcr  Koiy  [rom  Stxrioc  into  one  of  tbe  low 
it  i»  CKBp'Bg  Uuough  the  tower.  Cast-iron  scdppem  Me 
advUed,  and  they  should  be  set  io  tlie  brickvotk  at  frequent  iatavals,  and  bo 
designed  that  they  will  cany  away  lapidly  a  maximum  quantity  of  water  from 
'  the  Soon  of  eadi  oomputment-  To  fucthn  the  dcatnage  oF  wKter,  the  floon 
■bould  be  iodined  from  the  middle  of  the  compartmeata  to  the  icuppen.  Fig. 
11  shows  the  WIKD-SBIELD  SCDPPEI*  whicb  cmbodics  the  latest  improvemeatt. 


fRONT  KLEWTIOK 


Fig.lL   Detail  ol  Wind-shletd  Scupper 

In  the  old'Style  taippm  only  one  &ap  is  provided  on  the  outside  of  the  bi^cUng. 
During  winter  and  windy  wcatheT.  this  Sap  blows  open  and  sometineB  freewa 
open.  This  results  in  a  continuous  draft  through  the  scupper  and  over  the 
working  floor  of  the  fartaiy  or  warehouse  and  necessitates  an  {nmase  In  the 
amount  of  heat  furnished.  The  scupper  shoim  in  Tic.  H  corrects  thh  condi- 
tion by  providing  the  light  windshield  on  the  floor-level  of  the  scupper.  When 
the  outer  flap  blows  open  the  wind-shield  shuts  off  the  draft  from  the  out^e. 
This  scupper,  in  addition,  acts  as  a'fire-retardant  when  an  adjoining  building 
is  huising.  and  iriien  there  !t  a  tendency  for  the  flamea  to  communicaie  thntugh 
an  open  scupper  aad  ignite  metchaadise  on  the  floor.  The  wind-shield,  by 
tbuttmg  ofi  the  drafts  aod  tre,  acts  as  a  retardant  or  ^iekt  to  keep  out  the 

he  Wtnd-SiMd  Scupper  Compuiy.  r  Madbaa  Aveaue.  Kew 
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Toir«r  for  Stainrayt,  Blcmton,  etc.  Access  to  the  various  stories  is 
obtained  by  means  of  a  brick  towek  outside  the  main  building,  extending  36  in 
above  the  roof,  and  containing  sxAiawAits,  suvAioat,  sic.*  access  to  which  is 
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Fig.  12.    Stalrway-tover  and  GsUedM  at  Side  of  Storehooae 

obtained  by  open  galleries  at  each  floor-level.  (See  F!g.  12.)  A  doorway 
from  the  upper  story  of  the  tower  a£Fords  a  ready  means  of  reaching  the  roof. 
AuTOif  ATic  HATCHES  are  not  necessary  for  the  elevator,  as  otrAB]>-OATES  serve 
every  purpose.  If  it  is  necessary  to  construct  the  tower  for  the  elevator  and 
stairs  inside  of  the  building,  access  to  it  should  be  as  shown  in  Fig.  13.    This 


Fig.  13.    Stairway-tower  Inside  of  Stocehouae  " 


construction  serves,  also,  as  a  fise-iowbr,  part  of  the  outside  wall  being 
omitted. 

Roof  Walls  and  Parapeta.  The  walls  should  extend  36  in  above  the  roof 
and  the  paeafet  should  be  laid  in  cement,  because  the  moisture  readily  ab- 
sorbed by  the  bricks  would  otherwise  pass  downward  and  make  the  walls  of  the 
top  story  damp.  In  some  instances  a  course  of  bricks  dipped  in  coal-tar  is 
laid  above  the  roof-level. 

SprinUan,  Gtandplpoa  and  Hoae.  Mills  and  storehouses  should  be  pro- 
tected throughout  by  atttoicatic  sprinklsrs  and  by  inside  standfipb  and 
HOSE-EQUipicENTS.  Dry-pipe  sprinklers  should  never  be  used  unless  it  is  im- 
practicable to  heat  the  building.  These  systems  should  be  planned  and  super- 
vised by  a  thoroughly  reliable  fire>protection  coginflcr.  (See^  also,  Chapter 
XXIII,  pages  903  to  905.) 
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7*  Bxem^e  of  One-Story  Work-Sliep 

Beonomy.  For  woriL-shops  on  cheap,  level  land,  and  especially  for  buildings 
in  which  the  stock  is  heavy,  one-story  buildinos  have  proved  to  be  more 
economical  than  higher  buildings,  in  cost  of  floor-area,  supervision,  moving 
stock  in  process  of  manufacture  and  repairs  to  machinery,  much  of  which 
can  be  run  at  greater  speeds  than  when  it  is  in  high  buildings. 

Wmrttdag  and  VentiUting.  Window-Aree.  Such  buildings  are  readily 
warmed  and  ventilated,  and  heavy-plank  roofs  are  free  from  condensation  in 
cold  weather.  Window-areas  should  be  as  large  as  practicable,  as  a  large  window- 
area  reduces  the  hours  of  artificial  illumination.  If  the  building  is  exposed  to 
fire  from  another  building  or  buildings  of  hazardous  occupancy,  the  windows 
should  be  of  the  Fenestra,  Lupton  or  other  equally  good,  steel  construction, 
glazed  with  wire-glass.  The  forced  circulation  of  heated  air  b  a  very  desirable 
method  of  heating  mills,  and  should  be  used  in  connection  with  overhead  steam- 
pipes. 

Floors.  As  wooden  floors  are  subject  to  rot,  the  general  floor-construction, 
if  possible,  should  be  of  concrete  or  earth  or  some  other  non-combustible  mate- 
riad.  But  as  the  dust  rising  from  floors  of  such  materiak  injures  machinery, 
and  as  the  dripping  of  oils  weakens  such  floors  and  seems  to  make  a  WOOOBN 
FLOOUNG-BUUTACE  uecessary,  the  following  construction  is  recommended. 
Broken  slag  or  stone,  several  inches  in  thickness  and  thoroughly  rolled,  is  first 
put  down,  and  over  this  a  4-in  layer  of  tar-concrete.  On  this  is  laid  a  i-in 
thicknws  of  asphalt,  evenly  rolled.  Over  this,  a  or  3-in  hemlock  planks,  bedded 
in  hot  pitch,  are  laid  and  over  them  a  %  or  i^-in  maple  floor,  at  right-angles 
to  the  planks. 

Colttmn  and  Beeni-Constmclk>n«  Figs.  14  and  15  show  clearly  the  mode 
of  COLUMN  AND  BEAM-CONSTRUCTION.  No  beams  or  other  structural  timbers 
shoukl  be  painted  or  varnished  until  thoroughly  seasoned. 

The  Roofe  should  be  as  called  for  under  Standard  Mill-Construction. 
TRUSSES  in  roofs  are  ordinarily  from  8  to  ao  f t  on  centers,  the  3-in  planks  span- 
ning the  distance  between  the  trusses  as  shown  in  Fig.  14,  or  resting  on  purlins 
not  less  than  8  ft  on  centers,  and  running  longitudinally,  as  in  Fig.  15. 

Condcoe  end  Gottere.  In  Fig.  14,  the  overhanging  open  cornice  b 
shown,  with  a  drip  to  the  outside  and  without  gutters.  Roofs  sloping  back  to 
inside  gutters,  as  shown  in  Fig.  15,  are  preferable.  Projecting  brick  cornices, 
which  protect  the  woodwork  from  outside  fires,  are  shown  in  Fig.  15.  If  the 
building  is  exposed  to  other  buildings  of  hazardous  construction  and  occupancy, 
PARAPETTED  BRICK  WALLS  and  comices  are  needed. 

Roof-Conetmctloiu  The  roof-planks  should  be  at  least  two  bays  in  length, 
breaking  jointa  every  3  ft;  or,  if  purlins  are  used,  the  planks  should  cover  at 
least  two  spaces  between  the  purlins,  and  break  joints  as  above.  Roof-timbers 
should  be  well  anchored  to  walls  in  a  safe  and  suitable  manner.  While  the 
SAW-TOOTH  fonn  of  roof  may  be  used  with  this  type  of  building,  it  may 
not  be  always  necessary  or  advisable;  and  the  types  shown  in  Figs.  14  and 
15  are  types  conunon  for  machine-shops,  foundries,  and  similar  buildings,  in 
which  increased  head-room  is  required  for  traveling  cranes.  The  middle  sec- 
tion over  the  crane  Is  often  provided  with  saw-tooth  skyughts  with  excellent 
results,  and  the  side  bgys  and  others  are  made  higher  for  galleries. 

Sto^  Stmctnnl  Uembon.  In  ordinary  one-story  machine-shops,  or  in 
buiklings  of  similar  nature,  where  wide  spans  or  trusses  are  necessary,  the 
use  of  STEEL  structukal  membrbs  is  not  objectionable. 
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8.  Saw-Tooth  Roof-Cpnatniction* 

Tha  Great  Advantagea  and  the  increasing  use  of  saw-tooih  roof-construc- 
tion, and  the  lack  of  familiarity  with  it  at  many  factories,  nuke  it  desirable  to 
outline  important  features. 

Two  Typical  Dealgna  are  illustrated,  Fig.  16,  a  textile  weave-sred  with 
a  good  basement  for  the  shafting  for  driving  the  looms  on  the  main  floor  above, 
thus  dispensing  with  the  overhead  shafting  and  belting  in  the  weave-room; 
and  Fig.  17,  a  design  for  a  light  macsine-sbop  or  rouNDav.  Other  designs, 
using  light  wooden  trusses  or  reinforoed-ooncrete  walls,  are  applicable. 

Roof-Typea.  It  may  be  well  to  state  here  that  while  light  roofs  with  3-in 
and  3-in  joists  and  with  light  boards  should  never  be  used,  and  while  the  prin- 
ciples of  SLOW-BXTENING  or  ifiLL-coNSTEUcnoN,  With  its  heavy  timbers,  are 
preferred,  the  increasing  difficulty  of  promptly  obtaining  3reIlow-pine  lumber  of 
good  dimensions,  and  its  increasing  cost,  often  necessitate  the  use  of  trussea 
and  rather  light  timbers;  but  in  no  case  should  these  timbers  be  less  than  6  in 
in  width  nor  of  insuf&dent  depth  to  cany  the  load.  .Xh&s,  also,  is  in  order 
that  they  may  be  slow-busning.-  The  rods  in  all  cases  should  be  constnicted 
of  planks  and  have  wide  bays. 

Steel  Roof-Tnsaaea.  The  adaptability  of  the  light  forms  of  steel  vob 
FRAMING  teusses,  especially  when  wide  spans  are  needed,  often  compels  their 
use;  and  in  plants  having  a  safe  occupancy,  such  as  that  of  metal-workers,  steel 
trusses  are  not  objectionable,  providing  adequate  sprinkler-protection  with  a 
good  water-supply  is  available  to  prevent  quick  failure  of  the  steel  work,  due 
to  heat  from  the  combustion  of  the  contents  of  the  building  or  from  the  burning 
of  the  roof.  Similar  protection  is,  of  course,  needed  in  shops  with  wooden 
TBXTSSBa,  if  disastrous  fires  are  to  be  prevented;  but  experience  has  shown  that 
the  STEEL-iauBSED  ftoor  will  fail  much  more  rapidly  than  one  of  wood  under 
similar  conditions. 

Wooden  verana  Steel  Columna.  Wooden  posts  are  nearly  always  avail- 
able and  should  be  given  preference;  but  if  light  steel  coLtncNS  are  necessary 
they  should  be  well  protected  by  insulating  materials  if  they  are  in  rooms  con- 
taining combustibles,  as  the  column  is  the  vital  part  of  the  roof-support. 

Advantagea  of  Saw-Tooth  Roofa  may  be  outlined  as  follows: 

(x)  Uniform  Diffnaion  of  Light  throughout  the  room,  thus  making  all 
space  in  it  available.  With  all  interior  surfaces  painted  white  and  with  ribbed 
glass  in  the  sashes,  the  DirrusiON  of  light  b  ahnost  perfect. 

(3)  Better  and  Cheaper  Lighting.  Greater  adaptability  for  fiid>ting 
large  floor-areas  in  wide  buildings  with  low  head-room  when  compared  with 
what  is  necessary  in  wide  buildings  with  the  ordinary  form  of  momtor-skylights. 
Saw-tooth  roofs  furnish  the  true  solution  of  the  problem  of  excluding  the  direct 
rays  of  the  sun  and  obtaining  the  very  desirable  north  light.  They  result  in 
nreater  economy  in  ugbting,  as  they  lower  the  fixed  charges  due  to  the  smaller 
number  of  hours  per  day  during  which  artificial  light  is  necessary. 

(3)  Better  WorUng-Conditiona,  especially  in  textile-mills,  therd>y  increas- 
ing production  and  encouraging  permanency  of  employees. 

(4)  Special  Adaptability  to  many  Induatriea.  The  saw-tooih  form  is 
especially  adapted  to  weaving  and  similar  processes  in  textile-factories,  to  ma- 
chine-shops, foimdries  doing  light  woric,  and  similar  processes,  such  as  asscm- 

*  Taken  and  adapted  by  permittion  from  the  Boston  Manufactweis'  Mtttual  Insuiw 
•aoe  Company's  qtedficadoos  for  the  coostxuction  ol  saw-tooth  naU, 
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bGac  and  dnfting,  and  to  tome  ^ye-bouset  wh«re  ctraf ul  mstdtSng  of  colore  is 


INfadrantef ••  ^  Sair-Tootb  Rooft.  WlnTe  the  testimony  of  those  who 
have  had  experience  with  saw-tooth  koofs  is  ahnost  uniformly  favorable, 
lome  difficaltka  have  been  dperiencedt  pcactkaQf  ali  of  which  auy  be  sunmed 
up  as  due  to  cither  iauky  deiSga  or  poor  workmanship.  The  difficulties  in 
cenecai  aie  caused  by 

(i)  Lankly  due  to  sevete  oonditiions  durins  winter  in  our  northern  climates. 

(3)  Poor  Ventilation. 

(3)  SzcoaaiTa  Haat  when  roofs  are  thin. 

(4)  Xxaoaalva  Condenaation  on  the  underside  of  roof  and  glass  when  the 
tCBspenatuxe  outside  is  low  and  there  is  conaidesabla  moisture  in  the  rooms. 

Approved  Mafhods  of  ConatitUon.  The  following  suggestions  show  how 
the  difficulties  mentioned  may  be  obviated  if  the  appkoved  uetboos  are  applied 
to  special  cases  by  competent  engineers  or  aorchitecta.  What  is  good  engimeer- 
ING  from  the  view-point  of  the  manufacturer  can  also  be  good  nsE-FROTEcnoiS 
ENGX29£EK1MG,  and  any  design  should  be  adapted  to  both  if  the  best  interests 
of  the  manufacturer  are  to  be  served: 

(x)  Diffuaad  Indirect  Sunlight.  As  it  is  desirable  to  avoid  direct  sun- 
light and  at  the  same  time  obtain  an  abundance  of  light,  perfectly  diffused, 
the  SAW-TCETB  should  face  approximately  north  and  the  glass  should  be  indined 
to  the  vertical  to  take  advantage  of  the  biightar  tight  in  the  upper  sky  and  to 
prevent  cutting  off  the  light  by  the  saw-tooth  Inunediately  in  front;  and,  above 
all,  to  assure  the  divfusion  ov  the  ught  over  the  floor  rather  than  oa  the  under 
side  of  the  roof-planking. 

(2)  Ani^a  of  Olata.  For  the  glass  an  angle  of  from  20*  to  25*  from  the 
vertical  and  an  angle  of  approximately  90"  at  the  top  of  the  saw-tooth  will  be 
about  right,  the  variations  depending  upon  the  amount  of  light  required  and  the 
latitude.  A  sharper  angle  at  the  top  ia  not  needed»  aa  it  increases  the  cost,  and 
makes  more  roof  to  be  covered  and  larger  spans;  more  glass,  also,  is  required 
in  proportion,  and  the  light  is  not  as  good,  as  more  light  from  the  sky  is  lost 
and  too  much  light  is  thrown  on  the  under  side  of  the  roof. 

(3)  Glaxing-Datails.  Double  glazing  with  a  space  left  between  the 
lights  of  ^ass  is  preferred  on  account  of  its  conducting  qualities;  but  it  is  not 
always  necessary,  except  in  the  more  northerly  countries.  The  inside  glazing 
should  be  done  with  factory-ribbed  glass,  set  with  the  ribs  vertical  and  facing 
in.    Shadows  cast  by  trusses  aia  then  almost  unnoticeable. 

(4)  Gnttert  and  Conductors.  Condensation-gutters  are  needed  inside, 
at  the  bottom  of  the  sashes,  and  th^  should  be  drained  through  inside  con- 
DUCIDRS  and  not  to  the  outside  under  the  bottom  of  the  sashes,  as  these  latter 
admit  cold  air  and  are  liable  to  freeze. 

(5)  VaUoyn  between  the  saw^iskib  should  be  flat,  from  14  in  to  a  ft  in  width' 
and  pitdied  %  in  per  ft  towards  the  conductors,  whish  should  be  of  ample  size, 
and  not  much  ovor  50  ft  apart,  and  pcefuably  less.    The  necesaacy  piicb  may 
be  obtained  by  cross-pieces  o£  vaiyiog  heights  set  on  top  oC  the  ttusaesi  and  thua^ 
Bvokiing  hoUow  spaoBs. 

(6)  PiroTontlon  of  Lanka.  Leais,  wmch  are  common  faults^  may  ordi- 
narily be  prevented  by  a  careful  design  of  the  gutters*  valleys  and  sashes,  and  by 
inslMSng  on  good  workmanship  and  materials:  Ttie  roof-covering  of  asphalt 
or  pitch  should  ba  continuoos  thioogh  tha  vall^asad  catead  up  to  tha  gias& 
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One  [ami  of  tmutiuctioD  uiukatoad  to  have  been  veiy  MnUctDTy  li  shown  ia 
Fig.  18  and  in  connection  with  it,  reference  diould  be  mode  to  the  ptpan  ukI 
diKussion  oa  Saw-TooiB  Rooia  in  Tmo,  Aat.,  Sqc-  M.  £.,  1901,  vol.  li,  which 
contain  much  of  value. 

(7)  Wnnninc  nnd  VenUlatloa.    Eiperienca  haa  demonstrated  the  advui- 

tage  of  *  combination  ol  dibbct  iadiation  with  a  iah  luffident  onl^  for  veh- 

niATiOH  and  TEMPEBIHO  tbc  beat  of  the  room.     Heating-pipea  should  uiually 

be  placed  overhead  and  directly  under  the  front  of  the  saw-teeth,  and  tun  the 

entire  length,  and  in 

this  position  assst  ia 

preventing  condaisa- 

tion.     Where  there  ii 

no  moving  shafting. 

some  forced  circula- 


it  is  best  obtAioed  by 
a  Ian,  which  drives 
the  air  from  either  a 
diy  basement  or  from 
outside  as  may  be 
required,  and  dis- 
charges it  over  heat- 
ing-coils to  the  story 
above.  In  weaving 
and  nmilar  rooms 
ttus     is     especially 


F«.li 


Detail  of  Vi]]ey  at  Saw-tooth  Roof 


the  health  and  a 
fort  of  tbe  employees. 


greater.  Ventilation  and  cooling  of  these  large  areas  with  comparatively  low 
stories  must  not  be  neglected.  Ampl«  vents  are  needed  at  the  top  in  the 
form  of  large  metal  ventilators  with  double  walls  and  tight  dampers.  Tbey 
■re  reronunended  ui  place  of  pivoted  or  swinging  sash,  which  are  ipt  to  leak 
in  driving  storms,  and  when  open,  allow  dirt  to  blow  in  from  the  roof. 
Good  windows  are  advised  in  side  walls  and  ciperience  has  shown  their  value. 

(8)  DaUUla  of  Framing  and  Conitmctlon.  The  lUMmo  of  the  BAW- 
TEETH  may  be  of  timber,  steel  or  reinforced  concrete.  The  design  should  be 
Buch  as  will  obstruct  the  light  as  little  as  possible,  strong  enough  to  hold  wet 
snow  without  sagging,  and  stiff  enough  to  carry  shafting  motors,  etc..  when 
they  are  to  be  overhead.  When  wood  or  steel  is  used  the  nnl-planking 
should  be  J  in  or  more  in  thickness  spanning  baj^  from  8  to  10  ft  m  width. 
Hollow  spaces  in  roofs  should  not  be  permitted.  They  are  very  undesir- 
able from  a  Gre-standpoint,  and  any  condensation  which  may  take  place  in 
them  during  cold  weather  soon  rots  both  planks  and  sheathing.  Sbeaihuic, 
even  without  spaces  behind  it,  is  a  more  or  lesa  obKCtionable  feature,  as  It  is 
readily  combustible;  but  if  it  is  used  it  should  be  applied  directly  to  tbe  under 
side  of  tbe  roof-planks,  with  only  a  layer  of  some  insulating  material  betwoen,  so 
that  there  will  be  no  concealed  spacea.  If  3-ia  planks  are  sufficient  for  a  flat 
mof,  they  should  be,  aba,  for  a  saw-tooth  tool;  and  with  a  good  drrulation 
of  air  then  atwuld  be  no  trauibliv  eiceiK  in  vet  rooma.    Id  audi  noo*  tbeta  ia 
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boiiod  to  be  oondeDsation,  whether  they  are  under  a  roof  or  under  the  floor 
of  a  room  above,  unless  large  quantities  of  dry  air  are  discharged  into  them. 

(9)  Coat.  Saw-tooxb  roofs  necessarily  cost  more  than  flat  xoofs,  aa 
there  is  practically  the  same  amount  of  roofing  as  in  flat  roofs  and,  in  addition, 
the  coat  of  windows,  glazing,  flashing,  conductors,  condensation-gutters  for 
skylights,  and  a  somewhat  larger  cost  for  heating.  The  additional  cost  of  these 
items  does  not,  however,  fairly  represent  the  comparative  cost,  as  there  should 
be  considered  the  total  cost  of  the  buiiding  compared  with  that  of  an  ordinary 
one  with  sufficiently  high  stories  and  with  a  width  narrow  enough  to  give  the 
required  light.  When  this  is  done  the  slight  additional  cost  b  far  outweighed 
by  the  advantages  gained  for  work  requiring  very  good  light. 

t.  Mill-Conttroction  as  Applied  to  Warehouses 

Cost  Owing  to  the  increasmg  cost  of  heavy  timbers  for  wooden  construc- 
tion, to  the  lower  cost  of  the  8o<alled  fikx-proof  constkuctxon,  and  also  to  the 
better  fzre-kbsisting  qualities  of  the  latter,  owners,  architects,  and  builders 
should  caiefuUy  compare  the  cost  of  construction,  and  also  the  cost  of  insur- 
ance of  the  two  tsrpes,  before  deciding  on  the  one  to  be  used.  The  difference  in 
the  cost  of  construction  between  these  two  types  is  so  small,  that  in  many  local- 
ities the  bwer  cost  will  be  in  favor  of  the  keinforced  concrete  or  other  t3rpe 
of  HRE-PROOF  cONSTRUcnoN.  The  cost  of  construction  b  also  in  favor  of  the 
nxE-PROOF  TYPE,  where  both  long  spans  and  strength  are  required. 

Timber-Spacing  for  Sprinklers.  Warehouses  of  mill-construction 
should  be  built  so  as  to  allow  the  best  possible  dbtribution  of  water  from  auto- 
matic SPRINKLERS,  with  the  least  possible  obstructions,  and  floor-timbers, 
therefore,  should  be  as  few  as  the  floor-loads  will  allow.  There  should  be  no 
concealed  spaces  of  any  kind  in  the  building.  To  insure  the  greatest  efficiency 
for  sprinkler-systems,  it  is  better  to  adapt  the  timber-spacing  tasuit  the  sprink* 
lers,  rather  than  to  arrange  the  sprinklers  to  suit  the  timber-spacing. 

Mill-Constniction  Adapted  to  Warehouses.  The  features  of  bad  Gon< 
struction  mentioned  under  What  Mill-Constructzon  is  Not  are  as  objec^ 
tionable  in  warehouses  as  in  factories,  while  the  construction  advocated  for 
mills  may  be  used  with  almost  equal  advantage  in  the  erection  of  warehouses. 
But  as  the  latter  are  usually  erected  in  the  more  thickly  settled  portions  of  a 
city,  they  are  more  subject  to  the  dangers  of  a  conflagration;  and  it  should  be 
understood  that  even  the  best  slow-burnino  construction  will  stand  but  a 
short  time  after  a  Are  has  obtained  a  good  headway,  the  main  object  of  mill- 
construction  being  to  retard  the  spreading  of  flre  by  the  use  of  heavy  timbers 
and  the  absence  of  concealed  spaces.  In  appl3ring  the  principles  of  mill- 
construction  to  warehouses,  therefore,  the  general  principle  of  using  laige 
timbers  placed  as  far  apart  as  the  loads  will  permit,  and  of  avoiding  all  concealed 
spaces,  should  be  constantly  kept  in  mind. 

Warehouse-Floors,  however,  are  generally  required  to  sustain  heavier  loads 
than  are  found  in  woolen  and  cotton-mills,  and  hence  require  heavier  con- 
struction. While  WAREHOUSE-FLOORS  are  quite  often  built  with  transverse 
girders,  ft  or  10  ft  apart,  the  spaces  being  spanned  by  flooring  from  4  to  6  in  thick, 
the  more  common  method  of  construction  is  to  use  one  or  more  lines  of  longitu- 
dinal girders  supporting  floor-beams  spaced  as  far  apart  as  possible,  preferably 
not  less  than  8  ft  on  centers. 

Area  and  Height.  The  area  of  buildings  of  thb  type  should  be,  preferably, 
not  over  7  500  sq  ft,  and  in  no  case  should  it  exceed  15  000  sq  ft  between  fire-walls. 
If  buildings  of  laros  area  are  required,  it  b  advisable  to  divide  them  intp 
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•eparate  sectioni  hy  Gre-mlb,  thus  redudng  the  liability  to  one  fire,  and  afford- 
ing an  opportunity  of  storing  hazardous  goods  in  one  or  mote  sectloni,  and 
non-hazardous  ot  less  haiardous  goods  in  the  remaining  KCtioiu.  Where 
ground  13  available,  it  is  better  to  have  a  building  of  laxce  akxa  ahd  lOWEs 
HEicBT  divided  into  bre-sactions,  than  to  have  a  building  ot  lesser  akba  and 
CBIATEB  aEioitr,  as  the  (oimer  oonstnictioa  affords  a  more  economical  hanrtling 
of  goods,  and  less  coocectiation  of  vniuei.  Buildings  o(  tbii  type  should  be 
limited  to  6]  ft  in  height,  and  to  six  stories,  thus  discouraging  the  overloading 
of  floors.  Piled  goods  should  be  kept  at  least  tS  in  away  from  beama,  thus 
allowing  for  the  distribution  of  water  from  the  ^Kinklsra. 

Wlllt  should  be  of  brick,  and  not  teu  than  ij  in  (hick  in  the  upper  story, 
■nd  they  should  be  incmsed  in  thickness  an  the  lower  floors  to  take  ore  of 
additional  loads.  Paktt  walls  should  be  Increased  at  teasi  4  in  in  thickness, 
and  all  walla  should  be  hud  in  cemeot  mortar,  should  extend  above  the  roof 
at  least  36  in  aad  be  coped  with  Mone.  salt-glased  Cerra-cotta,  or  similar  oon* 
combustible  materials.  OrsHtHM  m  divbion  walls  should  be  limited  to  as 
few  as  possible,  not  ovet  thne  in  each  Btoty,  they  should  not  exceed  80  *q  It 
each  in  area,  and  should  be  protected  by  dokd>lei  Butomatic,  sUding  fii 
aa  specified  elscwbete.    (Sec  Chapter  XXIII.  page  907.) 


Fig.  Id.    Towa  Flra-»eape.    Outsble-biknoy  Ei 


Openings  In  Wall*.  As  a  protection  against  fires  from  surrounding  prop- 
erties, OPESIHCS  IN  OUTER  WALLS  should  be  small,  limited  to  aa  few  as  possible, 
and  protected  by  standard  fire-shutters  and  door^  or  standard  wire-glau 
windows.  K  the  surrounding  buildings  are  of  haaardous  occupancy  ot  inferior 
construction,  and  the  distance  between  the  warehouse  and  the  latter  but  a  few 
feet,  shutters  are  preferable,  aa  wire-glass  windows  are  recommended  only 
where  the  oposures  are  modente.    Even  though  the  baikKDC  li  not  earned 
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to  fire  from  other  buildings,  the  protection  of  wiNDOw-OPENiKas  may  present 
the  spread  of  fire  from  stoiy  to  story  through  the  windows. 

Girdera  aad  Baama  which  support  the  floors  and  roof  should  be  single 
PIECES,  not  less  than  6  in  in  least  dimension,  and  with  a  sectional  area  of  not 
less  than  72  sq  in;  while  columns  should  be  not  less  than  8  by  8  in  in  ooss- 
section  in  the  upper  story,  and  should  be  increased  in  size  in  the  other  stories 
to  take  care  of  any  additional  loads.  The  beams  and  girders  should  be  belt- 
RELEASING  (Fig.  2),  and  the  floors  should  be  built  as  outlined  imder  staiward 
MILL-CONSTRUCTION,  page  760,  inclined  at  least  i  in  in  3o  ft,  made  as  nearly 
water-proof  as  possible,  and  scuppered  to  the  outside  of  the  building.  These 
scuppers  should  be  set  in  brick-work  at  frequent  intervals,  of  sufficient  size  to 
cany  off  the  maximum  amount  of  water  from  each  floor,  and  so  constracted 
that  they  will  prevent  the  admission  of  cold  air  to  the  buildmg.    (See  Fig.  11.) 

Towera.  The  floors  should  be  continuous  from  wall  to  wall,  avoiding  holes 
for  belts,  stairways,  elevators,  etc.  All  such  openings  should  be  enclosed  in  a 
BUCK  TOWER  or  in  TOWERS  extending  not  less  than  36  in  above  the  roof,  coped 
as  above,  and  accessible  from  each  story  by  means  of  an  outside  balcony  (Fig.  19). 


Interior  of  ^ 
Building     ^ 

i 


Openings  In  tm»-inXi  •ztend 
from  floor  to  caiUaffi  Vwtibalo-floor 
of  ArO'proot  MMBtrnoUon,  RalUnf  aM 
opming. 

Fig.  20.    Tower  Fire-escape  for  Adjoining  Buildings 

Where  It  is  impossible,  owing  to  the  location  or  otherwise,  to  have  these  open- 
ings on  the  outside,  they  should  be  placed  m  brick  towers  constructed  inside 
the  building  and  connecting  with  an  entrance  to  a  fire-iwoof  vestibule,  open  to 
the  weather.  There  should  be  openings  from  each  story  to  the  vestibule,  each 
protected  by  standard  fireKtoors  (Fig.  20). 

OtaTity^Tanka  lor  Aulaiiiatie  SpriaUara  are  usually  placed  on  extensions 
of  such  towers,  and  they  should  be  built  to  Carry  the  additional  load  imposed. 
Easy  access  to  the  roof  of  the  building  may  be  had  from  a  window  or  windows 
plaoed  in  the  tower,  and  such  opening  or  openings  should  be  protected  by  fire- 
shatters,  especially  where  the  tower  is  elevated  a  sufficient  distance  to  alkyw 
the  tank  to  be  placed  inside  of  the  tower,  thus  preventing  flames  from  gaining 
acccM  to  the  tower  and  destroyfaig  the  tank  and  taak<«upporU. 
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Bolltn  (bouid  be,  preferably,  in  a  sepuste  building,  rut  OlS  by  lUnduiI 
fitE-doon  from  the  wuicbouse;  or,  if  in  the  maia  buildine,  ibonhl  be  located  hi 
a  room  ol  ruE-pioor  cohgtiuctiom,  acceu  to  vbich  ibould  be  from  outsde 
Ibe  building  only. 

Strnclnral  Stsel  Uambari  ihould  nrver  be  used  in  tbii  type  of  construction, 
as  tbey  will  not  resist  even  B  moderate  &ic.  If  used,  they  sboold  be  protected 
witb  fire-proof  materia].    The  lintels  should  be  brick  aithes  and  not  sled 


M.   Steal  and  Iron  StToctaral  ICvmbara  in  Taraboiua-Coiwtmctioii 

Metal  varava  Woodan  Standard  Mambara.  Owins  to  tbe  fact  that  a 
beam  oi  cohuon  of  stezl  or  WROuoai  ikon  when  heated  will  fail  by  buckling 
or  beodioK  veiy  much  soonei  tbu  an  equivalent  beun  or  post  of  wood,  it  is 
important  that  such  monben  be  of  wood,  pnvided  that  the  woodeh  Kums 
have  a  sectional  area  oi  at  least  71  tqin,  and  are  not  leu  than  6  in  in  least  dimm- 
»lon,  and  that  woODEH  COLWHS  have  a  sectional  area  of  not  less  than  8  by  S  in. 
Cast-ibon  columns,  also,  will  generally  fail  in  Ore  and  vrater  Kxiner  tbaii 
wooden  columns. 

nreprooflni  Stad  Baama  and  Oirdan.  When  bteel  bzaib  and  coi^ 
UHMS  ore  used,  fireproo&ng  is  necessary  to  make  them  as  fue-iesistinc  as 

,      the  floors.     Sucb  beams 

'         ' and  girders  may  be  riKE- 

21.      Metal- wire    mesfa 
should     be     placed     as 
•"  diown,  and  tied  to  the 

beams  and  girders  with 
metal  clips;  and  to 
insure  rigidity  during  the 
pouring  of  tbe  coacrtte 
and  to  keep  the  mesh  in 
aligiunent,  forms  should 
be  usfd.  The  concrete 
should  be  pound  bcf  on 


Kg.  ai.    Fitepreofiiu  of  Steel  Beam  with  Concrete  and    '■^'  ^o""  "«   •»'<*■  "^ 
PlMAter  after  the  wooden  beams 

are  in  position.  After 
complelion.  the  insuladon  should  be  at  least  i  in  at  the  edges  of  tbe 
flanges,  1  in  under  the  lower  flange  of  the  beam  and  3  in  under  tbe  lower  flange 
o(  the  girder.  The  webs  should  be  filled  solid.  When  there  is  little  storage 
of  a  combustible  nature  in  the  building,  tbe  beams  may  be  protected  as  shown 
in  Fig.  22.    ISeCk  also,  pages  S6i  to  Se6J 

nraprooflng  Hetal  Cdonn*.  Colimns,  dther  iitcL.  wiODevT-noM, 
or  CASI-IBON,  should  be  protected  even  to  a  greater  eitent  than  girders  and  beams, 
and  should  have  at  least  3  in  of  concrete  at  the  flanges,  at  least  iVt  <n  at  the 
edges,  and  be  filled  solidly  against  the  wdn.  Fig.  23  shows  two  columns  protected 
by  conerele  held  by  wire  mesh  on  W-in  rods,  end  all  securely  held  to  the  cohmm 
by  metal  clips.  Forms  should  be  used  and  the  concrete  should  be  poured  as 
the  gilders  and  beams  are  protected.  Steel  beams,  girders  and  columns  are 
difficult  to  protect,  espeully  at  the  intenections  oi  steel  and  wood,  and  tlm 
ioBulating  material  can  best  be  applied  before  the  Boors  are  laid.  The  firv- 
proofing  of  these  mamben  will  be  of  little  avail,  unlem  the  — tr^ali  aae-foa^ 
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■itli  McUl-Lath  ud  Flula 


Fit-ta. 


tilh  Concrete  and  Plul 


Fig.  24  [Dnatntcs  the  ntOTEcnoN  or  a  sound  coluun  by  reinforced  concrete. 
.fiae  the  concrete  ii  bekl  in  poutioa 
by  wire  meili  on  metal  fumikg,  bekl 
in  pomtian  by  metal  clips  or  ties. 
The  fireproofing  abould  be  at  leut  4 
in  thick.  u>d  (am*  should  be  used  in 
■utmundins  the  coltunni.    In  additioa 

to  tlu  above  reioiorcement*  for  thsM  1 

^vJiimn*,  litcni  reiiifDrcenient  abould 
be  added  by  meani  of  iron  rods  vound 
•pirally  around  mesh,  and  placed  i  a  m 
OD  ceaten.  Alter  the  Conni  are  re- 
moved, and  the  wooden  Boon  are  hud,  p[(.  u.  Tin^rooSng  of  C»at-inin  Columa 
the  columiu  and  gintn  ibouM    be  with  Coocnl*  idiI  PUit« 

fiaiibed  with  a  i  -in  thJckaeM  of  hard 
pUatd,  fillkig  all  intentlcc*  between  the  woodwotlc  and  the  luulation.    "Hli^ 
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wwiag  to  the  dtScuky  oi  pntxrly  boodlns  it,  ii  not  m  dieclivi!  u  coDcrcte; 
but  it  iccutely  bonded  by  meaos  (d  mctil,  it  is  quite  utiilutoiy.  Fie.  2S 
illustrates  the  rROiECtiON  or  a  gudeb  and  a  coldmn  by  mevu  ol  tile.  Then 
ue  other  equvUy  efficient  methods  of  beam  uid  colunm-piolection,  described 
in  Chapter  XXIU.    In  buildings  ot  warebause-cuastnictiixi,  heavy  goods  aro 


iWanrUm 


Fif.  a.    FiRpnwGi«  oI  Steel  Colunmi  and  Beun  with  Tile 


handMi  and  it  jnay  be  advisable  to  protect  the  base  of  each  column  with  ifaect 
metal  to  a  height  o(  j6  in  above  the  floor,  to  prevenl  any  weakening  of  the  ^- 
proofing.     (See,  also,  pages  813  to  S3;,  Figi.  1  lo  13.) 
Kpu  for  Gal,  Watn,  ate,  should  not  be  enclosed  in  tolumn  or  girdo- 

(See,  also,  page  817.) 


Column,  Oirdar  and  Jolit-Framjiic.  Fig.  26  illustrates  the  method  of 
canying  the  girders  from  the  walls,  posts,  etc,  the  bottom  post  refling  on  a  steel 
POST-BASE.  The  first  Boot  above  the  bosemeat  Is  shown  with  longitudinal 
l^eis  only,  aitd  heavy  mill-flooring  set  on  them.  The  ^rdcn  ate  framed  at 
the  post  in  a  steel  FOST-CAP,  and  are  hung  clear  of  the  wall  in  aa  apiicoved 
steel  WALL-HANGEK.  The  next  floor  above  ibotn  the  construction  in  whidt  the 
joists  are  framed  into  the  girders  by  meau  of  jonr-BANctM.  The  franang 
«t  the  post,  also,  is  done  by  means  oF  a  DupUEX  tous-wav  roe^CAP,  wbiit  the 
ftirder  is  built  Into  the  wall  in  a  Dvn^x  wall-box.  Tlu  joist-hancebb  are 
used  angly  or  opposite  each  other  as  required  and  are  bolted  to  the  giider, 
thus  tying  the  building  laterally.  The-  upjiei  Boot  ihows  tlic  joists  itating  on 
the  girder.  This  construction,  however,  does  not  conform  Co  strict  mill- 
coKiTBt-cnoH,  OB  it  exposes  a  laign  amount  of  Umber-surfKe.  The  glider 
i>  shown  built  into  the  wall  and  resting  on  ■  wall-flatb.  This  disbrihates  the 
load  over  the  masonry  but  is  not  as  effective  in  preventing  dty-rot  t»  tbavnu- 


Steal  and  HatlMbtA^aaPoit-CapBBBdBanL  Fig.  27  iDuslntei  otber 
details  of  construction  which  may  be  used.  The  bottom  post  reati  on  a  steel 
nai-BASK.    Tha  rosfrca*  tiomm,  oo  th*  bottOM  post  it  a  JJvrax  lomMrar 


Struclunl  DeUili  of  MiJl-CgiMtnKtkMi 
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smx  v(MT<AT,  wbile  the  ron-cjtr  above  it  ii  one  at  Uw  m>llMUe-iiOD  typ^ 
tfpimei  by  tbc  Nationil  BoMd  of  Fire  Uwlmnitcn.  Tbe  POBT-ctf  ibowa 
•I  Um  top,  alw,  i*  of  malleable  iron  and  iauukd  Cw  lisfatoc  mnMructhtii  o 
!<>i  girdcn  vhkh  ruo  uign  the  poU  at  ibown-  The  guden  in  every  caw  at* 
carried  deai  □(  the  wall  by  means  of  aji^HMved  WAix-BANOBRS  and  tbe  beamt 
are  carried  ty  tbe  ^iden  in  milleable-iroa  joist-hanceis. 


Fti.  2(.    Mm-coDUiuctioi 


Glider  uid  Jolat-f runiof 


CMt-Iroa  Polt-Ci|N  tnd  Bum.  Fig.  26  Uliuttau*  other  ditajli  o(  con- 
Unictian.  The  lowest  post  rots  on  a  heavy,  caat-Iroo,  ribbed  post-BASl. 
The  fint^tnry  flooi-«lnlan  an  carried  at  the  poU  by  mHuu  U  h«avy,  oait-ina 
P<MF«An  and  aie  built  into  tbe  wall  in  mt^rm  nALL-wncn.  Wben  ca*l 
inn  ia  lued  for  ratT«Ars  it  b  owntial  that  it  be  made  eitn-haavy,  u  cast 
ina  ii  vaqr  imceilnin  on  account  of  tbe  uneven  shit^ucc  when  cooUnci  which 
ebn  ivaa  btoial  iliiiiui  and  wc^mm  tbe  np*.    Fbiwi,  also,  may  devden 
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during  the  nunuUcture  whicb  weaken  the  apa  and  gmtly  impwr  the  laletj 
«(  the  tnuldiog.  An  objection  to  cast  iroD  b  Its  tendency  to  crack  and  biOKk 
during  ■  Are  when  cold  water  is  thrown  on  it.  The  rosr-CAra  ^o*a  in  Fig.  2S 
are  ol  cast  Iron  for  the  first  and  secoEkd  floors.  Duplex  sMel  for  tbe  third  floor, 
and  malleable  iron  on  the  top  post. 


Fig.  IT.    Hni-coaMnKtioa.    HaUesUe-mw  P<M-<a|H  sod  Bws 

DnplM,  ContiinatloD  Pott-Cap.  Fig.  29  illuitntes  the  use  o(  tlie  Dutlex 
raiiBiN'ATioN  post.<:ap  on  the  bottinn  post.  This  cap  is  made  with  a  malleable- 
iron  lover  part  and  a  steel  upper  part.  The  TOSt-CAF  shown  on  tbe  lecmd 
post  h  called  the  Ideal  FOBT.^^ir  and  conuits  of  a  steel  upper  part  with  steel 
uglei  riv*t«d  underneath  to  fit  the  post.    The  cap  shown  Ml  the  Up  port 


Structural  DeCafla  of  BlOl-Coitttniction 


Fi(.  18.    Uill-canitiuctioD.    Cut-inn  PoM-apa  and  Bua 

Btaal  PdM-Cbpi.  Fig.  SO  iUustntcs  various  iornu  of  steel  fosi-cam.  ^ 
Tbc  InxAL  Mti-CATii  ibbwn  on  the  bottom  poit  and  tbe  V  AM  EKwH  POST-cw  CD 
ite  poM  next  above.  On  tbc  top  poM  tbc  Stai  pon><;AP  ii  ihown.  This  hu 
t  fin  for  which  the  top  ol  tbc  poit  mmt  be  alolted  to  receive  it.    Steel  joibt- 
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■AHGEKB  (li  ihown  for  the  tm  lower  floors.  Tbe  IstAi,  jom-HANCsa  i« 
illustrated  in  tbe  knnr  floor.  It  i>  tpllced  to  the  lida  Mod  top  of  the  girda. 
Tbe  Van  Dorm  joisi-bangei  is  Bhawn  ia  the  second  floor,  while  the  old-style 
ETtSKcp  J9  iho?ni  in  the  top  floor.  The  waix-hancbbs  illustrated  are  of  tfa« 
ipproved  type. 


Fif.  n.    trai^amUuellnB.     Combiiutiaa  Pat-ctpt.  Me- 

Frunini  Steal  Beutii  ud  Olidari.  Fig.  31  illiutntei  the  uk  al  I-seau 
ohders  in  plue  of  wooden  oikders  and  thmr  cooDectioni  with  woodea  be«ni3. 
In  tbii  kind  of  conitniction  it  is  nttxataiy  to  fireptoof  the  iteel  bcuiB,  ta  they 
arc  more  readily  affected  by  beat  in  caw  of  fire  than  large  woodeD  limhen. 
Intense  heat  often  causei  than  to  collapse  and  luia  a  building.    The  XANCik 
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thown  in  the  first  floor  is  uud  wtiere  the  I  beum  tad  wooden  beuns  mt  of  tbe 
same  hdght.  This  oanger  provi<Iei  ui  eitn  bsring  for  the  timber  and  has 
proved  very  utiiUctory.  The  BANCEl  ihown  io  the  lecood  Hoor  il  used  when 
it  is  nccBsaiy  to  iuk  the  wooden  beam  above  the  lower  flange  of  the  ;teet 
beam.    This  HaHCEa  brings  all  the  load  on  the  lower  flange  of  the  I  beam  and 


Fig.  30.    Uill^coBilructian.    Sue]  Paat^cirK.  etc 

provides  an  anchorage  for  the  wooden  beam.  It  Is  used  singly  or  in  pairs  on 
the  1  beam  ai  requirol,  and  is  bolted  through  the  web  ol  the  I  beam.  This  haa 
been  found  to  be  a  very  economical  and  efficient  construction.  la  the  third 
floor  the  wooden  beam  ia  showo  framed  Io  the  I  beam  by  meuu  oi  a  srilf- 
ANCix.    With   this  form  of  constructjoa  it  is  necwsary  to  rivet  tbe  emu>' 
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AtMLE  (D  the  web  of  the  I  beun.  The  upper  detail  ahowi  the  old-futaioned 
snssuT  passing  over  the  top  fluige  of  the  I  beam  and  canyittg  th«  wooden 
beam.  The  post-caps  shown  are  the  Duplex  jtsel 
approved  by  the  Nwioaal  Board  of  Fire  Underwriten. 
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O.  CoanKUana  of  floor-Baaaaa  aad  Olrdan 

OirdM-Hangan  and  JidM-Haniara.  To  readcT  the  ctxuUuctioD.  and 
particularly  the  girdcn,  eLOw-bUeijing,  it  is  impoitBilt  to  have  no  hollow  spacei 
between  the  top  of  the  girden  and  the  Sooliog,  that  ii,  to  have  the  lop  suriace 
of  the  floor-beaou  flush 
with  that  of  the  girders. 
>  This,  of  course,  d 
» sitites     framing     the 


Tig.  33.    Dupla  Hugtr  [( 


Fl«.  3S.    FmnlDf  t  Beam 
.      _-         and  Wooden  Beam  el 
<»«d      The      suna  Depth 


which    some    kind    of    joist-hanoek  i 

various  kindi  of  joist-bahgeii  now  in   the  msriiet 

have  been  illustrated  and  axnmenled  on  in  the  but  part  of  Chapter  XXI. 

When  the  Boor-beams  ate  G  by  1 1  in  or  larger  in  cross-section,  and  the  girden 

are  of  wood,  the   author  would  give  the  preCereace  to  the  Dtrrtex  Hahge* 

shown  in  Fig.  32.     (See,  also, 


If 

■cvcibI  methods  in  use  for 
framing  the  wooden  beams. 
Fig.  33  shows  a  steel  I  beam, 
and  a  wooden  beam  of  the 
same  depth  fiamed  into  It 
and  resting  on  its  Iowa  Bange. 
la  meat  cases,  however,  this 
does  not  afford  a  suffideat 
bearing  for  the  wooden  beam. 
Fig.  34  shows  a  saeu-ANCLC 
nveled  to  the  web  of  the  I 
beam.  Whenever  this  method 
of  luppotting  the  beams  is 
used,  enough  bolts  or  rivets 
shoi^  be  used  to  support  the 
load  carried  by  the  ebelt- 
ANaLEI.     Each  K-In  bolt  may 


ontnttt,  there  an 


Lo  support  3  000    Fif.  ».    Wooden  Beam  Frmmed  u>  I  Beua  with 
ID  on  eacn  luie  of  the  girder,  SbeK-angle 

and  tach  U-in  bolt,  4  ooo  lb. 

The  methods  shown  ia  Figs.  35  and  36  are  sometimes  used,  but  are  open  to 
objection  on  account  oi  the  weakening  of  the  wooden  beams  when  kiaded. 
Fig.  37   shows  a  snuur-xvpB  o(  banger.    This  construction  permits  the 
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21 

t 


Fig.  85.    Woodon  Beam  Framed  to  I 
Beam  with  Wooden  Cleat 


Fig.  88.    Wooden  Bean  Framed  to  I  Beam 
witji  Shelf-angU 


Fig.  37.    Wooden  Beam  Fiamed  to  I         Fig. 
Beam  with  StirTui>-hanger 


Wooden  Beam  Framed  to  I  Beam 
with  Duplex  Hanger 


Fig.  39.    Wooden  Beam  Framed  to  I  Beam 
with  Duplex  Shelf-banger 


Fig.  40.    Wooden  Beam  Framed  to  I  Beam  with  Duplex  Box-hanger 
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fmning  of  the  waodm  baa  &t  any  daslnd  twight,  tad  bu  pnwed  utMictotr. 
Tbeac  huvcr*  can  be  usod  with  aii7  depth  of  beam  or  girder,  uod  are  fnnusbed 
by  bU  nunufactuten  of  at«l  JdibT'HAHOEIB  of  the  vtrioqs  types,  u  wdl  as  by 
bUdumiChi  who  cas  make  waoutWT-noH  arouiTM.  Jig.  38  abow*  the  Dv- 
PLEX-ivTE  or  HAMom  for  (ramiiiB  a  wooden  beun  Bmb  with  the  lower  Saogc 
of  the  t  baan.    TUa  haacv  ia  aiuchod  bjr  meuu  of  boltL    F!?.  3g  rinws 


tbe  same  design  of  banceb,  with  tbe  sHELr-comnucTlOK  used  to  carry 
tbe  wcxHien  beams  up  to  4  in  above  the  lower  Sange  of  the  I  beam.  Fig. 
40  shows  a  bancek  for  canyiag  the  wooden  beami  4  in  or  more  above  the 
lower  flange  of  tbe  I  beam. 

The  oANGEas  described  in  Figs.  88.  S9  and  40  are  aB  of  tbe  Dutlex  type. 
■nd  are  so  coiutnicted  that  all  the  load  U  carried  on  the  lower  flange  of  tbe 


Fig.  I!.    Floar-Irainliv  irith  Dqilei  Hansen  and  Fosl-caps 

I  beam,  which  li  a  very  satisfactory  and  ideal  construction  whenever  it  is 
necessary  to  frame  wooden  beams  into  and  not  rest  them  on  the  I  beams.  The 
dorign  is  ■  very  eamomical  one  for  framing  wooden  beams  to  I  beams,  as  the 
iwlts  for  attaching  these  banoub  can  be  puoched  while  tbe  steel  is  being  fabri- 
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ousi,  and  the  banoeis  arc  MUcbed  to  tbe  ttcd  beuu  by  means  o(  bdu  when 
tbe  wooden  beams  uc  put  in  place.  These  hamoebb  are  provided  with  luii 
or  lac-KTewi  foi  aochodng  ttw  wooden  beami  lecuidy  to  the  itecl  girder. 
Fig.  41  sbowi  a  aoor-fiamiog  with  the  Van  DtoH  btrel  hamoem.  Fig.  42 
'  ihows  tbe  floor  framed  with  the  Duplex  txpe  or  hamgeb  and  post-cap.  The 
same  principle  of  construction  ii  applicable  to  karger  wooden  beams  spaced 
faitber  apart. 

It.  WaU-Snppoit*  and  Anchors  for  Joiati  and  Girder* 
Box  Anehora,  Wall-Hanger*,  ate.  Anchoring.  In  a  warehouse  intended 
to  be  constructed  on  the  SLOw-BVKNInC  PkinciPle,  the  floor-beams  and  girdtts 
should  be  anchored  to, 
•nd  supported  bjr  tbe 
walls  in  such  a  way  that 
in  esse  the  beams  ate 
burned  throu^  tbe  cods 
may  fall  without  injuring 
tbe  walls;  and  wbeie 
large  timbers  ai«  used, 
provision  should  be  made 
against  the  possibility  ol 
dn-Rit. 


ng.lt.    EariyFoinaf 

mentioned,  but  it  weakened  the  walls  to 


nON  as  originally  de- 
veloped in  tbe  New  Eng- 
land mills  is  shown  in 
Fig.  43.  This  lulhUed 
the  lequirements  abo^e 
extent.    The  Goer  CASt-taON 


Fig.  44.    Coeli  Boi  Anchor  (ui  Wooden  Beum  Fig.  tt.    Goeti  Bo>  i 

choc  (or  Woadea  Ba 

BOX  ANcaoKs  shown  in  Figs.  44,  45  and  46  and  tbe  Ddtlbx  wau^box  sho 
in  Fig.  17  are  decided  impcoveoMots  oa  tbe  anchoe  abowa  in  Fig.  43,  aa  tl 
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■fioid  all  the  lAvtattttt  of  the  ktur  witfaoot  wakaiing  the  nllt,  imlea  the 

Boiu^xuiu  are  veiy  wide.    The   wall-box  u  ihown  Id  Fig,  47  is  made 

with  a  maUoble-iroa   botlom  plate  and   a  steel   box  above.      It   has  a  rib 

on  the  plate  at  the  back,  whicb  extends  up  asd  dawa.  and  acts  as  a  secure 

aochonte   in   the   brickwork.    These   wau^boxcs  aie  made   wedge-^iap^ 

and    it    is    Iherefore 

imposiible    to    pull 

them  out  of  the  wall. 

The    more     weight 

there  is  on  the  beam, 

the  stronger  will  be 

the  bond  that  bolda 

the  beam  to  the  box 

and  the  box  to  the 

wall. 

la  case  of  fire  or 
■codent,  the  joists 
can  bum  tbrough  or 
break;  i     


I  free  tl 


Fi(.  44.    Goeu  Boi  A 


}t  Wooden  Cirden 


sdves  From  the  an- 
chorage and  leave 
Lbe  wall  standing. 
The  wiU  is  nut  even  weakened  by  the  space  left  In  it.  because  lbe  box 
remains,  and  the  crushing  strength  ol  this  Cast-ikOh  box  a  much  greater  Ihan 
that  o(  the  wall.  No  break  or  breach  is  made  in  the  wall,  and  the  box  that 
remains,  securely  held,  forms  a  space  for  Ihe  easy  replacement  of  the  wooden 
beam.  The  box  provides  a  perlect  and  secure  (aundslion  for  etch  beam. 
Fire  from  a  defective  flue  cannot  ignite  a  beam-end.  because  it  is  prolected  by 
a  ventilated,  cast-ibon  box.  The 
WALL-BOXES  have  air-spaces,  also,  in 
the  sides.  Vi  in  wide,  whicb  permit  a 
drculalion  of  air  around  the  ends  of 
the  beams,  effectually  preventing  dry 
rot.  If  dmber  it  wet  or  unseasoned 
these  walHwies  allow  it  lo  dr>'  out 
alter  it  is  put  in  tbe  building.  The 
average  weight  of  a  box  like  that 
shown  in  Fig.  45,  for  i  by  ii-ia 
joists,  is  10  lb. 

Wall-Hant«n.  Another  device 
for  obtaininc  the  same  results  in  a 
iMerent  way  is  the  wall-bahcii. 
Figs.  48  and  49  show  Duplex  wall- 
BANOEis  (or  large  timbers.  The  hanger  shown  in  Fig.  49  is  made  of  open-hearth 
Steel  and  is  extra-heavy.  Each  of  these  hangers  is  provided  with  a  plate  which  has 
an  8-in  bearing  on  the  wall,  and  the  bearing  of  the  timbers  on  the  hanger  is  also 
8  in.  For  beams  not  exceeding  lO  in  in  breadth  there  is  probably  little  choice 
between  the  box  amchor.  Fig.  46,  and  tbe  WALL-HANCEas,  Figs.  48  and  49. 
except  perhaps  in  the  price  and  appearance.  When  the  wall-bancxk  is  used, 
no  hole  is  Idt  in  the  wall,  and  a  saving  of  6  in  in  the  length  of  the  beams  is 
idected,  which  in  some  cases  would  be  a  coosideration.  Forgisriera  ii  by  14  in 
•od  upwards  in  croii  section,  the  author  believes  that  the  hanger  shown  ia 


Fi(.47.    Duplex  WiU-lm  with  Ribbed: 
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k. 


File.  49  IS  prefenUe  to  the  box 
should  not  be  used  for  heavy 


.    WALL>BA]iGBts  nuuk  from  smcam 
The  use  of  any  one  of  the  hangers  or 


Fig.  48.    Duplex  Wall-hanger  for  Lazge 
Wooden  Girder 


Fig.  40.    Duplex  Exta-heavy  Wall> 
hanger  for  Laigc  Wooden  Girder 


boxes  is  obviously  greatly  superior  to  the  ordinary  method  of  anchoring  beams 
or  girders  to  walls,  and  the  use  of  such  hangers  will  undoubtedly  save  much  loss 
which  would  be  caused  by  the  falling  of  the  walls.    These  are  almost  invariably 


Fig.  60.    Application  of  Wall-hanger  to  Brick  Wall 

pulled  down  by  the  oidinary  noN  anchors  when  the  beams  fall.    Fig.  50 
shows  the  application  of  a  waix-banoer. 

14.  WaaknaM  of  Wrongkt-Iron  Stixnips  when  Exposed  to  Fire 

Stirrupt  and  Fire-Teits.  Referring  to  this  subject,  Professor  J.  B.  Johnson, 
of  Washington  University,  said:  "  The  recent  fire-tests  of  steel  stirritps  and 
brick  walls  which  were  made  under  my  supervision  in  this  city  (St.  Ix>uis), 
show  very  conclusively  that  unprotected  stirrups  are  eirtremely  dangerous. 
These  stirrups  become  red-hot  in  a  few  minutes  and  then  rapidly  char  and 
bum  away  the  ends  of  the  beams;  and  they  also  bend  down,  so  that  in  from 
twenty  to  thirty  minutes  after  the  fire  reaches  the  stirrups,  the  beam  is  dropped 
right  out  of  the  twisted  steel  by  the  straightening  out  of  this  bend  or  twist." 

The  Dtiplei  Hangen  possess  an  advantage  over  steel  stirrups  because, 
being  of  malleable  iron,  they  are  not  as  quickly  affected  by  heat,  there  are 
no  twists  or  bends  to  straighten,  and  the  bearing  in  the  trimmer  or  header  is  to 
a  great  degree  protected  by  the  form  of  construction.  During  the  severe  fire 
at  Patcrson,  N.  J.,  February  9,  1902,  some  Dttplex  wall-hancers  were  sub- 
jected to  a  most  severe  test  without  apparent  injury.  It  is  undoubtedly  dear- 
able  that  all  structural  iron  should  be  protected  from  fire,  but  it  is  almost  im- 
practicable to  effectively  protect  the  stirrups  used  in  connection  with  woodvn 
beams  without  going  to  a  greater  expense  than  the  character  of  the  construction 
varrants. 
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IS.  Post  and  Girder-Connectiona 

Iron  Cap-Platet,  Wooden  Bolstars,  etc.  Whenever  a  building  is  con- 
structed with  wooden  posts  extending  through  several  stories,  each  upper  post 
should  rest  on  an  iron  cap-plate,  fitted  over  the  post  below,  and  never  on  a 
girder  or  even  on  a  wooden  bolster.  A  bolster  would  not  be  objectionable 
were  it  not  for  the  fact  that  the  pressure  under  the  post  is  generally  sufficient  to 
crush  the  fibers  of  any  kind  of  wood.  Then,  too,  there  is  always  some  settle- 
ment due  from  shrinkage.  As  posts  are  used  expressly  for  the  support  of  beams 
or  girders,  the  iron  caps  must,  of  course,  extend  sufficiently  beyond  the  upper 
post  to  afford  ample  bearing  for  the  end  of  the  girder.  This  bearing  in  square 
inches  should  be  equal  to  at  least  one-half  the  load  on  the  girder  divided  by  the 
safe  resistance  of  the  wood  to  crushing  across  the  grain,  as  given  in  Table  IV, 
page  454. 

Example.  A  1 2  by  14-in  yellow  pine  girder  is  designated  to  support  a  possible 
load  of  38  000  lb.    What  bearing  should  it  have  at  the  ends? 

Solution.  The  safe  resistance  given  for  long-leaf  yellow  pine  to  crushing  across 
the  grain  is  350  lb  per  sq.  in.  On&-ha]f  the  load  on  the  girder  is  19  000  lb, 
and  hence  the  bearing  area  should  be  19  000  divided  by  350  or  about  54  sq  in. 
As  the  breadth  of  the  beam  is  12  in  this  would  require  a  bearing  lengthwise 
of  the  girder  of  4^  in.  In  no  case  should  the  bearing  be  less  than  that  required 
by  the  above  rule. 

!••  Form  and  Material  of  Poft-Capa 

Cast-iron  Tersae  Steel  Post-Caps.  Formerly  cast-iron  post-caps  were 
used  for  the  framing  of  the  girders  at  the  columns  and  posts.  But  the  uncer* 
taint^  attached  to  the  use  of  cast  iron,  and  the  necessity  of  extremely  heavy 
caps  to  assure  safe  construction  have  led  most  engineers  to  specify  steel  post- 
caps,  as  they  are  unquestionably  the  strongest  form  of  construction  for  fram- 
ing posts  and  girders.  The  use  of  steel  post-caps  is  to  be  recommended,  there 
being  no  uncertainty  regarding  the  strength  of  steel  atr  there  is  concerning  the 
strength  of  cast  iron  used  for  post-cap  construction.  Internal  stresses  due  to 
uneven  cooling  may  seriously  affect  the  strength  of  a  cast-iron  cap,  while  a 
honeycombed  casting  may  be  used,  undetected,  and  affect  the  safe  carrying 
capacity;  so  that  failure  of  the  cap  may  occur  even  from  the  vibration  due  to 
the  machinery  in  the  building. 

Cast-iron  Post-Caps  are  still  used  in  some  localities  and  a  few  of  the  com- 
mon forms  as  well  as  those  of  steel  pojst-caps  are  shown.  Fig.  51  shows  a 
form  which  is  frequently  used  for  light  construction.  Fig.  52  shows  a  similar 
cap  for  a  cylindrical  post.  These  caps  permit  the  use  of  girders  wider  than  the 
post.  When  the  girders  and  floor-beams  are  in  place,  and  especially  when  the 
building  is  occupied,  there  is  no  danger  of  the  girders  or  posts  slipping  on 
the  plate;  in  fact  it  would  require  a  greater  force  to  move  them.  The  girders 
shoidd  be  tied  together  longitudinally  by  iron  straps  spiked  to  their  sides. 
Many  persons,  however,  consider  it  important  in  a  building  of  slow-bvrnino 
construction,  to  have  the  posts  tied  together  in  vertical  lines,  and  the  girders 
secured  in  such  a  way  that  they  will  be  self-releasing  without  pulling  down 
the  posts.  Figs.  53  and  54  show  two  p^M-caps  which  fulfill  these  requirements. 
With  these  caps  the  ends  of  the  girders  are  not  fastened  by  bolts  or  spikes,  but 
are  held  in  place  and  tied  longitudinally  by  means. of  the  lug  L  on  the  Goetz 
CAP,  and  by  pins  on  the  Dxa^inage  cap;  so  that  in  case  the  girder  is  burned  to 
the  breaking  pohit,  it  can  fait  without  pulling  on  the  post.  Provision  is  also 
made  for  bolting  the  cap  to  the  upper  post.    The  author  doubts  very  much. 
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F%.BI.    Cut-inDl>nTiBMBP<i>iopirHfaB«uii)faa 


Fit.  H.    Cut-inn  GoeU  PoM-ctp  wiU  Bcut4u(a     Fi|.  St,     Cut-inn  Poct-ap  "ith 
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boKcm,  if  poiti  bolted  togetber  io  this  ny  will  ttand  after  tbe  girders  have 
fkUen.  M  the  pbmking  wQt  be  likdy  to  pull  the  posts  over,  even  if  they  do  not 
bum  as  quickly  ai  the  besms.  lig.  56  sbowi  aoother  fonn  of  cast  cap  with 
IS  lag-screws  to  be  driven  in  the  hole*  to  tie  the  giiden. 


FIf.  ST.    Slid  Poat-op*  id  Peat*  V*iyin(  te  Sictlaa.    Second  Figuie  Show*  Fonr- 


A  autl  Post-Cap,  which  is  approved  by  tiic  Katioiul  Board  of  Fire  Uodet- 
writers  and  bean  thdr  label,  is  shown  in  Fig.  fiO.  This  RnT<AP  Is  made  up  of 
•ted  aide-i^tea  and  hcmvy  itcxl  biackcts.  all  held  rigidly  together  by  means 
U  four  heavy  bcdts.    The  posts  and  gttdels  are  fastened  to  the  tap  by  mesoa  of 


Woodn  Mai  ud  Wticiioui»<:oBM[uctioQ       Chap  : 


Fic.  U.    Sted  Fiat'cap.    One-my  Bam-ci 


Fif.  AS.    Milkible-inMi  PgR- 


Hc-  eO.    Steel  PoM-op  bK  CootiDi 


Pi|.  U.    SUcI  PciM-cap  loi  CyUndrkd  Wooden  PoM.    Penpectira 


Feim  utd  MAtciU  of  Pcot-Capa 


7M 

>,  ponalttlng  the  giidcn  to  nleue  tlumielvei  In  cue  of  fin.  By 
thU  method  the  endie  ocmtnictian  ii  tiod  togcl^r  voticaUy  and  loocitudinally. 
Tbii  cmp,  on  account  al  iti  stiiiple  itaifa,  Vad>  U*eU  teufily  to  tvtry  form  oi 
coiutnictioa  deiired. 

Variona  Trpai  of  Poit-Capa.    Sis.  Si7  ittiutmiei  ooe  fosi-caf  In  wluch 
the  width  ol  the  (udccii  less  tJuD  [hat  of  the  poet  b«low,  and  also  uiothec  post- 


^^     to 


■A        /; 
■ -^ .s^  *■ ■ 


PLAK 
Fig.  U.    Sled  Pott-ctp  lot  Cylindinl  Wooden  Pmt.    EkvstloiB  ac 


IFIan 


CAP  ia  which  the  width  o[  the  girder  is  greater  than  that  of  the  post  below.    In 
the  lattBt  TOUB-WAV  bkackeib  are  riveted  to  the  side-p1at<s  to  provide  for  tha 
rouH-WAv  coHsnucnoN.    Fig.  58  shows  a  one-way  cohstiiictioh.    Fig.  60 
shows  a  POST-CAP  which  it  ui«d  when  it  is  leguiied  to  run  a  post  thiougli  two 
stories.    Ttus  is  what  is  koown  as  a  CON' 
TUiUouE  POfil-CAP.    The  bradict  instead 
of  beiog  made  clear  across  the  cap  ii  made 
ahrxt  OQ    both    lidei    and    fitted   into 
ahoulden  notched  into  the  post,   so  as 


ir  U|ht  COD- 


69  abows  two  mat-CAM  made  ol  nialleablo 

jroD  which  are  pcefeiable  to  cast-iron  capa 

•s  thq/  will  not  break  oil  in  case  of  a  fire 

when  cold  water  cornea  in  contact  with 

them.    This  dinger  ia  present  when  cast- 

IKOH  POST-CAPS  are  used.    Thetapafaowa 

is  made  in  two  parts  so  that,  it  wilt  fit 

posts  and  ginJera  of  different  afees.    This   j,.    j^   g^^  p^^ 

cap,  also,  is  approved  by  the  Board  ot  ilmcuon 

Fire  Underwiitera.    Fig.  61  shows  a  con- 

BiNATios  POST-CAP,  the  uppcT  part  of  which  Is  made  of  steel  plate,  aod  tho 

lower  part  at  malleable  iron.     Figs.  03  and  88  show  btul  pon^Mva  bob 

■otmv  foan.    Tkey  are  also  (reqimtljr  used  for  plpe.Dolumai  and  concreto- 

filled  colnmna.    (See,  also,  Steel-Pipe  CahunDii  page  469  and  L^lly  Cohiani, 

pages  474  and  «Tr->     Fig.  H  dicwi  ■  sihbl  pos^^up  Intoided  for  lighta* 
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Ftg.  65  ihcnn  Van  Dokh  ron-CAK.  Fig.  66  iUuitratcs  lb« 
Stab  tobt^^p  wUdi  ii  nude  of  >  bent  Kcd  plate  with  ■  fin  ptoiectiac  l>elin 
Into  allot  in  the  port.    Both  ai«  approved  by  the  Uixlerwrium.    lt\»aaoemmij 


Tit.  U.    Vu  Dora  Sled  Pmt-aft 


to  ilot  out  the  poU  In  order  to  uaert  thii  fin.     Post-caps  which  cranpletelj' 
endide  the  top  of  ttw  poit  in  i  locket,  to  a  greit  measure  tend   to  pre- 
vent the  twiitiiis  effect  of  the  po«t,  which  is  so  noticeable  when  the  posts 
•ce  o(  wood.    There  is  an  objectioo 


the  Oaoc'beams  that  are  bung  from  a 
ginler  drop  a  distance  equal  to  the 
shrinkage  in  the  girder.  If  the  beami 
are  hung  in  stimips,  or  by  one-half 


enUy  tl 


Fig.  tt.    Stu  Steel  Poit-ciip  wltb  Fla 

used  It  is,  therefore,  a  much  better 
beams  from  the  girders,  In  wb 
ited  girders  there  is  n 
posts  with  advantage. 


be  higher 

by    the   posts,    than  over  Ibe  mlei- 
medlile    beams.     In    one    building 
where   deep    beams   were    Used,    the 
unevenness  In  the  floor  amounted  to 
nearfy  an  inch  and  was  very  notice- 
able.    Wherever  wooden   girders  are 
onit  ruction  to  support  at]  of  the  floor- 
e  the  shrinkage  will  be  uniform.     With 
i  a  beam  may  be  placed  opposite  the 


V.  Booflac-Unlwiala 
WuehoaM-Roofa  are  almost  always  flat  and,  like  floon,  iboutd  be  continu- 
ous from  waQ  to  wall,  without  openings.    The  occupancy  of  such  building* 
caUs  for  little  light,  and  hence  skylights  and  other  toof-*truauta  are  not  le- 

DampaeM  »a4  LmA*.  Stored  goods  may  be  very  easily  damaged  by  water, 
and  roofs,  tberefate,  should  he  of  such  cooitruction  that  thqr  wQI  pteveat  damp- 
ntse,  dibcr  through  leakage  or  condauation.  WhHe  roofs  are  uamiir  huUt  as 
lat  as  possible^  the  incline  should  be  sufficient  to  drain  readily,  aod  the  out- 
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lets  Bbould  be  oL  tifflhririit  oipadty  to  quidJy  dnun  the  roof  of  a  mMimum 
amount  of  water. 

Skig  or  Tin  are  almost  ezdusively  used  on  buildings  of  this  tjrpe,  although 
asphalt  or  other  mastics  are  sometimes  used  with  good  results. 

^ag  Roofs  should  be  constructed  generally  as  described  on  pages  1595 
to  1599  and  should  be  not  less  than  5-ply,  with  the  maximum  amount  of  coating. 
The  flashings  and  counterflashings  should  be  of  copper  or  heavily-coated  best 
terne-plates. 

Tin  Roofs  should  be  laid  with  the  best  open>hearth,  pahn-oil-process  feme- 
plates,  laid  on  felt  or  other  suitable  material  which  will  avoid  condensation  and 
act  as  a  fire-retardant. 

Canyas  Roofing  will  stand  hard  usage,  as  is  shown  by  its  continued  use  on 
decks  of  vessels  and  steameis;  but  it  is  not  adapted  to  Urge  buildings. 

ProTlflions  for  Flooding  Roofs.  When  warehouses  are  located  m  congested 
districts,  surrounded  by  higher  buildings,  or  by  buildings  of  light  construction 
or  hazardous  occupancy,  their  roofs  should  be  so  constructed  that  they  may  be 
flooded  during  severe  fires  in  such  surrounding  buildings.  This  can  be  accom> 
pUshed  by  using  good  roofing-materiab,  making  high  flashings,  waterproofing 
the  walls  above  the  roof4ine,  and  providing  roof-outlets  of  types  that  will  allow 
the  placing  of  stoppers  at  the  scuppers.    (See  Fig.  11.) 

18.  Partitions 

If  on-bearing  Partitions.  This  refers  only  to  those  light  walls  or  enclosures 
which  separate  rooms,  etc.,  and  not  to  those  walls  which  divide  the  building  into 
sections.  Partitions,  as  here  defined,  bear  no  floor-loads.  Buildings  of  the 
SLOW-BURNING  TYPE,  for  occupandes  described  above,  need  but  few  partitions^ 
and  these  should  be  built  of  non-inflammable  materials,  preferably  metal  lath 
and  plaster  on  light,  metal  studding.  All  cupboards,  closets,  lockers,  etc.,  in 
a  building  of  this  type  should  be  of  metal,  or  other  equally  non-inflammable 
material. 

It.  Doors  and  Shottars 

Pira-Undanrrltars*  Spedfleations.  Doors  and  shutters  should  be  built  as 
outlined  in  the  Rules  and  Requirements  of  the  National  Board  of  Fire  Under- 
writers for  the  construction  and  Installation  of  fire-doors  and  fire-shutters,  as 
these  specifications  are  accepted  by  architects  and  builders  as  the  standard. 

Door-Openings  should  be  limited  to  80  sq  ft,  or  less,  each,  and  all  conununica- 
tions  between  buildings  or  sections  of  a  building  protected  with  double,  auto- 
matic, sliding  doors. 

29.  Fira-ProtacCioa 

Atttomatic  Sprinklers,  supplied  with  an  ample  quantity  of  water  at  a  good 
pressure,  are  needed  in  mills,  storehouses,  factories,  warehouses,  etc.,  where 
combustible  goods  are  made  or  stored,  or  where  large  values  are  at  stake.  They 
may,  in  fact,  be  installed  in  buildings  of  any  type  of  construction  and  occupancy, 
but  are  most  effective  in  buildings  of  rzRE-nioor  or  hill-construction. 

Inside  Standpipes,  with  outlets  in  each  story,  in  the  basement  and  on  the 
roof,  should  be  installed  at  points  readily  accessible  in  case  of  fire,  and  should 
have  a  suflldent  quantity  of  good  hose  attached  at  each  outlet. 

Roof  Hosslaa*  If  a  building  is  badly  exposed  to  other  buildings  of  inferior 
construction  or  hasardous  occupancy,  a  Monitor^nozzle  of  large  size,  located 
on  the  roof,  ia  advisable. 
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Pnblie  Water-Svppltefl.    If  these  are  not  available,  a  private  fire-aervke 

may  be  advisable. 

Competent  Suparvxaloii*  All  of  the  above  naE-vao'iEt'i  ion  is(>ijmiiLNi's 
should  be  installed  by  men  familiar  with  their  operation,  and  supervised  by 
competent  FtRE*pROXECTioN  encxneees,  under  plans  approved  by  uoderwziters 
having  jurisdiction. 

SI.     Coat*  of  MiUa  and  Factoriea  Built  on  the  Slow-Boming  Piindpl* 

IMfflenlty  of  EatilnatiBK  Cocta  from  Tablea.  The  cost  of  a  building  of 
this  type  of  construction  depends  upon  the  cost  of  material  plus  the  cost  of 
labor,  and  as  the  cost  of  either  varies  greatly  in  different  localities  the  cost  of 
similarly  constructed  buildings  must  also  vary.  Even  if  the  cost  of  labor  and 
materials  does  not  vary,  the  coat  of  buildings  of  the  same  area  will  depend  much 
upon  the  height,  floor-loads,  distance  between  bearing^points,  design,  etc,  and 
it  is  difficult  to  deduce  a  table  accurate  enough  for  use  in  <vMW|^ring  even  the 
approximate  cost  of  buildings  per  square  foot  of  floor>area&  One  finn  of 
architects  t  states:  "Experience  has  taught  us  that  estimating  the  coat  ol 
a  building  either  by  the  sQUAR£-rooT  McmoD  or  the  cubic-ioot  hezbdo 
has  proved  dai^erous  and  misleading,  and  it  was  abandoned  by  us  many 
years  ago  except  to  obtain  a  general  idea  of  the  cost  of  a  building.  We 
have  found  that  the  only  reliable  way  to  approximate  the  cost  o(  a  building 
is  to  block  it  out  and  to  figure  the  approKiOate  quantities,  which  at  the  market 
pri<xs  prevailing  at  the  time  the  building  is  to  be  erected,  will  give  the  approxi- 
mate cost  of  said  building. "  Owing  to  the  high  OMt  of  lumber,  a  fire-proof 
building  will  cost  but  little,  if  any,  more  than  a  building  of  mill-construction; 
and  owing  to  this  fact  it  is  always  advisable  to  determine  the  cost  of  buildingi 
of  both  types  before  deciding  upon  the  type  to  be  used.  Buildings  of  mu.- 
CONSTRUCTTON  are  becoming  obsolete  in  some  localities,  and  owing  to  the  lower 
rate  of  insurance  on  buildings  of  fire-proof  cONSTRUcnoN,  those  of  the  latter 
type  are  much  preferred,  as  in  the  end  they  cost  less.  It  is  not  always  safe  to 
compare  the  total  cost  of  labor  with  the  cost  of  the  labor  per  diem,  as 
the  cheaper  labor  is  often  the  more  txptnaaro  in  the  end,  this  depending  largely 
upon  the  locality  and  the  conditions  imposed.  Tables  showing  the  appioximate 
cost  of  buildings  of  the  mill-construction  type  are  computed  from  the  cost 
of  mill-buildings  of  light  construction  (cotton-mills  with  lateral  beams  only) 
and  are  not  adapted  to  computing  the  cost  of  heavy  warehouses  or  similar 
factory-construction.  The  figuring  of  the  cost  of  such  buildings  from  the  cost 
per  SQt7ARE  FOOT  gives,  at  the  very  best,  only  approximate  results;  and  as  a 
discrepancy  of  but  i  ct  per  sq  ft  will  sometimes  amount  to  thousands  of  dollars, 
the  method  is  hardly  accurate  enough  to  estimate  even  the  approximate  cost. 

The  Cost  of  Bnildinga  •€  XIIB-ConvCnictfon  in  New  England.    The 

following  eight  buildings  were  designed  by  Lockwood,  Create  and  Company 
of  Boston,  Mass..  who  submit  data  and  descriptions  of  buildings  of  mill-con- 
struction with  their  cost  per  square  foot.  These  buildings  are,  with  a  single 
exception,  situated  within  a  limited  area  where  cost  of  labor  and  materials 
vary  but  little.  The  floor-loads  vary  from  75  to  150  lb  per  sq  ft,  and  the  cost 
runs  from  $0,715  to  $1.56  per  sq  ft.  Considering  the  textile^mills  only,  the 
average  cost  is  $1,038  per  sq  ft,  while  the  average  cost  of  all  these  buildingi  is 
fi.113  per  sqft. 

*Tk«se  are  pre-war  prices,  but  the  data  aiaicUiaed  for  purpoMM  of  oomparisan  of  reW 
live  co&ts  of  different  types  of  buij<lijigi,  or  of  buildings  ia  (Uffereat  SBCtioaB  of  tkecoantiy. 
For  the  cost  of  reinforced<oDcrete  mills,  warehouses,  etc.,  see  pages  iStj  and  161S. 

t  Farrot  &  Livaudais,  Ltd..  New  Orleans.  La. 
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A  Cotton  Spinninf-Min.  This  null  hasan  attached  picker-house^  office 
and  dye-house  wings,  and  was  built  in  Rhode  Islaod  in  191  it  The  following 
are  the  details  of  coostniction:  mainmiB,  four  stories;  size,  263.17  by  131.67  ft; 
two-story  picker-house,  42.67  by  131.67  ft;  one-stoiy  dye-house  55  by  85.67 
ft;  brick  stair-tank,  and  other  towers;  waUs  of  hard  bricks;  plank  and  wearing- 
floors  on  transverse  I-beam  framing,  supported  by  cast-iron  columns,  except 
in  five  ba3rs,  where  both  transverse  and  longitudinal  framing  is  used;  slag  roof- 
ing on  plank  on  wooden  transverse  rafters;  floors  built  for  a  live*load  of  75  lb 
per  sq  ft.    The  cost  of  the  buildings  was  $0,965  per  sq  f t. 

A  Foor-Stoiy  Cotton-lCiU.  This  mill  is  without  basement.  It  was  built, 
together  with  the  fan«room  and  repair-shop  additions  in  Georgia,  ii)  1910.  The 
following  aie  the  detaib  of  ooDstruction:  mill,  four  stories;  size,  37a  by  lag  It; 
office  and  repair-shop^  one  story  in  bei^t  and  199J67  by  36  ft  in  plan;  regular 
mill-construction,  that  is,  brick  walls,  hard*pine  transverse  floor-framing,  wooden 
Cfp^""»"«^  and  plank  floors,  except  for  six  bays  of  the  fourth  floor  which  have 
steel  I-beam  longitudinals  in  addition  to  the  hard-pine  transverse  timbers,  and 
for  sixteen  bays  of  the  roof -framing  which  have  both  longitudinal  and  transverse 
hard-pine  timbers,  these  having  been  found  necessary  in  both  cases  because  of 
the  omission  of  the  alternate  columns.  These  buildings  have  extensive  monitors, 
saw-tooth  skylights,  stair-towers,  etc.  The  floors  are  designed  to  cany  a  live 
load  of  75  lb  per  sq  ft.    The  cost  of  the  building  was  $0,715  per  sq  ft. 

A  Cotton-Mlli  of  IrragnUr  Shnpa.  This  mill  is  considerably  wider  at 
one  end  than  at  the  other  and  has  a  basement  at  one  end.  It  was  built  in 
Maauchusettfl  in  191  x.  Thefoltowing  are  the  details  of  its  construction:  mill, 
&yt  stories;  Jength,  311.67  ft  and  average  width,  7542  ft;  fiva-stoiy  wikig, 
65.26  by  40.01  ft,  with  extenrive  peut-houses;  stair  and  eicwatOT'tQweia  and 
skylights;  brick  walls»  transverse  wooden  floQP>framing,  supported  by  cast-iron 
ONunms  and  brick  walls;  conditions  at  site  demanded  extensive  foundations; 
windows  in  fourth  and  fifth  stories  of  one  wall  protected  by  wire-glass  in  metal 
frames;  and  floors  built  for  a  live  load  of  75  lb  per  sq  ft,  Theoostof  thebuikiings 
was  $1,172  per  sq  ft. 

A  On»-Story  Machln^Skop.  This  was  built  near  Boston,  Mass.,  in  1910. 
The  main  bmlding  is  200  by  136.375  ft  with  a  connecting  wing,  50  by  39.33  ft. 
It  has  brick  waUs;  lengftiidinal,  steel,  I-beam  fiamiAg;  transverse,  steel,  saw- 
tooth skylight  framhig;  plank  roof  covered  with  tar  and  gravel;  2a-ft  longitu- 
dinal and  x6-ft  transverse  bays;  steel  I-beam  columns;  4H-in  cement  floors 
except  for  three  bays  which  have  a  i-in  maple  ovcrflo^riaft  a*  x-in  North  Caro- 
lina pine,  intermediate  layer,  a  3-in  kyanized  spruce-plank  layer,  and  4V^  in  of 
tar-concrete;  and  extensive  saw-tooth  skylights.  The  coat  of  the  buildings 
was  $1,288  per  sq  ft. 

A  Bttfldlng  for  Mtmifactttring  Antomohilet.  TMs  building  has  forge- 
shop  eatensions  and  was  built  In  Connecticut  in  19x0.  The  main  building 
has  four  stories  and  a  basement  and  is  54  by  151  ft  in  plan  with  a  one-story 
extension,  50  by  149  ft,  with  extensive  pent^houses  and  monitors.  The  factory- 
building  has  brick  walls,  transverse  ydlow-pine  framing  on  heavy  wooden  col- 
umns and  on  walls,  floors  of  z*tn  maple  overflooring  over  4-in  yellow-pine  planks, 
a  roof  of  3-ln  yeUow-pbe  planks  covered  with  tar  and  gravel,  and  a-  4^in 
cement,  basement-floor.  The  extension  has  brick  walls;  a  brick-on-edge  floor 
laid  oa  a  4-in  ooune  of  cement  ooncrete  on  earth;  steel  roof-trasses,  of  47-ft, 
4-ln  span  placed  xo  ft  on  centers;  tar*and-gravel  roof;  and  extensive  monitoia. 
The  floors  are  built  to  carry  a  live  load  of  125  lb  per  sq  ft.  The  coat  of  the 
Imilding  was  $x.o75  per  sq  ft. 


u 
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A  Two<-Stonr  Wooden  BoK-Factory.  This  factoiy  has  no  basement.  It 
was  built  near  Boston,  Mass.,  in  1909.  In  plan  it  is  155  by  505  ft  and  its  aver- 
age height  is  stts  ft.  It  has  hxkk  datlts;  txansverae  wooden  framing  for  the 
first  floor;  transverse  beams  supported  by  longitudinals  for  the  second  floor 
and  roof;  wooden  columns  and  plank  floors;  and  wooden  monitors.  The  floors 
are  designed  to  carry  a  live  load  of  150  lb  per  sq  ft.  The  cost  of  this  building 
was  $0.84  per  sq  ft. 

A  One-Story-and-Baaemont  Weayo-Shed.  This  was  built  near  Boston, 
Mass.,  in  1909.  It  is  213  by  244.17  ft  in  plan,  with  extensive  entrances,  towers 
and  saw-tooth  skylights.  It  hu  brick  wsiUs;  longitudinal  I-beam  girders  sup- 
porting transverse  Z-beam  girders  in  the  first  story,  resting  on  brick  piers; 
transverse  nard-fHne  girders  supporting  longitudinal  girders  for  the  saw-tooth 
skylight-framing;  heavy,  wooden  floors  and  roof;  wooden  columns;  an  earth 
basement-floor;  and  foundatwns  on  concrete  pUes.  The  floors  are  designed 
to  carry  a  live  load  of  100  lb  per  sq  ft.  The  cost  of  the  buildings,  on  the  one- 
story  basis,  was  $1.56  per  sq  fL 

A  Two-and-One-half  Stoxy  Picker-House.  There  is,  also,  a  two-stoiy 
house  and  a  one-story  connecting  passage  between  the  two  buildings  mentioned 
above  for  the  cotton  mill  of  irregular  shape,  which  were  built  in  Massachusetts 
in  191  z.  The  picker-house  is  64  by  95  ft  in  plan;  the  waste-house  31  by  49  ft; 
the  covered  bridge  xo  by  40  ft;  and  the  average  hdght  of  the  building  42.58  ft 
The  walls  are  of  biick.  The  picker-home  has  transveese  wooden  fraiiEung  sup- 
ported by  wooden  columi^  and  has  plank  floors.  The  waste-house  wing  has 
transverse,  steel  I-beam  framing  and  no  columns,  and  coDcrete4lab  floors. 
The  floors  are  designed  to  carry  a  Kve  load  of  75  lb  per  sq  ft.  The  cost  of  the 
building,  including  plumbing,  was  $1.29  per  sq  ft. 

The  Coflt  of  BnUdinga  of  Mffl-Conatruction  in  Philadelphia,  Pa.,  and 
Vldnlty.  The  foHowhig  five  buildings  were  designed  by  Steams  &  Castor, 
Philadelphia,  Pa.,  who  submit  data  and  descriptions,  with  the  cost  pek  squase 
FOOT.  These  buildtngB  are  within  a  very  limited  area,  being  in  or  within  a  few 
miles  of  Philadelphia,  and  are  of  somewhat  heavier  construction  than  those 
described  above»  the  floor-k)ads  varying  from  X30  to  150  lb  per  iq  ft  and  the 
cost  ranging  from  $0.86  to  $1 .23  per  sq  ft.  The  average  floor-kiad  is  w  lb  and 
the  average  cost  $zx>3  per  sq  ft.  The  two  spinning-mills  mentioned  are  de- 
signed for  average  floor-loads  of  iso  lb  and  their  average  cost  was  $1^00 
per  sq  f  t. 

A  Chocolate-Factory.  This  was  built  in  Phibdelphia,  Pa.,  on  open  ground. 
It  has  an  ornamental  exterior;  walls  of  Sayer  and  Fidier  bricks  with  terra-cotta 
trimmings,  and  a  main  building,  83  by  303  ft  in  plan  and  two  stories  in  height. 
One  section  of  the  building,  60  ft  in  length,  is  three  stories  high.  The  stoiy- 
heights  are  14  ft  from  top  to  top  of  floors.  The  floors  are  designed  to  carry 
a  live  load  of  150  lb  per  sq  ft.  It  has  foundations  of  concrete;  heavy  mill- 
floors  on  heavy  timber-framing;  a  slag  roof;  all  stairways  and  elevators  in 
brick  towers;  and  openings  in  division  walls  equipped  with  fire-doors.  The 
cost  of  the  building,  excluding  plumbing,  heating,  electric  work,  elevators,  fire- 
protection  and  mechanical  equipment,  was  |o.86a 

A  Fonr-Stocy^nd-Basement  ChoeoUte-Fadory.  This  building  was 
erected  in  Philadelphia,  Pa.  It  is  44  by  130  ft  in  plan,  with  average  stmy- 
heights  of  13  ft.  It  was  built  in  a  congested  part  of  the  dty,  between  other  build- 
.ings.  The  cost  of  underpinning  and  shoring  the  adjacent  buildings  is  inchidcd 
in, the  cost  given.  It  has  pUunibiiick« walls;-  slow-bimilng  floor-constrtii^tion  on 
heavy,  wooden  timbers,  with  finished  tloorii^  oT  maplettMltpiriys  and  elevatom 
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In  brick  endosuies;  and  a  slag  rool.  The  floors  are  designed  to  cany  a  Kve 
load  of  150  lb  per  aq  ft.  The  cost  of  the  buildings  including  plumbing,  but 
excluding  heating,  electric  woric,  elevators,  fiie-piotection  and  mechanical 
equipment,  was  $1.23  per  sq  ft. 

A  Spinning-Mfll.  Thb  building  was  erected  in  Philadelphia,  Pa.,  on  ground 
open  and  easy  of  access.  Its  exterior  is  of  brick,  without  ornamentation.  It 
is  64  by  268  ft  in  plan,  three  stories  in  height,  the  stories  throughout  being  15  ft 
6  in  from  top  to  top  of  floors.  The  floors  throughout  are  calculated  to  carry  a 
live  load  of  120  lb  per  sq  ft.  It  has  walls  of  brick;  a  sloW-bliraing  floot-om- 
Btnicdon  with  finished  flooring  of  maple;  a  slag  roof;  and  stairways  and  ele- 
vators in  brick  enclosures.  The  cost  of  the  building,  excluding  plumbing, 
heating,  electric  work,  elevators,  fire-protection  and  mechanical  equipment 
was  $0^3  per  sq  ft. 

A  Spinning-Mill.  This  building  was  erected  in  Philadelphia,  Pa.,  on  ground 
open  and  eas^'  of  access.  Its  exterior  is  a  plain  brick  design.  It  is  69  bx  S69  ft 
in  plan  and  three  stories  in  height,  the  story-heights  throughout  being  15  ft 
6  in  from  top  to  top  of  floors.  The  floors  throughout  are  calculated  for  a  live 
load  of  120  lb  per  sq  ft.  It  has  brick  walls  with  concrete  foundations;  a  slow- 
burning  floor-construction  with  a  finished  flooring  of  maple;  a  slag  roof;  all 
stairways  and  elevators  in  brick  enclosures;  and  all  openings  in  divisbn  waUs 
equipped  with  fire-doors.  The  cost  of  the  building  excluding  the  plumbing, 
beating,  electrical  work,  elevators,  fiie-protection  and  mechanical  equipment, 
was  $1.07;  and  the  cost  of  the  building  including  the  plumbing,  heating, -elec- 
trical work,  elevators  and  fire-protection,  but  excluding  the  mechanical  equip- 
ment, was  $1.34. 

A  Clothing-Factory.  This  building  was  erected  in  Woodhine,  N.  J.,  on 
ground  open  and  easy  of  access.  Its  exterior  is  of  brick,  without  ornamentation. 
It  is  45  by  179  ft  in  plan  and  three  stories  in  height.  The  basement  is  10  ft  in 
height,  and  the  other  stories  12  ft  in  height  from  top  to  top  of  floors.  The 
floors  are  calculated  throughout  for  a  live  load  of  xao  lb  per  sq  ft.  It  has  walls 
of  brick;  slow-buming  floors  with  yellow-pine  finished  flooring;  a  slag  roof;  and 
all  stairways  and  elevators  in  brick  towers.  The  cost  of  the  building,  exdud' 
ing  beating,  electrical  work,  fire-protection  and  mechanical  equipment,  but  in- 
cluding freight-elevators  and  pliunbing,  was  $i.ox  per  sq  ft. 

The  Cost  of  Bandings  of  Mffl-Constmction  in  fhs  Middle  West. 

The  following  six  buildings  were  designed  by  F.  G.  Mueller,  Hamilton,  Ohio, 
who  submits  data  and  descriptions  with  the  costs  of  buildings  of  heavier  con* 
structkm.  The  floor-loads  vary  from  200  to  300  lb  and  the  cost  from  $6.63 
to  I0.96  per  sq  ft.  The  paper-mill  at  Taylorsville,  Hi.,  is  partly  of  concrete 
construction,  and  was  built  at  a  cost  of  $1.30  per  sq  ft.  Exclusive  of  the  last- 
named  building,  the  average  floor-k)ad  is  230  lb  and  the  average  cost  |o.8o$ 
per  sqft. 

An  Addition  to  a  Papsr-MIIl.    This  was  bmit  fai  Dayton,  Ohio.    It  Is  a 

two-story  brick  building,  x  x6  by  79  ft  in  plan.  The  first  stoiy  is  used  for  paper- 
storage  and  the  second  story  as  a  finishing-room.  The  first  floor  is  of  cement 
on  a  cinder  fiU;  and  the  second  floor  of  294-in  yellow-pine  planks  with  an  over- 
flooring  of  Tft-in  maple,  supported  by  8  by  x4-in  beams,  14  by  x6-tn  girders  and 
xo  by  xo-in  wooden  posts.  The  floors  are  figured  for  a  live  load  of  200  lb  per 
sq  ft.  The  roof  is  supported  by  six  steel  trusses  and  4  by  xo-in  wooden  purlins, 
and  covered  with  x%-in  sheathing  and  composition  roofing.  The  foundatioof 
are  of  concrete.  The  cost  of  the  bulkling,  exclusive  of  the  plumbing  and  heat" 
ing,  was  lb.75  per  sq  f t. 
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An  Addition  to  a  Ponndfy.  This  one-stoKy,  brick,  fouadiy-buildiiig  was 
erected  in  Hamilton,  Ohio,  is  43a  by  63  ft  in  plan,  and  haa  a  one-story  wing. 
86  by  46  ft  in  plan,  and  a  one>story  cupola-lioase,  a6%  by  36H  ft  in  plan.  It 
has  a  wooden  floor  in  the  wing  only  and  dirt  floors  dsewhere.  It  has  ooncxeto 
foundatioDs;  a  oomposition  roof  on  a)4-in  sheathing,  supported  by  12  by  14-in 
girders,  6  by  xa-in  beams  and  6-in  cast-iron  columns;  an  elevator  in  the  cupola- 
bouse;  and  all  doors  of  tin-clad  construction.  The  cost  of  the  building  was 
$0,836  per  sq  ft, 

A  Pnpor«lf  illh  This  was  buik  in  Monroe,  Mich.,  and  is  a  one-story-and* 
basement  brick  building,  185  by  87  ft  in  plan,  with  an  end-wing  334  by  35  ft. 
It  has  heavy  beam  and  girder  floor-oonsfcruction,  designed  to  cany  a. live  load 
of  300  lb  per  sq  ft;  concrete  foundations  and  a  basement-part,  130  by  87  ft. 
It  is  designed  for  one  paper-nuiking  machine  and  four  beaters,  has  a  oomposition 
loofing  and  one  skylight  over  the  boiler-room.    The  cost  was  I0.88  per  sq  ft. 

A  Paper-MilL  This  is  an  irregular-shapod  brick  building  erected  in  Kennil- 
worth,  La^  and  is  ssl^  by  r68  ft  in  plan.  About  one-third  of  it  is  two  stories 
and  the  remainder  one  stoiy  in  height.  It  has  a  heavy  wooden,  beam,  girder 
and  post-oonstruction;  a  stone  foundation  on  csnsress-grillage  footings;  and 
floors  designed  to  carry  heavy  paper-making  machinery  with  a  live  load  of 
aso  lb  per  sq  ft.    The  cost  of  the  building  was  $0.96  per  sq  ft. 

A  Warehooso.  This  is  a  one-story-and-basement  brick  building,  erected  in 
ITamilton,  Ohio,  and  is  38  by  50  ft  and  designed  for  a  live  load  of  aoo  lb  per  sq 
ft.  It  has  a  cement  floor  in  the  basement;  10  by  14-in  girders,  8  by  xa-in  beams 
and  10  by  lo-in  posts  supporting  3%-tn  flooring;  10  by  14-in  gilders  and  lo-in 
round,  wooden  posts  carrying  2V4-in  sheathing  and  composition  roofing.  The 
cost  of  the  building  was  io.6a  per  sq  it. 

A  Papor-MiU.  This  was  built  in  Taylorsville,  111.,  and  has  a  main  building, 
two  stories  in  height  and  49  by  130  ft  in  plan;  a  one-story  part,  138  by  81  ft 
in  plan;  and  a  one-story  wing,  49  by  144  ft  in  plan.  There  is  a  basement  under 
alxnost  the  entire  building.  The  foundations  are  of  concrete  and  there  are 
cement  floors  in  the  basement.  The  first  floor  is  of  reinforoed-beam,  girder 
and  slab-construction,  designed  for  a  live  load  of  350  lb  per  sq  ft;  the  second 
floor  of  mill-construction,  supported  by  cast-iron  columns,  14  by  i8-in  wooden 
girders  and  12  by  x6-in  wooden  beams;  and  most  of  the  roof  is  supported  by 
steel  trusses  and  wooden  puriihs.  The  second  floor  was  designed  for  a  live  k>ad 
of  150  lb  per  sq  ft.  There  are  extensive  skylights,  pent-houses,  etc.  The  cost 
of  the  buikiing  was  $1.30  per  sq  ft. 

The  Coat  of  Bvildinga  of  Mill-Conatractioa  in  Toronto,  Conndn. 

The  building  described  in  the  following  paragraph  was  designed  by  Sproatt  & 
Roipb,  of  Toronto.  Canada,  who  submit  data  of  a  warehouse-building  with  all 
floor-openings  and  windows  and  other  outer  wall-openings  protected  in  an 
approved  manner,  and  erected  at  a  cost  of  $i.xa  per  sq  ft. 

A  Fivo^tory-ond-Baaeniont  Sood-Worohouso.  This  was  built  in 
Toronto,  Canada,  and  is  1 11  by  140  ft  3%  in  in  plan.  The  floor-heights  are  13 
ft  I  in,  and  the  total  height  is  66  ft.  The  floors  are  built  of  a  by  6-in  pieces  of 
pine  on  edge  and  the  bays  measure  x  a  ft  5  in  by  13  ft.  The  beams  axe  of  long-leaf 
yellow  pine,  14  by  18  in  in  section;  the  posts  of  similar  material,  varying  from 
8  by  8  in  to  16  by  16  in;  the  walls  are  of  hard,  red  bricks  with  gray  stone  fac- 
ings; and  the  sashes  and  frames  are  of  steel  throughout.  The  building  has  three 
elevatora  in  a  brick-endooed  shaft  and  one  staircase  in  a  separate  brick  shaft. 
The  floors  are  designed  to  cany  a  live  kiad  of  250  lb  per  sq  ft.  The  cost  of 
the  building,  exclusive  of  the  heating  and  lighting,  was  Sx.xa  per  sq  ft. 
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The  Cost  of  Buildiact  of  MJU-Constraclioa  la  Horthwottorn  Canada, 
The  ioUoiriiig  four  buikUnip  wei«  desigDftd  by  J.  H.  G.  Russell,  Winnipeg, 
Canflch,  and  are  warehouses  of  very  superior,  heavy  constructioiv  widely 
aeparated  in  location,  yet  vaiyin^T  little  in  cost  The  floor-loads  used  vary 
from  aoD  to  350  Ih,  live  kMd,  per  aq  f t  and  the  cost  varied  from  $1.41  to  $i.s4 
per  sq  ft.    The  average  cost  was  $1^6  per  sq  ft. 

A  SaYan-9tory««ad»Baa«i»«nt  Warehonae.  This  was  built  in  Winnipeg, 
Canada,  and  is  50  ft  6  in  by  119  ft  9  m  in  plan.  The  floors  areof  6-in  spruce  with 
^•in  maple  overflooring.  AU  floors  are  on  heavy  girders  and  columns;  the 
elevators  ai«  in  brick  shafts;  and  the  walls  are  of  brick,  except  the  first  story 
front  wall,  which  b  of  cat  stone.  The  floors  are  designed  to  carry  300  lb  per 
aq  ft,  live  load.  The  cost  of  tbe  boikiing,  exclusive  of  the  heating,  elevators, 
etc.,  was  $146  per  sq  ft. 

A  Three-Story-and-Baaement  Warehoase.  This  was  built  in  Winnipeg; 
Canada,  and  is  62  ft  6  in  by  86  ft  6  in  in  pUn.  Heavy  fir  timbers  were  used  for 
framing.  It  has  a  6-in  fir-plank  solid  floor  with  %-in  maple  overflooring; 
stairs  and  elevators  in  brick  towers;  brick  walls  with  the  openings  in  the  rear 
and  sides  of  the  building  protected.  The  floors  were  designed  to  carry  a  live 
k>ad  of  3SO  Ih  per  sq  f  t,  and  the  ooet  of  the  building,  excluding  the  heating,  etc., 
was  $1.41  per  sq  ft. 

A  Warehouae.  This  is  a  stx-story-and-basement  building,  erected  in  Saska- 
toon, Canada,  and  is  50  by  1x2  ft  in  plan.  The  floors  are  of  6-in  fir,  with  %-in 
maple  overflooring,  and  are  supported  by  heavy  fir  timbers.  The  building  has 
brick  walls  with  a  front  of  pressed  bricks  and  cut-stone  trimmings;  some  of  the 
openings  are  protected  by  wire^glass  windows;  and  the  stairs  and  elevators  are  in 
brick  shafts.  The  floors  were  built  to  carry  350  lb  per  sq  ft,  live  load,  and  the 
building  cost,  exclusive  of  the  heating,  elevators,  etc.,  $1.44  per  sq  ft. 

A  Five-Story-and-Baaement  Warehouse.  This  was  built  in  Edmonton, 
Canada,  and  is  50  by  137  ft  in  pUn.  The  floors  are  of  6-in  fir  with  %-in  maple 
overflooring.  The  building  has  brick  walls  and  the  front  and  one  side  waU 
are  faced  with  pressed  bricks  with  stone  trimmin£;s.  It  has  the  openings  in 
the  rear  wall  protected  and  the  stairs  and  elevators  are  in  brick  shafts.  The 
walls  are  strong  enough  for  two  additional  stories  and  the  floors  are  designed 
to  carry  3So  lb,  live  load,  per  sq  ft.  The  cost  of  the  buil(Mng,  exclusive  of 
heating,  elevators^  etc.  was  $1.54  per  sq  ft. 

The  Coat  of  BaOdinga  of  MiU-Conatmctlon  in  Vancouver,  Canada. 
The  building  described  in  the  foUowing  paragraph  was  designed  by  Dalton  & 
Eveleigh,  Vancouver,  Canada,  who  ghre  data  of  a  warehouse  with  floors  designed 
to  carry  an  average  load  of  500  lb  per  sq  ft  and  costing  $1 .09  per  sq  ft.  Although 
the  heaviest  timbers  and  the  heaviest  waU-hangers  and  beam-hangers  were 
used,  and  the  floors  built  of  the  maximum  thickness,  the  cost  was  extremely 
low.  This  no  doubt  was  partly  due  to  the  proximity  of  the  timber  and  the 
facilities  for  transporting  it  by  water. 

A  Warehouse  for  the  Storage  of  Heavy  Hardware.  This  was  erected 
in  Vancouver,  Canada.  The  main  building  has  four  stories  and  a  basement, 
and  is  85  ft  6  in  by  1x5  ft  6  in  in  plan.  The  office- wing  has  four  stories  and  a 
basement  and  is  60  by  40  ft.  Thaw  is,  also,  a  four-story  and  half-length-base- 
BMnt  building,  38  by  1 30  ft,  connecting  with  the  two  upper  stories  of  the  main 
building  by  means  of  a  steel  bridge  40  ft  long.  The  walls  above  the  basement 
are  of  hard-burned  brick  and  the  concrete  basement  walls  and  floors  are  treated 
with  hydroUte.  The  main  girders  are  set  33  ft  on  centers  and  vary  in  sectioa 
from  IS  by  16  in  to  18  by  24  in  and  are  all  one-piece  sticks.    The  posts,  set  ix  ft 
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10  in  <m  centers,  vary  from  i3  by  it  in  in  one  pieoe,  to  ao  by  38  in,  in  three 
pieces.  The  joists,  set  4  ft  on  centers,  vaiy  from  8  by  x6  in  to  x6  by  24  in  in  one 
piece.  The  floors  are  made  of  4  by  6-in  and  4  by  4-in  pieces,  laid  solid,  with 
top  floorincr-made  of  2  by  6-in,  edge-grain^  tongued  and  grooved  pieces,  with 
two  layers  of  asbestos  between,  weighing  xoVi  ounces  per  sq  ft.  All  the  tim- 
bers are  of  fir.  There  are  three  brick-enclosed  elevators  with  fire-doors,  and 
one  elevator  in  a  wooden  shaft,  built  "solid"  of  3-in  thick  pieces.  The  office- 
front  is  of  pressed  bricks  and  has  plate  glass,  marble  steps  and  copper  trim. 
The  windows  are  glazed  with  wire-glass  in  metal  frames,  and  there  are  fire- 
doors  on  the  outer  door-openings.  The  roof  is  made  of  a  6-i>ly  composition  with 
a  gravel  coating.  The  live  load  used  for  the  floors  variol  from  i  ooo  lb  per 
sq  ft  on  the  ground  floor  to  250  lb  on  the  top  floor,  the  average  live  load  being 
500  lb  per  sq  ft.  The  walls  and  posts  were  designed  to  cany  two  additional 
stories,  with  a  live  load  of  225  lb  per  sq  ft.  The  cost  of  the  building,  ezduaive 
of  the  heating  and  office  and  warehouse-fixtures,  was  $1.09  per  sq  ft. 

72,  Cost*  of  Brick  Mill-BuUdlngs  of  Slow-Burning  Constmctioa 

Approximate  Cost  of  Brick  Mill-Buildings.  Mr.  C.  T.  Mahif  has  made  a 
series  of  diagrams  showing  the  cost  in  New  England,  in  19 10,  per  squake  foot 
OF  FLOOR  SPACE,  of  BRICK  niLL-BUiLDiNOS  of  different  sizes,  from  one  to  six 
stories  in  height,  and  of  the  type  known  as  slow-burning.  The  calculations 
are  made  for  total  floor-loads  of  about  75  lb  per  sq  ft.  The  figures  taken  from 
the  diagrams  are  given  on  the  folkiwing  page.  The  costs  include  ordinary 
foundations  and  plumbing,  but  no  heating,  sprinklers  or  lighting. 

Modifications  of  the  Costs  giyen  in  Table  I:  (i)  If  the  soil  is  poor  or  the 
conditions  of  the  site  are  such  as  to  require  more  than  ordinary  foundations, 
the  cost  wUl  be  increased. 

(2)  If  the  building  is  to  be  used  for  ordinary  storage-purposes  with  low  stories 
and  no  overflooring,  the  cost  will  be  decreased  from  about  10%  for  large, 
low  buildings  to  25%  for  small,  high  ones,  about  20%  being  usually  a  fair 
allowance. 

(3)  If  the  building  is  to  be  used  for  manufacturing  and  is  substantially  buOt 
of  wood,  the  cost  will  be  decreased  from  about  6%  for  large,  one-story  biiildings 
to  33%  for  small,  high  buildings;   15%  would  usually  be  a  fair  allowance. 

(4)  If  the  building  is  to  be  used  for  storage  and  built  with  k>w  stories  and  sub- 
stantially of  wood,  the  cost  will  be  decreased  from  13%  for  large,  one-story 
buildings  to  50%  for  small,  high  buildings;  30%  would  usually  be  a  fair  allow- 
ance. 

(5)  If  the  total  floor-k>ads  are  more  than  75  lb  per  sq  ft  the  cost  is 
increased. 

(6)  For  offioe-buildings,  the  cost  must  be  increased  to  cover  the  exterior 
architectural  treatment  and  the  interior  finish. 

(7)  Reinforced-concrete  buildings,  designed  to  cany  floor-loads  of  100  lb  or 
less  per  sq  ft  will  cost  about  25%  more  than  those  of  the  slow-burning  type 
of  mill-construction. 

*  These  are  pre-war  prices,  but  the  data  are  retained  for  purpoees  of  comparisoo  of 
rdative  costs  in  the  ana^is  made.  For  the  cost  of  reinforced'Concrete  mills,  warehoosesa 
etc..  see  pa«es  1613  snd  16x8. 
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Table  L    Cost  of  Brick  MJn-BvOiliiifi  per  SqoaM  Foot  of  Floor-ArOA 


Length  in  ft 

50 

100 

X50 

300 

350 

300 

350 

400 

SCO 

Width  in  ft 

One  story 

25 

I1.90 

I1.66 

Sx.58 

11.54 

I1.51 

lx.49 

8X.48 

$X.47 

»i.46 

SO 

X.52 

1.39 

1. 31 

X.18 

x.z6 

X.X5 

X.X4 

1. 13 

x.13 

75 

1.41 

X.3I 

I.X3 

X.oS 

z.b6 

1.04 

X.03 

x.03 

1.03 

las 

1.32 

X.09 

X.02 

0.98 

0.96 

0.94 

0.94 

0.93 

0.93 

Two  stories 

IS 

3.00 

I.«3 

Z.52 

1.47 

X.44 

r.41 

1.39 

X.38 

1.36 

SO 

I.SO 

x.ax 

1. 13 

1.09 

x.06 

I. OS 

1.04 

1.03 

1.03 

75 

1.34 

X.08 

x.ox 

0.97 

0.94 

0.93 

0.93 

0.91 

0.90 

13$ 

1.33 

0.97 

0.90 

0.86 

0.84 

0.83 

o.8x 

0.80 

0.86 

Three  stories 

25 

1.98 

X.S7 

1.47 

1.43 

Z.39 

1.38 

1.36 

1.35 

X.34 

50 

1.47 

X.X7 

1.07 

X.03 

1. 01 

1. 00 

0.98 

0.98 

0.98 

75 

1.30 

X.05 

0.98 

0.94 

0.9X 

0.89 

0.88 

0.87 

0.86 

125 

1. 18 

0.93 

0.86 

0.83 

0.80 

0.78 

0.77 

0.76 

0.76 

Pouritories 

25 

3.00 

x.6x 

1.50 

1.45 

X.43 

X.40 

1.38 

1.37 

X.36 

so 

X.38 

X.X7 

X.IO 

x,05 

x.03 

x.oo 

x.oo 

0.99 

0.98 

75 

1.33 

x.08 

0.97 

0.93 

0.90 

0.88 

0.88 

0.87 

0.87 

125 

X.30 

0.93 

0.85 

0.81 

0.78 

0.77 

0.76 

0.75 

0.74 

Six  stories 

25 

3.10 

X.73 

X.S7 

Z.5X 

X.48 

1.46 

X.44 

X.43 

1.43 

50 

X.53 

I.3X 

I.X3 

Z.06 

X.OS 

1.04 

1.03 

1.03 

1. 03 

75 

X.35 

X.06 

0.98 

0.94 

0.93 

0.90 

0.89 

0.88 

0.86 

125 

1.33 

0.96 

0.86 

0.83 

0.79 

0.78 

0.77 

0.76 

0.76 

The  COST  PER  SQUA&E  FOOT  of  a  building  zoo  ft  wide  is  about  midway  between  that 
of  one  7S  ft  wide  and  one  za$  ft  wide;  and  the  cost  of  a  five-stoiy  building  about  mid- 
way between  the  costs  of  a  four-story  and  a  six-story  building. 

Additional  Data  for  estimating  costs  of  foundation-waUs  and  other  walls 
are  given  in  the  following  table: 

Tabto  n.    Cost  of  Walls  in  Brick  MIU-Biiildincs  of  Slow-Bumiiic  Constmction 


Number  of  stories 


Foundations,  including  excavations 
Cost  per  lin  ft: 

Outside  walls 

Inside  walls 

Bride  wails. 
Cost  per  tq  ft  of  surfaoe: 

Otttaido  walls 

Inside  walls 


$3.00 
X.75 


0.40 
0.40 


$3.90 
3.35 


0.44 
0.40 


S3.80 
3.80 


0.47 
0.40 


I4.70 
3.40 


0.50 
0.43 


I5.60 

3.90 


0.53 
0.45 


I6.S0 
4.50 


0.57 
o 


^ 
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CohilBM,  fne-hiding  piers  snd  oasdngs,  cost  iboiit  $1$  each. 

Assumed  Height  of  Stories:  Ftom  ground  to  first  floor,  3  ft.  Buildings 
25  ft  wide,  stories  13  ft  high;  50  ft  wide,  14  ft  high;  75  ft  wide,  15  ft  high; 
xoo  ft  and  125  ft  wide,  16  ft  high. 

Cost  of  Floors:  3a  cts  per  sq  ft  of  gross  floor-space^  not  including  columns; 
38  ctt,  including  cohunns. 

Cost  of  Roof:  25  cts  per  sq  ft,  not  including  columns;  30  cts,  including 
columns.    Roof  to  project  z 8  in  on  all  sides  of  buildings. 

Stairways,  including  partitions,  $100  each  flight.  Include  two  stairways  and 
one  elevator-tower  for  buildings  up  to  150  ft  long;  two  stairwajrs  and  two  elev»* 
tor-towers  for  buildings  up  to  300  ft  long.  In  buikiings  over  two  stories  io 
height,  three  stairways  and  three  elevator-towers  for  buildings  over  300  ft  long. 

Plumbing  Fixtures.  In  buildings  of  more  than  two  stories  figure  $75  for 
each  fixture,  including  the  piping  and  partitions.  Allow  for  two  fixtures  on 
each  floor  up  to  5  000  sq  ft  of  floor-space,  and  one  fixture  for  each  additional 
5  000  sq  ft,  or  fraction  thereof,  of  floor-space. 
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CHAPTER  XXin 

FDtEPBOOFING  OF  BUILDINGS 

By. 
RXnX)L?H  P.  MILLER 

SUFEaZNTBNDENT  OF  BUILDIM08,  HEW  YORK  CZTY 

!•  D«flBitioiis,  AreM,  H«lghti,  and  Caste 

Deflnitioiii.  The  term  fike-proof,  while  qow  quite  well  tjnderstood  by 
architects,  is  still  used  in  a  very  broad  sense  by  the  pubfic.  To  be  strictly 
fire-proof,  a  building  must  be  constructed  and  finished  entirely  with  incom- 
bustible materials,  and  any  of  these  materials,  such  as  steel  or  iron,  which  are 
injuriously  affected  by  heat  or  streams  of  water  must  be  efficiently  protected 
by  other  mateiiab  which  are  not  so  affected.  This  precludes  the  use  of  wood, 
whether  exposed  or  not  exposed,  also  all  exposed  steel  or  iron,  common  glass, 
and  most  building  stones.  It  is  safe  to  say  that  there  are  very  few  buildings 
in  this  country  that  are  absolutely  rntE-PROOF.  There  are  many,  however, 
that  could  not  be  destroyed  by  fire,  and  m  which  the  salvage  would  probably 
amount  to  from  60  to  80%;  and  it  is  the  latter  dass  which  is  generally  meant 
when  the  term  FOiE-PKoor  is  used.  Incombustible  buildings,  and  buildings  of 
wooden  construction  protected  to  a  greater  or  less  degree  from  the  flames,  are 
sometimes  advertised  as  tire-proof;  but  such  buildings  should  be  considered 
merely  as  SLOW-BtJRKiNG.  It  is  undoubtedly  the  duty  of  every  architect  to  be 
well  informed  concerning  the  fire-proof  qualities  of  all  materials  that  entek* 
into  the  construction  and  finishing  of  buildings,  and  to  know  how  to  use  these 
materials  to  the  best  advantage.  His  choice  and  use  of  materiab  is  then  limited, 
only  by  the  character  of  the  building  and  the  interests  of  his  clients.  It  is 
intended  to  furnish  this  information  in  a  concise  manner  in  this  chapter.  The 
National  Fire  Protection  Association  recommends  the  docontinuance  of  the 
Jtetm  Fnt£-PKOOF,  and  the  use  of  the  term  FiB£rX£si^TiV£  in  it»  stead.  The 
lormer  term  is  the  one  used  in  the  building  laws  of  all  the  larger  dties. 

MmiieiiMU  DcAnitioiui.  Mimidpal  definitions  as  to  what  constitutes  firet- 
SROor  coHstavcaoif  have  a  great  bearing  on  the  construction  of  buildings 
within  their  juriadiction.  None  ia  entirely  comprehensive  and  the  detailed 
lequirementa  must  be  consulted  in  each  case.  The  Chicago  definition  is 
typical  of  most  of  them. 

Chicaff<»  Delliiitien.*  "The  term  nRS-PROOF  catmRxxnatt  shall  apply  to 
all  buil<fings  in  which  all  parts  that  cany  weights  or  resist  strains,!  and  also  all 
exterior  walls  and  all  interior  walls  and  all  interior  partitiofis  and  aU  stairways 
and  alt  elevator  endosures  are  made  entirely  of  incombustible  materials,  and  in 
which  all  metallic  stmctural  members  are  protected  against  the  effects  of  fire 
by  coverings  of  a  material  which  shall  be  entirely  incombttstible,  and  a  slow  heat 
conductor,  and  bereiiiafter  termed  FOB-pROor  katcrial.    Rdafcwoed  concrete 

*  Quoted  matter  Ii  left  in  Us  original  form.    The  editor-in<hief  is  not  responsible  for 
its  ajmtax,  punctuaticMi,  etc 
t  Stxeues  are  meant. 
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as  defined  in  thb  ordinance  shall  be  considered  fire-proof  constructim,  when 
bunt  as  required  by  Section  550." 

When  Fire-proof  Construction  Should  be  Employed.  A  buOding  should 
be  designed,  built,  and  finished  to  coiiform  to  the  purpose  for  which  it  is  to  be 
used.  A  building  containing  but  little  inflammable  material,  and  that  not  of 
gxeat  value,  need  not  be  as  thoroughly  fire-proof  as  one  designed  for  the  storage 
of  valuable  goods,  or  for  the  protection  of  life  in  case  of  fire.  The  height  of  a 
building  is  an  important  factor  in  determining  whether  it  should  be  fire-proof 
or  not.  The  rate  of  increase  in  the  difficulty  of  coping  with  fire  in  a  building 
is  greater  than  that  of  the  increase  in  the  height.  The  area  covered  by  a 
building,  also,  is  important,  although  in  most  instances  interior  division-walk 
may  be  provided  which  practically  cut  up  a  building  into  a  series  of  smalkr 
buildings.  Some  of  the  limitations  placed  upon  non-fire-proof  buildings  by 
various  municipal  laws  will  be  found  in  the  following  duafication  and  in  Table  I» 
page  813. 

Limiting  Areai  for  Hon-Fire-|g^opf  BuQdings. 
New  York  City,      7  500  sq  ft  on  an  interior  lot. 

12  000  sq  ft  on  a  comer. 
15  000  sq  ft  when  facing  three  streets. 
Chicago,  m.,  9  000  sq  ft  if  of  ordinary  joisted  construction. 

12  000  sq  ft  if  of  slow-burning  construction. 
St.  Louis,  Mo.,        7  500  sq  ft. 
Boston,  Mass.,      10  000  sq  ft. 
Clevelsjid,  Ohio,  Mill-Construction: 

20  000  sq  ft  when  facing  streets  on  four  sides. 
15  000  aq  ft  when  facing  streets  on  three  sides, 
za  000  sq  ft  when  facing  streets  on  two  sides. 
9  000  sq  ft  when  facing  streets  on  oq^  nde.. 
5  000  sq  ft  on  any  lot  when  of  hazardous  bcdUpancy. 
Cleveland,  Ohio,  Ordinary  Construction: 

12  500  sq  ft  when  facing  streets  on  four  sides. 
10  000  sq  ft  when  facing  streets  on  three  sides. 
7  500  sq  ft  when  facing  streets  on  two  sides. 
5  000  sq  ft  when*fadng  streets  on  one  side. 
2  000  sq  ft  on  any  lot  when  of  hazardous  OGCupancy. 

Coet  of  Flre-proof  Construction.  F.  W.  Fitzpatrick,  found,  prevkms  to 
1903,  that  fire-proof  construction  for  office-buildings,  hotds,  etc.,  adds  from 
9  to  13%  to  the  cost  of  ordinary  constniction  with  wooden  joists.  F<v  stores 
and  warehouses  the  difference  will  often  be  less  than  $%-*  Walter  F.  Ballinger 
stated  (1909)  that  reinforced-ooncrete  construction  cost  from  10  to  15%  nxwe 
per  square  foot  of  floor-surface  than  mill-construction  and  about  25%  less  than 
steel-frame  and  terra-cotta  fire-proof  construction.!  Figures  given  by  J.  P.  H. 
Perry  (191 1)  indicated  that  reinforoed-ooncrete  construction  added  from  a  to  ao% 
to  the  cost  of  mill-constrxiction  for  commercial  buiktinga,  with  an  average  of 
6.7%  for  various  localities  and  all  dasaes  of  buildinga  in  the  United  States. 
The  increase  in  cost  of  structural-steel  fire-proof  oonatruction  over  reinforced- 
concrete  construction  averaged  6j^%  fpr  fourteen  buildings  of  all  classes  in 
various  localities,  t  More  recent  coraparisons  are  not  available,  but  it  can 
be  safdy  asserted  that  the  increased  cost  of  fire-proof  oonstnictk>n  over  mill- 

*  Fireproof,  for  March,  June,  and  July,  1903. 
t  Proc.  Nat.  Fire  Prot.  Asso..  1909. 
t  Proc.  Nat.  Asso.  Cement  Uaert,  19x1. 
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ooDitnictioii  and  ordinary  joisted  construction  is  less  than  indicated  by  these 
figures. 

DivUioiis  of  the  Subject.  In  constructing  fire-pcool  buildings  it  is  neces- 
sary to  consider: 

(i)  Materials  to  be  used. 
(a)  Form  of  construction. 
is)  Protecting  devices. 
U)  Extingui^ing  appliances. 

Thb  general  order  is  followed  in  the  discussion  of  the  subject  in  this  chapter. 

S.  Firo-Reaistance  of  Materials 

Effect  of  Heat  on  Building  Materials.  All  materials  of  construction  are 
more  or  less  injuriously  affected  by  high  temperatures.  Furthermore,  an  ikcom- 
BUSTiBLE  material  is  not  necessarily  fire-kesisting,  as,  for  instance,  steel. 
The  value  of  various  materials  in  fire-proof  construction  is  indicated  in  the 
following  paragraphs. 

Brickwork.  Common  brickwork,  when  of  a  good  quality,  will  stand  exposure 
to  severe  fire  for  a  confuderable  length  of  time.  Experience  has  shown  that 
thick  walls  are  less  affected  by  heat  than  thin  walls,  and  that  hard-burned 
bricks  stand  better  than  soft  or  underbumed  bricks.  In  the  Baltimore  and 
San  Frandsco  fires,  it  was  demonstrated  that  for  outside  walls  brick  is  superior 
as  a  fire-proof  material  to  any  other  material  used  in  wall-construction. 

Stone  in  General.  Very  few  stones  successfully  stand  the  action  of  severe 
heat,  and  consequently  stone  in  general  should  be  used  very  sparingly  in  fire- 
proof buildings,  and  certain  kinds  of  stone  not  at  all. 

Granite  will  explode  and  fly  to  pieces  or  disintegrate  into  sand  when  exposed 
to  flsnKfti 

limestone  and  Marble  are  usually  ruined  if  not  totally  destroyed  bjr  an 
ordinary  fire.  They  are  the  least  desirable  of  all  stones  for  use  in  a  fire-proof 
building,  and  the  granites  come  next. 

Sandstone  when  fine-grained  and  compact  sometimes  stands  fire  without 
serious  injury,  but  in  the  case  of  a  severe  conflagration  it  is  generally  so  badly 
affected  that  It  has  to  be  replaced. 

Terra-Cotta  is  made  from  clay  by  mixing  it  with  water  into  a  plastic  mass, 
shaping  the  same  into  the  form  desired  and  baking  it  at  a  high  temperature  in 
lulns.  For  the  usual  structural  form  the  shaping  is  generally  done  by  forcing 
the  plastic  mass  through  a  special  die  by  m^ans  of  madilnery.  Ornamental 
tena-cotta  must  generally  be  shaped  by  hand. 

Ornamental  Terra-Cotta.  This  material,  and  espedally  that  which  has  a 
glazed  surface,  is  well  adapted  for  the  trimmings  of  a  building  that  is  intended 
to  be  fire-proof.  It  should,  however,  be  made  heavy  enough  to  carry  both  its 
own  weight  and  its  share  of  the  wall-load.* 

Structural  T.erra-Cotta.  Terra-cotta,  as  used  for  floor-arches,  colunua  and 
girder-protection,  and  for  building  light,  hollow  walls,  is  made  of  three  differ- 
ent compositions,  the  material  being  known  as  Dense,  Foaous,  and  Sehi- 
POKOUS,  according  to  the  method  of  manufacture. 

Dense  Tiling  is  made  from  a  variety  of  days.    Some  manufacturers  use 
*  Fire  Prevention  and  Fire  ProtectioD,  J.  K.  Fzeitag. 
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moie  or  km  6ie-clay,  and  combine  it  with  potter's  cby»  pUstic  clays,  or  tough 
bficfc-day.  It  is  very  dense  and  poMesaes  high  crushing,  strength.  In  outer 
frails  exposed  to  the  weather  and  required  to  be  light,  it  is  very  desirable.  Son^e 
manufacturers  furnish  it  with  a  sen^lazed  surface  for  the  outer  walls  of  build* 
ings.  For  such  use  it  has  great  durability,  and  effectually  stops  moisture.  In 
using  dense  tilling  for  fire-proof  filling,  care  should  be  taken  that  the  tiles  are 
free  from  cracks,  sound*  and  hard-bumed. 

Porous  and  Somiporont  Torra*Cotta  is  made  by  mixing  sawdust  with  the 
day,  the  sawdust  being  destroyed  by  the  action  of  the  heat,  leaving  the  material 
light  and  porous.  A  smalt  proportion  of  fire-day  mixed  with  the  plastic  clay 
is  desirable  but  not  essential.  The  proportion  of  sawdust  shoulid  be  from 
35  to  35%,  according  to  the  toughness  of  the  clay  used.  Care  is  required  in 
the  process  of  manufacture  to  have  the  work  of  mixing,  drying,  and  burning 
tboroni^y  done.  The  burning  should  be  done  in  down-draught  kilns,  by  a 
quick  process.  The  product  shoukl  be  oranpact,  tough,  and  hard,  and  should 
ring  when  struck  with  metal.  Poorly-mixed,  pressed,  or  burned  tiles,  or  tiles 
from  short  or  sandy  cla3rs,  present  a  ragged,  soft,  and  crumbly  appearance,  and 
are  not  desirable.  When  properly  made,  porous  terra-cotta  will  not  crack  or 
break  from  unequal  headng,  or  from  being  suddenly  cooled  with  water  when  in 
a  heated  condition.  It  can  be  cut  with  a  saw  or  edge-tools,  and  nails  or  screws 
can  be  easily  driven  into  it  to  secure  interior  finish,  slates,  tiles,  etc.  As  a 
successful  heat-resistant  and  non-conductor  for  the  protection  of  other  materials^ 
it  must  be  ranked  veiy  high. 

Somlporoiit  TfUng.  This  material  was  introduced  by  those  factories  which 
nse  pure  fire-day  in  the  manufacture  of  tile,  to  enable  them  to  compete  with 
the  standard  pofous  materiaL  During  the  process  of  grinding  the  day,  about 
39%  of  ground  coal  is  mixed  with  it.  This  coal  aids  in  the  burning  ol  the 
material  and  also  makes  it  lighter  and  more  or  less  porous.  Tiling  made  by 
this  process  is  admitted  to  be  a  much  better  fire-reastant  than  the  solid  or 
dense  materiaL  £.  V.  Johnson  says:  "personaUy,  I  believe  that  good  semi- 
porous  fire-day  tile  is  fully  as  eflkient  as  a  fire-resisting  material  as  the  standard 
makes  of  porous  terra-cotta." 

Strength  of  Torra-Cotta.  (See,  also,  page  376.)  In  tests  made  at  Columbia 
University  for  the  building  authorities  of  New  York  City  on  terra-cotta  blocks 
taken  from  material  delivered  in  the  open  market,  the  following  cnusHiNd 
STRENGTH  was  developed: 

Table  n.    Crashing  Strength  of  Terracotta 


Description  of  material 


Dense  tile 

Seniporous  tile . 


Position  of  celli 
in  test 


Vertical 
Horixontal 

Vertical 
Horizontal 


Compressive  strength, 
lb  per  sq  in 


Gross  area 


X864 
585 

1027 
257 


Net  area 


4721 
2613 

3X68 
z  008 


The  inequality  in  strength  of  the  two  materials  can  be  overcome  by  using 
thicker  webs  and  shells  for  the  semiporous  or  porous  material.    In  the  matter 
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of  WEtGBT,  porous  and  semiporo'iui  terra-cotta  have  the  advantage  over  denae 
tite.  Dense  tiling,  when  heated  and  cooled  by  water,  is  Kable  to  crack  from 
the  sudden  contraction;  "blocks  with  two  or  more  air-^paoes  are  very  liable 
to  have  the  outer  webs  destroyed  under  this  action.  Even  if  not  cooled  with 
water,  other  fires  have  shown  that  hard>bumed  terra-cotta  will  crack  and  fall 
to  pieces  under  severe  heat  alone. "  *  The  experience  of  the  recent  oonflagr^ 
tions  in  Baltimore  and  San  Francisco  fully  bears  out  this  statement.  The 
collapse  of  the  floors  of  one  of  the  buildbiff»  in  BaltimoTD  was  laisdy  due  to 
the  weakening  o(  the  terra-cotta  arches  by  reason  of  the  breaking  off  of  the 
outer  shells.  Porous  terra-cotta  is  non-heat-conducting  in  itself,  and  the  best 
qualities  will  usually  resist  fire  and  water  successfully;  but  if  the  product  "is 
not  burned  at  a  sufiicientJy  high  temperature  to  consume  all  of  the  sawdust,  the 
throwing  of  cold  water  upon  the  heated  surfaces  will  cause  an  expansion  or 
disintegration  due  to  the  absorption  of  the  water  and  its  conversion  into  steam." 
Porous  terra-cotta  absorbs  water  freely,  and  if  allowed  to  freeze  when  wet  is 
mote  or  less  injured.  If  the  process  is  permitted  to  continue,  the  blocks  bfromft 
so  weakened  that  they  are  uxisaf e  for  use. 

Concrete  Blocks  tnd  Concrete  Tiles,  f  Numerous  fonnsof  building  blocks 
and  tiles  are  manufactured  of  Portland-cement  mortar  or  concrete  for  use  as 
substitutes  for  brick,  stone,  and  terra-cotta.  Concrete  blocks  are  made  by 
the  DRY  PROCESS  by  tamping  a  dry-concrete  mix  into  shape  in  forms,  or  by  the 
^TT  PROCESS  which  consists  of  pouring  a  semiliquid  or  slush-mix  into  molds 
and  curing  the  product  by  air  or  steam.  A  third  method,  known  as  the 
pressure -process,  is  similar  to  the  first,  mechanical  or  hydraulic  pressure 
being  substituted  for  the  tamping.  Concrete,  hollow- tile  is  being  made  for 
the  same  uses  as  terra-cotta  tiling,  for  partitions  and  floors  in  general,  and 
for  enclosure-walls  as  well  as  for  partitions  in  residences.  For  wall-bearing 
purposes,  the  tiles  are  usually  filled  solid  for  a  layer  or  two  where  the  beams 
rest  upon  them.  In  hollow-block  oonstniction,  disdnctioa  should  always  be 
made  between  the  strength  of  the  blocks  when  laid  with  the  core-holes  vertical 
and  when  laid  with  the  core-holes  horizontal,  as  the  strength,  in  the  latter 
position,  approximates  only  one  half  of  what  it  is  in  the  former.  The  sped&CA- 
tions  of  the  American  Concrete  Institute,  19 17,  are  generally  accepted  as  the 
best  practice  in  the  manufacture  of  concrete  blocks.  (See,  also.  Chapter  III, 
page  2s^.) 

Concrete  Tile.  Concrete  building  tiles  have  been  used  for  residences  in 
Chicago,  111.,  Rochester,  N.  Y.,  and  the  suburbs  of  New  York  City.  The 
shape  and  size  of  thtf  blodcs  vary  with  the  make  of  the  product.  '  In  sixe  and 
shape  they  resemble  terra-cotta  tile,  thot^gh  the  Walls  and  webs  are  thicker. 
A  wet-process  tile  was  tested  by  the  Bureau  of  Buildings,  New  York  City, 
in  191 1,  and  showed  a  coupressive  strength  in  pounds  per  square  in  as 
shown  in  Table  III,  page  817. 

The  Trout  Concrete  Tile  Corporation  of  Flushing,  N.  Y.,  has  developed  a 
method  of  making  hollow  tile  whereby  lightness  is  combined  with  strength. 
The  Trout  tile  is  miide  in  a  hydraulic  machine,  with  a  pressure  of  1200  lb  to 
each  sq  in  of  net  area  of  the  tile.  While  this  pressure  is  being  applied,  the 
particles  of  concrete  are  automatically  moved  about  until  the  voids  are  filled, 
and  the  result  is  a  dense,  hard  product  of  even  quality.  This  process  pomits 
the  making  of  tile  with  thm  walls,  thereby  reducing  the  weight  to  a  minimum. 
A  tile  8  in  high,  8  in  wide,  and  isH  in  long,  with  two  cells,  and  with  walls 

•  Fire  Pieyention  and  Fire  Protection.  J.  K.  FreiUg. 

t  The  subject  is  fully  treated  in  Concrete  Engineers'  Handbook,  by  Hod  and  Johitton. 
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per  sq  in 
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area»lb 
per  sq  in 
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zo 
zo 
za 

8 

Wall-tUe 
Wall-tile 
Comer-tile 

Wall-tile 
Wall-tile 
(Trout*) 
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510 
X  oz6 

• 

z  5ZO 
z  580 
z  050 
a  588 

320 
35  z 

'36^* 

746 
z  aaS 

z  066 

*  Trout  TOe  tested  by  Bureau  of  Buildings,  New  York,  in  19x4. 

nnd  webs  i  in  thick,  weighed  91.7  lb.     Its  compressive  strength  is  given  in 
the  last  line  of  Table  III. 

Concrete.  Stone  concrete,  under  the  action  of  heat,  is  affected  much  the 
same  way  as  brickwork  The  heated  surface  expands,  and  as  the  concrete  is 
a  very  poor  conductor,  the  other  surface  remains  cool  and  either  cracks  or 
causes  warping.  The  heat  also  affects  the  strength  and  texture  of  the  concrete, 
causing  a  disintegration  of  the  concrete  to  a  depth  of  about  x  in.  Often  the 
surface  spalls  off  with  a  report.  If  water  is  applied  after  the  heat,  the  surface 
is  washed  away  to  the  depth  of  the  affected  port.  These  effects  vary  somewhat 
with  the  stone  used  in  the  aggregate.  Siliceous  gravel  has  been  found  by  tests 
and  in  actual  fires  to  be  very  destructive  to  concrete.  Granite,  on  account  of 
the  difference  between  its  coefi^dent  of  expansion  and  that  of  the  oonarete,  is 
fikely  to  spall.  Limestone  calcines  under  the  action  of  heat  and  is  liable  to 
destruction  for  some  depth  by  the  water.  Trap-rock  is  a  satisfactory  material 
to  use,  from  the  standpoint  of  fire-resistance  as  well  as  that  of  strength.  If 
there  is  no  application  of  water  after  the  fire  and  the  surface  is  allowed  to  cool 
off  gradually,  the  concrete  may  set  again  and  become  hard.  It  is  not  well 
however,  to  rely  on  this.  (See,  also,  Chapter  m,  page  245,  for  the  effect 
of  heat  on  concrete  fireproofing.) 

Slag  Concrete.  Blast-furnace  slag  has  been  used  as  the  aggregate  in  con- 
crete, with  satisfactory  results  as  to  both  fire-resistance  and  strength.*  Care 
must  be  exercised  in  the  selection  of  the  slag.  K.  L.  Humphry  says  that 
only  add  slag  should  be  used  and  that  it  must  be  "dense,  tough,  and  free 
from  sulphur.*'  Sanford  Thompson  states  that  the  slag  must  be  "air-cooled, 
crushed,  screened  from  dust,  and  free  from  foreign  ixuiterial,"  and  that  "excep- 
tional care  must  be  uoed  in  proportioning,  mixing,  and  placing."  f 

Cinder  Concrete.  Cinder  concrete,  because  of  its  porous  character  and  the 
nature  of  its  aggregate,  makes  an  excellent  fireproofing  material.  Tests  and 
the  experience  of  conflagrations  would  indicate  that  it  is  the  besL  Care  must, 
however,  be  taken  in  the  selection  of  the  dnders.  They  must  be  dean  furnace- 
dnders,  free  from  unbumt  coal.    When  properly  selected  and  proportioned, 

*For  a  series  of  tests  and  descriptioa  of  materials,  see  pamphlet  issued  by  the  C!amegie 
Sted  Company,  191  x,  Fomaee  Slags  in  Concrete.  See,  also,  Proc.  Am.  See  for  Test. 
Mat.,  19x4.  A  full  discussioa  of  slag  concacte  is  published  in  the  Iron  and  Cool  Ttede 
Rsvitw  (London),  for  Nov.  as  and  a9,  I9s<b 

t  Xngfawtfing  Recofd,  Moxcbt  i9>7* 
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dnders  produce  good  ooncfete,  Init  genereily  a  vtty  non-liomog«neou8  material 
is  obtained,  so  that  its  strength  is  variable  and  doubtful.  If  ground  hy 
machinery  before  mixing,  a  better  and  more  reliable  concrete  is  produced. 
In  using  cinder  concrete  in  floor-construction  the  working  loads  are  generalljr 
determined  from  load-tests  and  a  high  factor  of  safety  is  used.  The  former 
practice  in  New  York  City  was  to  take  one  tenth  of  the  breakxno-load  as 
the  WORKING  LOAD.  The  buUding  code  now  prescribes  a  fonnula  for  oom* 
puting  the  strength  of  dnder-concrete  floors,  within  certain  UmitatXHis. 

Corrosive  Action  of  Cinden.  When  cinder  concrete  is  used  to  encase 
steel,  either  as  a  protective  covering  or  as  a  part  of  a  concrete  constructkm,  the 
corrosive  efifect  of  cinders  must  be  guarded  against.  A  discussion  of  thiy 
subject  will  be  found  in  Chapter  XXIV,  pages  960  and  961. 

Mortars,  Plasters,  and  Plaster  of  Paris.   Mortar  and  plaster  must  neces- 
sarily enter  into  the  composition  of  all  .masonry  buildings,  whether  built  of 
brick,  stone,  or  terra-cotta.    That  ordinary  lime  mortar,  when  well  made,  will 
endure  for  unlimited  periods  of  time,  in  dry  situations,  has  been  proved  by 
actual  use.    Hydraulic-cement  mortars  are  equally  durable  in  wet  or  damp 
places.    For  laying  brickwork  or  tilework  in  first-class  buildings,  cement-and- 
sand  mortar  is  preferable  to  any  other;   and  cement  mixed  with  lime  mortar 
gives  greater  strength  than  lime  and  sand  alone.    Regarding  the  fire-proof 
qualities  of  mortars  and  plaster  compositions  there  has  been  much  controversy; 
the  truth  of  the  matter  seems  to  be  that  aU  such  compositions  will  withstand 
the  action  of  heat  up  to  a  certain  degree,  when  they  are  affected  In  one  way 
or  another,  depending  not  only  upon  the  composition  but  in  large  measure  upon 
their  body,  and  upon  the  way  in  which  they  are  used.    Lime  mortar  for  walls 
was  formerly  considered  as  the  most  satisfactory,  so  far  as  fire-resistance   is 
concerned;  but  since  the  improvements  in  cement -manufacture,  cement  mortar 
is  generally  preferred.    Lime  plaster,  applied  on  wire  lath,  will  withstand  a  high 
degree  of  heat  without  injury,  but  is  liable  to  be  washed  away  in  places  by 
streams  of  water.    Gsrpsum  plasters,  usually  termed  hard  wall-plasters,  or 
patent  plasters,  when  applied  to  brickwork  or  metal  lath,  are  superior  in  heat- 
resistanoe  to  common  lime,  and  the  patent  plasters  will  stand  the  combined 
effects  of  fire  and  water  longer  than  the  common  mortars. 

Plaster  of  Paris.  Compositions  of  plaster  of  Paris  (gypsum)  and  broken 
bricks,  wood  chips,  or  sawdust  are  non-conductors  of  heat  and  possess  fire- 
resisting  properties  of  considerable  importance;  and  on  account  of  their  l^t- 
ness  and  cheapness,  are  often  used  in  fire-proof  or  semi-fire-proof  buildings. 
In  France  such  compositions  have  been  used  for  generations  to  form  ceilings 
between  beams,  and  their  durability  and  fireproofing  qualities  are  unquestioned 
in  that  country.  Plaster  of  Paris  compositions  when  subjected  to  se\'cre  heat 
are  softened  on  the  surface,  and  when  water  is  thrown  upon  them  they  wash 
away  to  some  extent. 

Asbestic  Plaster.  A  plaster  made  by  mixing  Asbestic  with  freshly  slacked 
Kme-putty  has  been  used  to  some  extent  in  New  York  City.  Asbestic  is  made 
from  a  serpentine  rock,  mined  near  Montreal,  Canada,  and  contains  a  large 
proportion  of  asbestos.  "Claims  of  great  fire-resisting  properties  are  made  for 
this  material,  as  well  as  resistance  to  the  effects  of  water  during  fire;  cracking 
and  discoloration  due  to  the  percolation  of  water  or  adds  are  also  claimed  to  be 
avoided.  The  plaster  is  tough  and  elastic,  and  it  will  receive  nails  without 
chipping  or  cracking.  The  weight  is  said  to  about  half  that  of  ordinary 
cement  moitar."  Asbestic  was  subjected  to  a  severe  fire-and-water  test  ia 
the  presence  of  the  officials  of  the  Supervising  Architect's  office  at  WaahingtoOv 
D.C.,  "and  the  plaster  did  not  crack  or  drop,  but  remained  intact-    All  ol 
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the  walU,  ceilbigs,  and  columns  of  the  appraiser's  warehouse  in  New  York 
City  were  covered  with  a  coat  of  Asbesdc,  from  H  to  ^  in  thicks  applied  on 
the  ooBcrete  or  terra-cotta  surfaces.  The  great  objection  to  the  use  of  this 
material  lies  in  its  slow  dryingi  the  time  requited  lor  a  thorough  drying  out 
being  usually  very  long."  * 

Aabcstoa-Prodiicts.  Asbestos  fiber  combined  with  cement  is  manufactured 
in  the  form  of  steam-packings,  corrugated  sheathings,  roof-coatings  and  shingles, 
ivaU4x>ards  and  buUding-luipber,  insulating  sheathing  and  blocks,  asbestos 
fheater-curtaans,  various  forms  of  preservative  and  fire-resisting  compounds, 
and  substitutes  for  waU*plaster  and  stucco.  The  value  of  these  products  lies 
in  their  low  heat-conductivity  and  incombustil»lity. 

Asbestos  Building  Lumber  is  made  in  standard  sheets,  42  by  48,  and  42 
by  96  in  in  size,  and  varying  in  thickness  from  H  in  (about  1 H  lb  pM  sq  ft  in 
weight)  to  I  in  (about  loH  lb  per  sq  ft  in  weight).  When  seasoned  it  is 
harder  than  ordinary  wood,  takes  nails  and  screws,  and  it  can  be  manipulated 
with  heavy  tools  and  machinery  such  as  are  used  for  working  iron.  It  is  too  hard 
for  ofxiinary  wood-working  tools.  It  is  sufficiently  elastic  to  withstand  ordinary 
vibration,  expansion,  and  contraction  of  surrounding  parts,  wind-pressure,  and 
blows;  and  in  large  pieces,  it  can  be  bent  around  slight  curves  without  flitting. 

Asbestos  Corrugated  Sheathing  is  corrugated  asbestos  building-lumber, 
reinforced  with  sheet  steel  of  from  No.  24  to  No.  27  United  States  gauge,  or  with 
woven-wire  netting.  It  is  applied  in  the  same  way  that  corrugated  iron  is 
applied,  either  nailed  to  wooden  strips  bolted  to  the  purlins,  or  clipped  directly 
to  the  purlins  by  clips  of  hoop-iron  or  wire.  It  comes  in  standard  sheets,  27H  in 
wide  and  in  lengths  of  4,  5,  6,  7,  8,  and  10  ft. 

Asbestos  Rooflng->Shingles»  suitable  for  wooden-roof  construction,  possess 
fire-resisting  qualities  far  superior  to  wooden  shingles.  The  advantages  claimed 
are  their  fire-proof  qualities,  toughness,  elasticity,  and  lightness  in  weight;  ease 
of  manipulation,  cutting,  sawing,  and  shaping  to  fit  dormer  windows,  chimneys, 
etc.;  and  their  immunity  from  the  corrosive  action  of  salt  air.  The  principal 
companies  manufacturing  asbestos  building-products  are  the  Johns-Manville 
Company,  New  York  City;  the  Keasbey  &  Mattison  Company,  Ambler,  Pa.; 
and  the  Asbestos  Manufacturing  Company,  Lachine,  Canada. 

Robertson  Process  Metal  consists  of  steel  sheets  of  from  No.  a6  to  No.  ao 
United  States  gauge,  enveloped  in  successive  layers  of  an  asphaltic  compound 
containing  heavy  natural  oils,  an  asphalt-impregnated  asbestos-felt,  put  together 
imder  great  pressure,  and  a  patented  water-proof  coating.  The  sheets  are  made 
fl  It .  corrugated,  or  beaded.  It  forms  an  incombustible  roofing,  siding,  sheathing, 
and  interior-finish  material.  The  manufacture  of  this  product  is  controlled  by 
the  H.  H.  Robertson  Company,  of  Pittsburgh,  Pa. 

Steet  and  Wrought  Iron.  Wrought  iron  and  steel  will  expand,  bend,  and 
t  ist  under  a  moderate  degree  of  heat.  Inasmuch  as  a  temperature  of  i  700^  F. 
is  not  unusual  in  fires,  these  materials  should  not  be  used  in  fire-proof  con- 
ft  .-uction  without  proper  protection.  -  Fire  tests  at  the  Continental  Iron  Works 
i.i  1S96  showed  that  unprotected  steel  columns  under  load  began  to  fail  when 
the  temperature  reached  about  i  loo*^  F.f  In  the  Baltimore  and  San  Francisco 
fit'es  there  were  many  instances  of  failure  in  steel  columns  due  to  lack  of  or  to 
i.tsttfficient  pratecticm. 

Cast  Iron.  "As  the  result  of  tests  and  actual  experience  in  conflagrations 
il  may  be  stated  that  unprotected  cast  iron  can  stand  practically  imharmed  up 

'Freitag. 

t  Sec  Eoginecering  News,  Aug.  6, 1896. 
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to  temperatures  of  1 300  or  1 500**  F.  while  curyiqg  very  hevry  loada,  eren  with 
frequent  applications  of  cold  water  while  the  metal  is  at  a  red  heat."^  In  the 
tests  at  the  Continental  Iron  Works,  referred  to  in  the  preceding  paragraph,  a 
temperature  of  nearly  1 300**  F.  was  reached  before  the  cast-iron  columns  be;gui  to 
fail.  The  contents  of  most  mercantile  buildings,  when  burning  freely,  would 
probably  generate  a  heat  exceeding  at  times  a  000*  F.  Consequently,  cast-iron 
columns,  when  unprotected,  are  almost  sure  to  fail  in  such  a  fire  either  by  bend- 
ing or  breaking.  No  building  in  which  unprotected  iron  or  steel  rohimnw  are 
used  can  be  considered  fire-proof;  but  in  many  classes  of  buildings  unprotected 
cast'iron  columns  might  safely  withstand  any  bcatlo  which  they  would  probably 
be  exposed.  From  a  fire-resisting  point  of  view,  when  there  is  no  protective 
covering,  cast-iron  columns  are  unquestionably  preferable  to  steel  oolumns. 

Firv-proof  Wood.  To  meet  the  requirements  of  certain  provisions  of  the 
New  York  City  Building  Code,  an  attempt  has  been  made  to  produce  fire-proof 
wood.  The  processes  for  rendering  wood  fire-proof,  in  general,  consist  in  im- 
pregnating its  fibers  with  certain  chemicals.  After  the  fireproofing-proceas, 
the  lumber  should  be  thoroughly  kiln-dried  before  it  is  used.  The  softwoods 
are  more  easily  thoroughly  treated  than  the  hardwoods,  the  resinous  woods 
being  particularly  difficult  to  handle. 

"The  treatment  of  the  wood  to  render  it  fire-proof  slightly  raises  the  igniting- 
point  of  the  wood.  The  treated  wood  is  harder  to  light  than  the  untreated 
wood,  taking  two  to  three  times  as  long  to  ignite.  The  amount  of  wood  destroyed 
when  exposed  to  the  action  of  a  flame  is  from  5  to  12  per  cent  greater  in  the 
case  of  an  untreated  wood  than  in  the  case  of  a  treated  wood.  The  untreated 
wood  furnished  more  flame  than  the  treated  wood.  The  untreated  wood  will 
sustain  flame  longer  than  the  treated  wood  after  the  s6urce  of  heat  has 
been  removed.  From  this  it  can  be  seen  that  the  fire-proofed  wood  is  less 
likely  to  ignite  and  less  likely  to  cause  the  spread  of  fire  than  the  untreated 

wood."t 
Among  the  disadvantages  of  fire-jMOof  wood  should  be  mentioned  an  increased 

difficulty  in  working  the  wood,  and  a  tendency  to  dull  woodworking-tools  more 
rapidly  than  with  untreated  wood.  Hence  an  increased  cost  in  the  use  of  fire- 
proof wood.  The  salts  used  in  the  process  of  fireproofing  being  hygroscopic, 
tend  to  keep  the  woodwork  damp.  Hardware  or  other  metalwork  in  contact 
with  fire-proofed  wood  is  liable  to  corrode.  The  strength  of  the  wood  is  often 
affected,  and  in  some  cases  the  wood  becomes  quite  brittle.  These  two  last- 
mentioned  faults  can  be  largely  overcome  by  neutralising  the  fireproofing- 
solution  by  a  proper  mixture  of  acid  and  alkaline  salts. 

The  test,  known  as  the  timber-test,  applied  to  fire-proof  wood  in  New  York 
City,  consists  in  placing  a  stick  of  the  treated  wood,  H  by  i  H  in  in  cross-section 
and  8  in  in  length,  for  two  minutes  over  a  crudble  gas-furnace  in  which  a  con- 
stant temperature  of  1 700°  F.  is  maintained;  then  removing  the  test-piece, 
noting  the  time  it  continues  to  flame  and  glow;  and  then  scraping  away  the 
charred  wood  and  determining  the  percentage  of  unbumed  wood.  The  con- 
ditions of  acceptance  are  that,  "the  flame  and  glow  should  disappear  within 
ten  to  twenty  seconds  after  the  removal  of  the  test-iMece  from  the  furnace,  and 
the  unbumed  and  uncharred  section  at  the  center  of  the  specimen  should  be 
not  less  than  50  to  70  per  cent  of  the  original  cross-section,  depending  on  the 
variety  of  wood  under  test."  If  the  wood  has  been  thoroughly  treated,  a 
splinter  of  it  after  having  been  exposed  to  flame  and  withdrawn,  will  show 

•  Freitag. 

fSee  Insurance  Engineering.' Vol.  IV.  page  S5x;  al>o  Professor  Norton's  Report 
No.  z  to  th^  Boftton  Manufacturers'  Mutual  Fire  Inaumnce  Company. 
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no  glow  or  flame.    Other  tests  have  been  suggested  and  used  but  need  not 
be  described  here. 

Wlrs-Olass.  The  introduction  of  this  material  has  made  it  possible  to 
secure  fiie-protection  in  many  cases,  without  the  necessity  of  disfigurement  due 
to  fire-shutters.  Wire-glass  is  either  ubbed,  kough,  maze,  cobweb,  or  pousbed 
FLATS,  with  wire  embedded  in  its  center  during  the  process  of  manufacture. 

"The  temperatxire  at  which  the  wire  is  embedded  in  the  glass  insures  ad- 
hesion between  the  metallic  netting  and  the  glass,  and  the  two  materials  become 
one  and  inseparable,  so  that  if  the  glass  is  broken  by  shock,  by  intense  heat,  or 
from  other  cause,  it  remains  intact."  It  is  this  property  of  remaining  intact 
that  gives  it  its  fire-retarding  qualities.  Although  fire  and  water  may  cause 
cracks  to  spread  throughout  the  glass,  the  wire  holds  the  pieces  so  firmly  that 
flames  cannot  pass  through  it.  Many  severe  tests  during  actual  fires  have 
positively  demonstrated  the  truth  of  the  above  daim.  For  warehouses  and 
factories  the  ribbed  or  maze  glass  is  generally  preferable;  but  for  offices,  or 
wherever  clear  transparent  glass  is  desired,  the  poushed  plate  is  nearly  if 
not  quite  as  acceptable  as  the  same  glass  without  the  wire,  the  effect  being  the 
same  as  that  obtained  by  looking  through  a  window  with  a  screen  on  the  out- 
side. Where  rxRE-XESiSTANCE  is  the  desired  feature,  the  following  requirements 
should  be  satisfied.  The  thickness  of  the  plate  at  the  thinnest  part  should 
be  not  less  than  }i  in,  and  the  plane  of  the  wire  mesh  should  be  midway  between 
the  two  surfaces  of  the  glass.  No  wire  should  be  smaller  than  No.  24  Brown 
&  Sharpe  gauge.  The  unsupported  surface  of  the  glass  should  not  exceed 
720  sq  in  in  any  case  and  should  be  contained  in  a  metal  frame  not  larger  than 
5  by  9  ft  between  supports.  The  chief  manufacturers  of  wire-glass  in  this  coun- 
try are  the  Pennsylvania  Wire  Glass  Company,  Philadelphia,  Pa;  the  Mi»- 
Bssippi  Wire  Glass  Company,  New  York;  the  Western  Glass  Company,  Streator, 
111.;  and  the  Highland  Glass  Company,  Washington,  Pa.  As  now  manufactured 
by  the  continuous  process,  it  is  rolled  in  lengths  up  to  about  10  ft  and  in  thick- 
nesses up  to  \i  in. 

Prism  Glass.  Prisms  installed  for  the  purposes  of  increased  light  are  usu- 
ally not  contained  in  frames  which  are  designed  to  withstand  severe  heat. 
The  dimensions  of  the  unsupported  electro-glazed  panel  should  not  exceed 
50  in  in  either  direction.  The  polished  plate  in  prism-glass  imits  should  not 
exceed  4  in  in  either  direction,  with  a  minimum  thickness  of  M«  in.  In  Report 
N«.  u  of  the  Insurance  Engineering  Experiment  Station,  C.  L.  Norton  describes 
a  series  of  comparative  fire-tests  on  electro-glazed  Luxfer  prisms,  0.35  in  thick 
and  4  in  square;  electro-glazed  plate,  yi  in  thick  und  4  in  square;  and  yi-in  wire- 
glass.  The  results  of  these  tests  indicate  that  the  three  materiak,  in  sheets  up 
to  24  by  30  in,  are  of  equal  value  in  fire-resistant  properties  and  remain 
in  effective  operation  up  to  the  time  when  the  temperature  of  melting  glass  is 
reached.    (See,  also,  page  157S.) 

Firs-proof  Paint.  Numerous  so-called  fire-proop  paints  have  been  in- 
troduced in  recent  years.  When  applied  to  woodwork  they  provide  a  more  or 
leas  effective  protection  against  fire  and  may,  for  this  reason,  prevent  the 
spread  of  fire.  The  following  regulations  regarding  fire-proof  paint  were 
given  in  the  annual  report  of  the  Manhattan  Bureau  of  Buildings,  New  York, 
for  1904. 

"  (x)  The  term  rre-proof  paint  shall  be  understood  to  mean  any  prepara- 
tion used  to  cover  the  surfaces  of  wood  or  other  materials  for  the  purpose  of 
protecting  the  same  against  ignition. 

**  (2)  No  fire-proof  paint  will  be  considered  satisfactory  unless  it  so  protects 
the  wood  or  other  material  to  which  it  is  applied  that  the  same  will  not  flame 
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or  glow  after  having  been  subjected  to  the  flaine  of  a  gMolinft  torch  for  two 

minutes. 

"  (3)  Before  applying  fiie-proof  paint  to  ai^  material  the  surfaces  must  be 
cleaned. 

"(4)  Application  of  .fire-proof  paint  must  be  repeated  whenever  it  is  found 
that  the  material  to  which  it  is  applied  is  no  longer  protected  to  fulfill  SpedE- 
cation  No.  2." 


S.  Coiuma-Protectioi& 

Girder  and  Column-Protection.  As  the  columns  and  girders  of  a  building 
form  the  back-bone  of  the  structure,  it  is  of  vital  importance  that  they  be  very 
thoroughly  protected  from  heat.  As  a  rule,  the  manner  of  protecting  these 
structural  elements  depends  quite  largely  upon  the  floor-system  adopted. 
Where  concrete  is  used  for  the  floor-construction  it  is  generally  also  employed 
for  incasing  the  columns  and  girders;  where  hollow  tile  is  used  in  the  floors,  the 
same  material  is  almost  invariably  employed  for  protecting  the  steel  frame. 
The  methods  used  for  protecting  girde.s  are  described  in  Subdivision  4  of  this 
chapter.     (See,  also,  pagjs  780  to  782.) 

Necessity  for  Column-Protectioii.  It  is  now  generally  recognized  that  iron 
and  steel  columns  should  be  incased  with  some  material  that  will  thorough])'  pfx>- 
tect  the  metal  against  fire.  In  1896  a  committee  of  the  American  Society  of 
Mechanical  Engineers,  in  conjunction  with  representatives  from  other  organiza- 
tions, made  a  series  of  fire-tests  on  full-sized  unprotected  cast-iron  columns  and 
steel  columns,  loaded  to  their  figured  safe  capacities.  These  tests  showed  that 
the  steel  columns  failed  at  an  average  temperature  of  i  xso**  F.,  and  the  cast- 
iron  columns  at  an  average  temperature  of  x  joo**  F.,  the  failure  setting  in  after 
an  exposure  to  the  fire  of  from  23  minutes  to  i  hour  and  20  minutes,  or  an 
average  duration  of  about  50  minutes.  In  order  to  determine  the  '*  lue  of 
several  materials  as  satisfactory  protective  coverings,  the  Bureau  of  Buildings 

TsMe  tV.    Tests  of  Protective  Coverings 


Materials  under  test 

Temp, 
on  foice 
of  pro- 
tective 
material, 
degrees 
Fahr. 

Temperature  of  plate  at 
back  of  protective  material. 

degrees  Fahr. 

• 

Before 
hosting 

After 
heating 
for  2hr 

Heat- 
trans- 
mission 

Terra-cotta:  dense,  hollow,  2  in  thick.. 
Terra<otta:     semi  porous,  solid,  2  in 

thick 

Plaster  of  Paris  and  shavings,  2  in 

thick 

X700 

I  700 

X  700 
1700 

X700 

X  700 

1700 

I  700 

75 
73 

69 

70 

7a 

73 
66 

76 

223 
244 

159 
x63 

X67 

363 

248 

296 

X4S 

171 

90 
93 

95 

290 

X82 

2x8 

Plaster  of  Paris  and  asbestos.  2  in  thick . 
Plaster  of  Paris,  wood  fibers,  and  in- 
fusorial earth.  2  in  thick 

Concrete  of  ground  cinders,  xMs  in 

thick 

Cinder  concrete,  on  metal  lath.  2  in 
thick 

Metal  lath  and  patent  plaster,  about 
Hin  thick  over  i  in  air-space 
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of  New  York  City  made  a  seHes  of  t*Ms  on  the  HKAT-^ounrcnvm  o(  theM 
materials.  A  caU-iioD  plate  covered  with  the  material  Under  teaf  was  sub>ected 
to  a  temperature  of  i  700°  F.  for  two  hours  over  a  crucible  furnace,  and  the 
beat  ol  the  pbte  noted  at  regular  intervals  of  time.  The  results  oi  the  tot*  ai« 
tbowa  in  Table  IV  on  page  8a>. 


Cylindikal  Columa 


CoJuma 

Tarra-Cotta  Cohiain-ProtectiDn.  Fig.  1  shows  the  manner  in  which  built- 
up  columns  are  protected  in  the  best  clan  of  Ere-proof  buildings  when  tile  fire- 
prooGjig  ta  used.  Figs.  2.  3,  and  4  show  common  metbodi  ol  protecting  cyhn- 
drical  columns,  and  Figs.  5  and  6  columns  of  rectangular  cross-section.  The 
steel  guard,  thowa  in  Fig,  1,  is  often  employed  in  mercantile  and  manufacturing 
buildings,  and  put  on  to  a  h^ght  of  4  or  5  It  above  the  floor.  The  eSdency  of 
this  construction  is  greatly  increased  by  wrapinng  the  cotumns  with  wire  Ul^ 
bdore  plastering,  although  it  is  not  a  common  practice.  To  insure  the  pratec> 
tion  of  the  metal  under  the  most  tiying  cootUtions,  it  ii  *  ..... 
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protective  coVEriiiK  ih&ll  not  be  detached  by  the  itre*ms  from  the  gmnen') 
boie.  and  thus  eipuM  the  UccL  ThU  oui  be  positively  guarded  agaiiut  only 
by  uong  two  layen  of  tiling  or  conciete  and  wiappiuS  the  inner  layer  with 
metal  lathiHK-  Fig.  7  ibows  a  oaluma  protcctol  io  this  way,  the  coiutnictioo 
being  euentialty  that  adopted  in  the  Fair  Building  in  Chicago,  111. 
icnet  Iver  of  tU«  i*  wtapped  with  win  latli  embedded  ia  the  mortar,  and 

(paces  between  the  tila 
and  metal  arc  filled 
aolid  with  cement  moi- 


for  coluroD'piotectioii. 

the  way  to  obtain  the 

mod  efficient  coDstnic- 

tion  is  undoubtedly  to 

■urrDund  tlie  metal  with 

dnckr  concrete,  poured 

inside  of  a  plank  fonn 

lei  around  the  coluoui, 

a  coat  of  liquid  cement 

being  fitit  applied  with 

a  bruih  to  the  netaL 

Dg.  T.    Double4ib  ud  Uetal-kth  ColinnB-pnigniaa        The  plank  form  sbouM 

bCKtatlcast  linout- 

dde  of  the  metal.     It  is  genoally  conceded  tlwt  tlus  fonn  one  of  the  DMBt 

efficient  fire-caiings  for  column*,  and,  in  addition,  leads  added  lUSBeia  to  the  sted 

members  embedded  in  it.    It  isadviiable  to  reinforce  the  concrrteor  anchor  it  by 
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■hmm  of  net*]  Uth  to  the  ited  oJumn.  There  ue  two  senanl  methoda  in 
use  in  aK>lyiii8  the  coDcrete.  Fig.  8  iltiutratcs  ■  colinnn  iriiidi  fa  first  wiapfied 
il>in%  wjlli  No.  lo  gauge  gftlvuiiied  wire,  ii  in  on  centen.  to  aSord  a  key 
for  the  ooDtrete.  The  mxid  (onns  are  placed  the  full  length  of  the  column, 
and  the  concrete  poured  Irom  ■  hole  in  the  ceiling  above,  A  sluih  -mixture  of 
ritbec  cinder  or  None  concrete  o[  1:1:5  mix  maybeured.  Fig.  Qihowsaform 
of  rough  boudi,  made  in  sections  (rom  4  to  6  ft  in  length  and  provided  with 
yokes  at  each  end.  The  concrete  may  be  thmoughly  tamped  about  the  column 
as  eadi  icctian  is  placed  and  filled.  Tig.  10  shows  a  method  of  furring  the 
column  with  stiffened  wire  Uth,  wUch  serves  as  a  subititute  lor  the  wooden 
forms  and  at  the  same  time  anchois  the  concrete  to  the  steel.    A  •imilar 


Fig.  10.    Concrete  CcJunui-iirotcctKia.       Fig.  11.    Hetd-lath  ud  Pluter  Column-pn 
Wire- lath  FuniBg  lection 

method  may  be  employed  to  obtain  an  air-space  by  placing  immediately 
around  the  talumn  an  envelope  of  metal  lath  whh  a  i-in  layer  of  conaetc. 
In  many  buildings  with  rdnlorced  concrete  Boors,  the  columns  are  protected 
smpty  by  plaitcr  on  metal  lath.  When  only  a  single  covering  is  provided, 
the  protection  cannot  properly  be  considered  lire-proof;  but  when  two  covei- 
ingi  are  provided,  u  in  Fig,  1 1 ,  they  are  probably  all  that  Is  necessary  for  cast 
iron  columns.  The  greatest  delect  in  lath  and  plaster  for  Grcpraofing  is  that 
the  plaster  is  liable  to  be  dislodged  by  the  force  of  the  water  from  the  fireir.en'i 
hose.  When  there  are  two  coverings,  however,  this  danger  is  reduced  lo  a  mini- 
mum.   (See,  abo,  Chapter  XXII,  Figs.  23,  24,  and  25.) 

PUalar  Colvmn-CoTtring.  Plaster-blocks  have  been  used  in  buildings  u 
a  column-covering,  but  their  use  is  not  to  be  recommended.  While  it  is  true 
thai  their  non-conductivity  is  in  their  favor,  it  is  difficult  to  secure  them 
firmly.  They  arc  easily  washed  away  by  bose-streams  and  lubjert  to  greater 
damage  than  other  materials.  In  unimportonl  work  their  cheapness  may,  at 
times,  justify  their  use. 

Protection  of  Coimectloni  between  Colnmna  and  Olrden.  The  most 
defective  parts  of  the  coverings  of  columns,  whatever  the  materials  used,  an 
probably  those  about  the  connections  with  the  beams  and  girders.  Concrete 
undoubtedly  is  better  adapted  for  covering  these  parts  of  the  column  than  any 
other  material,  because,  being  elastic,  it  can  be  made  to  fit  Into  any-qiace  and 
anWDd  any  for 
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Tfa*   C«inmt-Gna.    Duiins  lectot  yean,  i  new  metbod  of  prolectinc 

AtnJcturol  Itcd  by  meaiu  of  the  CEUUrtHlUN  haa  been  iiitroduced.  Tbis  fun 
consists  cssrodally  of  two  nipeeimpoeed  tanks,  forming  tiro  compartmcDl^ 
Ironx  the  bottom  of  which  »  dry  mixture  of  wnd  uid  cement  U  ejected  by  cotn- 
prCMcd  air  through  a  hoie-Line  with  a  niuzle  at  the  end.  To  thii  DOule  a  snalla 
base  delivers  •  supply  <if  water  under  pressure,  which  is  applied  to  the  dry  con- 
atituents  juat  bciore  they  emer^  irom  the  nozzle.  The  mortar  iiauin^  in  the 
Sorm  ol  a  spray  sboott  out  fnun  the  Doxalt  with  amaidcnble  foccc  and  im- 
pinges on  tbe  surface  of  tbe  steelwcrk.  The  ccUunins  of  the  fifly-five-stoty 
Woolworth  Building  in  New  York  City  are  pmvided  with  a  i^-in  cnating  of 
cement  mortar  applied  in  thii  way,  and  coaled  on  the  outsiile  with  a  i.in 
thickness  of  terra-colU.  The  steelwork,  also,  of  the  new  Gmnd  Central  Ttt- 
mioal  Buildinjfs  in  New  Vork  City  are  protected  with  a  i-in  coat  of  cement 
mortar  or  Gunnite.  By  this  means,  inaccessible  corners  aie  leadily  protected 
without  the  use  of  forms.  Tests  have  shown  that  Gunnile  is  superior  in  tensile 
and  compressive  aUcnglh,  permeability,  absorption,  poroaty,  and  adbesioa  to 
good  band-made  products  of  tbe  same  kind.* 

Becewei  for  Plpet.  "As  a  matter  of  economy,  both  in  original  cost  and 
in  the  matter  of  space,  it  has  been  the  common  practice  to  run  water-pipes, 
waste-pipes,  and  vent-pipes  immediately  alongside  the  steel  colnmns  and  inside 
the  fiie-teaistmg  coveriiis."t    This  is  undoubtedly  bad  cuutiiKtioD.  aa  Freil;« 
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Fui.  U    TU*  Calnmn-pntKtioa  wKb  Pipe-        Fig.    13.    Canaete  Column-prolec- 

illustrates  by  explaining  its  dfsastroua  results  in  recent  copflaiTBtiona;  and  in 
the  better  typtt  ol  Gre-proof  buildings,  the  {Hpe-q»ce  is  now  separated  from  tbe 
columns  by  the  fireprooling.  Fig.  12  shows  a  method  of  running  the  pipes 
in  some  &iT-proo(  buildings,  and  it  is  probably  as  satisfactory  as  any  arraage- 
ment  in  which  the  pipes  are  to  be  run  be»de  tbe  columns.  Fig.  13  shows  a 
somewhat  similar  method  in  which  concrete,  metal  lath,  and  plaster  are  em- 
ployed for  the.&reproofing, 

4.    Fire-proof  Floor-Conitnictioa 

Fire-proof  Floors.  In  the  study  of  fireproofing-materiab  by  tar  tbe  great- 
est attention  has  been  given  to  iLOoa^oNSTHUCnOM;  and  of  the  very  largt 
Dumber  of  types  which  have  been  developed,  the  characteristic  ami  leading 
oiies  are  here  considered. 
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ReituirementB  for  a  Vlr#-proof  Floor.  It  goes  without  saying  that  a  fire- 
proof floor  must  be  made  of  incombustible  materials.  It  seems  unnecessary, 
also,  to  mention  that  it  must  resist  as  much  as  possible  the  transmission  ol 
heat,  so  as  to  afford  thorough  protection  to  the  metal  incased  by  it  or  forming 
an  essential  part  of  it.  The  materiak  used  should  not  disintegrate  or  otherwise 
fail  when  exposed  to  heat  or  flame.  They  should  also  resist  the  action  of  water 
that  may  be  used  to  extinguish  a  fire.  The  floor-construction  should  be  essen- 
tially water-tight,  so  as  to  prevent  damage  by  water  in  stories  below.  It  should 
be  designed  to  safely  carry  its  load  at  all  times.  The  New  York  City  Building 
Code  describes  certain  acceptable  forms  of  fire-proof  floors,  but  also  provides  for 
the  acceptance  of  other  forms  which  successfully  meet  the  prescribed  fire  and 
strength  tests.  Fully  eighty  tests  have  been  made  under  the  auspices  of  the  New 
York  City  authorities  and  these,  together  with  a  few  made  by  the  authorities  of 
other  dties,  comprise  practically  all  that  have  been  made  in  this  country.  The 
British  Fire-Prevention  Committee  of  London  has  also  made  a  number  of  such 
tests.* 

Kre  Tests  for  Floors.  The  standakd  ftke  test  of  the  American  Society 
for  Testing  Materials!  is  essentially  the  same  as  that  required  by  the  New 
York  City  Building  Code  and  as  the  one  used  by  the  British  Fire  Prevention 
Committee.  Briefly,  the  New  York  test  consists  in  subjecting  the  floor  in  ques- 
tion, carrying  a  load  of  150  lb  per  sq  ft,  to  a  fire  maintained  at  z  700**  F.  for  four 
hours;  and  then  in  applsnng  a  stream  of  water,  at  6o-lb  nozzle-pressure,  for  ten 
minutes,  the  floor  being  considered  satisfactory  if  there  has  been  no  appreciable 
deterioration  due  to  the  test  and  if  it  has  resisted  the  passage  of  flames  during 
the  test. 

Types  ef  Floor-Constractioiis.  In  considering  the  several  systems  of  floor- 
construction,  they  are  for  oonvenienoe  divided  into  the  following  types  or 
groups: 

(i)  Bride  arches, 

(2)  Terra-cotta  or  tile  floors: 

a.  Segmental, 

b.  Flat  ride-construction, 

c.  Flat  end-construction, 

d.  Reinforced-tile  arches» 

e.  Guastavino, 

(3)  Concrete  floors: 

a.  Segmental, 

b.  Flat  reinforced  floors, 
e.  Sectional  systems, 

(4)  Gjrpsimi  floors, 

(5)  Metal-lumber-construction. 

Brick  Floor-Arches.  The  first  attempt  at  fire-proof  floor-construction 
between  wrought-iron  beams  was  made  by  using  brick  arches  sprung  between 
the  beams  and  resting  on  the  bottom  flanges,  as  illustrated  by  Fig.  14.  When 
this  form  of  construction  is  used  the  bricks  should  be  hard,  well-burned  bricks, 
or  hollow  bricks  of  good  shape,  laid  to  a  line  on  centers  without  mortar,  with 
their  lower  edges  touching;  and  all  the  joints  should  be  filled  in  with  cement 
grout.  The  bricks  of  one  line  should  break  joints  with  those  of  the  next  adjoining, 
and  in  case  there  is  more  than  one  row,  the  joints  of  one  row  should  also  break. 

*  For  a  list  of  these  tests  made  in  the  United  States  and  in  London,  see  Proc.  Am. 
Soc.  for  Test.  Mats.,  Vol.  VI,  page  xa8. 
t  See  Year  Book,  Am.  Soc.  Test.  Mats. 
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Jinnts  with  tboM  of  the  row  above  or  below.  The  arches  need  not  be  over  4  in 
thick  for  spans  between  6  and  8  ft,  provided  (be  haunches  are  filled  with  a.  Rood 
cement  and  gravel  concrete,  put  in  rather  wet.  The  irsE  of  the  arch  ihould 
be  ^lout  one-eighth  the  span,  0;  i){  in  to  the  foot;  and  the  natt  desirable  apu 


Pu.  14.    BricL  Flinr-uch 

is  between  4  and  6  ft.    The  buildinR  laws  of  rainy  cities  provide  that  when  the 

qtaos  eiceed  5  ft  the  arches  must  be  increased  in  thickness,  generally  to  8  in. 
The  HAUKCHES  should  be  fille<l  with  concrete,  level  with  the  top  of  the  arch. 
In  first-class  Brt- proof  construction  the  botlom  flanges  of  the  beams  should  be 
protected  by  terta-cotta  skewsaces,  as  in  Fig.  IS  which  shows  the  cc 


Fio.  IS.    Bffck  FlQoi.»fch.    Govefomeot  Ptlnling  Office,  WiaUngtoB.  D.  C 

used  Cor  the  floors  of  the  principal  stories  of  the  Covenunent  Printing  Office  at 
Washington.  D.  C*  A  4-in  brick  ari.h  of  S-ft  span,  well  grouted  and  leveled  oS 
with  Portlant-ceraent  concrete,  should  safely  carry  .500  or  400  lb  to  the  square 
foot.  Experiments  have  shown  that  brick  arches  will  stand  very  severe  pound' 
ing  and  a  Rreat  amount  o(  de>'J-ectio(J  without  failure.  The  weicut  of  a  floor, 
such  as  is  shown  in  Fig.  14,  is  about  40  lb  per  sq  ft,  without  the  concrete  fill  or 
finish.  TiE-KODS,  as  described  on  page  S65,  should  always  be  provided.  The 
brick  arch  is  the  strongest  type  of  arch  for  the  epan  it  txxupies,  with  the  excep- 
tion, perhaps,  of  the  stone-concrete  arch.  It  is  perhaps,  also,  the  most  expensive. 
Its  weight  necessiutes  a  heavier  framework  tluin  is  required  for  other  types; 
and,  on  accountof  its  appearance,  it  is  adapted  only  to  buildings  of  the  warehouse 
type. 

Tem-Cotta  or  Tile  FIoor-Archai.  Terra-cotta  or  tile  as  a  fire-proof 
manorial,  and  the  relative  merit  of  dense,  porous,  and  semiporous  tile  have  been 
discussed  on  page  Sij.  For  floor-construction  the  semiporous  tile  is  probably 
the  best  as  i(  is  a  compromise  between  the  advantages  and  disadvantages  of  the 
dense  and  parous  tile,  particularly  as  to  strength  and  fiie-re^tance.    As  indi- 

*  A  deKTiptian  ol  the  iimciunl  featurei  of  this  building  nuy  be  found  in  the  Engioeei- 
Id«  RecDtd  for  Dec.  6,  i»ai. 
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cated  on  page  S27,  ^ve  different  types  of  terra-cotta  floor-construction,  including 
a  larger  number  of  systems,  will  be  discussed.  For  these  a  great  .variety  of 
shapes  and  sizes  of  blocks,  of  the  dense,  porous,  and  semiporous  material,  are 
manufactured  in  this  country.  The  largest  company  devoted  to  the  manu- 
facture and  erection  of  hollow-tile  fireproofing-material  is  the  National  Fire 
Proofing  Company,  New  York  and  Chicago.  Another  large  company  is  Henry 
Maurer  &  Son,  New  York.  Any  one  of  the  large  companies  can  make  any 
form  of  blocks  desired,  except  such  as  are  covered  by  letters-patent,  and,  as  a 
rule,  they  can  make  them  in  dense,  porous,  and  semiporous  materiaL 

AdTantagM  of  Tile  Floor*Arc]iet.  Many  architects  prefer  the  use  of 
TERRA-GOTTA  ARCKES  in  bulldiugs  because  the  setting  of  them  causes  leas  dis- 
turbance to  tiie  mechanics  of  other  branches  of  the  construction.  During  the 
placing  of  concrete  arches  the  continual  dripping  of  water  and  bits  of  con- 
crete interferes  seriously  with  other  work.  The  work  of  installing  tile  arches 
is  generally  more  rapid  than  for  other  types  and  it  is  not  necessary  to  wait  for 
them  to  dry  out.  The  quality  of  terra-cotta  can  be  readily  judged  from  its 
appearance,  not  only  before  it  is  put  in  place  but  also  after  it  is  set.  Thus  it  does 
not  require  the  constant  supervision  necessary  for  materials  that  are  mixed 
as  they  are  put  in  place. 

DiaadTRattgos  of  Tile  Floor-Arches.  The  principal  disadvantage  of 
TILE  ARCHES  for  floor-construction  is  the  difficulty  of  adapting  any  system  to 
the  filling  of  irregular-shaped  qwces.  The  arches  must  be  set  between  I  beams 
or  channels,  and  to  get  the  best  effect  the  supporting  beams  must  be  parallel  or 
nearly  so.  Tile  arches,  especially  of  the  end-constructions,  are  weakened 
more  by  holes  for  pipes  than  are  the  monolithic  floors.  As  there  is  no  bond 
between  the  rows  of  tiles  in  the  emd-construction  arch,  if  a  single  tile  in  a  row 
is  cut  out  or  omitted,  there  is  nothing  to  hold  up  the  remaining  tiles  in  the  row 
except  the  adhesion  of  the  mortar  in  the  side  joints.  In  this  respect  side- 
ICETHOD  arches  have  an  advantage  over  the  end-construction.  Where  it  is 
necessary  to  use  considerable  concrete  filling  over  the  arch  the  wdght  of  the 
floor-construction  will  usually  greatly  exceed  that  of  the  concrete  S3^tems,  and 
this  additional  weight  means,  also,  additional  expense.  The  floor-blocks  arti 
liable  to  breakage  and  chipped  blocks  in  the  floor  are  not  unusual. 

Inspectioii  of  Floor-Arches.  Flat  arches  of  hollow  tile  require  dose  inspec- 
tion during  erection  to  see  that  broken  or  imperfect  tiles  are  not  used;  that 
the  ribs  in  end-construction  tiles  abut  opposite  each  other;  that  all  joints 
are  property  mortared  and  that  all  of  the  steelwork  is  properly  protected.  Much 
poor  workmanship  has  been  allowed  to  pass  in  order  to  avoid  delay,  and  also 
because  it  cannot  be  discovered  until  the  centering  is  removed.  A  tile  arch 
generally  looks  better  on  the  top  surface  than  it  does  on  the  bottom.* 

Setting  of  Tile  Floor-Arches.  Tile  arches  are  always  set  on  wooden 
CENTERS  suspended  by  bolts  hook^  over  the  tops  of  the  I  beams.  For  all  spans 
of  5  ft  and  over,  the  centers  should  be  slightly  cambered.  Before  any  floor- 
arches  are  set,  all  girders  projecting  below  floor-beams  should  be  completely 
covered  on  the  bottom  and  sides,  independently  of  the  floor'-construction.  To 
protect  the  steel  from  rust  it  should  have  a  good  coat  of  Portland-cement  mortar 
before  the  tiles  are  applied.  After  the  centers  are  in  place  the  beam-tiles  should 
be  placed  under  the  bottom  of  the  beams  and  mortar  slushed  on  the  sides.  The 
entire  sides  of  the  skewbacks  which  rest  against  the  floor-beams  should  then 
be  covered  with  just  enough  mortar  to  give  them  a  perfect  bearing,  and  shoved 

*  The  careless  workmanship  possible  in  the  setting  of  tile  arches  was  clearly  set  forth 
fak  an  article  in  Engineering  News,  April  14, 1898. 
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Dp  agaiiut  the  beams.  After  this,  the  tmuifCDTATE  blocks,  vitb  tbdr  ribs 
on  one  end  and  one  side  covered  with  ■  full  bed  of  mortar,  should  be  dioved 
into  place.  Tht  keys  should  have  mortar  on  both  rides  and  one  end,  if  sidc- 
METBOD  KEYS  are  used,  and  they  ahouH  fit  snugly,  but  not  tight.  "  Under  no  con. 
ditions  should  a  key  be  rammed  in  place.  Il  is  betlertousea  smaller  key  and  hU 
out  the  qiace  left  vith  dther  ■  solid  slab  ol  cile,  or,  if  the  openini  is  coo  ■maU, 
with  a  piece  of  slate."*  "In  selling  tile  arches  it  is  very  common  to  build  the 
arches  in  stbinc-coubses.  fint  fitting  all  Ihe  skews,  then  all  Ibe  inleimRliatev 
and  finally  all  the  keys.  This  is  bad  practice,  as  it  loads  the  center,  both  planks 
and  stringers,  to  ciceis,  caosng  too  great  a  deAectioa.  In  the  iHD-OONS'ntt^c- 
nON  the  arches  ahonid  be  built  one  by  one.  each  being  complete  befim  the 
DCil  is  started.  In  siDE-cCMsnucnOH,  where  joints  ate  broken  lonsiiudi- 
nally,  the  arches  should  be  keyed  up  or  conpleled  at  the  first  point  wbeie  the 
intermediates  meet  [he  lines  uf  the  key,  thus  completing  the  successive  archei 
■s  rapidly  as  possible. "t  All  jonrre  in  the  arches  should  be  filled  with  morlar, 
eq>edally  at  the  top. 

WettJDK  tha  Floor-T^M.  Tn  wsrm  weather  all  hollow  tiles,  whether  deme 
or  porous,  should  be  well  wel  or  water-soaked  before  laying.  In  (reeling  weather 
they  must  be  kepi  dry. 

HoTtar  for  Setting  Floor-TUei.  "Mortar  for  setting  porous  hollow  tile 
should  never  be  made  of  cement  and  sand  alone,  as  such  mortar  is  too  SBoiT. 
rolls  off  the  tile,  and  does  not  insure  a  full  joinl."*  A  good  mortar  is  made 
by  mixing  the  cement  and  sand  in  the  proportion  of  i  :  ],  and  adding  cild 
Ume  putty  or  hydrated  lime  to  the  extent  of  io%  of  Ibe  cement-content.  The 
mortar  should  be  Ihoroughly  worked.  Hot  lime  mortar  should  never  be  used. 
In  dry  weather  the  centers  can  be  removed  in  36  houn  after  the  tiles  are  in  place, 
but  il  is  much  belter  to  allow  48  hours  and  even  longer  in  cold  or  wet  weather. 

Filling  abore  TUe  Floor-Aicbet.  The  strength  o(  all  lilc  arrhes  is  greatlv 
Incrsased  by  wetUog  Iheli  top  surface  and  covering  it  with  a  ridi  dnder  cixi- 
crete,  mixed  with  Portland  cement,  well  tamped  and  brought  Itvtl  with  the 
tops  of  the  steel  beams.  II  the  tlours  ore  to  be  finished  in  wood,  HACLiNc-srFirs 
are  required  to  secure  the  flooring.  These  nailing-strips  are  usually  dovetail- 
shape  in  cross-section,  about  :b  in  wide  at  the  top.  j'.i  in  at  the  bottom  and 
from  t!i  to  I  in  thick.  Il  is  preferable  to  lay  them  at  right-angles  to  the  steel 
beams,  so  that  they  may  be  secured  tothetopfiangcsby  metal  dips,  as  in  Fig.  IG. 


Fig.  la    Segmantol  Tile  Floor-arck 

Before  the  muling-Ttrips  are  laid,  all  piping  and  wiring  which  mutt  go  above 
or  Uitough  the  tile  arches  shouM  be  put  in  |riace.  After  the  nailing-strips  are 
>n  place  the  tops  of  the  steel  beams  should  be  covered  with  a  thin  coat  of  PlpiI- 
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Und-cement-and-sand  giout,  ftppHed  witli  a  bruah.  The  spaces  between  tbe 
nailing-striiis  shoald  be  filled  whh  a  i  :  S  or  x  :  zo  dnder  concrete,  finished 
about  Vi  in  bebw  the  topa  of  the  strips.  Some  architects  claim  better  results 
with  strips  of  rectangular  section,  vrith  nails  driven  horizontally  into  the  ver- 
tical sides  to  form  the  grip  in  the  concrete.  This  method  avoids  the  loosening 
of  the  strips  and  flooring  from  any  shrinkage  of  the  strips. 

Tilo  Filling-Blocks.  In  cases  where  the  tops  of  the  tile  arches  are  2  in  or 
more  below  the  toi>s  of  the  steel  beams«  hoUow  tile  blocks  are  sometimes  used 
for  filling  to  the  top  of  the  beams,  as  in  Fig.  23.  These  blocks  are  lighter  than 
good  concrete,  but  they  do  not  strengthen  the  arches. 

Cement  Floors.  If  the  floors  are  to  be  finished  with  cement,  the  cement  and 
concrete  should  be  at  least  2^  in  and  preferably  3  in  thick  above  the  steel  beams, 
and  should  be  blocked  out  in  sections  of  not  over  6  ft  square,  with  joints  extend- 
ing through  the  concrete.  When  practicable  the  joints  in  one  direction  should 
be  over  the  beams. 

Weather-Protection.  Terra-cotta  arches  should  always  be  protected  against 
rain  or  snow,  especially  in  freezing  weather,  as  both  the  blocks  and  the  mortar 
in  the  joints  are  injured  by  freezing.  Poioos  terra-ootta,  especially,  may  be 
utterly  ruined  by  freezing  when  soaked  with  water. 

Protection  of  Ceilings  from  Stains.  "If  plastered  ceilings  are  to  be  used, 
the  terra-cotta  work  should  be  protected  against  the  smoke  or  soot  from  the 
hoisting-engines.  Stains  are  also  quite  liable  to  occur  from  the  effects  of  iron 
in  the  day,  or  from  the  cinders  in  the  concrete  over  the  arches,  if  the  floor  is 
allowed  to  become  wet."  ♦  To  prevent  these  stains  several  kinds  of  hydraulic 
paints  have  been  used,  some  of  whidi  have  proved  very  effective. 

Segmental  Tile  Floor-Arches.  "This  form  of  arch  is  the  strongest  and 
cheapest.  It  is  particularly  adapted  to  warehouses,  lofts,  factories,  sidewalks, 
or  wherever  great  strength  is  required  and  a  flat  ceiling  is  not  necessary.  When 
A  light,  strong  arch  is  required  in  deep  beams  and  a  flat  ceiling  is  also  demanded, 
this  result  can  be  obtained  by  using  a  metal-lath  ceiling  suspended  below  the 
beams."  t  These  arches  are  usually  formed  by  either  6  or  8-in  hollow  tiles, 
set  on  the  smB-coNSTRUcnoN  principle  and  bonded  endwise  like  a  brick  vault. 


iBtMl  CWl 


,1C«rtll«  «r  ttto  rto«r 


Fig.  17.    Segmental  Tile  Floor-arch.    Deep  Skew 


They  can  be  used  for  spans  up  to  20  ft,  but  it  is  better  to  limit  the  span  to 
about  16  ft.  "End-construction  blocks  may  be  used,  but  they  are  unsatisfac- 
tor>',  unless  the  arches  are  of  uniform  span  and  rise  throughout.  The  rise  of 
the  SIDE-CONSTRUCTION  arch  can  be  varied  by  increasing  the  thickness  of  the 
upper  or  lower  part  of  the  mortar  joint,  but  this  cannot  be  done  with  the  end- 
coKSTRUcnow  method."  f 


•  FreitaK. 

t  Bevier,  National  Fire  Proofing  C<Mni».ny,  New  York  City. 
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Figs.  17  and  18  show  typical  forms  of  segmental  arches.    The  weigh  r 
of  the  arch-tiles  will  run  about  26  lb  per  sq  ft  for  6>in  tile  and  32  lb  for  8-in 


Span,  0.  to  a  of  beuoa,  IS  1)2 


Fig.  18.    Segmental  TUe  Floor-aich.    Deep  Beam.    Droi>ped  Skew 

ttle.  To  these  weights  should  be  added  the  weight  of  concrete  filling,  flooringt 
plaster,  etc 

Thickness  of  Webs.  "For  general  use  the  webs  of  segment-tile  should  be 
H  in  thick  for  semiporous  tile  and  H  in  for  porous  tile.  The  skewback  sbouki 
be  at  least  H  in  thick  for  the  first-named  material  and  x  in  for  the  second.  For 
printing-establishments  or  any  other  building  where  a  large  amount  of  vibra- 
tion occurs  the  webs  of  all  tiles  must  be  designed  in  proportionate  thickness  to 
the  load  they  are  required  to  carry."*  These  thicknesses  apply  to  Chicago 
practice  more  particularly,  where  a  stronger  tile  is  produced  than  in  the  East.  In 
New  York  City  webs  are  generally  H  in  thick  for  semiporous  and  x  in  for  porous 
tiles. 

Rise  of  Segmental  Floor-Arches.  The  rise  of  the  soffit  of  the  arch  above 
the  springing-line  should  be  from  one  tenth  to  one  eighth  the  span.  The  greater 
the  rise  the  less  will  be  the  thrust  of  the  arch.  No  single-cell  tiles  should 
ever  be  used  in  any  form  of  terra-cotta  arch-construction. 

Filling  the  Heonches.  The  haunches  of  segmental  akches  should  be 
filled  with  good  cement  concrete-leveled  up  to  a  point  not  less  than  i  in  above 
the  CROWN  of  the  arch.  For  short  spans  cinder-concrete  filling  may  be  used. 
but  for  wide  spans  it  is  better  to  use  gravel  concrete,  as  the  concrete  filling 
contributes  to  the  strength  of  the  arch  at  the  haunches. 

Tie-Rods.  The  thrust  of  segmental  arches  is  very  considerable,  so  that  it 
is  important  to  provide  tie-rods  between  the  beams.  A  formula  for  determin- 
ing the  stress  in  the  tie-rods  and  their  diameter  is  given  on  page  865.  To  be 
most  effective  the  tie-rods  should  be  placed  at  the  center  of  the  skew.  Placmg 
the  tie-rods  in  this  manner,  however,  may  cause  them  to  project  below  the 
soffit  of  the  arch,  giving;  an  unsightly  appearance  to  the  ceiling.  It  is  also 
more  difficult  to  protect  them  when  in  this  position. 

Strength  of  the  Segmental  Semiporous-Tile  Floor-Arches.    The  save 

tOAOs  per  square  foot  on  6  and  8-in  segmental  arches,  with  side-construction, 
semiporous  tile,  a  rise  of  one-eighth  the  spin,  webs  and  shells  >i  in  thick,  and 
with  a  factor  of  safety  of  7.  as  obtained  from  the  tables  of  the  National  Fire 
Proofing  Company  are  given  in  Table  V. 

Side-Construction  Tile  Floor-Arches.  By  this  term  is  understood  the 
flat-tile  arches  in  which  the  voids  in  the  blocks  run  parallel  with  the  beams,  as 
shown  in  Fig.  19.    One  advantage  of  this  arch  over  the  end-construction  is 

•  E.  A.  Hocppner. 
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Span, 

6-inch  arch, 

8-inch  arch. 

Span. 

6-inch  arch, 

8-inch  arch. 

ft 

lb 

lb 

ft 

lb 

lb 

4 

X  103 

I  318 

IX 

40a 

480 

5 

878 

1049 

13 

370 

44a 

6 

735 

883 

13 

340 

407 

7 

€130 

735 

14 

317 

379 

8 

554 

662 

15 

396 

353 

9 

490 

585 

16 

278 

331 

10 

443 

539 

These  loads  include  the  weight  of  construction;  so  that  to  get  the  safe  live  load,  all 
the  dead  load  of  arch-blocks,  concrete  fill,  plastering,  flooring,  etc.,  must  be  deducted. 

the  BREAKING  ov  JOINTS  that  is  effected  in  the  setting  of  the  blocks,  by  means 
of  which  the  failure  of  a  single  block  docs  not  impair  the  strength  of  the  arch 
beyond  that  block.  The  webs  should  not  be  less  than  H  in  thick.  "  Radial 
JOINTS  are  sometimes  specified  but  should  be  avoided,  as  they  incur  needless 
expense  in  manufacture  and  endless  confusion  and  delay  in  setting,  without  any 
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Fig.  19.    Flat  TQe  Floor-arch.    Side-construction 

compensating  advantage."*  In  the  skewbacks  a  web  should  always  be  pro- 
vided across  the  block  at  the  lower  flange  of  the  beam,  as  at  this  point  comes 
the  greatest  pressure  in  this  block.  Arches  have  collapsed  because  of  failure 
to  provide  this  web.  The  depth  of  the  arch  must  be  proportioned  to  the  span 
between  the  beams  and  to  the  load  to  be  carried.  For  ordinazy  loads,  a  safe 
rule  is  to  make  the  depth  of  the  block  iH  in  for  each  foot  of  span,  plus  the 
amount  necessary  for  protection  below  the  beams.  Safe  loads  for  seziliporous- 
tile  arches,  side-oonstruction,  with  webs  H  in  thick  and  a  factor  of  safety  of  7f 
as  given  by  the  National  Fire  Proofing  Company,  are  shown  in  Table  VI. 

End-Constxnction  Flat  Ploor-Arehes.  In  this  construction  the  sides  and 
voids  of  the  individual  blocks  run  at  right-angles  to  the  beams,  so  that  the  pres- 
sure on  the  blocks  is  endwise  of  the  tile.  It  has  been  conclusively  demonstrated 
that  hollow  tiles  are  much  stronger  in  end-compression  than  transversely. 
"The  objection  urged  against  this  construction  is  that  it  is  wasteful  of  mortar 
and  difficult  to  get  the  edges  of  the  blocks  properly  bedded.  They  do  require 
slightly  more  mortar,  but  the  second  objection  is  not  serious,  for,  if  the  blocks 
are  cut  to  a  proper  bevel,  the  tighter  they  are  set  the  stronger  the  arch."*  The 
indi\'idual  blocks  in  the  end-construction  are  commonly  made  rectangular 
in  shape,  advancing  by  i  in  from  6  to  15  in  in  depth.  The  length  and  width, 
also,  of  the  blocks  may  be  varied,  but  the  standard  size  is  12  in  for  both  dimen- 
sions.   The  number  of  partitions  or  webs  in  the  blocks  varies  with  the  uze  of 


•  Bevier,  National  Fire  Proofing  Company.  New  York  City. 
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TaUe  VL    Saf«  Losdi  for  Semiporoin,  Side^CeostnMtknw  Tile  Flooc-ArchM 


Depth  of  arch 

6  in 

7  in 

Sin 

9  in 

10  in 

12  in 

Weight  of  arch 
per  sq  ft 

34  lb 

361b 

27  lb 

39  lb 

34  lb 

37  lb 

Span  of  afch, 

ft    in 

1 
Strength  of  arch  in  pounds  per  square  foot 

4    0 

4  6 

5  0 

5  6 

6  0 

6  6 

7  0 

197 
156 



230 
I83 

148 

263 
206 
166 
139 

396 
333 
189 
156 
131 

438 
346 
28X 
333 

195 
x66 

535 

415 
336 

37» 
334 
199 
172 
1 

These  loads  represent  the  g&oss  loads;  bo  that  for  the  safs  uve  loads  the  weight 
of  the  construction,  including  the  aich-blocks.  fUl.  flooring,  plastering,  etc..  must  be 
deducted.  For  blocks  with  thicker  webs  the  loads  may  be  increased  proportionately. 
Where  no  loads  are  given  In  the  table,  the  spans  are  considered  excessive  for  the 
depth  of  block  specified.  The  weights  of  arch  ^ven  in  the  table  are  for  the  lightest 
blocks.    If  thicker  webs  are  used,  the  weight  of  block  must  be  taken  proportionately 


the  blocks  and  also  with  the  strength  desired.  The  6-in,  7-in,  and  8*in  blocks 
usually  have  two  vertical  partitions  and  one  horizontal  partition,  or  one  vertical 
and  one  horizontal,  for  blocks  8  in  wide.  The  xo-in  and  i3-in  arches  may  have 
either  dne  or  two  horizontal  partitions.  Arch-blocks  over  12  in  deep  shcNild 
always  have  at  least  two  horizontal  partitions.  In  the  strongest  blocks  the 
voids  are  about  3  in  square.  ^  The  arch-blocks  must  be  set  end  to  end  in  straight 
courses  from  beam  to  beam,  and  cannot  be  set  breaking  joints,  as  in  the  side- 
construction  method."* 

Thickness  of  Web.  This  should  be  at  least  H  in  for  porous  and  Vi  in  for 
semiporous  tiling.  The  thicker  the  webs  the  greater  will  be  the  strength  and 
fire-resistance  of  the  arch.  The  end-joints  are  always  beveled,  as  in  Fig.  20, 
the  ends  being  parallel;  thus  all  the  intermediate  blocks  are  made  with  the  same 
die. 

Form  of  Skewback.  An  end-construction  arch  may  have  skzwbaccs 
formed  of  the  same  blocks,  with  notches  in  the  ends  of  the  bk>dL8  to  fit  over  the 
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Fxo.  20.    Flat  Tile  Floor-aich.    End-construction 


bottom  flanges  of  the  beams,  as  in  Fig.  20.    It  is  generally  considered  that  the 
end-construction  skewback  is  much  stronger  than  the  side-construction  skew- 

•  Bcvier. 
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back  but  on  account  of  the  large  amount  of  mortar  lost  in  the  voids  and  the 
difficulty  of  obtaining  an  even  bearing  with  end-construction  skewbacks, 
and,  also,  because  of  the  greater  facility  with  which  the  side^^onstruction  skew- 
backs  can  be  used,  contractors  generally  prefer  to  use  the  latter;  and  this  has 
gi  ven  rise  to  the  form  of  arch  shown  in  Fig.  21.  But  a  more  important  reason  for 
using  side-construction  skewbacks  with  end-construction  arches  is  the  better 
protection  against  fire  that  they  afford  to  the  beam  or  girder.  To  develop  the 
necessary  strength,  side-construction  skewbacks  should  have  a  large  sectional 
area  and  a  sufficient  number  of  partitions,  following,  approidmately,  the  lines  of 
thrust.  With  any  form  of  skewback  the  recess  for  the  beam-flange  should  be  of 
ample  width,  so  that  when  the  tiles  are  set  the  protecting  flanges  on  the  skew- 
backs  wiQ  not  touch  the  bottom  of  the  beams,  but  will  be  at  least  }i  in  below 
them.  Many  varieties  of  side-construction  skewbacks  are  made  to  meet  all 
possible  oonditions. 

Keys.    Both  end-construction  and  side-construction  keys  are  used  with 
end-construction  arches,  the  choice  of  the  key  depending  principally  upon  its 


Fig.  21.    Flat  Tile  Floor-arch.    Combination  End-construction  and  Side-construction 

length.  If  the  span  of  the  arch  is  such  that  the  standard  intermediate  blocks 
require  a  key  6  in  or  more  in  width,  the  end-method  key  is  used,  as  in  Fig.  20; 
but  if  the  ^DAce  for  the  key  is  small,  a  side-icethod  key,  such  as  shown  in  Fig. 
2 1,  is  used.  As  the  key  is  almost  entirely  in  conq)ression,  a  side-oonstruction  key 
6  in  or  less  in  width  will  usually  give  all  the  strexigth  required,  provided  that  the 
horizontal  webs  are  in  the  same  line  with  those  in  the  intermediate  blocks.  £.  V. 
Johnson,  western  marager  of  the  National  Fire  Proofing  Company,  says:  "We 
prefer  the  use  of  an  end-construction  key  in  all  cases  where  possible.  Our  cus- 
tom is  to  use  side-construction  keys  for  spaces  of  6  in  and  under,  and  end- 
construction  keys  for  larger  spaces.  When  using  the  latter  keys  we  insert  a 
^-in  fire-day  slab  between  the  ends  of  the  tile." 

Raised  Skewbacks.  \Miere  flat  arches  are  sprung  between  z8-in,  3o-in,  or 
a4-in  beams  it  is  necessary  either  to  use  a  raised  skewback  or  else  to  have  a  large 
^Mtce  above  the  top  of  the  tile  arches  which  must  be  filled  in  some  way.  Raised 
^ewbacks  are  prefouble  to  a  hollow  space  above  the  tiles  and  cheaper  than 
concrete  fiUing.  They  are  often  used  for  loof-arches,  because  for  that  pur- 
pose it  is  seldom  necessary  to  make  the  arches  as  deep  as  the  beams,  while  the 
top  must  be  about  on  a  level  with  the  beams.  Raised  skewbacks  aie  almost 
always  made  on  the  sidfrooastruction  principle.  Fig.  22  shows  a  typical  form 
of  raised  skewback  for  ead-construction  ac<Gbea. 

Flat  Vemtt  Paneled  Ceflingt.  In  connection  with  the  raising  of  the 
arches  above  the  bottom  of  the  beams  or  girders,  J.  K.  Freitag  calls  attention 
to  the  advantages  of  flat  cehinos,  as  follows:  "Flat,  unbroken  ceilings  are 
always  to  be  preferred  to  any  typt  of  terra-cotta  arch  which  may  require  a 
panefed  effect  due  to  the  projection  of  the  girders  or  beams  below  the  main 
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odUng-line."  A  perfectly  flat  ceiling  reflerti  more  li£(rt ,  makei  s  better-lighted 
Toom.  Bnd  deflects  tbe  beat.  Paneling  forms  pockets  lor  tbe  retcntioa  ot  beat 
■od  flame  and  greatly  inoeuei  the  eipo«d  area. 


Fig.  22. 


r«  For  EDd<oiutructuD  Arcbei 


Flaor-Arcbei  and  Baum  ottha  Same  Depth.  A  deep  block  makes  a  much 
atronger  floor  than  a  shallower  one,  and  for  the  same  depth  of  beams  a  lighter 
and  cheaper  floor.  A  ii-io  arch  weighs  less  per  square  foot  thaa  a  lo-in  arch 
with  3  in  of  concrete  gUiog:  and  it  costs  less. 

Depth,  Span,  and  Weight.  Tbe  uaximttii  spams  for  diflcrent  depth*  and 
the  AVERAOE  WEIGHTS  per  Square  foot  of  this  type  of  arch,  set  in  jdace,  are  as 


follow 


[  Diflaranl  Depthi 


■-"-■"»• 

M^mum^n. 

Weight  per  tq(t. 

;! 

4     6 
6     6 

»9 
4fi 

o  doubt.  I 


ol  tl 


.  ol 


The  DEPTH  OT  APCH  most  frequently  used  i!  lo  in,  the  girders  bdng  ^>aced 
to  use  lo-in  I  beams  for  joists  spaced  from  5  to  6  ft  apart.  As  a  rule  the  depth 
ol  the  arch  should  be  about  equal  to  the  depth  of  tbe  beam,  asil  i>  just  about  as 
cheap  and  much  better  conGtructiou  to  use  deeper  tiles  and  leu  concrete  filling. 

Sale  Loads  for  End-Canitnietion  TUe  Tloar-Arefaaf.  Tbe  srsENcn 
of  flat  arches  of  hollow  tile  depends  upon  the  ntusmNQ  besistahce  of  the  mate- 
rial, the  sectional  area  per  linear  foot  ol  arch,  the  depth,  and  the  ^>an.  Kor  these 
reasons  il  is  impossible  to  give  a  table  for  strength  which  applies  to  all  arches. 
The  values  given  in  Table  Vill  for  ENP-coHSTaucriON  arches  are  based  upon 
arch-blocks  ol  the  croas-iectionBl  areas,  per  foot,  given  in  the  seconil  bodiontal 


Fire-proof  Floor-Construction 


837 


tine  of  the  table,  and  are  intended  to  have  a  factor  of  safety  of  7,  with  the 
weight  of  the  tile  only,  deducted.  Mr.  Hinton  says:  ''The  safe  loads  as  they 
stand  in  the  table  afford  a  safe  general  statement  of  safe  loads  for  all  sections 
since  they  represent  specifically  a  light  section  in  the  case  of  each  arch. 


»» 


Tabla  VIIL    Safe  Loads  for  Bod-Gonstroctioa  Tilo  Floor-Arelioo  * 

Semiporous  material  of  sectional  area  per  linear  foot,  as  given  in  the  aeooad  line 
The  loads  are  in  pounds  per  square  foot  of  floor 


Depth  of  arch  in 
inches 

6 

7 

8 

9 

10 

• 
13 

15 

Areas,  sq  in 

310 

340 

370 

400 

430 

490 

S80 

Spans. 
ft  in 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

4  6 

5  0 

5  6 

6  0 

6  6 

7  0 

7  6 

8  0 

196 
155 

354 
aoa 

319 
3S4 
30$ 

170 

141 



391 
31a 
354 
309 

X7S 
147 

470 
37« 
306 
353 

213 

179 
X53 

648 
519 
434 
353 

395 

351 
315 

185 

968 
777 
636 
539 
446 
380 
336 
382 

*  This  table  is  condensed  from  two  tables  prepared  by  H.  L.  Hinton. 

Patented  End-Construction  Tile  Floor-Arches.    Figs.  23  and  24  show 
two  variations  of  a  type  of  arch  invented  and  patented  by  E.  V.  Johnson  when 


FtG.  23.    Excelsior  End-construction  THe  Floor-arch.    Side-skew 

manager  of  the  Pioneer  Company,  Chicago.  III.  The  right  to  manufacture  and 
use  this  arch,  in  certain  territory,  has  been  granted  to  the  National  Fire  Proofing 
Company,  and  to  Henry  Maurer  &  Son,  New  York  City.  The  original  shape  of  the 
arch- tile  is  illustrated  in  Fig.  24.  Henry  Maurer  &  Son  have  modified  the  shape 
to  that  shown  in  Fig.  23,  as  they  consider  that  this  shape  gives  a  stronger  and 
slightly  heavier  arch  than  one  of  the  original  shape.  The  advantages  of  this 
arch  are  the  reduction  in  weight  for  an  equal  strength,  and  the  dear  space  of  5 
in  between  the  tiles,  which  avoids  the  cutting  of  the  blocks  for  the  tie-rods. 
This  arch  can  be  adapted  to  any  span  up  to  10  ft  by  using  blocks  of  suitable  depth. 


Tlitproofiog  ol  BuUdingi 


FM.  24.    JofaiWH  dd«aMlTuctiiia  Tile  Flaor-uch.    Otifiul  FenD 

GAre  LOAD  of  the  Excelsiot 


tTcb(Fig.23)i9s<ve 

Table  IX.     Haiiniiii 


Spimi  (or  Bicclrior  TO*  Ftoor-Aichn 


Depth  of  arch. 

Limit  oi  [pan. 

WtlghtpCTHlft. 

SafclMdprrwjft. 

i: 

Sto6 

Sto9 

3S 

300 

3SO 

He  National  Fire  Proofing  Company  bu  made  arch-blocki  as  deep  ai  10  in 
and  as  heavy  as  56  lb  per  sq  ft.  This  company  and  Henry  Maurer  &  Son  use 
Kmiporous  material  for  ihe  aich-blocks.  It  should  be  noticed  Ihal  the  arch 
made  by  the  former  hai  an  eHD-coNSraucnoH  gk£wback,  vhite  the  latter  uses  a 
ETDE^coHSTaucTiOH  EKEWBACK,  The  National  Fire  Proofing  Company  for- 
merly used  the  side-construction  skewbaclc,  but  found  that  when  arches  of  this 
type  were  tested  to  destruction  Ibe  sLewbacks  were  almost  invariably  the  parts 
which  failed;  hence  thrir  adoption  of  the  end -construction  skewbacli.  Henry 
Mauret  ji  Sun.  however,  have  tested,  without  failure.  Eiceliior  arches  of  8ft  and 
io-(t  spans,  and  with  skewbacks  as  shown  by  tbem,  with  loads  of  over  ■  000  lb 
per  sq  ft.     These  arches  have  been  eitensively  Uicd  in  both  eastern  and  western 

Reinf  orced-Tile  FIOM-AnbM.  In  order  la  obtain  a  wide-^ian  flat  arch  or 
to  obisin  a  reduced  depth  of  arch-block  (or  the  shorter  spans,  Ibe  manufactureis 
of  terra-colta  have  applied  to  their  floor -const  ruction  the  principle  of  kein- 
roHCEUENi  WETB  UETAL.  which  is  the  basis  of  reinlorced-concrele  construction. 

Compared  with  reinforced  concrete,  even  when  cinders  are  used  for  the  agjre- 

AKCHEs  secure  for  them  greater  strength  per  square  fool  for  the  same  weight 
of  construction.  On  the  other  hand,  however,  they  are  undoubtedly  more  ex- 
pensive than  cinder -concrete  floor-construction,  because  of  Ibe  material  used 
and  the  increased  height  of  the  building  due  to  thicker  floors. 

Tlia  HerculMD  Anh.*     These  floor-archei  ate  built  of  semiporoui  tenb- 
cntta  blacks,  ii  by  11  in  on  lop  and  varying  from  6  to  11  in  in  depth,  ac 
*  Patented  and  maoulactuccd  by  Ueary  Miunr  &  Son.  tSgt  and  1900 
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to  the  ipan  aiMl  load.  In  the  Mtttl  the  blocki  in  gracwcs  to  recdira  iH  by 
s  H  by  Ht-ia  T  bm.  The  blocks  tn  laid  enil  to  end  the  colin  lenith  of  the 
spmti,  with  a  bearing  of  Irom  4  to  6  in  on  the  walls  or  girdeTs,  pcesenting  two 
continuous  groove*,  whidi  are  &lled  with  cement  mortar,  and  into  whidi  the 
T  bars  are  then  ioseited.  The  T  ban  must,  of  course,  extend  the  full  length  of 
the  span.  The  grooves  in  the  next  course  are  then  filled  with  cement  mortar 
and  the  blocks  pushed  into  place,  thus  thoroughly  covering  the  steel  with  mortar. 
All  joints  between  tbe  bloiis  are  tiled  witb  cement  nuutar  and  the  blocks  are 
laid  to  break  joint  eodwise,  aa  iu  Fig.  36.    This  Soor  has  bcea  UMd  for  span* 


Tit-  36,    Hercakan  ReiDfatcBd,  Tile  Flxw-aith 

varying  from  r9  to  ij  ft.  The  wEicint  per  square  foot  ^vea  tor  the  terr^ 
cotta  blocks  and  steel  T  bars  is  16  lb  (or  blocks  6  in  deep,  33  lb  lor  S-Id  blocks, 
41  lb  (01  10-in  blocks  and  51  lb  (or  ij-ia  blocks.  Tbe  manufacturers  estimate 
tbe  SAtC  LOADS  lor  this  cooUructioii  as  follows: 

For  a  I  i-tn  arch  with  a  10-ft  span,  400  tb  per  sq  ft. 

For  a  lo-in  arch  with  a  i6-ft  span.  400  lb  per  sg  ft. 

Fora   S-iDBichwithaii'lt  spui.  isolbpertiift. 

The  CBIEF  ADVANTAGE  of  tfaJs  coostructioQ  IS  Said  to  be  its  low  cost  as  cont- 
paicd  with  the  cost  of  aystems  equally  Sre-proof  and  requiring  steel  beams 
every  6  or  8  (t-  It  is  particularly  well  adapted  to  buildings  with  mawory  wall* 
and  partitions,  as  in  such  buildings  little  or  iu>  stiuctuiai  stoel  is  required.  The 
floor-coostruction  affords,  alio,  an  unusually  smooth  undersuriace,  thereby 
redudog  the  cost  of  plastering.     No  nc-aoDS  are  required  for  this  floor. 

The  Johnson  Long'-Spui  Flat  Floor-Conatruction.  This  KElNtOBClo- 
TILE  ruKW  was  invented  by  E,  V.  Jobnson,  and  is  now  contioUed  and  erected 
by  the  National  Fire  Pioofiog  Company.  Ita  general  coostructioa  is  as  loUawa: 
A  tempoivy  Oat  centering  is  first  erected,  and  over  this  is  spread  a  layer  o( 
rich  Fortland-ccmeat  mortar  about  H  in  thick.  On  top  of  this  mortar  is  laid 
a  WOVEN  FABRIC  coDtaioing  steel  rods  varying  from  j/i  to  ti  in  in  diameter, 
acuicding  to  the  span,  and  spaced  from  1  to  S  in,  center  to  center.  Another 
layer  of  the  laiae  mortar  is  then  q>read  on  top  and  hollow  tiles,  from  3  to  1 1  in  in 
dqith,  according  to  the  span,  are  tben  act  in  the  moitar  and  laid  so  aa  to  bieaK 
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Fig.  20.    JohnBii  Reiiifaccetl,  Tiit  Float-arch 

■haws  the  seneral  method  of  conMruction  of  this  system,  but  without  the  rods. 
which  Kre  inserted  in  place  u  the  fabric  is  uaeti.  For  short  spans  tlie  fabric 
csa  be  used  without  (he  mds  This  system  diSers  from  the  flat  concrete  system 
only  in  the  substitution  of  hollow  tiles  for  the  concrete  in  the  upper  portioa  of 
the  slabs,  the  stiength  of  the  Sooi  depending  upon  the  recnforcehent  and 
the  ADHESION  of  the  cement  moTtar  to  the  tt«l  and  tilea.  As  the  tiles  are 
covered  both  on  the  bottom  and  top  with  conctete.  the  riKEFROoriHG  pbop- 
EBTV.  also,  is  measured  by  the  resistance  of  the  concrete  and  not  by  that  of  the 
tiles.  Tests  have  shown  that  the  ADHESION  of  the  monar  is  perfect  and  titat  it 
will  stand  a  high  temperature  without  injury.  This  construction  can  be  used 
for  any  span  up  to  ij  ft,  the  most  advawtaoiOub  span  being  about  i6  ft.  The 
«x]GHT  per  square  foot,  including  the  fabric  and  the  cement  on  the  bottom  and 
in  the  joints,  but  not  on  top  of  the  tile,  is  as  follows: 


Weight  per  square  foot,  m  pounds    60     ss     4S     4J     J7     i*     >6     u 

The  concrete  above  the  tile  should  be  6gured  at  ii  lb  per  sq  ft  for  each  inch 
Id  Ihiduiess.  The  strength  of  the  floor,  with  i  in  of  1  :  j  Partland-ceiiKnt 
mortar  on  top  of  the  tile^  is  given  in  Table  X. 

The  Hew  York  Reintorced-Tile  Floor-Arch.  This  arch  (Fig.  27)  was 
designed  by  P,  H.  Beiicr,  of  (he  New  Vork  City  branch  of  the  National  Fire 
Proofing  Company,  (or  use  "when  a  light  and  cheap  but  strong  floor  conslnjc- 
tion  with  a  Rat  ceiling  is  required,  and  is  particularly  adapted  to  wide  spans 
In  shallow  beams.  When  Hghl  Boor-construction  with  deep  beams  is  necessary 
It  can  be  secured  by  selling  the  blocks  level  with  the  tops  of  the  beams  and  using 
■  Hat  metal  lath  celling,  or  by  omitting  the  rdling  a  panel  effect  is  obtained. 
When  shallow  beams  arc  used  the  blacks  are  set  level  and  1  in  below  the  bottom 
of  the  beams.  Light  dmier  coni-rete  or  dO'  cinders  are  used  to  level  up  to  the 
top  of  the  beams.  A  wiRE-TRtfls  REmroRCEiresT.  similar  to  that  shown  in  Fig. 
2S.  used  in  this  system,  is  shipped  lo  tlie  building  in  reels,  and  is  cut  to  pcopa 
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Span  in 
feet 

ThkkMBoftilM 

Lni,K:h 

« 

1 

■■  1  »  1  '  1  •  1  '  i  •  i  '  1  ■  1  ■   1 

Uli 

mau^^nith 

nioun 

s  [»r  iquare  ft. 

ot 

10 

3  3,S 

2SSO 

2  140 

1850 

,5,5 

ij6; 

1000 

„s 

s6o 

i78e 

1SJ6 

8U 

<&1 

13 

3350 

mm 

MHO 
1365 

I0S4 

910 

SSo 

^ 

)to 

6S0 

i6 

B« 

!*a 

6» 

4SCI 

MS 

." 

^ 

is. 

6,0 

S7S 

"l 

1t4 

IVl! 

lOj 

108 

U 

S8J 

3T° 

New  Yoik  RdnfoKnl,  TUe  F1oot-»ren 


embedded.  The  floor  has  succeMluHy  passed  (he  fire  and  load 
Bureau  o(  Buildings,  of  New  Vurk,  and  as  a  result  has  been  used  in 
large  buildings  in  New  York.  Load  tests  were  made  to  determine  I 
£TMCNCTH  of  the  6-in  arch  on  a  6-ft  span,andit  wasfound  tobe  1  600  lb  per  sqfl/' 
Tba  GiusUTiDD  Tila-Atch  Sratsm.  This  is  a  metliMl.  demised  by  R. 
GuaMavino  ut  New  Yoil;  and  Boston,  ol  constructing  floors,  partitions,  staii- 
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cases,  etc.,  by  raeuis  of  thik  tilbs,  i  in  thick,  atKMit  6in ^mde,  and  (com  la  to 
24  in  long,  adl  bonded  togetfaer  in  Portland-cement  mortar  so  as  to  make  one 
solid  mass.  The  floors  are  built  by  spanning  the  spaces  between  the  girden 
with  single  arches,  vaults,  or  domes,  constructed  of  two,  three,  or  more  thick* 
nesses  of  x4n  tiles^  the  number  of  thicknesses  depending  upon  the  dimensions 
of  the  arches  or  vaults.  In  its  best  application,  steel  is  used  in  tension  only  in 
tie-members;  and  in  place  of  steel  girders,  tile  girders  are  constructed  of  the 
same  material.  Wherever  steel  is  used  it  is  embedded  in  the  masonry  construe- 
tion.  One  of  the  earliest  notable  buildings  in  which  this  system  was  used  is  the 
Boston  Public  Library  Building,  completed  in  1895.  Some  of  the  later  important 
constructions  are  the  Cathedral  of  St.  John  the  Divine,  New  York  City;  the 
Minnesota  State  Capitol  Building,  St.  Paul,  Minn.;  the  Girard  Trust  Company's 
Building,  Philadelphia;  the  Chicago  and  Northwestern  Railway  terminal 
Station,  Chicago;  the  Pennsylvania  and  the  New  York  Central  Railroad  ter« 
minal  stations.  New  York  City;  and  the  Hall  of  Fame,  University  of  New  Yoik« 
New  York  City. 

An  illustration  of  the  wide  spans  that  can  be  safely  used  with  this  system  of 
construction  is  seen  in  the  Cathedral  of  St.  John  the  Divine  in  New  York  City. 
The  floor  above  the  crypt,  measuring  56  by  60  ft,  with  no  interior  supports, 
and  designed  to  carry  a  safe  load  of  400  lb  per  sq  ft,  was  constructed  on  this 
principle.  Wherever  a  vaulted  ceiling  is  desired  this  form  of  construction 
seems  to  be  well  adapted  for  use.  Floors  built  in  this  way  have  been  tested 
lioder  the  supervision  of  the  New  York  City  BaiUing  Department  vp  to  5  700  lb 
per  sq  ft,  on  spans  of  10  ft.  When  used  between  I  beams  the  only  steel  beams 
required  are  those  spanning  from  column  to  column.  Architects  contemplating 
the  use  of  this  system  of  construction  are  advised  to  consult  the  R.  Guastavino 
Company  before  letting  any  contracts.  Wherever  vaulted  ceilings  are  required 
this  construction  should  be  at  least  as  cheap  as  any  other  form  of  equally  fire- 
proof construction,  and  it  is  often  cheaper.  One  particular  advantage  of  the 
sjrstem  is  that  frequently  the  soffit-course  of  tile  is  of  pressed  or  glazed  mate- 
rial, making  a  most  effective  and  permanent  finish,  as  in  the  case  of  the  City 
Hall  station  of  the  New  York  City  subway.  This  station  was  constructed  for 
very  heavy  loads  and  without  the  use  of  steel. 

Incidentally,  attention  may  be  called  to  the  Ruuford  tile  developed  in  con- 
nection with  this  construction,  to  be  used  as  the  first  course  of  tile,  that  is,  on 
exposed  surfaces  on  the  interior  of  auditoriums,  on  account  of  its  soimd-absorbing 
character.  Professor  Sabine  of  Harvard  University  concluded  from  his  in- 
vestigations that  this  tile  "has  over  sixfokl  the  absorbing  power  of  any  existing 
masonry  'construction,  and  one  third  the  absorbing  power  of  the  b«it>knowi& 
felt."* 

Concrete  Floors.  Concrete  used  in  fire-proof  floors  may  be  either  plain  or 
reinforced.  Without  reinforcement  its  use  is  generally  practicable  for  very 
short  spans  only,  on  account  of  its  weight.  In  this  chapter  it  is  considered  only 
as  a  floor-filling  between  steel  beams.  Chapter  XXIV  is  devoted  to  a  dis- 
cussion of  the  principles  governing  the  design  and  use  of  r^nforced  concrete. 

Advantages  of  Reinforced  Concrete  for  Floor-Constniction.  Although 
nxany  advantages  are  claimed  for  reinforced  concrete  over  the  tile  systems 
the  principal  advantage  is  that  of  economy,  taking  into  account  the  cost  of 
both  the  steel  framework  and  the  filling  between.  The  other  important  ad- 
vantages are  less  weight  per  square  foot  of  floor  (iisiiaily  but  not  always  the 
case),  adaptability  to  irregular  framing,  and  rapidity  of  construction.  Except 
in  the  immediate  locality  of  the  tile-factories,  fire-proof  floors  o(  concrete  can 

*  The  Brickbuilder,  January,  1914. 
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vsaatty  be  placed  at  less  expense  than  b  incurred  in  setting  floors  o(  hollow  tile; 
and  when  the  spans  permit  the  use  of  cinder  concrete,  the  concrete  floors  are 
lighter  than  those  of  the  tile,  when  both  floors  have  the  same  strength.  Some 
of  the  long-span  tile-systems,  on  the  other  hand,  are  much  lighter  than  many 
of  the  concrete  floors  that  are  now  being  buih.  The  mateiiab  entering  into  the 
construction  of  rdnforced-^oncrete  floors  are  readily  obtained  in  almost  any 
locality,  no  specially  prepared  material  is  required,  except  perhaps  in  a  few 
special  forms  of  rdnforoement,  and  the  work  can  be  done  ^most  entirely  by 
unddlled  labor.  Less  capital  is  required  for  concrete  work  than  for  the  tile- 
tonstructions,  and  no  material  need  be  carried  in  stock  during  an  idle  period, 
except  tools,  mixing^^nachines,  old  centering,  etc.  That  the  above  advantages 
are  real  is  sufficiently  proved  by  the  immense  amount  of  reinforced  concrete 
now  under  construction  throughout  the  world.  Wherever  a  floor  is  to  have  a 
finished,  cement  surface,  reinforced-concrete  constructions  are  considerably 
cheaper  than  any  tite  system,  because  in  the  former,  the  entire  concrete  is  used 
to  give  strength,  while  with  the  flat-tile  arches  it  merely  increases  the  dead  weight. 

DisdaTintages  of  Reinforced  Concrete  for  Floor-Construction.  One 
decided  disadvaktags  connected  with  concrete  floor>oonstruction  is  the  inter- 
ference in  a  large  measure  with  the  progress  of  other  parts  of  the  work.  During 
its  installation,  there  is  a  constant  dripping  from  the  floor,  making  it  some- 
times impossible  to  continue  other  lines  of  work.  After  the  completion  of  the 
floors  a  long  time  is  required,  depending  upon  the  weather,  for  tlie  drying  out, 
before  interior  finishing  con  proceed. 

Compositlen  of  the  Concrete.  The  materials  used  for  concrete  are  dis- 
cussed on  pages  240  to  341  and  on  page  8x7.  Portland  cement,  only,  should 
be  used  in  any  floor-construction.  For  most  reinforced-concrete  floors,  iiaving 
a  span  between  the  steel  beams  of  8  ft  or  less,  cnsDER  conciete  is  generally 
used  for  the  reason  that  concrete  mixed  with  dnders  is  much  lighter  tiian  that 
mixed  with  broken  stone  or  graveL  The  usual  fkoporiioms  or  omder  con- 
CKETB  are  one  of  cement,  to  two  of  sand,  and  five  or  six  of  dnders.  For  a  fisst- 
dass  concrete  the  dnders  must  be  screened  through  a  mesh  not  larger  than 
K  iu,  and  only  hard-coal  dnders  should  be  used.  Good  cinders  may  some- 
times be  obtained  from  power-plants  using  soft  coal,  but  they  must  be  well 
screened  and  free  from  ash.  Concrete  mixed  with  common  ashes,  a  mixtiire  oc- 
casionally used,  has  little  strength  and  is  totally  unreliable.  For  all  spans  ex- 
oeeding  8  ft,  either  gravkl  or  broken  rock  shouki  be  used,  and  these  should 
be  mixed  with  erne  part  cement,  to  two  of  dean  sharp  sand,  and  four  of  stone 
or  gravel.  The  weight  or  okder  concrete  will  vary  from  80  to  no  lb  per 
aq  ft,  depending  upon  the  coarseness  of  the  material,  the  quandty  of  sand,  and 
the  amount  of  tamping.  For  ordinary  purposes  a  i  :  2  :  $  dnder  concrete 
should  be  used,  weighing  96  lb  per  cu  ft,  or  8  lb  per  sq  ft  per  inch  of  thickness. 

Forme  of  Reinforcement.  While  steel  in  small  sections  is  used  almost 
entirely  for  the  rrinforcem«it,  there  is  a  great  variety  in  the  shape  and  char- 
acter of  the  metal  empkyyed.  Different  forms  of  KEiNiroRCCUENT  are  described 
and  discussed  in  Chapter  XXIV.  AU  of  them  may  be  used,  and  most  of  them 
are  now  being  used  in  floor-construction.  In  addition  to  those  forms  discussed 
there,  others  that  are  not  readily  adapted  to  beam-construction  are  used  in 
floor-construction.  Such  are  the  metal  pabrics  described  farther  on  under 
the  diffierent  types  of  construction.  The  proper  position  for  the  reinforcement 
in  a  floor-construction  is  that  in  which  it  will  take  the  tension al  stresses, 
that  is,  in  floor-staba,  near  the  lower  surface.  The  most  logical  form  is  that  of 
a  ROD  OR  BAR.  A  greater  number  of  small  rods  or  bars  is  preferable  to  a  smaller 
number  of  larger  ones,  because  the  proportion  of  the  area  of  adhesion  between 
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steel  and  concrete  to  the  sectional  area  of  steel  is  greater  in  the  former 
This  result  is  apparently  attained  in  systems  in  which  wire  fabrics  are  used. 
But  the  disadvantage  in  the  use  of  the  smaller  reinforcement  is  the  greater  po»> 
sibility  of  corrosion  and  consequent  failure  of  the  construction.  There  is  a 
further  disadvantage  in  the  use  of  wire  fabrics;  they  are  easily  displaced  in 
the  process  of  placing  of  concrete,  either  getting  too  low  and  becoming  exposed 
to  fire  or  corrosion,  or  getting  too  high  with  a  corresponding  weakening  of  the 
floor.  Another  detail  that  must  be  remembered  when  using  metal  fabric  is 
that  the  mesh  must  be  large  enough  to  allow  a  good  bond  to  be  foimed  between 
the  concrete  above  and  below  it.  Reinforcements  in  the  fonn  of  bars  set  ver> 
tically  in  the  concrete  have  a  tendency  to  shear  through  slabs  which  are  under 
heavy  loads.  The  best  and  most  logical  REiNroRCEUENT  for  fire-proof  floois 
consists  of  from  ^  to  ^^in  round  or  square  rods,  either  plain  or  deConned, 
spaced  at  varying  distances  to  suit  the  spans  and  loads. 

Necessity  for  Cross-Bars.  Where  wire  strands  or  bars  are  used  for  rein- 
forcement it  is  essential  to  have  cross-bars  as  well  as  transverse  tension- 
bars,  because,  when  the  loads  are  heavy  and  concentrated,  or  when  a  heavy 
body  falls  upon  a  slab  the  concrete  will  crack  between  the  canying  bars.  This 
can  be  readily  demonstrated  by  testing  with  a  drop-test  a  floor-slab  that  has  no 
cross-bars.  When  the  load  is  vtnroRHLY  distributed  the  cross-bars  are  not 
brought  into  play;  floor-loads,  however,  are  more  often  concentrated  than 
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Segmental  Concrete  Floor-Arches.  For  heavy  warehouse-floors  the 
arch  SYSTEMS  are  preferable  to  the  flat  systems,  because  in  the  former  the 
concrete  is  used  in  its  strongest  form,  and  less  reinforcement  is  required.  In 
warehouses,  also,  a  ceiling  formed  of  a  series  of  arches  is  not  objectionable. 
For  spans  between  floor-beams  of  5  ft  or  less,  a  i  :  6  gravel-concrete  arch,  3  in 
thick  at  crown  and  without  any  reinforcement,  should  sustain,  without  crack- 
ing,  a  distributed  load  of  1 500  lb  per  sq  ft.  For  spans  exceeding  5  ft,  the  cele- 
brated Austrian  experiments  (i  891- 1892)  seem  to  show  that  the  reinforcing  of 
concrete  with  small  I  beams  adds  greatly  to  the  strength  of  the  arch;  but  that 
small  rods  or  netting  are  not  of  sufficient  advantage  to  warrant  the  additional 
expense. *    Tests  made  on  arches  of  8-ft  span  gave  the  following  restilts: 

A  concrete  arch,  3^  in  thick,  9Vi  in  rise,  broke  at  1 130  lb  per  sq  ft.  A  Monier 
arch  (wire  netting),  z^^b  in  thick,  lo^i  in  rise,  or  about  one  half  the  thickness 
of  the  concrete  arch,  failed  at  z  a  17  lb  per  sq  ft.  A  brick  arch,  5H  in  thick, 
9.85  in  rise,  failed  at  885  lb  per  sq  ft.  A  hoUow-brick  arch,  3iMs  in  thick,  51^6 
in  rise,  failed  at  401  lb  per  sq  ft.  A  concrete  arch,  13-ft  span,  3iMe  in  thick,  15^ 
in  rise,  failed  at  813  lb  per  sq  ft.  A  Melan  arch,  3^  in  thick,  11. 4  in  rise,  broke 
At  3360  lb  per  sq  ft.  The  Melan  arch  had  I  beams  3>i  in  deep,  si>aced  40  in 
apart.    The  structure  was  one  year  old  when  tested. 

The  concrete  arch,  considered  as  a  monolithic  construction,  if  built  of  sU»ie 
concrete,  is  superior  to  the  brick  arch.  The  dnder-concrete  arch  is  inferior 
only  in  point  of  strength.  Such  an  arch  should  be  at  least  4  in  deep  at  the 
crown,  and  the  rise  should  be  not  less  than  one  eighth  the  span.  Cinder  con- 
crete should  not  be  used  for  spans  exceeding  8  ft.  The  strength  of  such  an  arch 
for  ordinary  cinder  concrete  is  about  the  same  as  that  of  a  6-in  scgmental-tik 
arch  of  the  same  span,  a s  given  in  Table  V.  All  arch  systems,  whether  of  concr^ 
or  tile,  require  tie-rods  between  the  beams  to  take  up  the  thrusit  of  the  arches. 
(See  page  865.) 

Weight  of  Segmental  Concrete  Arches.    The  weight  of  solid  segmental 
*  See  Architecture  aad  Building,  Jan.  4, 1896. 
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arches  may  be  found  by  the  following  formula  which  gives  results  approximately 
cocrect  when  the  riae  of  the  arch  is  not  more  than  one  sixth  of  the  span: 

ir-(w/M)(c-f-45/^) 

in  which 

W  -weight  of  arch,  in  pounds  per  square  foot; 
V  -weight  of  material,  in  pounds  per  cubic  foot; 
c  -thickness  of  arch  at  crown,  in  inches; 
5  -span  of  arch,  in  feet; 
p  -ratio  of  span  to  rise  of  arch. 

Table  XI  gives  the  weight  per  square  foot  of  arches  having  a  thickness  of  4  in 
at  the  crown  and  constructed  of  stone  or  gravel  concrete,  taken  at  144  pounds  per 
cubic  foot,  for  various  spans  and  ratios  of  span  to  rise.  For  greater  thicknesses 
at  the  crown  these  weights  should  be  increased  by  x  2  lb  for  each  inch  of  additional 
thickness.  For  other  materials  the  weights  are  directly  proportional  to  the 
weights  of  the  materials.  Thus,  if  cinder  concrete  weighing  102  lb  per  cu  ft  is 
used,  the  weight  of  the  arch  for  any  particular  span  and  ratio  of  span  to  rise 
is  102/144,  or  X7/24,  of  the  weight  given  in  the  table  for  the  same  ^>an,  ratio, 
and  thickness  at  the  crown.  Cinder  concrete  of  good  quality  weighs,  according 
to  density,  from  96  to  108  lb  per  cu  ft. 


Table  XL    Weight  per  Square  Foot  of  Segmental  Concrete  Arches 

Concrete  taken  at  X44  lb  per  cu  ft 


Ratio  of 

span  to 

rise 

Thickness  of 

arch  at  crown, 

in 

Span  in  feet 

5 

6 

7 

8 

9 

XO 

6 

7H 
8 

88 
85 

82 

80 
78 

96 
93 
89 
86 

84 

X04 

100 

96 

93 

90 

XI2 

107 
X02 

99 

96 

120 

114 

X09 
106 

I02 

128 
122 

XI6 
XI2 
XO8 

Flat  Reinforced  Floors.  These  floors  consist  of  slabs  of  concrete,  varying 
in  thickness  according  to  the  span  and  load,  constructed  between  the  steel 
floor-beams  and  reinforced  near  the  lower  surface  with  steel  in  one  of  the  shapes 
referred  to  on  page  843,  and  further  described  under  their  respective  names.  For 
ordinary  loads  the  thickness  of  the  slab  should  be  at  least  H  in  £or  each  foot  of 
span,  with  a  minimum  thickness  of  3H  in-  Thinner  slabs  have  been  used,  but 
the  thickness  should  be  carefuUy  considered  for  each  particular  case.  The  floor* 
slabs  are  not  usually  of  the  same  depth  as  the  beams  supporting  them.  The 
position  of  the  dabs,  therefore,  determines  the  character  of  the  ceiling.  When 
the  bottom  of  the  slabs  is  placed  at  or  below  the  lower  flanges,  a  flat  ceiling  results, 
and  the  space  over  the  slabs  must  be  filled  to  the  underside  of  the  flooring  with 
some  incombustible  material,  thus  often  increasing  the  weight.  When  the  slabs 
are  set  at  the  top  flanges,  there  is  a  paneled  ceiling,  unless  a  hung  ceiling  is  pro- 
vided. 

Strength  of  Flat  Floor-Construction.  The  following  empirical  formula, 
representing  the  practise  established  by  the  New  York  Building  Code,  is  based  on 
an  investigation  of  cinder  concrete  floor<onstruction  made  by  Harold  Perrine 
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and  George  £.  Stiehsn,*  under  the  joint  auipiocs  of  Columbift  Univemty  and 
the  Buieau  of  Buildixtgs,  Manhattan,  New  York. 

w»Kda/S* 
in  which 

w  -safe  load,  in  pounds  per  aquaie  foot,  including  the  weight  of  slab; 
d  « distance,  in  inches,  from  top  of  slab  to  center  of  reinforcement; 
a  -cross-sectional  area,  in  square  inches*  of  the  reinforcement,  for  each 

foot  of  width  of  slab; 
S  -span,  in  feet,  of  slab; 

£-*a  coefficient  with  values  as  follows:  when  cinder  concrete  is  used. 
26  000  if  the  reinforcement  consists  of  steel  fabric  continuous  over 
supports;  18000  if  the  reinforcement  oon»sts  of  sted  rods  or  other 
shapes  securely  hooked  over  or  attached  to  the  supports;  and  14  000 
if  the  reinforcement  is  not  continuous  over  the  supports;  and  when 
stone  or  gravel  concrete  is  used,  30000,  20000,  and  16000,  req>ect- 
ively,  for  the  corresponding  conditions. 

The  material  contemplated  by  this  formula  is  a  concrete  consisting  of  one  part 
of  Portland  cement,  and  not  more  than  two  parts  of  sand,  and  five  parts  of  stone, 
gravel,  or  cinders.  The  reinforcement  consists  either  of  steel  rods  or  other 
suitable  shapes,  or  steel  fabric.  In  case  cold-drawn  steel  fabric  is  used,  the  ten« 
sional  reinforcement  should  not  be  less  than  ^^^(00%,  and  in  case  other  forms  of 
reinforcement  are  used,  not  less  than  'Moo%,  the  percentage  being  based  on  the 
sectional  area  of  the  slab  above  the  center  of  the  reinforcement.  For  proper 
protection  against  fire  and  corro^on  the  center  of  the  reinforcement  should  be  at 
least  I  in  above  the  bottom  of  the  slab,  but  there  should  always  be  at  least  H  in 
of  concrete  outside  of  any  part  of  the  reinforcement.  The  formula  should  not  be 
applied  to  sjians  exceeding  8  ft.  Cinder-concrete  floors  should  be  limited  to 
that  span  in  any  case. 

Expanded  Metal.  This  material  is  now  so  well  known  that  it  requires  only 
a  brief  description.    The  diamond  mesh  shown  in  Fig.  29  is  used  in  floor-con* 


Flo.  29.    Expanded  Metal,  Diamond  Mesh 

stTJCtion.  For  this  purpose  the  3-in  mesh  is  used,  the  size  of  the  mesh  being 
designated  by  the  width  of  the  diamond-shaped  spaces.  It  comes  in  sheets 
8,  10,  12,  and  x6  ft  long,  and  from  3  to  8  ft  wide,  according  to  the  width  of  the 
mesh.  It  is  made  from  a  soft,  tough  steel  of  fine  texture,  varying  in  thickness 
from  No.  13  to  No.  i,  Stubbs  gauge.    The  standard  sizes  ofiTcred  by  the  Con- 

*  TiaDt.  Am.  Soc.  C.  E.,  Vol  LXXIX.  19x5.  page  sa3* 
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soKdated  Ezpuided  Metal  Companies  and  the  North wealein  Eaq;«nded  Metal 
Oompany  are  in  accordance  with  a  decimal  vanation  in  citMa-aection,  thus: 
0.25,  0.30,  0.35,  0.40,  etc.,  sq  in  per  ft  of  width.  The  designations  of  the  sizes 
irndicate  the  cross-sectional  areas  per  foot  of  width,  thus:  3-9-20  denotes  a  3-in 
mesh.  No.  9-gauge  plate,  and  a  cross-sectional  area  of  0.20  sq  in  per  ft  of  width. 
1'he  Sharon  Steel  Hoop  Company  and  also  the  General  Fire  Proofing  Company 
ofier  from  eight  to  ten  sizes  of  expanded  metal  with  a  range  sufficient  to  take 
care  of  the  needs  of  concrete-floor  designs. 

Concrete  and  Expanded-Metal  Floor-Construction.  Of  the  numerous 
styles  of  floor-construction  possible  with  expanded-metal  reinforcement,  the 
type  shown  in  Fig.  30  is  generally  used  and  recommended.    At  the  right  hand 
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FtG.  30.    CoDciete  Floor-construction.    Expanded-metal  Reinfmcement 

of  the  figure  is  shown  the  construction  when  there  are  steel  beams,  and  at  the 
left  hand  when  there  are  reinforced-concrete  beams.  Ilie  advantages  claimed 
for  expanded  metal  as  a  reinforcement  are:  a  better  arrangement  in  the  con- 
crete than  is  possible  with  an  equal  amoimt  of  material  in  any  other  form;  great 
efficiency  in  the  carrying  of  concentrated  loads,  due  to  the  obliquity  of  the 
strands;  a  uniform  (fistribution  of  small  sections  at  frequent  Intervals,  pref- 
erable to  larger  sections  at  greater  intervals;  an  increased  ultimate  strength 
and  high  elastic  Emit,  due  to  the  method  of  manufacture,  thus  combining 
the  advantages  of  a  low-carbon  steel  with  a  high  ultimate  strength;  and  a 
mechanical  bond  with  the  surrounding  concrete.  When  used  between  I  beams, 
without  other  reinforcement,  the  spans  usually  vary  from  6  to  8  ft,  although 
panels  12  ft  wide  between  beams  have  been  constructed.  In  placing  expanded 
metal  in  the  concrete,  it  is  necessary  to  lap  the  sheets  on  the  ends  up  to  and 
including  3-9~2o,  one  diamond  (8  in);  from  3-*9-35  to  3-6-60,  one  and  a  half 
diam<Mids  (12  in);  and  heavier  than  j-6-60,  two  diamonds  (x6  in). 


Table  ZIL 

Properties  of  Rib-Metal 

Size- 
number 

Width  of 

sheet, 

in 

Area  of  metal 

per  foot  of 

width, 

sq  in 

2 
3 
4 
5 
6 

7 
8 

J-. 

24 
32 
40 
48 
S6 
.64 

0.540 
0.360 
0.270 
0.216 
0.Z80 
O.XS4 
O.I3S 

Rib-Metal.  The  Truscon  Steel  Company's  factory,  at  Youngstown,  O.,  is 
manufacturing  a  steel  reinforcement  for  concrete  floors  consisting  of  a  series 
of  straight  ribs  or  main  tension-members  rigidly  connected  by  light  cross-ties 
expanded  from  tbe  same  sheet  of  metal  in  the  form  of  a  mesh  (Fig.  31).  It 
is  manufactured  from  medium  open-hearth  steel  m  seven  siaes  of  mesh,  2,  3,  4, 
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5,  6,  7,  and  8  in,  and  in  lengths  up  to  1 8  ft.    It  is  supplied  in  eitlier  flat 

•heetSi  and  bnger  lengths  and  special  sizes  of  mesh  can  be  provided.    The  width 


M^ 


Ana  of  rib  0.09  sq  ia 
Ribs«paced  2,  3,  4,  5,  6,  7,  and  8  in 

Fuk  81.    Rib-metal  ReinCorcement  for  Concrete  Floors 
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Vio.  32.  Welded-metal  Fabric, 
ton  Wire  Cloth 


Clin- 


of  sheet  is  governed  by  the  use  of  mesh, 
there  being  nine  bars  or  ribs  In  each  sheet. 

Welded-Metal  Fabric.  The  Wickwire 
Spencer  Steel  Corp.  manufactures  a  welded 
fabric  or  mesh  which  has  been  extensively 
used  in  the  United  States  as  a  reinforce- 
ment for  concrete  construction  of  all  kinds. 
Fig.  32  shows  the  general  style  of  the  fabric, 
the  meshes  and  wires  of  which  can  be  \'aried 
indefinitely,  upwards  from  a  i-in  me<h. 
The  advantage  claimed  for  this  fabric  as  a 
reinforcement  for  slab-construction  is  that 
the  carrying  wires  may  be  varied,  both  in 
size  and  spacing,  to  give  the  necessary  area 
for  any  given  weight  and  span,  and  the 
distributing  or  cross-wires,  also,  may  be 
varied  in  the  same  way.  The  direction  of 
the  wires  coincides  with  the  line  of  stress, 
so  that  there  is  no  tendency  to  distort  the 
rectangle  of  the  mesh.  The  cross-wires, 
being  welded  to  the  carrying  wires,  are 
rigidly  held  in  place  and  prevent  the  latter 
from  slipping  in  the  concrete.  The  daim 
is  made  that  the  elongation  that  takes  place 
in  the  carrying  wire  under  the  stress  of  heavy 
loading,  is  divided  along  the  carrying  wire 
as  often  as  the  cross-wires  occur,  instead  of 
being  concentrated  at  one  point  as  is  the 
case  with  loose  rods  or  wires.  In  the  meshes 
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commonly  used  the  carrying  wires  vary  from  No.  xo  to  No.  3  in  size  (Wa.4ibum 
&  Moen  gauge),  and  are  spaced  from  i  to  4  in  on  center?;  while  the  distribut- 
ing wires  vary  from  No.  ix  to  No.  6  in  size,  and  are  spaced  from  3  to  12  in  on 
centers.  Welded  metal  is  manufactured  in  long  rolls,  and  by  its  use  all  joints 
and  laps  are  avoided.  A  floor  can  be  made  with  a  continuous  metallic  bond  from 
Tvall  to  wall,  that  is,  when  the  mesh  is  laid  over  the  tops  of  the  steel  beams.  The 
width  of  the  rolls  varies  from  48  to  86  in. 

Lock-woTen  Steel  FAbrie.  This  fabric*  is  made  up  in  a  rectangular  mesh, 
the  usual  spacing  of  the  longitudinal  wires  being  3  in  on  centers  and  that  of  the 
transverse  wires  X2  in  on  centers.    These  spacings  can  be  easily  varied  to  meet 


Longltudloal  Wire 


Trantverac  Wire 

-J 


DETAIL  OF  LOCK 
FtG.  83.    Lock-woven  Fabric 

special  conditions.  The  fabric  is  usually  made  54  in  wide  and  comes  in  rolls 
containing  from  150  to  600  hn  ft,  the  x5o-ft  length  being  conunonly  used.  While 
the  usual  width  of  the  fabric  is  54  in,  it  can  be  varied  in  multiples  of  i  Vi  in  from 
18  in  up  to  a  maximum  of  54  in.  The  longitudinals  or  carrying  wires  of  the 
fabric  are  held  in  place  by  the  transverse  wires  as  shown  in  Fig.  38.    The  longi'^ 


stone  or  Cinder  Concrete. 


Beam  WxapJ 
Fto.  34.    Coocicte  Ceiling-slab  Reiirfoiced  with  Lock-woven  Fabric 

tudinal  wires  can  be  furnished  in  sizes  varying  from  No.  X4  to  No.  7  gauge,  the 
sectional  area  of  the  fabric  ranging  from  coaox  sq  in  to  0.1968  sq  in  per  ft  of 
width.  Heavier  fabric  can  be  furnished  to  meet  special  conditions.  The  trans- 
verse wires  are  usually  No.  14  or  No.  X2.  The  longitudinal  wires  are  made  by  a 
spedal  process  which  gives  them  an  ultdcate  tensile  strength  of  from  x  50  000 
to  180  000  lb  per  sq  in,  with  a  correspondingly  high  elastic  limit.  The  fabric 
can  be  furnished  either  black  or  galvanized.  This  fabric  has  the  general  advan- 
tages common  to  any  continuous,  rectangular-mesh  material,  as  it  provides  a 
comnNuous  bond  from  end  to  end  of  a  structure,  and  the  wires  are  so  placed  that 
they  lie  parallel  to  the  unes  or  stsesses  which  they  are  called  upon  to  carry.  The 
standard  type  of  construction  for  floor-slabs  and  roof-slabs  is  similar  to  that 
shown  in  Fig.  30  for  expanded  metal.  VMiere  a  fiat  ceiling  is  desired  the  type 
oi  construction  shown  in  Fig.  34  is  very  useful.  Both  of  these  types  have  been 
tested  by  the  Bureau  of  Buildings  of  the  City  of  New  York  on  spans  up  to  ana 

*  Controlled  by  W.  N.  Wight  &  Company,  New  York  Oty. 
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IndudiDg  6  ft,  [or  Itvc  lo&ds  mnning  f Tom  tjo  ta  jjo  lb  per  iq  ft;  u>d  on  Spans  oi 
7  ft,  Bpprovabtuvrbcen^vmiDptai75lbpciK[ft,>iidonspuuoC8ft,  op  It 
ISO  lb  per  sq  ft.  The  mifibra  vtn  conitniclHl  of  dndct  concrete  and  Ibe  Gruiv 
givcD  are  based  on  a  factor  of  ufety  of  lo.  In  addition  to  iu  uw  for  the  con- 
struction of  floor^labs  and  roo(-«labs,  Ibe  fabric  is  suitable  for  use  in  pan^nlk. 
M»era,  penstocks,  and  tanks,  and  In  aO  otiwx  place*  where  a  aheet-Tcinforcement 
can  be  used  to  advantage. 

Trian|la-M«sh  Wra-Psbric  R«lntoreament.  tTndertUs  name  the  Aineri- 
can  Steel  and  Wire  Company  ii  mannlacturing  a  wire  fabric  of  cdd-drawn  steel 
wire  for  the  rdnfortxnieiit  of  Gre-proof  floors.  A  detail  of  the  standard  material 
is  shown  in  Fig.  35.  The  triangular  mesh  is  built  up  of  either  angle  or  stranded 
longitudinals  with  the  cross-wires  or  bc«d-wires  lunning  diagonally  across  tbc 
width  of  the  fabric.  It  is  cbin^ed  tbat  the  tnangular  mesh  affords  an  even 
disttibulion  of  tha  steel,  reinforcing  in  eveiy  possible  direction,  aad  tliat  the 


PukM.    Wb»&brk  tteiafonaHBt,  Triuoilu  IfMh 

Strength  »  incnBJKd  by  reuoo  of  the  trusi4»nitniction.  For  Soorrdnforce- 
ment.  this  fabric  is  used  the  same  way  that  any  of  the  other  fabrics  previously 
described  are  used,  and  as  indicated  in  Figs.  26,  30.  and  34.  The  longitDdinal 
wires  in  Triangle  Mesh  are  invariably  spaaed  4  in  on  centers,  but  the  diagonal 
wires  may  be  spaced  either  4  or  8  in  apart.  TIk  manufactnien  can  funuih 
dilferent  styles,  giving  variations  in  the  crou-sectionil  area  from  about  o.oji  9>] 
in  to  about  0.395  "l '°  P"  ft  in  width  of  the  fabric,  or  a  variation  in  weight  per 
squan  foot  of  from  0.1  to  1.6  lb.  The  material  Is  furnished  either  galvaniied 
or  plain.  The  longitudinal  wires  are  made  of  either  a  single  win  or  of  two  or 
three  wires  stranded.  The  cniu-wiret  or  bond-wires  are  of  eitbei  No.  14  or 
No.  iiH  gauge.  Special  liaes  of  additional  area  am  be  fumlibed  upon  applica- 
tion to  the  company.  This  fabric  is  said  to  have  an  ultimate  aticngthof  not  laa 
than  85  000  lb  per  scj  in. 

Dovetailed  Cormga tad  She eti.  Fetrolnclave.  Sheets  of  thin  sted  corru- 
gated 90  as  to  form  dovetailed  grooves  have  been  used  as  a  reinfaicement  and  ceo- 
teriog  for  concrete-steel,  the  dovetailing  serving  to  unite  tbe  sheets  to  the  con- 
crete.   The  Brown  UoiUing  Machineiy  Company  of  Clevdand,  Ohio,  has 
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patented,  under  the  lunw  FerroIncUve,  a  tnieiHl  cnruaaticiD  which  is  RDaU 
enough  to  bold  hsnl  mortu,  and  hecce  can  be  pkitend  on  the  under  side.  Fig. 
36  shows  a  paitia]  srclion  of  the  FeiToindave  nirTug»l*d  sheets,  the  depth  of  the 
comi^tians  being  H  in.  the  distance  from  center  to  center  of  co[TugB.lion5  i  in, 
and  the  coinigaLons,  with  the  opening  between  the  edgei,  J^  tn.  The  tapering  d 
the  comigatiaDS  is  of  especial  advantage  for  roofs,  as  it  allowi  the  sheets  '.o  be 
lapped  at  the  end-joints,  making  a  roof  absolutely  tight,  even  if  water  should 
penetrate  the  cement  coating.  The  priodpal  advantage  in  the  use  of  corru- 
gated sheets  for  fioot-constniction  is  that  they  nistaia  the  concrete,  when  the 
spans  are  of  moderate  width,  before  it  has  set,  thus  saving  the  cost  irf  centering 
and  tbe  time  required  to  put  it  in  place.  Ttut  advantage,  however,  appears  to 
be  offset  by  the  high  cost  of  the  sheets  when  they  have  to  be  shipped.  For  roofs, 
however,  this  constnicdon  is  light  and  relatively  ctiesp,  ai  the  total  thickness 
need  not  exceed  iH  in  lor  spans  of  4  ft  10  in.  To  malie  the  nx^  water-tight 
some  water-proof  covering  is  required.  With  a  good  coat  of  hard  plaster  or 
gauged  mortar  on  the  under-side,  the  iron  will  not  be  aSected  by  heat  in  case  of 
lire  until  a  cvosiderable  time  ha:i  elupsed:  and  even  if  the  mortar  on  the  under- 
side should  be  more  or  less  dislodged  by  the  stream*  of  water,  it  can  be  replaced, 


FM.  so.    FemuDclave  Reinfaicaneiil  ibr  Oaicnte  Floon 

at  a  very  slight  expniM.  Another  advantage  in  the  use  of  Fernnndave  for  roofs 
is  that  a  tnnlding  can  be  ci>vered  and  made  water-tight  in  the  most  severe  winter 
weather  and  the  ixment  applied  during  the  following  qiring. 

Ferroindave  is  made  in  sheets  30  in  wide  and  up  to  10  ft  long,  and  it  is  usu- 
ally of  No.  14  gauge.  For  roofs  it  ia  attached  to  purlins  in  the  same  way  that 
iron  roofing  is  attached,  the  most  economical  pacing  of  tbe  purlins  being  4  ft  loH 
in  center  to  center,  which  accommodates  sheets  10  ft  long  and  leaves  an  end- 
lap  of  3  in.  For  the  cement  lop  owt  on  roofs,  a  mixture  of  one  part  Portland 
rement  to  two  parts  sand,  applied  to  a  thickness  oi  H'la  above  the  top  of  the 
shtrts,  is  sufficient.  For  floon  a  rich  gravel  or  crushed-stone  concrete  should  be 
used,  the  thickness  bdng  governed  by  the  span  and  the  loads  to  be  supported. 

Tbe  following  tabk  shows  the  ultimate  strength  of  No.  34  Ferroindave  with 
diSeitnt  thicknesses  of  concrete,  as  determined  by  actual  tests  with  sheets  10  in 
wide  over  a  4-ft  loM-in  ^ao: 

Thickness  in  inches  of  i  :  3  mortar  above 

ihemelal IM       »        "M         3         JM        < 

Ultimate  strength  in  Tb  per  sq  ft  for  a  span 

4ltioMin 61S    915    "«>   ts6o    i860    aiM 

A  f  ittor  of  safely  of  6  should  be  ample  for  ordinary  loads. 

Fenoinclave  is  especially  adapted  for  the  roofs  and  floors  of  large  manufac- 
turing plants,  and  may  be  used  10  advantage  for  partitions,  stair-treads,  vats, 
•laur-closet  partitions,  and  Sre-proof  doors. 
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Bener*!  Hnltltdut  Steal  Plate.  Fis-  37  ibowi  a  Mctkm  of  ■  comicated 
Weel  plate  manufactured  by  the  Baser  Mumfacturing  Compauj,  Cantoo, 
Ohio,  for  floor  and  roof-conatructian,  the  pUte  being  an  iaveotioa  of  G.  Fu^man. 
As  shown  in  the  illuitralion.  il  OHisisEs  of  a  geiies  of  vertii:al  comigatioiit  of 
ihcet  alecl,  paJnteti  oi  ^vanized,  ending  at  the  t(^  and  bottom  in  three  balf- 
citcle  archea,  separating  the  vertical  aides  of  the  comgatioiu  from  each  other 
and  giving  stiffness  to  the  top  and  bottom  of  the  plate.  The  plate  is  made  irith 
dqitfas.  D,  of  1,  3^,  3.  3>i,  and  4  in,  and  in  conopooding  widths  o(  ijh.  14. 
i4H>andi5in.  The  muimiun  length  of  plate  is  10  (t.  It  can  be  made  of  any 
gauge  of  steel,  from  No.  14  to  No.  16,  but  No.  iS  is  as  heavy  a  wdght  as  is 
generally  required.  For  floors  and  roofa,  the  corrugated  plate  is  Laid  on  top  of 
tbe  beams  and  the  top  portion  tilled  with  concrete  and  leveled  off  about  i  in 
above  the  plate.  For  miodcn  floors  tbe  nailing-strips  may  be  embedded  in 
the  concrete  and  tbe  bottom  of  the  strips  raised  only  about  ^  in  aboi'e  tlM 
top  of  the  [date.  Tlie  conalmction  is  very  iiflbl  and  strong  and  requires  no 
centering.    It  canmt  be  plaatoed,  however,  on  the  under  aide,  and  where  a 


Pio.  3T.    Betgct's  Multipki  Stiet  Plate 

plaster  ceiling  Is  required  it  roust  be  constructed  independently  of  the  plate  by 
means  of  furring-strips  and  metal  bib.  The  vreight  ol  the  4-in  plate,  with  a 
1  :  I  ;  S  furnacc-jlag  concrete  leveled  i  in  aboi-e  the  topoi  the  plate,  is  about 
40  lb  per  sq  ft,  and  the  safe  load  for  a  10-lt  span  is  given  at  170  Ih  per  sq  ft. 
While  this  floor  has  several  practical  advantages,  it  cannot  be  considered 
thoroughly  6re-proof,  because  the  metal  is  eicposed  on  the  bottom.  But  vith 
a  plastered  ceiling  on  the  under  side,  tbe  iron  would  probably  not  be  aflected 
by  any  ordinary  6n  before  the  latter  could  be  controlled. 

Pemuneot  Centering.  Numerous  forms  of  sheet-metal  fabrics  have  been 
develiiped  in  recent  years  tar  use  as  floor-rcinforcEmcnts.  They  consist,  gen- 
er.ill>',  of  steel  pbtes  pressed  into  series  ol  solid  ribs,  variously  spaced,  between 
which  the  metal  is  stamped  or  perforated,  or  derlo>-ed  into  an  open  mesh-work. 
The  characteristic  form  is  shown  in  Fig.  3'>.  The  mesh  is  kept  small  enough 
to  pre\'ent  ordinary  coodete  from  passing  through.  For  use  as  a  reinforcement 
the  sheets  are  furnished  either  in  Qat  or  segmental  form.  A  i  :  i^t  :  5  stone  or 
cinder  concrete  may  be  used,  the  thickness  dependitu;  upon  the  span  and  tbe  load 
to  be  proiidcd  for.  For  spans  exceeding  from  3  to;  It,  according  to  the  gauge  of 
metal,  the  sheets  must  be  temporarily  supported  until  the  concrete  ha«  set.  Tbe 
difficutty  of  providing  efficient  fire-protectjan  on  the  urtderside  of  rejoforce- 
ments  of  this  type,  and  around  the  lower  flanges  of  the  sivporting  steel  beams, 
is  a  serious  disadvantage.  Besides,  the  bond  between  the  metal  and  tbe  floor- 
omcrEte  is  on  one  side  of  the  sheet  only.    Some  of  tbe  forms  now  on  the  market. 


Fire-pTDof  Floor-Coutnictloii 
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Kib-TniH.  These  [dales,  manufactured  by  the  Berger  Manufacturing  Com- 
[lany.  Canton,  Ohio,  are  dnigned  with  6ve  kn^tuillnal  ribs,  6  in  on  centers, 
and  H,  ti.  I,  and  t^  in  high.  The  ntetal  betmea  the  ritis  Is  siit  into  truss- 
loflin  which  are  further  rdnforced  with  beads  at  right-angles  to  the  main  ribs. 
TTk  standard  sheets  are  14  in  in  width  and  ire  carried  in  stock  in  lengths  up  to 
II  ft,  and  madeol  No.  14, 16, 17,  and  iS-gauge  metaL 

S«U-Seal«Tiilg.  In  this  form,  manufactured  by  the  General  Fireprooling 
Company,  Voungstown,  Ohio,  the  ribs  are  1^1  in  in  height,  JH  in  on  centers. 
and  connected  by  eipanded  nwlal.  The  sheets  are  ig  in  in  width  and  come  in 
lengths  Inmi  4  to  11  ft,  varying  by  units  of  1  It.  Self-Senteriog  is  made  of  Noa. 
H,  16,  and  18-gauge  metaL    (See,  also,  page  885.} 

Hr-Rib.  Hy-rib  metal,  now  conlrolled  by  the  Truscon  Steel  Company, 
Voungsto«n,0..is  made  in  sheets  measuring  io)i  in  from  center  to  center  of 
outside  ribs  and  having  lour  ribs  ')i>  in  in  height;  and  also  in  sheets  14  inin 
width  having  three  ribs.  There  is  also  a  type  known  as  the  Deep  Rib.  The 
lengthsaree.B,  lo.andiift.  The  sheets  are  of  No.  14,  ifi,  or  iB  United  States 
gauge,  aitd  ace  fumisbed  dther  fiat  or  in  various  types  of  curves.  (See,  also, 
page  886.) 

Corr-Maah.  Corr-\[esh  Is  manufactured  by  the  Corrugated  Bar  Company, 
Inc.,  Buffalo,  N.  Y,.  which  supiJics,  also,  special  dips  for  dicing  and  fastening 
the  mesh  to  the  supporting  members.  It  is  made  in  two  types.  One  has  ribs 
•i  in  high,  spaced  $'i  in  on  centers;  the  other  type  has  ribs  H>  in  high,  spaced 
3  in  on  centers.  For  the  JJ-in-rib  Cotr-Mesh  the  sheets  are  13  in  wide,  and  for 
the  *i«-in-rib  Corr-Math  Ihey  are  18  in  «-ide.  The  mesh  is  furnished  in  United 
States  standard  gauges.  Nos.  14,  16,  and  18.  Standard  sheets  are  6,  S.  10.  and 
13  ft  in  length.  No  allowance  need  be  made  (or  ade  laps,  but  at  least  a  in  should 
be  allowed  for  end-laps. 

Duplex  Self-Centaiing.  The  Sharon  Sted  Hoop  Company,  of  Youngs- 
town.  Ohio,  maoutactures  the  DupJeit  Self-Centering.  It  is  ij  in  in  width,  is 
furnished  in  lengths  of  from  4  to  u  (t.  and  in  Nos.  24, 16,  and  18  metal.  United 
States  gauge.  It  weighs  1.37  lb  per  sq  ft  fur  the  No.  34  gauge,  1.03  lb  for  the 
No.  16  gauge,  and  0.86  lb  for  the  No.  38  gauge*  and  it  has  a  corresponding 
cross-jectional  area  per  foot  of  width,  of  0.411,  0.J08,  and  0,157  sq  in. 

Sactioiul  Syatami.     During  recent  years,  the  uKii  SVSTE] 
uoLOED  BVSTEU,  consisting  of  shop-made  rdnforced-concretc  1 
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glrden,  Unlek,  floor-sl>bi,  uid  «ijl-pawls,  nude  at  ft  hctofy  and  shipped  to  the 
sitn  of  building  operationg.  has  been  receiving  considerable  attenrion  in  t 
couDtiy.  Tliis  system  is  more  compleleiy  disciused  in  Cbapler  XXI\'.  page 
953>  under  the  tiLle  Separately  Molded  Construction.  Separaleix  molded 
members  have  been  used  between  the  steel  beams  of  iire-proof  floor-coosUucrtioQ 
as  u  lubstitute  Boar-fiUing  far  the  ujusl  terra-cotta  or  concrete  floor-arches. 
The  advantages  of  such  systems,  where  they  are  pnuiticable,  ore  obvious.  Sudi 
members  are  usually  made  as  large  as  can  be  conveniently  handled  and  of  com- 
porativdy  long  span. 

Dis*dTBnt«gea  of  SecUooal  Sritema,  The  reason  that  the  sectional 
BVSTEHS  have  not  found  favor  is  because  Ihsy  necessitate  a  [airly  Unitor'n  ^>acin( 
of  beams  throughout  a  sliucture,  and  this  is  generally  impracticable.  Tb; 
casting  of  the  parts  has  hitherto  not  been  commercially  successful,  as  the  fornis. 
although  used  repeatedly,  have  been  more  eipensi\'e  than  the  usual  centrrine 
at  the  building;  and  it  is  also  genenJly  necessary  to  use  a  coacrele  that  'n  richer 
and  more  carefully  prepared  in  order  that  it  may  stand  the  additional  handlEng. 
Even  with  all  possible  care,  the  breakages  in  transportation  are  considerable. 
As  the  metikods  of  manufacture  of  factwy.made  members  aie  constantly  bein^ 
perfected,  chiefly  in  mechanical  contrivances  for  cheapening  the  forms  and  reduc- 
ing the  handling  during  the  pcoceis  of  manufacture,  the  ecooomy  of  this  system 
is  being  substantiated,  and  particularly  when  it  is  used  in  combination  with  a 
light  structural-steel  dre-proofed  frame. 

Vaite'i  Concrate  Beam.    In  Fir.  39  is  shown  a  type  of  SECnoKAL  floos- 
haa  been  used  in  a  number  of  buildings  by  the  Standard 
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Concrete  Sleel  Company  of  New  York  City.  The  floot-conslrucUon  consists  of  a 
series  iif  contrcle  1  beams  looi  ii  in  in  depth,  supported  on  the  luwcr  Canges  of 
the  sleel  beam3,  which  arc  spaced  (ram  s  to  7  ft  apart.  The  concrtte  beams  are 
set  alHiul  iS  in  apart  and  the  spaces  between  the  lower  flanges  are  filled  in  u-itb 
a  ciiider  concrete  of  the  same  composition  as  the  I  beams.  On  the  lups  of  the 
concrete  beams  is  placed  a  metal  fabric  of  small  mesh  on  which  a  lean-concrete 
slab  is  laid.  This  makes  a  oomparati^'cly  light  floor-construction,  because  of 
the  brge  spaces  between  the  concrete  beams.  The  concrete  I  beams  art  cart 
at  the  shop  and  allowed  to  harden  before  they  .ire  sent  to  the  building.  In 
the  lower  flanec  is  inserted,  as  shown,  a  steel  reinforcement,  of  small  circular 
or  other  cross.seclion,  to  furnish  the  necessary  tensile  strength.  The  beams 
are  cast  wilh  the  proper  lengths,  in  accordance  nHth  the  drawings:  and  any 
slight  variations  at  the  building  are  made  up  by  filling  the  spares  between  the 
ends  of  the  concrete  beams  and  the  webs  of  the  steel  beams,  and  covering  the 
w«ba  o(  the  latter  with  concrete.    A  similar  lonstruclion,  consisting  of  a  series 
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of  T  beams,  with  lower  flanises  l^  in  thick  and  12  in  wide  and  stems  9  in  thick 
and  12  in  deep,  of  i  :  4  dnder  concrete,  reinforced  with  9i«-in  rods  near  the 
flanges,  and  without  floor-finish  of  any  kind,  successfully  withstood  the  fire, 
water,  and  load  tests  of  the  New  York  City  Bureau  of  Buiklings  after  having 
been  constructed  38  days.  This  system  has  proved  to  be  practical  in  cases  in 
which  a  flat  or  level  cdling  is  required  and  the  steel  floor-beams  are  10  in  or 
more  in  depth.  The  cost  of  construction  compares  favorably  with  that  of 
other  flush-ceiling  types. 

The  Siegwart  Floor  System.    This  system  (Fig.  40),  deagned  by  Hans 
Siegwart,  of  Lucerne,  Switzerland,  is  in  extensive  use  in  that  country.    The 
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Flo.  40.    Siegwart  Reiitfoiced-concrete  Floor^oostnictioo 

sectional  units  are  usually  made  xo  in  in  width,  the  height  and  reinforcement 
varying  with  the  span  and  load.  In  a  test  on  a  beam  of  this  type,  designed  to 
carry  a  live  load  of  150  lb  per  superficial  ft  over  a  i6-ft  span,  the  construction 
withstood  a  satisfactory  four*hour  fire  test  with  a  load  of  150  lb  per  sq  ft,  followed 
after  the  fire  by  a  test  with  a  load  of  600  lb  per  sq  ft.  It  is  claimed  for  this 
system,  that  using  the  same  working  units  for  the  strength  of  the  material,  the 
dead  weight  of  the  construction  is  only  one  half  that  of  a  monolithic  reinforced- 
concrete  floor  designed  to  carry  the  same  load  with  the  same  percentage  of 
reinforcement.  "The  Siegwart  Company  claim  their  method  to  be  much 
cheaper  than  monolithic  floors.  From  quotations  furnished  by  their  Canadian 
Company,  the  price  in  Montreal  is  quite  a  Uttle  less  than  the  author's  expe- 
rience for  monob'thic  floors  in  the  same  city,  ranging  from  17  to  26  cts  per  sq  ft, 
erected  for  various  spans  and  loads."*  A  modification  of  the  Siegwart  system 
has  been  developed  by  Grosvenor  Atterbury,  and  has  been  employed  in  two-story 
and  three-story  residence-buildings  for  the  Sage  Foundation  Homes  Company 
at  Forest  Hills  (Long  Island),  N.  Y. 


SECTION 
Fig.  41.  ^Qimax  Reinforced-concrete  Floor*coQstructibD 


The  Climax  Floor  System.    This  system  (Fig.  41)  was  designed  by  S.  M. 
Randolph.    The  design  is  similar  to  that  of  the  Siegwart  floor  system.  * 

*  Cbas.  D.  Watson,  Concrete  Co&structloa  n-ith  Separately  Moulded  Members  and 
Costs.    Proc  NaL  Asso.  Cement  User^,  Vol.  VI,  19x0. 
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Tka-Vangban  Floor  Sjotom.  The  VtutfiuL Coopuiy  of  Detniit,  Micfa^ 
it  manuracturing  a  shop-mute  unit  which  ii  emplayed  coiujdenbly  tluougbouc 
the  Middle  Wnt.  The  genenl  foim  of  thia  unit  ii  like  Ihst  □(  Wule'i  codoeU! 
beam,  thowu  in  Fig.  39. 

Tha  Watton  Floor  Srttaia.  Two  types  of  MclkHul  Boor  lyitenu  im  6re- 
fmof  floDT-fiUinci  between  steel  beuiu  are  ibown  io  tigi.  42  and  43.     Fa  Iook 


TYPE  A 

FlaoKODitmctlcB.    Wtbaal  Slaba 

spans  and  heavy  loads.  1)k  T  sections  are  lued.  laid  side  I9  nde;  and  for  spans 
less  than  le  ft  and  loads  of  100  lb  jKt  sq  f t  or  less,  the  beams  are  spaced  s  ft 
on  centers  with  flat  slabs  bet¥ieen.  This  system  is  eontn^kd  and  installed  by 
the  Unit  Cooittuction  Company  of  St.  Louis,  Mo.    Beams  and  girden  are 
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cast  with  unit  frame*  in  horiiontai  molds,  anil  stabs  are  made  on  edge  in  steel 
forms.  In  (he  American  School  Board  Journal  for  August,  igii,  Theodore  H. 
Skinner  describes  the  construction  and  erection  of  a  story-and-baaement  scbool- 

wilh  unit  ribbed  ranforted- concrete  stabs. 

Gypiam  Floor*.    Gypsum  has  been  extensively  uied  for  floors  and  nmfs  in 
fire-pruof  buildings.     It  furnishes  a  light  coostraclion  which,  with  the  addilioiial 


Fue-pTDot  Floor-Coutniction 

advantage  of  tbe  rapidity  with  which  it  on  be  put  in  place,  ii 
only  with  respect  to  the  floor  itself  but  kIso  on  account  oi  a  savirig  in  tbe  amount 
of  tbe  structutal  iteel  supporting  it.  Another  favonble  feature  is  the  great 
heat-insulating  property  of  gypsum,  resulting  in  sbsence  of  condensation  and  a 
reduction  in  tbe  coM  ol  t^"i"e  the  buibiiag. 

Tbt  Hetropolltaa  Sritem.  Thii  constniction  oonriMs  of  a  serin  of  steel 
cables  suspended  from  the  supporting  steel  beams  and  encased  in  a  slab  of  pure 
caldned  gypsum  containing  about  ij%of  nooden  chips.  The  cables  are  geneiatly 
composed  of  two  No.  n  galvanized-steel  wires,  twisted.  They  are  made  contin- 
uous over  the  supports,  being  securely  fastened  over  tbe  flanges  of  the  end-beams 
or  channels  by  heavy  S  hooks  or  other  iuitabie  meaoi.  The  cables  are  spaced  from 
I  to  3  in  apart,  depending  on  the  carryittg  capacity  desiied.  They  are  held  taut 
by  a  ;i-iD  round  steel  rod.  laid  at  the  middle  of  the  span  at  right-angles  to  their 
direction.  The  miiture  of  gypsum  and  chips  is  sent  to  the  wotk  in  bags  and 
placed  on  wooden  centers,  as  in  the  case  of  concrete  fioors.  wet,  and  allowed  to 
set.  Tbe  sides  and  flanges  of  the  supporting  steel  beams  are  encased  in  tbe  same 
material,  all  as  shown  in  Fig.  44.    The  minimum  thickness  of  floor-slabs  is  4  in; 
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the  usual  thicknesses  for  roofs  are  3  and  3»  in.  The  finished  slabs  weigh  about 
4  lb  per  >q  ft  per  in  in  thickness.  Spans  of  from  6  It  6  in  to  7  ft  are  said  to  make 
the  most  economical  arrangement,  all  things  considered.  Spans  should  not 
exceed  10  ft.  The  safe  gross  strength  ol  the  construction  may  be  determined 
by  tbe  formula, 
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uf- the  safe  gross  load  per  sq  ft  of  floor  or  roof-surface,  in  pounds; 
r-tbe  safe  lensik  strength  of  the  twisted  cables,  in  pounds,  which  for  the 
ordinary  case  of  two  No.  11  cold-drawn  steel  wires,  may  be  taken  at 
36i  lb; 
d-the  deflection  of  the  cable,  in  inches,  and  equals  the  slab- thickness  less  (he 
suraof  the  protection  of  the  cablesat  the  center  of  the  sliib  and  over  the 
supports,  tb^t  is.  ordinarily,  tbe  stab-lbickness  less  i  in; 
i-Ihe  spacing  of  the  tables,  in  inches; 

I  -the  span,  or  distance,  between  centers  of  supports  of  the  slab,  in  feet. 
Ko  tie-rods  are  necessary  in  this  floor-constnictioo;  but  in  the  end-bays,  when 
the  lateral  itiBneis  of  the  beams  together  with  tbe  compressive  strength  of  the 
floor-slab  is  not  suflident.  struts  must  be  provided  of  such  size  and  spacing  as 
•re  necessary  to  resst  the  pull  of  the  cables.  This  floor-construction  is  con- 
trolled and  installed  by  the  Keystone  Gypsum  Firepcoo&ng  Corporation,  Hew 
Vork. 


t  Buikliagi  Chap.  23 

Hetil  Lambw.  A  lyHnn  of  fnmtd-tMet  I  joJita,  chuinel-jdlsts,  caner- 
joists,  wall-riblions.  etc.,  hu  been  devrioped  as  >  nibMitute  for  ordinaty  wooden 
Iraming  in  the  conslruction  of  walls,  floors,  roofs,  and  partitioiis.  In  the  Soor- 
constiuction,  the  I  joists  and  channet-JoiitK.  of  from  No.  iS  to  ii  United  States 
gauge  sheet  tnetaj,  are  braced  by  meul  bridffing.  to  give  addttjonal  ligicliCy.  A 
typical  SoM'-ctmatructloD  is  shown  in  Fig.  4S.  The  steel  fioor-jouts  are  covanl 
tbove  with  a  concrete  slab  rdnfoioed  with  eipanded-metal  lath,  and  the  lower 
flanges  are  protected  by  a  ceiling  of  metal  lath  and  cement  plaster  attached  to 
the  joists  by  means  of  the  prong*.  The  metal-lumber  joists  frame  into  oidiiiary 
steel  girders,  lesting  on  a  shell-angle  as  shown  in  the  drawing.  The  joists  are 
cut  to  length  at  the  faclory.  properly  marked  and  tagged  and,  with  the  erectiuB- 
diagrama,  are  shipped  to  the  site.  All  joints  and  splices  are  riveted  in  the  fietd. 
The  ated  giideia  shoultl  be  pnqietly  incased  in  some  fira-piauf  cuveiiog.    Tba 
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materials  for  this  floor-conslniction  are  roanufactured  by  the  Berger  Manufac- 
turing Gimpany,  Canton,  Ohio;  the  General  Fireprcmfing  Company,  Youngs- 
town,  Ohio;  the  Truscon  Steel  Company.  Youngstown,  Ohio;  and  the  National 
Pressed  Steel  Company-fMas^Uon,  Ohio.  They  publish  safe-load  tables  for 
metal-lumber  I  joists  aDdchannel- studs  for  spans  of  from  4  to  lo  ((.  This  sys- 
tem, contemplating  the  use  of  steel  joists  and  girders,  not  thoroughly  incased 
with  fire-ptouf  materials,  cannot  ordinarily  be  considered  thoroughly  fire- 
reastanl.  although  a  specially  constructed  floor  with  all  the  steel  covered  and 
protected  with  firc-proofing-material  has  passed  the  fire  test  prescribed  by  the 
New  York  Building  Code.  (See  page  817.)  It  has  been  eitensively  used  to 
refdace  combustible  building-construction,  especially  in  residence-huiidings. 

Protectlaii  of  Glrden  and  Beami.  No  form  of  floor-construction  can  be 
considered  thoroughly  fire-proof  unless  it  includes  a  protection  of  the  lower 
flanges  of  all  steel  beams  and  girders,  or  provides  for  the  protection  of  all  steel 
u«i  in  its  conslruction  or  support.  The  material  used  for  the  protective  cover- 
ing is  gcneraUy  the  same  as  that  used  in  the  fluor-c«aslmclion  itself.    The 
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principal  materials  an  tile,  sther  dmse,  porous,  or  semiporoua;  gypgum;  and 
coQCrtte,  dtber  of  doden,  stone,  ot  slag.  Beam-protection,  where  the  floor- 
conslmction  incaws  the  side  of  the  beams,  as  in  Fig?.  17,  19,  oi  34,  should 
never  be  less  than  i  in  Ibidc.  Where  paneled  ceilines  are  used,  th&t  is,  where 
the  lower  part  ot  the  beams  is  lielow  the  lower  aide  of  the  floor-construction, 
as  in  Figs.  IS  or  30,  the  protection  should  be  increased  to  at  least  i^  in  at  all 

Tile  Beain-Ptot«ctiaii.    When  tile  is  used,  there  are  two  types  ot  protec- 
tion.   In  one  case  [be  blodu  incasiug  Ihe  bottom  Qangesof  the  steel  beams  meet 
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under  the  flange  is  supplemented  by  the  possibility  of  an  omission  of  the  fiat 
protection-tiles.  The  blocks  incasing  the  lower  flanges  may  be  the  skewbacks 
of  the  arch,  or  they  may  be  separate  blocks.  Different  forms  and  conditions  azc 
illustrated  in  Figs.  15  to  24.  Fig.  26  shows  the  entire  beam  protected  by  blocks 
on  both  sides.  Girders,  which  often  project  below  the  ceiling-line,  are  much 
more  exposed  to  the  effects  of  Are  and  water  than  the  floor-beams,  and  they 
should  have,  therefore,  the  most  efficient  protection.  As  a  rule,  such  girder? 
should  be  provided  with  not  less  than  4  in  of  terra-cotta  protection  at  the  sides, 
and  m  in  of  solid  tile  on  the  lower  side,  with  a  space  of  ^  in  between  the  terra- 
cotta tiles  and  the  girder.  Fig.  46  is  a  typical  method  of  protecting  girders  by 
means  of  hoUow  tiles.  The  bottoms  of  the  skewbacks  arc  prevented  from 
spreading  by  wire  ties  placed  in  the  end-jemts  between  the  sofllit>tiles  and  hooked 
into  the  round  holes  in  the  skewbacks.  Single-beam  girders  are  usually  pro- 
tected as  shown  in  Figs.  22  and  47,  the  latter  figure  showing  more  particulariy 
the  protection  of  a  beam  at  the  side  of  an  opening  in  the  floor. 

Concrete  Beam-Protection.  A  more  thorough  incasing  of  the  webs  and 
lower  flanges  of  beams  and  girders  can  be  accomplished  by  the  use  of  concrete. 
The  superior  fire-proof  character  of  cinder  concrete  makes  it  the  best  materijJ 
for  this  purpose.  If  of  sufficient  thickness  and  properly  applied,  it  will  hoM 
securely,  without  reinforcement,  around  the  flanges  of  beams  and  girders. 
But  where  it  is  less  than  2  in  thick,  wire  or  metal  lath,  wrapped  around  the 
flanges,  should  be  embedded  in  it.  A  common  form  of  concrete-protection  is 
shown  on  right  hand  side  of  Fig.  30.  Sometimes  the  soffit  of  the  beam  is  pro- 
tected by  a  concrete  slab  with  an  insulating  air-space.  This  method  is  <»ie  that 
may  be  advantageously  used  for  the  protection  of  girders.  A  fire  test  of  this 
form  of  girder-protection  made  in  the  Butterick  Building,  New  York  City, 
thoroughly  established  its  efficiency.  Hung  ceilings  are  sometimes  used  as  the 
protection  for  the  steel  beams.  This  is  very  bad  practice,  as  these  ceilings 
are  more  than  likely  to  collapse  in  a  severe  fue.  The  experience  in  Ihe  Bal- 
timore Are  confirms  this  belief.     (See,  also,  pages  780  to  782.) 

The  Fireproofing  of  Trusses.  When  steel  trusses  are  used  to  support  the 
roof  or  several  stories  of  a  building  it  is  very  important  that  they  be  protected, 
not  only  from  heat  sufficient  to  warp  them,  but  also  from  expansion  sufficient 
to  affect  the  vertical  position  of  the  columns  on  which  they  are  supported.  The 
following  description  of  the  covering  of  the  trusses  in  the  Tremont  Temple, 
Boston,  Mass.,  furnishes  a  good  illustration  of  the  way  in  which  this  should  he 
accomplished:  "The  steel  girders  were  first  placed  in  terra-cotta  blocks  on  all 
sides  and  below,  these  blocks  being  then  strapped  with  iron  all  around  the 
girders,  and  upon  this  was  stretched  expanded-metal  lathing,  covered  with  a 
heavy  coating  of  Windsor  cement;  over  this  comes  iron  furring,  which  receives 
a  second  layer  of  expanded-metal  lath,  the  latter,  in  turn,  receiving  the  finished 
plaster.  There  is,  consequently,  in  this  arrangement  for  fire-protection,  first, 
a  dead-air  space,  then  a  layer  of  terra-cotta,  a  Windsor  cement  covering,  another 
dead-air  space,  and  finally,  the  external  Windsor  cement."  Numerous  shapes 
of  terra-cotta  tiles  are  made  for  incasing  the  structural  shapes  commonly  used 
in  steel  trusses.  Some  of  these  are  shown  in  Fig.  48.  The  tiles  should  alw^>-5 
be  secured  in  place  by  metal  clamps  passing  entirely  around  the  envelope,  or 
better  still,  by  wrapping  with  wire  lath.  The  tiling  should  then  be  plastered 
with  hard  wall-plaster.  Trusses,  also,  may  be  fire-proofed  by  completely  in- 
casing the  several  members  in  cinder  concrete,  either  with  or  without  metal 
reinforcement.  The  method  of  incasing  steel  columns  by  means  of  the  cement- 
gun  (page  826)  is  also  applicable  to  the  protection  of  steel  trusses,  and  if  of  suf- 
ficient thickness  would  probably  serve  as  a  suitable  fire-protection;  but  no 
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be  recruind,  spaced  from  sH  to  9  ft  apart,  and  these  beams  must  be  supported 
by  girders,  as  indicated  in  Fig.  60.  When  there  are  no  floor-beams,  a  strut- 
beam  should  be  riveted  between  the  oolumns,  as  in  Fig.  49,  to  hold  the  latter 
in  place  during  erection  and  to  stiffen  the  building.  It  should  be  remembered 
that  with  floor-beams  spaced  not  more  than  7  ft  on  centers,  ahnost  any  aystaa 
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Fig.  60.    Steel  Floor-framing  for  Short-span  Construction 
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of  floor-construction  may  be  employed;  while  if  the  floor-beams  are  omitted, 
there  are  few  systems  to  select  from.  With  any  form  of  Qlling  between  beams 
or  girders,  less  steel  is  required  for  moderate  than  for  excessive  spans  of  beams 
or  girders. 

Computations  for  the  Steel  Framing.  The  computations  for  the  steel 
beams  and  girders  of  a  fire-proof  floor  are  very  much  the  same  as  for  a  wooden 
floor.  The  load  or  loads  which  any  given  beam  is  required  to  support  are  first 
estimated  and  then  the  beam  of  the  necessary  size  to  support  the  load  is  selected. 
The  DEAD  LO.AD  for  any  fire-proof  floor  may  be  estimated  with  sufficient  accuracy 
by  means  of  the  data  given  in  this  chapter  in  connection  with  the  different 
systems  of  floor-construction.  The  dead  load  should  include  the  weight  of  the 
beams,  the  fircproofing,  including  all  concrete  filling,  the  plastering,  furrini^ 
lathing,  nailing-strips,  and  flooring.  The  live  loads  may  be  estimated  by 
means  of  the  data  given  in  Chapter  XXI,  pages  718  to  721. 

Example.  The  best  arrangement  for  the  columns  in  a  retail  stoic  is  to  set 
them  X  3  ft  on  centers  in  one  direction  and  19  ft  6  in  in  the  other.  It  is  decided 
to  run  the  girders  as  shown  by  Fig.  50,  and  to  put  a  beam  opposite  each  column 
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and  two  beams  between  the  columns.  It  is  required  to  determine  the  proper 
sizes  of  the  beams  and  girders,  using  an  ordinary  end-arch  construction  between 
the  beams. 

Solution.  From  Table  VII,  page  .836,  we  find  that  the  least  depth  of  arch 
which  it  is  advisable  to  use  is  xo  in,  but  as  we  will  probably  have  to  use  xa-in 
beams  it  will  be  better  to  figure  on  a  x2-in  arch,  as  this  will  give  less  filling 
on  top.  The  weight  of  the  12-in  arch  will  be  about  39  lb  per  sq  ft.  We  shall 
probably  require  2  in  of  concrete  filling  on  top,  which  will  weigh  16  lb,  and 
I H  in  of  light  filling  between  nailing-strips,  weighing,  say,  9  lb  per  sq  ft.  The 
flooring  and  nailing-strips  will  weigh  about  4  lb,  the  plastering  on  the  cdUng 
5  lb,  and  we  must  allow  at*  least  6  lb  per  sq  ft  for  the  weight  of  the  beams  them- 
selves. These  make  a  total  dead  weight  of  79  lb  per  sq  ft.  The  live  load  for 
a  retail  store  should  be  taken  at  150  lb  per  sq  ft,  making  a  total  load  per  square 
foot  on  the  beams  of  229  lb.  The  total  load  that  each  beam  must  be  capable  of 
supporting  will  be  6^  ft  by  x 8  ft  by  ^29  lb,  or  26  793  lb,  or  13. 4  tons,  which  is 
assumed  to  be  uniformly  distributed.  From  Table  IV,  page  580,  we  find  that 
this  load,  with  a  span  of  18  ft,  will  require  either  a  12-in,  4S-lb  beam,  or  a  is-in, 
42.94b  beam.  The  latter  will  be  both  stronger  and  cheaper,  but  will  increase 
the  thickness  of  the  floor  by  3  in  and  require  additional  filling. 

The  girder  must  support  two  concentrated  loads  of  26  793  lb  or  13.4  tons 
each.  On  page  566  it  is  stated  that  when  a  beam  supports  two  equal  loads 
applied  at  points  one- third  the  length  of  the  span  from  each  end,  the  equivalent 
uniformly  distributed  load  may  be  found  by  multiplying  one  load  by  2^. 
Multiplying  26  793  lb  by  2f^  we  have  71  448  lb  as  the  equivalent  distributed 
load  on  the  girder,  to  which  should  be  added  the  weight  of  the  girder.  This 
requires  a  standard  24-in  79.9-lb  beam  (TsU)le  IV,  page  577). 

If  instead  of  using  tile  arches  between  beams  6^  ft  apart,  we  conclude  to 
use  the  Herculean  or  Johnson  construction  spanning  from  girder  to  girder,  we 
should  frame  our  floor  as  in  Fig.  49.  For  this  span  we  should  require  xo-in  tiles, 
weighing  55  lb  per  sq  ft.  Allowing  8  lb  for  i  in  of  concrete,  9  lb  for  filling,  4  lb 
for  flooring  and  strips,  and  5  lb  for  plastering,  we  have  81  lb  as  the  dead  load  per 
square  foot.  We  have  added  nothing  for  the  weight  of  the  girder,  as  this  will 
be  f uUy  offset  by  the  portions  of  the  floor  not  loaded.  The  live  load  per  square 
foot  will  be  150  lb  as  before,  and  the  total  load  to  be  supported  by  the  girder, 
18  ft  by  19  ft  6  in  by  231  lb,  or  81  081  lb,  or  40.54  tons,  which  will  require  a 
24-in  79.9-lb  beam  (Table  IV,  page  577).  Hence  by  this  arrangement  we  save 
the  weight  of  the  floor-beams;  but  a  6-in  strut-beam  should  be  placed  between 
the  columns,  as  in  Fig.  49.  The  calculations  for  any  other  floor-construction 
are  similar  to  the  calculations  for  this  example,  the  only  variations  being  in 
the  figuring  of  the  dead  weights  of  the  construction. 

Tables  for  Floor-Beams.  It  is  a  diflicult  matter  to  prepare  tables  that  may 
be  generally  used,  showing  the  size  of  steel  beams  required  for  fire-proof  floors, 
because  such  beams  are  often  irregularly  spaced,  and  there  is  a  wide  variation 
in  the  dead  loads.  The  following  tables,  however,  may  be  used  in  making  approx- 
imate estimates  and  in  checking  the  computations  for  any  particular  floor.  The 
sizes  of  I  beams  given  may  be  safely  used  where  the  total  live  and  dead  loads 
do  not  exceed  the  values  given  in  the  headings.  The  total  loads  should  include 
sufficient  allowance  for  the  weights  of  any  partitions  that  the  floor-beams  may 
be  called  upon  to  support. 

Table  XIII  gives  the  sizes  and  weights  of  I  beams  for  floors  of  offices, 
hotels,  and  apartment  houses;  Table  XIV,  for  floors  of  retail  stores  and  as- 
sembly-rooms; and  Table  XV,  for  floors  of  warehouses.  The  total  loads  used 
in  the  computations  are,  respectively,  X20,  200,  and  270  lb  per  sq  ft. 
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SisM  and  Weights  of  I  Bmim  foe  Floors  of  OfifCoa»  Hotrls, 
•nd  Apsrtment-Housos 

Total  load,  xao  pounds  per  square  foot 


Span  of 

Distance  between  oenten  of  beams  in  feet 

1 

> 

beams 

AM 

5 

5M 

6 

7 

in  feet 

in    lb 

in    lb 

in    lb 

in    lb 

in 

lb 

xo 

6    X2H 

6    X2M 

6     T2M 

6    xaM 

IS 

IX 

6     I2^i 

6    I2V4 

7    IS 

7    15 

IS 

13 

6    X3V4 

7    IS 

7    XS 

7    15 

x8 

13 

7    IS 

7    IS 

7    X5 

8    x8 

X8 

14 

7    15 

8    x8 

8    X8 

8    x8 

31 

X5 

8    x8 

8    x8 

8    i8 

9     21 

31 

l6 

8    i8 

9     21 

9     2X 

9     2X 

3S 

X7 

9     3X 

9     2X 

9     2X 

10    25 

3S 

l8 

9    ai 

9    ax 

xo    25 

XO     25 

3lW 

19 

9     21 

xo    25 

lO    25 

xo     25 

3XVS       . 

so 

xo    35 

xo    as 

X2    nM 

12  3m 

3XH 

31 

xo    25 

12     31 H 

12     3XH 

X3    31 V4 

3lM 

33 

xo    25 

X2     31 W 

X2    31 Vi 

X3     3XVi 

43 

33 

X2    31  Vi 

12    31 ^i 

X2    31 H 

X2    3xVi 

43 

34 

X2     31 V4 

X2    31 Vi 

12    31  Vi 

X5    42 

43 

35 

12    3xVi 

12    31 V4 

X5     42 

X5    42 

43 

Table  ZIV.    Sices  and  Weights  of  I  Beams  for  Floors  of  ReCsJl  Stores 

and  Assembly-Rooms 

Total  load,  200  pounds  -per  square  foot 


Span  of 

Distance  between  centers  of  beams  in  feet 

beams 

4W 

5 

5V4 

6 

7 

inieet 

in    lb 

in    lb 

in    lb 

in    lb 

in    lb 

xo 

7    IS 

7    IS 

7    IS 

8    18 

8    18 

XI 

7    XS 

8    x8 

8    18 

8    18 

9    21 

12 

8    x8 

8    18 

9     21 

9    21 

9    ax 

13 

8    18 

9    21 

9    21 

10    25 

10    25 

14 

9    21 

9     21 

10    25 

XO   25 

13    31^4 

IS 

9    21 

10    25 

10    25 

12    31 V4 

13    31 V4 

x6 

XO    25 

10     25 

12   nH 

13    31 Vi 

13     MM 

17 

10    as 

12     3I*/4 

12   31 V4 

13     31 U 

13     40 

x8 

12    31^4 

12     31^4 

X2    31 Vi 

12     40 

13     40 

X9 

12    31 H 

12    3iV4 

12    40 

12     40 

XS    42 

20 

I-    31 ^i 

12     40 

12    40 

IS    42 

IS     42 
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Total  load,  370  pounds  per  square  foot 


Span  of 

Distance  between  centers  of  beams  in  feet 

beams 

4H 

5 

5H 

6 

6}i 

in  feet 

in    lb 

in    lb 

in    lb 

in    lb 

in    lb 

10 

8    x8 

8    x8 

8    x8 

9    21 

9   at 

XI 

8    18 

9    21 

9     2X 

9     2X 

10    35 

12 

9    21 

9    21 

xo    25 

10     2$ 

10    25 

13 

10    25 

10    25 

xo    25 

X2     31 H 

12     31W 

U 

10     2S 

12    31 H 

X2     30i 

12     31 Vi 

X2     31H 

XS 

12    31H 

X2     31 H 

12     31 W 

X2    31 H 

12     40 

x6 

12    31H 

12     31 W 

X2     31W 

12     40 

12     40 

17 

12    31H 

X2     40 

13     40 

X2     40 

XS    42 

18 

12    40 

12     40 

15    43 

15     42 

15    43 

19 

13     40 

15    42 

IS   43 

IS    42 

15    43 

ao 

1. 

X5    43 

X5    42 

15    42 

IS    45 

IS    55 

Tie-Rods.  In  all  segmental  arches  and  other  types  in  which  a  thrust  is 
exerted  against  the  beams,  tie-rods  must  be  provided  to  prevent  the  beams 
from  being  pushed  apart,  and  especially  to  prevent  the  outer  bays  from  spread- 
ing. They  should  run  from  beam  to  beam  from  one  end  of  the  floor  to  the 
other.  If  the  outer  arches  spring  from  an  angle,  as  in  Fig.  14,  the  tie-rods  in 
this  bay  should  be  anchored  into  the  waUs  with  large  plate-washers.  The 
tie-rods  should  be  located  in  the  lines  op  thrust  of  the  arches,  which  are 
ordinarily  below  the  half-depth  of  the  beams,  and  in  some  cases  near  the  bottom 
flanges.  If  their  appearance  is  objectionable,  they  should  be  hidden  by  a  hung 
ceiling.  For  constructional  purposes  they  are  desirable  in  all  types  of  floor- 
construction,  even  though  the  floors  do  not  exert  a  thrust  on  the  beams. 
As  a  rule  tie-rods  are  proportioned  and  spaced  according  to  some  ritle  op 
THUMB  rather  than  by  actual  calculations  of  the  thrust.  For  the  interior  arches 
this  practice  is  probably  safe  enough,  but  for  outside  spans,  and  particularly 
for  segmental  arches,  the  thrusts  of  the  arches  should  be  computed  and  the 
rods  proportioned  accordingly.  The  spacing  of  the  rods  is  generally  eight 
times  the  depth  of  the  supporting  beams,  but  never  more  than  8  ft.  For  interior 
flat-tile  arches,  the  following  rule  can  usually  be  safely  followed:  for  spans  of 
6  ft  or  less,  use  H-in  rods  spaced  about  5  ft  apart;  for  7-ft  spans,  H-in  rods, 
5  ft  apart;  and  for  9-ft  spans,  K-in  rods,  4  ft  apart. 

The  HORIZONXAL  THRUST  of  an  arch  may  be  found  by  the  following  formula: 


r- 


2R 


in  which 


T 
w 
L 
R 


pressure  or  thrust  in  pounds  per  linear  foot  of  arch; 

load  on  arch  in  pounds  per  square  foot,  uniformly  distributed; 

span  of  arch,  in  feet; 

rise  of  segmental  arch,  or  effective  rise  of  flat  arch,  in  inches. 
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The  RISE  of  a  segmental  arch  is  measured  from  the  springmg-line  to  the  soffit 
of  the  arch  at  the  middle.  For  flat  hollow-tile  arches,  the  effective  rise  may  be 
figured  from  the  top  of  the  beam-flange  to  the  top  of  the  tiles.  As  the  tiles 
usually  project  from  iVi  to  3  in  below  the  bottom  of  the  beams,  the  effective 
rise  will  be  from  a  to  2 Vi  in  leas  than  the  thickness  of  the  arch.  For  the  interior 
arches  of  a  floor,  w  may  be  taken  for  the  live  load  only,  but  for  the  exterior 
arches,  w  should  include  both  the  full  dead  and  live  loads.  Having  found  the 
thrust  of  the  arch,  the  spacing  op  the  rods  of  any  particular  size  may  be 
readily  determined  by  dividmg  the  safe  load  given  for  that  size  of  rod  in  the 
table  on  page  388,  allowing  16  000  lb  unit  stress,  by  the  thrust.  The  result 
will  be  the  spacing  in  feet. 

Example.  What  size  of  tie-rods  and  what  spacing  should  be  used  for  the 
floor-construction  described  on  page  863,  in  the  preceding  example? 

Solution.  The  depth  of  a  tile  arch  is  za  in,  the  dead  load  79  lb  and  the 
assiuned  live  load  150  lb.  The  span  between  the  beams  is  6H  ft.  Then,  for 
the  interior  arches,  w- 150  lb,  iJ-ia— 2H-9H  in,  L-6H  ft  and  T- 
(3  X  150X  42.25)/(3  X  9H)  >-  I  000  lb.  The  tensile  strength  of  a  H-iA  rod,  not 
upset,  at  16  000  ib  per  sq  in,  is,  from  Table  II,  page  388,  4  832  lb.  Divid> 
ing  this  by  i  000  we  have  a  little  less  than  4  ft  10  in  as  the  spacing.  The 
tensile  strength  of  a  ^>in  rod  is  given  as  6  720  Ib,  which  would  admit  of  a  spac- 
ing of  a  little  more  than  6  ft  8  in.  For  the  outer  spans,  w  should  be  taken  at 
150+  79  -  229  lb.  Then  T-  (3  X  229  X  42-2S)/(2  X  9Vi)  -  i  5*6  Ih.  For 
this  thrust  we  should  use  ^in  rods  spaced  about  4  ft  5  in  apart. 

Load-Tests.  It  may  be  desirable  at  times  to  test  fire-proof  floors  after  they 
have  been  installed.  The  same  precautions  should  be  taken  as  for  tests  on  reinp 
forced-concrete  constniction,  described  on  page  967.  If  it  is  desired  to  detenniDe 
from  such  tests  the  ultimate  strength,  a  section  of  the  floor  of  a  width  equal 
to  the  span  should  be  cut  loose  from  the  rest  and  loaded  to  destruction,  the 
supporting  steel  beams  being  shored  up  during  the  test.  The  safe  working 
jx>AD  is  found  by  dividing  the  breaking-load  by  the  proper  factor  of  safety. 

ft.  Fire-proof  Roof-Constrection 

Flat  Roofs.  Flat  roofs  are  constructed  in  the  same  way  as  the  floors,  except 
that  the  beams  and  girders  are  set  so  as  to  give  a  slight  pitch  to  the  roof  to 
drain  the  water.  As  the  roof-loads  are  usually  less  than  the  floor-loads  and 
as  there  are  no  partitions  to  be  supported,  the  arches  or  roof-panels  are  usually 
considerably  lighter  than  the  floor-panels,  but  the  general  construction  is  prac- 
tically the  same  for  both.  When  the  roof  is  formed  of  reinforced  concrete. 
the  beams  may  be  set  so  that  the  concrete  will  give  the  desired  inclination 
to  the  roof  and  will  have  a  nearly  uniform  thickness,  as  this  reduces  the  amount 
of  concrete  required,  and  also  the  weight.  In  cases  where  level  ceilings  are  de- 
sired, however,  it  would  be  cheaper  to  set  the  roof -beams  level  and  to  grade 
the  roof  with  dry  cinders,  as  the  cost  of  the  hung  ceiling  would  more  than  o0set 
the  cost  of  the  extra  construction  necessary  to  take  the  added  weight  of  cinder 
fill.  If  the  roof  is  to  be  covered  with  tin  or  copper,  nailing-strips  should  be  em- 
bedded in  the  concrete,  as  for  wooden  floors,  and  the  entire  roof  sheathed,  as  it 
is  claimed  that  tin  or  copper  laid  over  terra -cotta  or  concrete  will  nist  out  in  a 
few  years.*  Gravel  or  tile  roofs  may  be  built  without  woodwork  of  any  kind. 
Whether  terra-cotta,  gypsum  tile,  or  concrete  is  used  for  the  roof-panels,  the 
sides  and  bottoms  of  the  steel  beams  and  girders  should  be  efficiently  protected, 

*  Fxeitag. 


Fire-proof  Roof-Conatniction  867 

as  veil  B5  all  colimuu  and  oil  other  structural  metal  in  the  rool-spux.  In 
an  ordinaiy  building,  in  which  there  are  sUir-wcUs  or  elevator-irdb,  the  roof 
and  upper  edllng  are  liliely  to  be  more  Kvndy  tested  by  heat,  in  taae  of  6a, 
than  any  of  the  flows  below,  and  eiperience  hai  shown  that  this  part  ctf  the  build- 
ios  often  has  the  poorest  protection. 

ntched  Rooft.  Pitched  roofe  may  be  constructed  in  various  ways,  acconl- 
ing  to  the  material  that  is  to  be  uaed  and  the  kind  ol  roofing  that  is  to  be  em- 
ployed. When  tena-cotta  or  gypsum  tjle  Is  to  be  user!  for  the  fireproo6ng,  the 
most  common  method  of  construction  is  that  which  involves  the  framing  of  the 
roof  with  I-beam  ratters  and  T-iron  puriins,  set  horiiontally  and  spaced  i  in 
farther  apart  Ihao  the  lengths  of  tbe  tile.  Between  the  tees,  book  tiles,  or  rooGng- 
tiles  an  placed  as  in  Fig,  SI,  and  the  roo&ng  is  aiqilied  directly  to  the  surface  of 
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the  tiles.  It  tbe  roofing  is  to  be  of  slate  or  of  c!ay  tiles,  solid,  porous  ferra-cotta 
blocks  should  be  lued  between  the  tees,  as  nails  are  held  better  by  solid  blocks 
than  by  hollow  tiles;  gypsum  roof  tile  is  also  suitable  for  this  purpose.  The 
same  construction  may  be  used  for  flat  roofs;  but  on  account  of  the  enpense  of 
the  lees  it  will  usually  be  more  expensive  than  the  construction  above  described. 
and  not  as  strong  or  desirable.  With  Ihe  construction  shown  id  Fig.  5t.  it  \* 
impossible,  by  any  economical  method,  to  effidently  protect  the  bottom  of  the 
T  irons  from  the  eilects  of  heat.  Reinforced -dndcr  concrete,  or  reinforced 
porous  terra-cotta  tile,  Johnson  System,  affords  an  excellent  and  also  an 
economical  construction  for  fire-proof  pitclied  roofs.  Either  of  these  construc- 
tions may  be  hlled  between  or  on  top  of  the  rafters  without  tbe  use  of  purlins, 
eioept  about  once  in  from  6  to  lo  ft,  to  prevent  sliding  and  to  stiffen  the  roof. 
"Ttiree-inch  plates  tA  contrete,  with  expanded  metal  embedded,  have  beei^ 
succenfully  used  in  spans  of  from  6  to  7  ft  and  in  some  cases  even  in  B-fl  spans. 
Tbe  concrete  is  deposited  on  wooden  centenngi,  as  in  the  floor-construction. 
and  tbe  upper  side  is  smoothed  off  during  the  setting  and  floated  smooth  and 
Straight  to  rtcdve  the  roof -covering."'    The  roof-covering,  usually  slate,  or 
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day  tiles,  may  be  nailed  directly  to  the  concrete,  as  nails  are  held  nearly  as 
well  by  cinder  concrete  as  by  wood.  This  applies  only  to  cinder  concrete,  as  it 
is  quite  impossible  to  nail  into  rock  concrete  or  gravel  concrete.  In  concrete 
roofs  the  rafters,  also,  should  be  surrounded  with  concrete  held  in  place  by 


BOOK  TILE 

FiQ.  52. 


GOVCANMENT  ROOPINQ  TILE 
Hollow  Book  Tile  and  SoUd  TUe  for  Roofs 


metal  lath.  With  terra-cotta  roofs,  the  beams  should  be  incased  with  terra- 
cotta blocks.  Fig.  52  shows  the  standard  shapes  of  book  tiles  and  solid  roofing- 
tiles.  These  are  made  2,  3\i,  and  3  in  thick,  and  from  16  to  24  in  long.  Three- 
inch  book  tiles  weigh  about  13  lb  per  sq  ft,  and  2H-in  solid  tiles  about  16  lb 


Flo.  53.    Bonaiua  Reiaforced-cement  TUes  for  Pitched  Roofs 


per  sq  ft.    Tiles  of  both  of  these  shapes  are  also  used  for  ceilings  and  where  a 
light,  fire-proof  filling  is  required. 

Reinforced-Cement  Tiles.  Cement  tiles  of  interlocking  types,  made  in  the 
factory  and  reinforced  with  metal  fabric  or  mesh,  may  be  laid  without  sheathing 
directly  on  steel  purlins.  This  t3T)e  of  construction,  however,  is  suitable  only 
as  a  semifire-resisting  roof-covering,  as  it  is  usually  made  with  plates  of  insuffi- 
cient thickness  and  does  not  contemplate  the  thorough  incasing  of  the  steel 
understructure  with  concrete  or  other  fire-resisting  materials.  Bonanza  Cement 
Tile  roofing  is  a  type  of  this  shop-made  tile  and  is  manufactured  and  controlled 
by  the  American  Cement  Tile  Manufacturing  Company,  Pittsburgh,  Pa. 
Two  types  of  tiles  are  made,  one  for  pitched-roof  and  the  other  for  fiat-roof 
construction  (Figs.  53  and  54).  The  properties  of  the  tiles  are  given  in  the  fol- 
lowing tabulation: 


Iire-pioof  Roof-Construction 

Standard,  Pitchad-Roof  Tilta 

Tliickiiess  of  tiles about  z  in 

Over-all  dimensions  of  tiks 36  by  52  in 

Tile-surface  exposed  to  weather 34  by  48  in 

Number  of  tiles  per  100^  ft  of  roof 12^ 

Weight  of  tiles  per  100  sq  ft  of  roof 1450  lb 

Standard,  Flat-Roof  Tiles 

Width  of  tiles 24  in 

Length  of  tiles 60  in  or  less 

Thickness  of  tiles iH  in 

Weight  of  tife-€onstruction z6  lb  per  sq  ft 

Composition  rooflngv— .-^  /2«W«niare  twisted  bar 

_     ^ 

'  16  expanded  metal 
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Fig.  54.    Bonanza  Reinforced-cement  Tiles  for  Flat  Roofs 

The  flat-roof  tiles  are  designed  for  and  have  been  used  in  connection  with 
buildings  for  manufacturing-plants  on  spans  of  5  ft  between  purlins.  On 
these  spans  they  have  been  tested  up  to  an  ultimate  live  load  of  250  lb  per  sq  ft. 
The  top  surfaces  of  these  tiles  are  finished  in  a  weather-proof  and  water-proof 
material  of  a  dark,  terra-cotta-red  color. 


Steel  Fabrio 


Beiaforolag 'StMl 


.  THROUGH  TYPE 


BtofllTkbi 


Reinforoing  •8te«I 

•X"  TypE 

Fxo.  55.    Structolite  Roof-tile 
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StroctolitA  Roof-Tile.  Shop-made  roof-tiles  made  of  a  dense  quick-setting 
gypsum  cement,  called  structolite  by  the  manufacturers,  are  put  on  the  market 
by  the  United  States  Gypsum  Company  of  Chicago,  IH.  The  material  used  is 
said  to  have  an  average  ultimate  cnuhing  strength  of  aooo  lb  per  sq  in.  As  the 
material  weighs  only  77  lb  per  cu  ft,  a  very  Kght  roof-constniction  results.  The 
tiles  are  reinforced  with  steel  in  much  the  same  manner  as  idnforoed  ooncxete, 
and  their  strengths  are  figured  by  the  same  formulas,  using  working  stresses 
appropriate  to  the  materials.  For  spans  from  4  to  6  ft,  a  trough-like  tile  is  used, 
as  shown  in  Fig.  56.  For  greater  spans,  up  to  10  ft,  the  T  type  and  H  tyT£  of 
tile  are  used,  the  latter  when  a  continuous  flat  ceiling  is  desired.  The  tiles  are 
placed  directly  on  channel  or  I-beam  purlins,  but  when  the  flanges  of  the  purlins 
are  less  than  2^  in  wide,  bearing-plates  should  be  inserted  between  the  tiks  and 
purlins.  The  weights  of  the  roof-tiles  in  lb  per  sq  ft  are  as  follows,  the  tiks 
themselves  being  generally  designed  for  safe  superimposed  loads  of  50  lb  per 
sq  ft. 


Span, 

ft 

Depth, 

in 

Trough  type, 
lb 

T  type, 

lb 

H  type. 

lb 

4 
5 
6 

7 
8 

9 
10 

5 

S 
5 

6 
6 

m 
t 

7 

14 
14 
IS 

14H 

16 

x6 

x8H 

ax 

31 

22 

22 

Robertson  Process.  Under  the  name  of  Robertson  Process  Floor, 
the  H.  H.  Robertson  Company,  Pittsburgh,  Pa.,  make  and  install  gj'psum  floor* 
construction  of  the  same  general  character  and  design  as  the  Metropotitan  Floors 
(page  857).  They  also  manufacture  pre-cast  roof -tiles  designed  on  the  same 
suspension-principle.  The  cables  protrude  about  2  in  at  the  ends  of  the  slabs, 
near  the  top  surface.  When  set  in  place  on  the  roof-purlins  with  their  einls 
abutting,  the  projecting  ends  of  the  cabfes  of  adjoining  slabs  are  tied  together 
by  a  device  that  draws  them  taut,  thus  effecting  continuity.  The  tiles  are  rab- 
betted  at  the  ends  where  the  cables  emerge,  and  these  rabbets  are  filled  with 
gypsum,  covering  over  and  protecting  the  cabl&<x>nnections.  The  following  are 
the  standard  sizes  of  roof-tiles: 

3  in  thick,  34  in  wide,  varying  in  length  by  3  in,  from  4  ft  o  in  to  6  ft  o  in 
3  in  thick,  31  in  wide,  varjring  in  length  by  3  in,  from  6  ft  o  in  to  6  ft  9  in 
3  in  thick,  18  in  wide,  varying  in  length  by  3  in,  from  6  ft  9  in  to  7  ft  o  in 
3H  in  thick,  15  in  wide,  varying  in  length  by  3  in,  from  7  ft  o  in  to  8  ft  o  in 
3}i  in  thick,  13  in  wide,  varying  in  length  by  3  in,  from  8  ft  o  in  to  8  ft  6  in 

The  weight  per  sq  ft  is  14  lb  for  the  3-in  tiles  and  x6  lb  for  the  3H-hi  tikj^ 

Mansard  Roofs  are  usually  framed  with  rafters,  riveted  or  bolted  to  wall- 
plates.  The  space  between  the  rafters  may  be  filled  with  dnder  concrete,  boUow 
partition-tiles,  or  blocks  extending  from  rafter  to  rafter,  as  in  Fig.  56.  Slates 
or  tiles  may  be  nailed  directly  to  cinder  concrete  or  to  porous  terra-cotta.  Prob- 
ably the  best  way  to  attach  slates  or  tiles  is  to  nail  i^  by  a-in  wooden  strips  to 
the  outer  face  of  the  concrete  or  terra-cotta,  set  them  at  the  proper  distances 
\part  to  receive  the  slates  or  tiles,  and  then  plaster  between  the  strips  with 
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cement  mortar.    Tliis  gives  a  better  naiUng  for  the  roofing,  and  the  woodeo 
strips  axe  not  affected  by  fire  until  the  slate  is  practicaUy  destroyed. 

Roof-CoTeringi.     The  materials  ordi- 
narily used  for  the  roof-ooveriog  of  fire-> 
proof  buildings  are:  (i)  tar  and  gravel; 
U)  asphalt  and  gravel  or  sand;  (3)  vitrified 
tiles,  bricks,  or  slate  tiles  over  tarred  feltb 
Tar   and  gravel,  or'  asphalt  felting  and 
gravel   or  sand,  offer  the  cheapest   roof 
suitable   for  a   fire-proof   building;  and 
when  a  good  quality  of  felt  and  distilled 
pitch  or  the  best  grades  of  asphalt  are 
used,  make  a  very  satisfactory  covering: 
Such  roofs*  however,  require  to  be  renewed 
about  every  ten  years.    The  roofing  is  put 
on  in  the  same  manner  as  over  wooden 
construction,  the  felt  being  laid  directb'on 
the  concrete.    Probably  the  best  flat  roof 
that  can  be  put  on  a  building  is  one  of 
vitrified  or  sli^  tiles,  laid  over  five  plys  of 
tarred  felt.    The  felt  is  laid  anfl  mopped 
as   for  a  gravel  roof,  and  the  tiles  ate 
bedded  on  the  felt  in  cement  mortar.    Vitrified  tiles,  about  8  in  square  and 
iH  in  thick,  are  made  for  this  purpose,  and  slate  tiles,  12  in  square  by  x  in 
thick,  have  been  used.    Flat,  vitrified-brick  tiles,  also,  are  used.    Gravel  roofing 
should  not  be  used  on  roofs  which  have  an  inclination  exceeding  94  in  in  i  ft. 
For  pitched  or   inclined  roofs,  slates,  clay  tiles,  or  metal  tiles  may  be  used. 
Clay  tiles  are  superior  to  slate  when  exposed  to  fire  and  are  generally  to  be 
preferred  to  slate;  this  is  especially  true  of  some  of  the  patent  interlocking  tiles. 
(See,  also,  pages  1582  to  1587,  and  1595  to  1599.) 

Suspended  Ceilings.    Office-buildings,  apartment-houses,  etc.,  having  flat 
roofs,  require  ceilings  below  the  roofs  in  order  to  make  a  proper  finish  in  the 
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rooms,  and  also  for  heat-insulation.  In  office-buildings  the  ceilings  of  the  top 
story  are  often  framed  and  constructed  like  the  floors,  but  with  a  lighter  con« 
struction.  More  often  the  ceilings  are  suspended  from  the  roof,  as  this  requires 
much  less  steel  and  is  consequently  much  cheaper.  It  answers  the  purpose 
fully  as  well,  that  is,  if  the  roof -beams  are  efficiently  protected.    Fig.  57  shows 
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a  common  construction  for  such  ceilings.  Wrought-iron  hangers,  about  x^i  by 
^ie  in  or  I  by  ^  in,  split  at  one  end  to  hook  over  the  lower  flanges  of  the 
roof-beams,  are  used  to  support  ^«  by  H-in  flat  steel  bars,  spaced  about  4  ft  oa 
centers;  and  to  the  \mder-«de  of  these  are  laoed  H^n,  H-in,  or  x  H-in  channels, 

12  or  16  in  on  centers,  to 

receive  the  metal  lathing. 

The  bottom  of  each  hanger 

is  bent  at  right-angles  to 

fonn  a  seat  for  the    bar, 

and  the  bar  is  laced  to  the 

hangers.    No   boitins     or 

riveting  is  required,  all  ooo- 

nections   being  made   by 

lacing  wire,  or  by  bending 

the  iron.    Where  stiffened 

wire  lath  is  used,  the  chan- 

sds  may  be  spaced  16  in 

on  centers;  but  if  the  or- 

FiG.  S8.    Suspended  CeiUng.   Details  of  Two-bar  System  dinuy  expanded  laths  are 

used,  it  is  better  to  place 
the  channels  12  in  on  centers.  If  ordinary  lime  mortar  b  used  for  plastering  a 
1 2-in  spacing  is  really  necessary.  Another  system  is  one  which  uses  only 
one  set  of  horizontal  bars*  which  are  spaced  ckwe  enough  to  receive  the 
lathing,  and  which  are 
supported  by  hangers. 
With  stiffened  wire  lath- 
ing, roof-beams  spaced 
not  over  5  ft  apart,  and 
short  hanger?,  this  may 
be  the  cheaper  system; 
but  without  the  stiffened 
lathing,  there  is  no  stiff- 
ness to  the  ceiling  at 
right-angles  to  the  bars. 
Where  the  hangers  are 
3,  4,  or  5  ft  long,  and  the 
spa.ns  between  the  beams 
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Fio.  50.    Suspended  Ctiling    Details  of  Two-bar  System 


wider  than  5  ft,  the  two-bar  system,  shown  in  Fig.  57,  requires  less  steel,  for 
the  reason  that  the  channels,  having  spans  of  only  4  ft,  may  be  made  \'ery 
light,  and  only  one  third  or  one  fourth  the  number  of  hangers  are  required.  In 
place  of  the  small  channels,  small  T  bars  or  flat  bars  may  be  used,  but  when  the 
bars  are  held  by  lacing,  channels  are  preferable. 

Figs.  58*  and  50*  show  very  satisfactory  details  for  the  construction  of  the 
two-bar  system.  In.<itead  of  the  hook  shown  in  Fig.  58,  the  hanger  may  be 
split  at  the  top,  one  half  bending  around  one  side  of  the  beam-flange  and  the 
other  half  around  the  other  side.  Where  the  ceiling  is  suspended  below  terra- 
cotta arches,  toggle-bolts  are  used  for  the  support  of  the  hangers.  The  ends 
of  the  small  bars  supporting  the  lathing  are  usually  spliced  by  means  of  sheet- 
iron  clamps,  about  6  in  long,  wrapped  closely  around  the  bars  and  hammered 
tight.  For  suspended  ceilings  under  segmental  or  paneled  floor-construction, 
the  same  methods  are  employed,  except  that  the  hangers  are  replaced  by  clips 
holding  the  ceiling-bars  close  to  the  soffits  of  the  beams. 


*  From  Fire  Prevention  and  Fire  Protection,  J.  K.  Freitag,  pages  687  and  688. 
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Requirement  of  Fire-proof  Partitions.  As  a  rule  the  partitions  in  fixe- 
proof  buildings  are  not  required  to  support  any  weight,  but  merely  to  serve  the 
purpose  of  dividing  the  spaces  into  rooms,  and  to  confine  a  fire  to  the  compart- 
xnent  in  which  it  originates.  No  greater  strength,  therefore,  is  required  in  a 
partition  than  is  necessary  to  carry  its  own  weight.  Rigidity,  however,  is  re- 
quired, and  a  rigidity  in  proportion  to  its  height  and  unsupported  length.  When 
partitions  separate  apartments  or  sections  of  a  story,  that  is,  when  they  are 
practically  without  window-openings  or  door-openings,  they  should  be  rigid 
enough  to  prevent  the  passage  of  water  from  a  hose-stream  as  well  as  the  pass- 
age of  flame.  In  other  cases  this  may  be  unnecessary;  in  fact,  at  times  it  may 
seem  desirable  to  construct  partitions  which  can  be  easily  removed  to  get  at 
9.  fire  spreading  through  doors  or  windows.  The  materials  of  partitions  ^ould 
be  incombustible.  They  should  be  poor  conductors  of  heat.  It  is  desirable, 
also,  to  have  them  unaffected  by  water.  Lightness  is  a  good  property,  as  any 
increase  in  the  dead  weight  of  the  construction  adds  to  the  cost  of  the  structure. 
Partitions  should  be  as  sound-proof  as  possible.  Window-openings  should  be 
avoided,  when  possible,  in  fire-proof  partitions,  and  even  door-openings  should 
be  reduced  in  number  to  a  minimum.  In  many  buildings,  however,  in  which 
halls  have  no  openings  into  streets  or  courts,  such  windows  are  necessary  for 
lighting  the  halls.  When  this  is  the  case  the  frames  shoiJd  be  made  fire-proof, 
wire-glass  should  be  used,  and,  if  possible,  the  sash  made  stationary. 

Fire  Tests  on  Partitions.  In  New  York  City  no  materials  or  types  of  con- 
struction are  permitted  for  interior  permanent  partitions  in  fire-proof  buildings 
that  have  not  met  the  required  fire  tests.  The  standard  test  of  the  American 
Society  for  Testing  Materials  is  based  on  the  New  York  test.*  Briefly,  these 
tests  require  that  the  partition  shall  resist  for  one  hour  the  destructive  action  of  a 
wood  fire,  the  heat  of  which  has  been  gradually  increased  to  1 700**  F.  during 
the  first  half-hour  and  maintained  at  that  temperature  for  the  balance  of  the 
time;  and  that  it  shall  resist,  also,  for  two  and  a  half  minutes  at  the  conclusion  of 
the  fire  test,  the  application  of  a  hose-stream  at  30  lb  pressure. 

Typos  of  Partitions.  Fire-proof  partitions  that  are  in  common  use  may 
be  grouped,  according  to  the  materials  or  the  method  of  construction  used,  aa 
follows: 

(i)  Brick; 

(2)  Hollow  tile  or  terra-cotta; 

(3)  Concrete  (stone  or  cinder); 

(4)  Gypsum  block; 

(5)  Plaster  or  concrete,  with  metal. 

The  choice  of  the  materials  and  the  type  of  construction  are  largely  influenced 
by  the  character  of  the  building  and  the  purposes  for  which  it  is  used. 

Partition- Wans.  For  bearing-partitions,  that  is,  those  which  support  floor- 
beams,  there  are  probably  no  materials  more  satisfactory  than  brick  and  con- 
crete. The  latter  may  be  used  either  in  the  form  of  blocks,  or  may  be  poured 
into  forms.  Dense  tile,  also,  is  being  used  with  satisfactory  results  for  bearing- 
walls.    Tests  show  a  crushing  strength,  on  net  sections,  equal  to  that  of  brick. 

Honow-THe  or  Terra-Cotta  Partitions.  These'are  usually  built  of  blocks, 
either  square  or  brick-shaped,  according  to  the  particular  product  used.  The 
square  blocks  are  usually  12  by  12  in  on  the  face,  and  the  brick-shaped  blocks 
are  usually  12  in  long  but  vary  in  height.    Both  shapes  are  made  in  thick- 

•  See  latest  Year  Book,  Am.  Soc.  for  Test.  Mats. 
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nesses  vaiying  from  a  to  ii  in.     The  j-in,  ^-in,  and  6-m  blocks  ai 

uied.    Che  4-in  blocks    being  the  most  popular  lor  ardinary  work. 

more  importaDt  pactilioas.  such   us   stair   and   elevalot-endosurEs,  nolhiog 

narroirci  than    the  G-in  blocks  wilh  the  double  row  of  cells  should  be  u^fd. 

The  blocks  aie  conunooly  set  with  the  voids  vertical.    Fig.  60  shows  cypii^ 


Fio.eO.    HoUow-tL 
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shapes  of  both  the  square  and  brick-shaped  bliicki.  Fig.  61  shows  round- 
comcred  and  angle-cornered  partition-block ».  which  must  be  set  vertica]]y. 
"Terra-coIIi  partitions  of  a  i-in  thicknesa  have  been  placed  on  the  market. 
bul  have  not  been  eilensively  used,  A  i-in  terra-cotla  partition  of  any  strength 
or  efficiency  is  quite  impracticable,  and  where  floor-lrea  is  10  valuable  that 
more  space  caoDut  be  occupied,  (eira-cotta  is  not  tbe  material  to  be  employed."* 
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Tluoagli  the  addition,  bowever,  of  band-iron  laid  between  the  courses  and 
patented  under  the  name  Phceniz,*  tlie  strength  of  a  2-in  tile  partition  is  greatly 
increased.  The  New  York  partition,  Bevier  Patent,  consiatsof  2-in  tiles,  rein- 
forced with  tnus-metal,  such  as  is  uaed  in  the  New  York  floornarch.  (See  Fig.  28.) 


Fbd.  61.    HoQow-tile  Round-comer  and  Angle  Partition-blocks 

Porous  Vertns  Dense  Materials.  For  inside  partitions  the  porous  mate- 
rials axe  pceferabfe  to  the  dense,  while  for  outside  walls  the  dense  materiab 
should  be  used.  With  dense  tiling  it  is  necessary  to  insert  either  wooden 
nailing-strips,  which  are  very  objectionable,  or  blocks  of  porous  tile  to  take 
their  place.  It  is  becoming  daily  more  difficult  to  get  the  sawdust  necessary  to 
make  the  porous  material. 

Mortar.  Tile  partition-blocks  should  be  set  in  mortar  made  of  one  part 
Hme-putty,  two  parts  cement,  and  from  two  to  three  parts  sand.  The  blocks 
should  be  well  wet  before  settibg  and  the  partition  wet  down  before  the  plaster- 
ing is  applied. 

Heights  and  Lengths  of  Terra-cotta  Paitirions.  "The  safe  height 
of  terra-cotta  partitions  in  inches  may  be  approrimated  by  multiplying  the 
thickness  in  inches  by  40.  Conunon  practice  allows  a  safe  height  of  i  a  ft  for 
3-in,  16  ft  for  4-in,  and  20  ft  for  6-in  partitions.  For  partitions  without  side- 
supports  the  LENGTH  should  not  materiaUy  exceed  the  safe  height.  t)oors  and 
high  windows  may  be  considered  as  side  supports,  provided  the  studs  run  from 
floor  to  oeiling."t 

Weights.  The  WEiOffrs  of  either  porous  or  dense  terra-cotta  partitions 
should  not  be  taken  at  less  than  the  following,  adopted  by  the  Hollow  Building 
THe  Association,  as  proper  average  weights: 

2-in  partition,  14  lb  per  sq  ft; 
3-in  partition,  x6  lb  per  sq  ft; 
4-in  partition,  18  lb  per  sq  ft; 
5-in  partition,  20  lb  per  sq  ft; 

*  Made  by  Heniy  Maurer  &  Son,  New  York. 
tFreitag. 
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6>in  partition,  22  lb  per  sq  ft  for  one-cell  blocks; 
6-in  partition,  24  lb  per  sq  ft  for  two-cell  blocks; 
8-in  partition,  30  lb  per  sq  ft; 

not  including  plastering,  which  adds  about  10  lb  per  sq  ft  for  both  ades. 

Concrete  Partitions.  Partitions  of  stone  concrete  are  seldom  used  because 
of  the  forms  necessary  for  their  erection,  which  make  them  comparatively 
expensive.  Unless  reinforced  they  take  up  too  much  room.  Furthermore 
they  are  the  heaviest  of  all  partitions.  Even  in  buildings  that  are  entirely  of 
reinforced  concrete  they  are  not  always  used.  Cinder-concrete  partitions  are 
somewhat  lighter  and  considerably  cheaper  than  those  of  stone  concrete.  Yet 
even  these  are  too  heavy  and  too  troublesome  to  construct  to  be  satisfactory. 
.Among  the  partitions  tested  and  approved  by  the  New  York  City  Building 
Bureau  is  one  that  consists  of  dnder-concrete  blocks,  2^  and  3  in  thick,  the 
thicker  ones  being  hollow,  12  in  high,  and  18  in  long.  They  have  their  edges 
cast  with  tongues  and  grooves  that  furnish  more  or  less  of  a  bond  between  the 
blocks  when  they  are  set.  Hollow,  concrete  building-blocks  make  fairly  good 
ixutitions,  but  are  objectionable  on  account  of  their  thickm^ss  and  weight. 

Gypsum-Blocks.    The  term  gypsttm-blocks  is  now  more  generally  em- 
ployed than  the  term  plastek-blocics,  as  it  is  more  accurately  descriptive.    The 

principal  makes  on  the  market 
are  the  acme,  made  by  the 
Acme  Cement  Plaster  Com- 
pany, St.  Louis,  Mo.;  the 
A29CBOR,  made  by  the  Ameri- 
can Gsrpsum  Company,  Port 
Clinton,  O.;  the  pyrobar, 
made  by  the  United  States 
Gsrpsum  Company,  Chicago, 
HI.;  the  BELL,  made  by  the 
Rock  Plaster  Manufacturing 
Company;  the  blocks  of  the 
Niagara  Gsrpsum  Company 
and  the  M.  A.  Reeb  Corpora- 
tion, both  of  Buffalo,  N.  Y.; 
and  the  blocks  of  the  Plymouth 
Gypsum  Company,  Fort 
Dodge,  Iowa.  The  usual  dze 
to.  62.    Pbster-bbcks.    Doweled  Coastxuctktt.     of  these  blocks  is  12  in  by  30 

in,  although  some  are  made 
«3J4  in  by  32  in.  The  thickness  is  generally  2,  3,  4,  5,  6,  and  8  in,  for  the  hol- 
low blocks,  and  2  and  3  in  for  the  solid  blocks. 

Gypsum-Block  Partitions.  Blocks  made  of  gypsum  (plaster  of  Paris) 
combined  with  various  substances,  such  as  cinders,  wood  chips,  cocoanut  fiber, 
asbestos,  etc.,  have  been  largely  used  for  partitions  in  fire-proof  buildings.  The 
principal  advantages  claimed  for  these  partitions  are  their  great  lightness  and 
reduced  cost  compared  with  other  forms  of  partitions.  Gypsum  blocks  can  be 
readily  cut  with  a  saw,  and  have  a  considerable  holding  power  for  nails.  In  the 
fire  tests,  made  for  the  Bureau  of  Buildings,  New  York  City,  they  have  generally 
shown  considerable  resistance  to  the  flame  and  have  transmitted  less  heat  than 
partitions  of  any  other  form.  They  did  not,  however,  always  sUnd  the  hose- 
ftrcam,  some  of  them  being  easily  pierced,  and  all  of  them  being  more  or  less 
washed  away  by  the  water.    An  objectionable  characteristic  of  these  blocks  is 
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thrir  tendency  to  absorb  mcnsture  while  being  stored  lad  to  disw  mter  from  the 
ptisterins  when  It  is  Bppiied.  This  moisture  woriu  down  to  the  bottom 
of  the  pattidoa  where  it  is  likely  to  injure  the  wooden  base.  These  par- 
titioru  ire  made  in  tsickhesses  varying  from  i  to  4  in.  those  leu  than  3  in 
in  thiclmrss  gmerally  being  solid;  and  tbdr  height  should  not  exceed  from  50 
to  60  times  the  thiduKss  of  the  blocks,  unplastered.  Hollow  blocks  should 
always  be  set  with  the  cells  horizontal.  Tbe  edges  of  the  blocks  are  geoerBlly 
grooved  or  otherwise  amngnl  u  that  the  moitar  jrant  forms  a  key  between 
them.  In  some  forms  of  these  partitions  the  Uodts  are  bonded  together  by 
means  of  metal  dowels,*  running  across  the  horizontal  and  vertical  joints  from 
one  bloclc  into  the  adjnning  one,  as  shown  in  Fig.  B2.  Tbe  cut  illuatratet  the 
use  of  tbe  block  in  tbe  construction  of  dumb-waiter  jhafu  and  shows  haw  the 
blocks  are  anchored  at  the  comera  by  iron  dowel-angles.  Cypsum  [faster  is 
used  in  laying  plaster-blocks,  and  occasionally  Gbered-gypuim  plaster,  tempered 
with  rand,  may  be  employed.  All  of  the  partitions  in  the  newer  portions  of  the 
MoDzdoock  Block,  Chicago,  and  in  many  other  promlitent  buiidioga  of  Chicago 
and  New  York  City,  are  of  Gypsum  blocks.  Gypsum  blocks  make  the  lightest 
practical  partition  known.  The  weight  of  these  partitions  per  square  foot  may 
t>e  taken  as  follows: 

Thicknessof  block,  iaches,  .13  4  s  6        S 

Weight  in  lb  per  iq  ft 10       iih        Mli        17M       19       a6 

About  8  lb  per  sq  ft  should  be  added  to  obtain  the  weight  ol  the  partitioa 
when  plastered  on  both  sides. 

Mackollle.    A  [daslei-bkick  eilen^vely  used  is  the  Mackolile  Hollow  Block, 
made  by  the  A.  B.  Fireproofing  Company,  Cliicago,  III.    Mackolite  partition  tiles 
are  generally   made   in  the  form 
shown  in  Fig.  63.  Thej-in,  jM-io. 
and  4-in  tiles  arc  made  4S  and  the 
others  30  in  king,  all  the  tiks  beinf 
11  in  high.    The  blocks  are  laid  in 
regular  courses,  breaking  joint  a* 
in  cat-stone  work.    Lime  mortar    ' 
b    used  for    setting.      In   fitting    | 
around  openings  or  at  angles  the 
blocks  are  cut  with  a  saw,  and  this 
elFect!'  a  material  saving  in  tinte 
and  material.     It  is  claimed  that 
the  blocks  make  very  strong  par- 
titions.    The  composition  of  I  be  —  ^^ 
blocks  ia  plaster  of  Pari?  mixed  * 
with  certain  chemiials,  reeds,  and            Ftc.  63.    Mackolile  Fiitillon-blocki 
fiber.    Recdsoi  the  same  length 

as  the  biticks  are  placed  in  the  molds  and  the  plaster  of  Paris  and  liber  are  then 
mixe-l  with  water,  to  which  the  chemical  has  been  added,  and  poured  around  the 
reeds  so  that  they  are  nowhere  eiposed.  The  reedi  give  longitudinal  strength  to 
the  blocks  while  (he  fiber  makes  them  tough  and  elastic.  The  material  sets  in 
about  half  an  hour,  after  which  the  bkxks  are  kiln-dried  for  four  days. 

Gjpdnite  Partltioni.  The  main  feature  of  these  partitions  is  the  OYPsKniz 
BIVD  which  is  handkd  and  erected  in  the  same  manner  as  a  w.-owien  stud  in  the 
ordinary  non- fire-proof  partitions.  The  stud  is  composed  of  wooden  nailing- 
slripi  completely  protected  and  embedded  in  a  plaster-composition  known  at 

'Pilented  by  tbe  Sanitary  Firepnnfini  and  Conlncling  Co.,  New  \aA  Cily. 
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OVKunTS  coHCKETE.  The  itudi  ue  caicfuUy  nude  and  art  plumb  and  tnic 
MeUl  lath  or  pluter-boards  are  lecured  to  the  studs  and  plailered.  completing 
tbe  paitition.  vbicb  is  about  aH  in  thick.  (Fi«.  64.)  Thii  partition  is  sUgblly 
heavier  than  the  ordinary  partition  ol  wooden  constniclkm.  It  is  guile 
a^  stifi  and  as  ationg  as  a  gcxjd  tile  or  other  partition,  and  the  nailing-strip 
feature  of  the  studdinR  fadlitalei  the  application  s[  a  wooden  trim.  Il 
it  said  to  tie  particularly  souod-proot,  and  the  spaces  between  the  stud) 
aflord  an  Of^nrtiuity  to  conceal  pipes,  wires,  etc.  Gyfisinite  studs  are  j  by  j 
by  11  Id,  and  weigh  j  lb  to  the  loot.    They  can  be  nude  any  size  required. 
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m  the  partitions  the  studs  are  usually  placed  i6  in  on  centers  and  bridged  as 
may  be  reqtiEred.  They  are  fastened  to  the  floor  or  ceiling  by  the  use  o(  ^lls 
•nd  plates  o!  the  same  material,  or  by  light  channel-irons,  which  are  ^ked  to 
the  rireprooGng,  The  manufacturers  believe  that  in  large  quantities  these  studs 
can  be  furnished  as  cheaply  as  wooden  studs  and  that  the  partitions  can  be 
erected  as  cheaply  as  ordinary  lath-and-plaster  partitions.  Cypsinite  studs  are 
manufactured  by  the  United  States  Gypsum  Company,  Chicago,  111, 

Solid,  Plastei-aad-Hetal  Partitioni.  Thin  partitions  ol  plaster  applied 
to  metal  lath  and  metal  studs,  made  solid,  and  finished  i^>out  i  in  thick,  have 
been  estenavely  used  in  6re-proof  buildings.  They  are  remarkably  stifl,  owing 
to  the  adhesion  of  the  plaster  to  the  steel,  and  they  are  lighter  and  occupy  less 
tpace  than  any  other  practical  fireproof  partition  of  equal  strength.  In  the 
in  tests  these  partitions  act  very  much  like  the  plaster-block  partitions,  lesist- 
'ng  thoroughly  the  passage  of  the  fiames.  But  the  plaster  always  washes  ofl 
vben  the  hose  is  applied  and  the  lath  becomes  eipmed.    Tlie  rigidity  of  the 
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metMl  iabric  on  the  meUl  Uudding  hu  bceo  cooddond  bjr  firemco  ■  disad- 
vant>^.  u  it  U  very  difficult  to  rut  thnnigh  it  whtn  nccenuy  to  get  mt  ■  fire. 
The  coDMructioD  ti  tbent  pattitions  ii  practically  tlie  nme  for  the  difierent 
fabrics  used,  vbidi  are  described  on  pases  S46  to  850.  This  lath  or  talkie  ap- 
pcarx  to  be  subject  to  the  corbosive  EtFEcrs  of  the  plaster.  In  the  demolition 
ol  the  Pabst  Building,  New.YoriL  City,  the  metal  lath  used  throughout  in  the 
partitiooa  was  Cound  to  be  considenbljp  corroded,  after  about  four  years,  even 
though  the  lath  had  been  painted.    On  the  other  hand  other  cases  are  died  by 


Fic.  as.    Two-iDcta  Solid  Fluter  PanitioB.    EknCloD 

tbetBanu(acturers,suchasthe  Chess  residence  at  Pitt^uigh,  Pa.,  the  Sturtevant 
residence  at  Springfield,  Masi.,  and  the  Wesl  End  Trust  Building  at  Philadeli^iia, 
Pa.,  in  which  after  twenty  years  no  corrosion  of  the  metal  lath  in  plaster  pai- 
titkios  was  observed.  The  invcBtigations  ol  the  United  States  Bureau  of 
Standards  of  various  forms  of  ttucco-constructian  seem  to  bear  out  the  manu- 
factunn'  contention.  The  lath  should  in  all  cases  be  protected  against  initial 
orindpient  corrosion  hy  painting  ofgalvaniung  before  being  embedded  is  the 
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thickness  may  be  estimated  on  a  basis  of  120  lb  per  cu  ft  for  plaster,  and  96  !b 
for  dader  concrete,  slightly  tamped. 

Construction  of  Solid  Two-Inch  Partitions.    Figs.  65  and  66  show  the 
usual  method  of  constructing  s-in  partitions.    The  studs,  usually  H-in  or  i-in 

Jtnn^Mg  tor  Bam 


SUple/ 
tlo.iBaid.l?if«: 

Fig.  66.    Two-mch  Solid  Plaster  Partition.    Horizontal  Sectba 


channels,  are  bent  and  punched  at  the  ends,  and  at  the  bottom  are  nailed  to 
wooden  strips,  which  are  first  secured  to  the  floor-panels,  dr  to  the  top  of  the 
steel  beams  where  the  partitions  come  over  them.  These  wooden  strips  have 
been  fotmd  necessary  as  a  sort  of  cushion  to  allow  the  studding  to  expand  in 
case  of  fire.  At  the  top,  the  studs  are  nailed  to  the  underside  of  the  floor-panels, 
or,  if  there  is  a  suspended  ceiling,  they  are  wired  to  the  bars  supporting  the 
ceiling.  At  the  openings,  i  by  i  by  ^ie-in  angles  are  used,  and  these  are  bored 
every  16  in  for  No.  12  screws,  used  in  attaching  the  rough  wooden  frames  to 
the  angles.  After  the  studding  is  in  position,  the  metal  lathing  is  laced  to  one 
side  of  it  with  No.  18  galvanized  wire.  After  the  lathing  is  in  place  the  car- 
penter should  attach  wooden  grounds  to  secure  the  base,  and  pegs  or  spot-grounds 
for  chair-rail,  picture-molding,  etc.  These  grounds  are  secured  by  staples, 
and  when  the  partition  is  plastered,  become  very  rigid.  In  plastering  these 
partitions,  five  coats  of  plaster  are  required  to  make  a  good  job;  a  scratch-coat 
on  one  side,  a  brown  coat  on  each  ade,  and  the  usual  white  coat  on  each  side  for 
finishing.  It  is  essential  for  all  thin  partitions  that  a  hard-setting  mortar  be 
used,  such  as  Acme  Cement,  King's  Windsor  Cement,  Adamant,  or  Rock  Wall 
Plaster.*  The  partitions  acquire  their  stiffness  largely  from  the  solidity  of  the 
plastering,  hence  the  firmer  and  harder  the  plastering  the  more  substantial  the 
walls. 

Double  Partitions.    Electric  wires  and  H-in  gas-pipes  can  be  run  in  the  2-in 
SOLID  partitions;  but  if  it  is  desired  to  run  huger  pipes»  double  partitions, 
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Fio.  67.    Pour-mch  SoHd  Plaster  and  Concrete  Partition.    Horizontal  Section 


that  is,  partitions  with  lathing  on  each  side  of  the  studding,  must  be  used.  For 
these  partitions,  2-in,  3-in,  or  4-in  channels,  or  flat  bars  set  edgewise,  may  be  used, 
sheet-steel  channels  being  probably  the  most  economical.  When  the  space 
between  the  studs  is  not  filled  with  mortar  or  concrete,  the  DOUBLE  PARXinoN 

•Made  respectively  by  the  Acme  Cement  Plaster  Company,  St.  hank.  Mo.; 
T.  B  King  &  Company,  New  York;  the  United  States  Gypsum  Company,  Chiciio,  III; 
•nd  the  Rock  Plaster  Manufacturing  Company,  New  York. 
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win  not  stand  fire  and  water  as  well  as  the  solid  pARTmoN.  while  it  is  much  more 
expensive. 

Construction  of  Solid  Four-Inch  Partitions.  Fig.  67  shows  a  partial  sec- 
tion through  a  solid  partition  finishing  4  in  thick  when  plastered.  It  has  great 
strength  and  resistance  to  fixe  and  water,  and  affords  ^ 
convenient  sfiaces  for  piixs  and  thicker  jambs  for 
door-frames.  These  partitions  have  cores  of  dnder 
concrete,  with  metal  lath  on  both  ades,  and  are  plas- 
tered in  the  usual  way.  As  the  concrete  will  receive 
nails,  no  wooden  furring  is  required  to  fasten  the  base- 
boards, chair-rails,  and  picture-moldings  in  place. 

Berger's  Economy  Studding  and  Furring.    Hg. 

68  illustrates  a  patent  stud  manufactured  by  the 
Berger  Manufacturing  Company,  Canton,  Ohio.    It 
is  made  of  No.  18  jor  No.  20  sheet  steel,  and  in  five 
sizes,  varying  from  H  to  i  ^  in.    The  peculiar  ad- 
vantage of  this  stud  is  the  provision  for  attaching  the 
lath.    For  this  purpose  prongs  are  punched  from 
both  sides  of  the  flange,  which  are  left  standing  at 
right-angles  to  the  face  of  the  flange.   The  lath  is 
placed  against  the  stud,  the  prongs  pressed  through 
the  meshes  and  then  turned  up  over  the  lath  with  a 
hammer.    This  fastens  the   lath  more  firmly  and 
securely  than  by  any  other  method.  The  ends  of  the 
studs  are  secured  by  sockets  which  are  fastened  to  the 
floor  and  ceiling,  a  clear  space  being  left  above  the 
top  of  the  studs  for  expansion.    Where  partitions 
intersect  or  where  there  are  angles,  angle-irons  with 
prongs  are  used  in  jdace  of  the  T  irons.     By  using 
these  studs  and  ezpanded^metal  lathing,  a  saving  in 
cost  can  be  effected  over  the  construction  shown  in 
Fig.  66.    These  T's  are  used,  also,  for  supporting 
su^Mnded  ceilings  under  I  beams,  the  T's  being 
secured  to  the  flanges  of  the  beams  by  specially  de-    n  1 
signed  clips.  Furring-strips  and  channels  also,  are     J^ 

made  on  the  same  principle.  «..««»         e^  jjt 

^  Flo.  68.    Berger  Studding 

Spadng  of  Studs  in  Two-Inch  SoHd  Pirtltioiis.       or  Furring  and  Stud- 
For  2-in  solid  partitions  with  ^i-in  rolled  channels  or        lockets 
I -in  Economy  Studs,  the  stixis  should  be  placed  12 

in  on  centers  when  the  height  of  the  story  exceeds  xo  ft.  When  the  height  of 
the  story  is  less  than  10  ft,  a  spacing  of  x6  in  will  answer.  For  hollow  partitions 
with  2-in  studs,  the  studs  can  be  spaced  16  in  on  centers  for  story-heii^ts  of  61 
ft  and  less.    For  greater  heights  they  should  be  placed  12  in  on  centers. 

Rib  Stud.  In  Fig.  69  is  shown  the  Rib  Stud  made  by  the  Truscon  Steel 
Company,  Youngstown,  Ohio.  It  is  made  in  widths  of  2yi,  3^,  4M,  6^,  and 
8m  in;  and  in  lengths  up  to  18  ft.  The  studs  are  made  of  open-heaktb  steel, 
the  two-rib  studs  weigMng  0.55  lb  per  ft  and  the  three-rib  studs,  0.85  lb  per  ft. 
For  2-in  solid  partitions  with  y^  or  x-in  channels  or  studs,  the  studs  should 
be  spaced  from  12  to  16  in  on  centers,  depending  upon  the  stiffness  and  rigidity 
of  the  lath.  A  x  2-in  spacing  should  never  be  exceeded  when  the  height  of  story 
is  more  than  12  ft.  For  hollow  partitions  with  2-in  studs,  the  studs  can 
be  spaced  16  in  on  centers  for  story-heights  of  16  ft  or  less,  when  No.  24  (United 
St.ites  gauge)  expanded  metal  or  No.  18  (United  States  gauge)  wire  lath,  2^i  by 


L 


L 
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2H  mesh,  are  employed.  For  greater  heights  the  spacing  should  never  eacecd 
12  in.  No.  22  (United  States  gauge)  expanded  metal,  weighing  at  least  4%^  lb 
per  y^rd,  and  No.  20-gauge  V-stiffened  wire  lath  or  wire  lath  with  rods  or  stiff- 
coers  spaced  7  Vi  to  8  in  on  centers,  give  satisfactory  rigidity  for  both  partitioiis 


2)4  Inches  and  SJ4  Inche«  Wide. 


T 


«34  Inches  Wide. 


6^  Inches  and  8H  Inches  Wide. 
Fig.  09.    Rib  Stud  for  Plaster  Partitions 

and  ceilings  when  the  studs  or  furring-strips  are  set  16  in  on  centers.  Lath 
should  be  wired  to  the  metal  studding  with  No.  i8-gauge  annealed  galvanised 
wire. 

Metal  Lath.    Numerous  styles  of  vetal  latr  have  been  put  on  the  market 
in  recent  years  to  provide  for  a  cheap,  Ught,  and  thin  partition-construction. 

For  fire-proof  buildings  metal 
STUDDING  should  always  be 
used.  Metal  lath  is  suppbed 
either  plain,  painted,  or  gal- 
vanized. It  is  recommended 
that  metal  lath  be  aJways  at 
least  painted,  to  prevent  initial 
corrosion  until  the  lath  can  be 
covered  by  the  mortar.  Gal- 
vanizing is  necessary  where 
there  is  danger  of  moisture 
I  ^     "■  reaching  the  lath  while  it  is 

without  a  protective  coat  of 

lime  or  cement.  Where  a  par* 

ticular  type   of   lath  is  not 

mentioned  in  a   specification,   it  should   be  generally  described  as  follows: 

*'  Painted  or  galvanized  No.  24-gauge  expanded-metal  lath,  weighing  not  less 

than  3}i  lb  per  sq  yd,  or  painted  or  galvanized  woven-wire  cloth.  No.  19 


Feo.  70. 


EzpaDded-metal   Lath   with   Diamond- 
shaped  Mesh 
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cauge,  2\i  meshes  to  the  inch,  with  stiffenen  placed  8  in  on  centers  and  weigh- 
ing not  less  than  3^  lb  per  sq  yd."  Metal  lath  should  be  so  made  that  it  will 
take  plaster  freely,  key  it  thoroughly,  and  wholly  embed  itself  in  it.  These  are 
characteristics  of  expanded-metal  and  woven-wire  laths  which  make  them 
superior  to  sheet  lath.  Sheet  laths  are  economical  in  the  use  of  mortar,  which 
merely  covers  one  side  of  the  lath  and  latches  through  the  perforations  without 
thoroughly  embedding  the  metal.  The  difficulty  of  stretching  plain  wire  lath 
tight  enough  to  make  a  firm  foundation  for  plaster  and  the  resulting  necessity 
for  a  dose  ^Muing  of  the  studs  to  secure  the  required  bearing,  has  led  to  the 
introduction  of  stiffened  wire  cloth  and  ribbed  or  corrugated  expanded  metal 
in  order  to  obtain  the  necessary  rigidity.  To  overcome  the  necessity  for  separate 
bearing-studs,  expanded-metal  and  sheet-metal  laths  are  manufactured  also  in  a 
one-piece  steel  lath-and-stud. 

Expanded  metals  differ  in  the  process  of  manufacture.    One  type  is  made 
by  simply  slitting  the  sheet  and  deploying  it  into  the  diamond  shape;  the^ther 
type  is  made  from  thin 
strips   of    soft,  to\]gh 
steel,  by  a  mechanical 

process  which  pushes 

out    and   expands  the 

metal  into    the   mesh 

and  at  the  same  time 

reverses   the  direction 

of  the  edge,  so  that  the 

flat  surface  of  the  cut 

strand    is    nearly    at 

right-angles     to     the 

general  surface  of  the 

sheet.     It  is  claimed      ^^'  71*    Expanded-metal  Lath  with  Rectangular  Mesh 

that   the  cold  wosx- 

ING  of  this  low-carbon  steel  increases  the  elastic  ldot  and  tTLTiUATE 
STRENGTH.  In  spedfsring  expanded  metal,  it  is  necessary  to  give  the  weight  of 
the  finished  product  per  sqtiare  yard  as  well  as  the  gauge  of  metal,  as  the  strands 
may  be  of  various  widths.  Expanded  metal  is  made  either  with  diamond-shaped 
(Fig.  70)  or  rectangular  (Fig.  71)  meshes.  When  laid  with  the  long  strands  per- 
pendicular to  the  studs,  the  lath  with  the  rectangular  mesh  is  the  stronger  of  the 
two.  Rigidity  is  also  obtained  by  corrugating  and  expanding  the  metal  in  various 
forms,  which  make  the  so-called  ribbed,  corrugated,  and  integral  laths.  Wire 
CLOTU  is  stiffened  by  clipping  corrugated-steel  furring-strips  to  the  lath  or  by 
weaving  or  welding  rods  or  V-shaped  stiffeners  at  regular  intervals. 

Types  of  Metal  Lath.    Metal  lath  may  be  classified  as  follows: 

(i)  Expanded-metal  Uth; 

(a)  Diamond  and  rectangular  mesh, 

(6)  Ribbed  or  corrugated, 

(c)  Integral,  combining  functions  of  both  lath  and  studding, 
ii)  Sheet  lath; 

(a)  Flat  perforated. 

(b)  Integra],  combining  functions  of  both  lath  and  studding, 
(3)  Woven- wire  lath; 

(tf)  Plain. 
(b)  Stiffened. 
Some  of  the  laths  and  their  characteristics  are  given  in  the  following  para- 
graphs. 
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(1)  Ezpanded-Metal  Lath 

Rotary  Diamond-Mesh  Lath.  This  lath  is  made  by  the  Berger  Manu- 
facturing  Company,  Canton,  Ohio.  It  is  furnished  in  sheets  1 8  by  96  in,  of 
Nos.  27,  26,  25,  and  24  gauge,  weighing  respectively  2H  lb,  2^^  lb,  3  lb,  and  34 
lb  per  sq  yd.  It  is  made  of  Toncan  Metal,  for  which  greater  homogeneity  is 
claimed  than  for  charcoal>iron  and  steel,  and  less  liability  to  corrosion  or 

PITTING. 

BoBtwick  Lath.  Bostwick  lath  is  made  by  the  Bostwick  Steel  Lath  Com- 
pany, Niles,  Ohio.  It  is  furnished  in  sheets  14  by  96  in,  approximately  i  sq  yd, 
and  also  24  by  26,  and  is  made  in  Nos.  24  and  27  gauge. 

Steelcrete  Lath.  This  material  is  manufactured  by  the  Consolidated 
Expanded  Metal  Companies,  Braddock,  Pa.,  and  is  furnished  in  two  styles, 
known  as  steelcrete  A  lath  and  steelcrete  B  lath,  for  exterior  stucco-work; 
and  in  the  standard-form  diamond  lath,  extensively  used  for  exterior  and  In- 
terior plastering-work.  Steelcrete  diamond  lath  is  divided  into  three  desig- 
nations, P  lath,  F  lath,  and  H  lath.  The  P  lath  meets  the  specifications  of 
the  United  States  Post  Office  Department,  weighs  4.37  lb  per  sq  yd,  and  is  manu- 
factured from  22-gauge  material  in  sheets  24  by  97  in.  The  F  lath  is  manuifac- 
tured  in  sheets  24  by  97  in  from  the  gauges  34,  25,  26,  and  27,  respectively 
weighing  3.40,  3.00,  2.55,  and  2.33  lb  per  sq  yd.  The  H  lath  has  a  size  of  sheet 
28  by  97  in  and  is  manufactured  from  the  gauges  24  and  26,  weighing  respect- 
ively 2.90  and  2.20  lb  per  sq  yd.  Steelcrete  lath  can  be  obtained  manufac- 
tured from  open-hearth  black  sheets  or  galvanized  sheets,  or  in  copper-bearing 
sheets  (acid-resisting). 

A  Diamond-Mesh  Lath  is  made  by  the  Penn  Metal  Company,  Boston, 
Mass.,  in  sheets  24  by  96  in  in  size  and  of  the  following  gauges:  No.  22,  weighing 
4  lb  per  sq  yd;  No.  24,  weighing  3.4  and  3  lb  per  sq  yd;  No.  26,  weigMng  2  H  lb 
per  sq  yd;  and  No.  27,  weighing  2.3  lb  per  sq  yd.  For  such  extraordinary 
conditions  as  are  found  in  gas-plants,  dye-works  or  places  where  excessive 
moisture  or  salt-air  action  exists,  Hampton  Rust-Resisting  I^th  is  made. 

Kay  Ezpanded-Metal  Lath,  made  by  the  General  Fireproofing  Company, 
Youngstown,  Ohio,  is  furnished  in  sheets  24  by  96  in,  in  Nos.  27,  26,  25,  and  24 
gauge,  weighing  respectively  2^34,  2.50,  3.00,  and  3.40  lb  per  sq  yd. 

Kno-Biim  Lath,  made  by  the  North  Western  Expanded  Metal  Company, 
Chicago,  111.,  is  furnished  in  sheets  18  by  96  in,  in  Nos.  27,  26,  25,  and  24  gauge, 
weighing  respectively  2^,  2h»  3»  and  3.4  lb  per  sq  yd.  When  made  from  a 
special  acid-resisting  sheet  steel,  this  lath  is  sold  under  the  name  XX  Century 
Expanded  Metal  Lath. 

Herringbone  Expanded  Metal  Lath  (Fig.  72),  made  by  The  General  Fire- 
proofing  Company,  Youngstown,  Ohio,  is  furnished  in  three  styles,  A,  AAA,  and 
BB.  Style  A  is  made  in  sheets  13^^  by  96  in  (i  sq  yd),  of  No.  28-gauge  metal, 
weighing  3  lb  per  sq  yd.  Style  AAA  is  made  in  sheets  1 8  by  96  in,  and  from  27, 
26,  and  24-gauge  metal,  weighing  2.53,  2.81,  and  3.79  lb  per  yd,  respectively. 
Stvxe  BB  is  made  in  sheets  20^4  by  96  in  (i  ^  .sq  yd),  of  Nos.  27,  26,  and  24-gauge 
metal,  weighing  respectively  2^4,  2^,  and  sH  lb  per  sq  yd.  It  is  made  of  steel, 
American  ingot -iron,  or  galvanized  sheets.  Ribs  are  set  across  studs  and  slope 
down  towards  them. 

Sykea  Expanded  Cup-Lath,  made  by  the  Sykes  Metal  Lath  and  Roofing 
Company,  Niles,  Ohio,  is  furnished  in  sheets  18  by  96  in,  with  an  antirust 
coating,  or  painted  black,  or  galvanized.  It  is  made  of  Nos.  27,  26,  and  24- 
^auge  metal,  weighing  respectively  2.8,  3,  and  3.7  lb  per  sq  yd. 
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Studud  Rib  Lath,  mule  by  the  TnucoD  Steel  Compuy,  Detroit,  Mich^ 
is  furnufaed  in  ifaeeti  »K  by  96  in,  in  gruks  i.  a,  *iul  3,  migluns  respectively 
9.74,  3^,  and  4.10  lb  per  iqyd.   Tliia  company  makei  also  tlie  Beaded  Plate 


Fk.  72.    Expuukd-mctd  Latli,  BoilngbDM  Mab 

Rib-Lais,  which  i>  about  35%  heavier  and  more  rigid,  permilting  wtdet  spadng 
ot  the  studs. 

Hetmeih  IHamond  Etpaadad-Uatal  Lath  is  manufactured  by  the  Mil- 
waukee Corrugating  Coaipany,  Milwaukee,  Wis.  This  lath  is  furnished  in 
ihects,  14  by  96;  in  ij,  iG.  15,  aod  34  gaugea,  painted;  and  in  26  and  14  gauges 
only,  bot-galvaniied  alter  cutting.  This  Company,  also,  malua  coBamuiTD 
oa  szi.r-ntKUiia  lath,  ia  ibeet*  uH  by  96  La,  nine  gauges,  cicept  No.  is,  aa 
for  HEnusH. 

Kao-Fnr  Lath,  made  by  the  North  Western  Expanded  Metal  Company, 
Chicago,  lU.,  is  furnished  io  sheets  11  by  96  in,  of  Noi.  14,  is.  iG,  and  i;.gauge 
metal,  weighing  lespecliveiy  j.80,  j.36.  >.B>,  and  1.61  lb  per  sq  yd.  This  lath 
has  ribs  running  obliquely  acrou  the  sheets  at  the  same  angle  as  the  strand* 
of  the  mesh.  This  corrugation  is  said  to  ^ve  the  lath  greater  Kiciniry  so  that 
it  can  be  lued  od  334n  centers  for  walls  and  on  14-10  centen  for  ceilings.  The 
corrugations  act  aa  luning-strips.  It  ii  made  from  a  spedi ' 
STBU.  and  ia  always  supplied  painted. 

Intcgnl  Bipandad-Hetal  Lath.    Tnua-metal  lath.  Fig. 
American  KolKng  Mill  Company,  Middletown,  Ohio, 


FIC.T3.    Tt 


iS  by  90  in,  (rf  Noi.  16  and  iS-gauge  metal,  weighing  respectively  So  and  66.7  lb 
per  100  sq  ft.  A  partition  constriicted  of  this  lath  in  one  of  the  te^-stnidures 
U  Columbia  University,  New  York  City,  passed  through  and  withMood,  witb- 
out  any  sign  o(  distress,  the  fire  and  hose-streams  of  five  successive  tests. 

SaU-SeDtaring,  made  by  [he  General  FircproofiTig  Company,  Youngstown, 
Ohio,  is  furnished  in  sheets  39  in  wide  and  in  lengths  varying  by  1  It,  from  4  to 
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I  a  ft,  of  No8.  38,  26,  ftnd  24>ga\]ge  metal,  weigfaiag  respectively  0.58,  0.70,  and 
0.93  lb  per  sq  ft.  Tlie  width  of  39  in  is  the  covering  capacity,  as  laps  are  pro- 
vided for  by  outside  ribs.    (See,  also,  page  853.) 

Hy-Rib,  made  by  the  Tniscon  Steel  Company,  Detioit,  Mich.,  is  furnished  ia 
three  types  known  as  4-Rib,  3-Rib,  and  Deep  Rib.  The  first  is  in  sheets  Z0I3 
in  wide,  and  the  others  in  sheets  14  in  wide.  (See,  also,  page  853.)  All  styles  are 
furnished  in  Nos.  24,  26,  and  28-gauge  metal.  The  standard  lengths  are  6,  8.  10, 
and  X2  ft.  Other  lengths  below  12  ft  are  cut,  but  the  waste  is  at  the  coat  of  the 
purchaser.  Hy-Rib  sheets  interlock  at  the  sides  and  ends.  In  ordering,  no 
allowance  need  be  made  for  side  laps,  but  for  end-laps  a  in  should  be  allowed  for 
laps  over  supports,  or  8  in  between  supports. 

Tnsssit  is  manufactured  by  The  General  Fireproofing  Company,  Youngs- 
town,  Ohio,  in  sheets  19  in  in  width,  and  in  lengths  of  8,  10,  and  12  ft,  from  27, 
26,  and  24  gauge,  weighing  0.57^  0.62,  and  0.83  lb  per  sq  ft,  respectively. 


(S)  Sheet  Lath 

Clinched  Lath,  made  by  the  American  Rolling  Mill  Company,  Middle- 
town,  Ohio,  is  furnished  in  sheets  131^  by  96  in  (i  sq  yd),  of  No.  30-gauge  metal, 
weighing  4^  lb  per  sq  yd. 

TntM»Loop  Lafh,  Fig.  74,  made  by  the  Bostwick  Steel  Lath  Company, 
Niles,  Ohio,  is  furnished  in  sheets  13  M  by  96, 16H  by  80,  24  by  96,  and  27  by 

96  in,  weighing  4H  lb  per  sq  yd. 
This  lath  is  furnished  jKunted  unless 
otherwise  specified. 

Genfire  Sheat-Staal  Lath, 
made  by  the  Genial  Fiieproafing 
Company,  Voxmgstown,  Ohio,  is 
furnished  in  sheets  24  by  96  in, 
weighing  4.6  lb  per  sq  yd,  painted 
unless  otherwise  specified. 

Sykat   TroQgh    Sheet    Lath. 

made  by  the  Sykes  Metal  Lath 
and  Roofing  Company,  Niles,  Ohio, 
is  furnished  in  sheets  13^3  by  96  in 

(1  sq  yd),  tsH  by  96,  iSji  by  96.  and  23^4  by  96  in,  weighing  5  lb  per  sq  yd. 

and  made  ^ith  an  antirust  coating,  or  painted  or  galvanized. 

Integral  Sheet  Lath.  Rib-Truss,  made  by  the  Berger  Manufacturing 
Company,  Canton,  Ohio,  is  furnished  in  widths  of  24  in,  and  in  stock  lengths  of 
4,  5,  6,  8,  10,  and  12  ft,  as  follows: 


Fig.  74.    Bostwick  Truss-loop  Lath 


Gauge 

Weight  per  square  yard  in  x)Ounds 

I  Jj-inrib 

*^i-'m  rib 

t-ia  rib 

27 

73 

81 

8S 

117 

73 

86 

94 

125 

83 

92 

100 

133 

28 

26 

24 
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at)  Woreo-mre  Ltth 

Woren^mn  lath  b  (umisbed  with  or  wittuut  aitmmKa,  wUch  an  dtber 
Itxls  or  v-SBAPED  BIBS  running  ttuou^  (be  wire  mesh  to  reinibrce  and  sdfien  it. 
Xt  is  supplied  painted  ot  unpoiatcil,  w  it  ii  gslvanized  aftec  wvaving.  It  un  be 
funushed  to  order  in  any  required  width  up  to  lo  It.  In  widths  leas  than  i8  in, 
there  is  a  unall  charge  lot  stkifpdig.  Before  ordering,  it  is  veiy  impuitant  to 
ascertain  the  proper  width,  e^iedally  of  stiSened  latb,  as  it  is  deaiisble  to  have 
tbe  edges  of  the  lath  lap  at  the  supports  where  it  i*  laced  to  iron  furring.  When 
the  lath  is  not  o(  the  proper  width  the  results  are  not  so  good  and  there  is  Uable 
to  be  a  waste  of  material.  The  standard  width  of  flaih  and  of  V-bjb  etiiten£d 
LATH  is  36  in.  When  beams  or  studc  ue  ipaced  16  in  from  center  to  tenter,  the 
lath  should  be  31  or  4S  in  wide. 

The  Clinton  Stiffansd  Lath  hu  oomigated-tteel  ruauNO-STUPS  attached 
every  3  in,  crosswise  of  tbe  fabric,  by  means  of  hetal  clips.  These  strips  con- 
stitute the  rtmiaKi,  and  the  Uth  is  applied  dinctly  to  tbe  undenide  of  the  floor- 
joists,  or  to  planking,  furring,  brick  waUs,  etc  This  lath  is  made  in  36-in  widths, 
with  iH  meshes  to  the  inch,  and  comes  in  loo-ft  rolls.  The  manufacturers  of 
ttds  bth  make,  also,  a  Uth  STorrEHEP  witb  kouhd  kods,  M  to  i  in  in  diameter, 
■paced  from  S  to  ri  in  apart.  It  can  be  bad  either  galvanized  or  japanned,  and 
in  thicknesses  from  18  to  11  gauge.  Clinton  plain  wire  lath  is  furnished  in  rolls 
300  ft  long. 

The  Boebling  Standard  Wire  Lath  (controlled  by  the  New  Jersey  Wire 
Cloth  Company,  New  York),  is  made  of  plain  WDU  CLOia,  in  whidi,  at  intervals 
of  754  in,  STxrrENMO  bibs  are  woven.  These 
ribs  have  a  v-shaped  section  and  are  made  of 
No.  14  sheet  steel.  Hand  1  in  in  depth.  The 
ii-ia  rib  is  the  standard  size  [or  laLhing  on 
woodwork.  This  lilhing  requires  no  furring, 
and  is  applied  directly  to  woodwork  or  to 
walls,  wilh  steel  nails  driven  through  tbe  bot- 
tomotthe  V,a3shDwn  inFig.TS.  The  No. 
30  V-rib  stiflened  lathing  affords  a  salislac- 
lory  surface  for  plastering,  when  attached  to 
studs  or  beams  spaced  i6  in  apart.  The  i-in 
V-rib  lathing  is  used  for  furring  eilerior 
walls-  It  provides  an  air-space  between  the 
wait  and  plaster.    Where  (his  lath  is  to  be 

applied  to  light  iroti  furring,  a  M.  or  H-m  p,^^  ^^  J,^^,^^^  ^.^^  Sdfleiied 
solid  steel  rod  ts  substituted  for  tbe  V-iih,  wire  Lath 

and  the  lathing  is  attached    lo    light    iron 

furring  with  lacing  wire.  This  bth  is  distinguished  from  the  others  by  the  term 
Solid-Rib  Stiffened  Wire  Lath.  The  Roebling  lath,  whether  plain  or  stiffened, 
is  made  with  i  by  3,  s^hy'iM,  and  aMby  4-in  mesh,  the  last  named  being 
known  as  CLOse  WARP.  TheiHbyiH  mesh  is  adapted  to  all  plasters  contain- 
ing the  usual  proportion  of  hair  or  fiber.  The  iH  by  4-in  mesh  should  be  used 
for  hard  plasters  and  ibin  partitions.  The  lath  Can  be  fumished  in  widths  up  10 
lo  ft,  the  rolls  averaging  50  yd  in  length. 

T«n-Boarda.  There  are  various  forms  of  wU.l-eoards  of  an  incombustible 
nature,  most  of  them  made  of  gypsum  in  combination  with  felts.  They  can  be 
used  as  substitutes  for  laths.  They  are  very  light  and  require  but  little  plastet- 
hig  roateriiil.  When  this  saving  is  taken  into  aiciunt.  wall-boards  cost  less  l^n 
inetal  Uth  and  but  hllle  more  than  wooden  lath  with  three  coats  of  plaster.     The 
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boards  are  generally  32  by  36  in  in  size,  and  }i,  Me,  H,  or  H  in  in  thickness. 
The  thinnest  boards  (H  in)  weigh  i  H  lb  per  sq  ft,  and  the  thickest  (H  in)  2  Vi  lb. 
Wall-boards  of  asbestos  are  described  on  page  819.  XhebestknovnisiKAMsiZE, 
made  by  the  H.  W.  Johns-Manville  Company,  New  York. 

Sftckatt't  WaH-Botfd.  This  is  a  composite  board  of  three  layers  of  pure 
g3rpsum  and  fom*  thin  layers  of  wool-felt.  The  boards  can  be  nailed  to  wooden 
studding  or  set  flat  against  soHd  beams  or  planks,  and  can  be  cut  with  a  saw. 
For  plastering,  the  best  results  are  obtained  by  applying  first  a  brown  coat  of 
hard  wall-plaster,  H  to  H  in  thick,  and  when  this  is  thoroughly  set,  finishing  it 
with  a  thhi  coat  of  regular  hard  finish  of  lime-putty  and  plasto-.  Tests  and 
investigations  at  the  Underwriters'  Laboratories  "have  shown  Sackett  Board, 
Perfection  Brand,  to  be  suitable  as  a  base  for  fibered-gypsum  plasters;  and  when 
attached  to  walls,  ceilings,  and  partitions  and  coated  with  H  in  of  plaster,  possess 
fire-retarding  properties  considerably  higher  than  those  of  wooden  lath  with 
gypsum  or  lime-and-cement  plaster."  The  Perfection  Brand,  Sackett*s  Wall- 
Board,  is  H  in  thick,  and  is  attached  with  No.  xoH,  y^m,  flat-headed,  9i-baibcd 
wire  nails,  iH  in  long,  and  spaced  not  more  than  6  in  at  each  support.  Sackett's 
BoAKD  is  made  by  the  United  States  Gypsum  Company,  Chicago,  Bl.,  and  the 
Grand  Rapids  Plaster  Company,  Grand  Rapids,  Mich.  Other  makers  of  gypsum 
wall-boards  are  the  J.  B.  King  Company,  New  York  (Diamond  Brand),  the 
Southern  Gypsum  Company,  North  Holston,  Va.  (Economy  Brand),  and  the 
American  Gypsum  Company,  Port  Clinton,  Ohio  (Monarch  Brand). 

Metil-Rlb  Platter-Board  is  composed  of  alternate  layers  of  strong  absorbent 
paper  reinforced  with  fine  annealed  wire  about  2  in  on  centers,  and  stiffened 
transversely  with  ^in  iron  bands,  No.  33  gauge,  placed  8  in  on  centers.  The 
material  b  made  up  to  a  total  thickness  of  about  Me  in,  impregnated  with  a 
coal-tar  product,  and  provided  every  2  in  with  M«-in  drctdar  holes  to  key  the 
plaster.  This  is  added  to  the  adhesive  effect  of  the  absorbent  paper.  It  is 
furnished  in  roUs  85  ft  long  and  34  in  wide,  nailed  directly  to  the  studs  or  beams 
set  X2  or  16  in  on  centers,  and  lapped  2  in  at  all  joints.  This  board  is  recom- 
mended for  use  with  hard-plaster  mortars  only,  and  forms  a  satisfactory  basis 
for  three-coat  work,  in  which  the  lap-joint  obviates  the  oacking  frequently 
associated  with  ordinary  plaster-board  constniction. 

Bestwall.  Bestwall  is  primarily  intended  for  use  as  an  interior  finish  on 
side  walls  and  ceilings  in  buildings  of  all  classes.  It  may  be  used  in  all  situations 
where  finishes  of  lath  and  plaster  may  be  used,  and  in  many  situations  where 
the  latter  finish  is  not  adaptable.  It  consists  of  a  single  layer  of  fiber  calcined 
gypsum,  surfaced  on  each  side  with  specially  prepared  water-proofed  paper  se- 
curely bonded  to  the  surface.  Bestwall  is  H  in  in  thickness,  and  is  furnished  in 
stock  sizes  47!^  in  wide,  and  in  lengths  of  5,  6,  7,  8,  9,  and  xo  ft.  The  finished 
product  presents  a  smooth,  true  surface,  which  is  light  cream  in  color  on  the 
face-side  and  gray  on  the  reverse  side.  The  edges  are  slightly  beveled  to  pro- 
vide for  the  filling  of  the  joints,  and  are  doubly  reinforced.  Its  weight  is  ap- 
proximately 1850  lb  per  x,ooo  sq  ft.  Interior  finish  composed  of  Bestwall  is 
applied  by  nailing  the  Bestwall  directly  to  the  joists,  studs,  and  furring,  and 
filling  the  joints  between  the  pieces  of  Bestwall  with  a  specially  prepared  filler 
of  the  same  composition  as  the  core  of  the  board.  For  the  nailing,  threepenny 
fine  wire  nails,  spaced  from  2  to  3  in  at  the  edges  and  from  8  to  1 2  in  at  the  inter- 
mediate supports,  are  used.  The  filling  consists  of  two  operations;  first,  sough- 
ing IN  and  then,  troweling  out,  to  a  smooth,  true  finish,  flush  with  the  surface. 
Bestwall  is  cut  and  fitted  either  with  a  saw  or  by  scoring  and  breaking  over  a 
straight-edge.   The  completed  finish  presents  a  smooth,  true,  continuous  surface. 
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Tvitbout  showing  joints  or  naii-heads,  and  ready  to  receive,  if  desired,  a  decoration 
of  xKiint,  paper,  tint,  etc. 

Shaft-Constmction.    The  most  important  partitions  in  a  building  are  those 
inclosing  interior  shafts.    Vertical  openings  through  buildings  form  flues  and 
cause  up-drafts.    In  all  buildings,  fire-proof  as  well  as  non-fire-proof,  therefore, 
they  should  be  inclosed  for  two  reasons:  first,  to  prevent  a  fire  that  would  find 
a  natural  outlet  in  such  openings  from  spreading  to  other  floors;  and  secondly, 
to  prevent,  as  far  as  possible,  a  fire  from  getting  into  these  openings  where  the 
draft  would  greatly  increase  its  fury.    To  be  thoroughly  effective  the  inclosed 
walls  should  be  constructed  of  the  same  materials  as  the  outside  walls  of  the 
buildings,  namely,  brick,  stone,  or  concrete.    While  they  need  not  be  of  the 
same  thickness  as  the  outside  walls,  12  in  is  recommended  as  a  minimiun  thick- 
ness.    In  less  important  structures  terra-cotta  partitions  are  sometimes  used 
for  such  inclosing  walls.    In  the  walls  inclosing  elevator-shafts  no  openings 
except  those  necessary  for  entrance-doors  should  be  permitted.    The  doors 
should  be  of  fire-|;xoof  construction,  pages  901-2,  and  made  solid.    Glass  lights 
are  sometimes  pro\ided  in  such  doors,  although  this  is  not  good  practice;  if 
they  are  used,  wire-glass,  only,  should  be  used,  in  accordance  with  the  limita- 
tions noted  on  pages  9or~3.    Open  grille-work  for  possenger^elevator  enclosures 
is  being  rapidly  superseded  by  construction  which  is  more  fire-resisting.    The 
architectural  features  of  open  grilles  may  still  be  retained  for  the  fronts  and  doors 
of  such  elevators  by  using  them  in  conjunction  with  apixovcd  wire-glass  con- 
struction.   In  interior  light-shafts  and  vent-shafts,  openings  must  necessarily  be 
provided,  but  here  again  the  construction  of  the  window-frames,  sashes,  and 
glazing  should  be  as  far  as  possible  as  described  on  pages  901  to  903.    When- 
ever the  occupancy  of  a  building  admits,  the  stairs,  also,  should  be  inclosed  in 
masonry  walls,  with  fire-proof  doors  at  the  openings.    Unless  so  inclosed  the 
stairways  form  flues  for  the  flames,  and  the  stairs  themselves,  consequently, 
are  exposed  to  intense  heat.    In  such  situations,  even  absolutely  fire-proof  stairs 
could  not  be  used  diuing  a  fire,  and  possibly  it  is  for  this  reason  that  greater 
pains  have  not  been  taken  to  make  them  fire-proof.    Shaft-walls  should  in  all 
cases  be  carried  3  ft  or  more  above  the  roof. 

Deadening  Properties  of  Partitions.    The  resistance  to  the  passage  of 

sound  through  fire-proof  partitions  is  an  important  consideration  in  buildings 

used  for  living-apartments;  and  where  the  rooms  are  to  be  used  as  music-studios, 

it  becomes  a  matter  of  still  greater  importance.    In  January,  1895,  some  tests 

were  made  to  determine  the  selativi:  deadening  properties  of  the  different 

partidons  shown  in  Fig.  76,  the  object  being  to  dedde  upon  the  construction 

that  should  be  used  in  Steinway  Hall,  Chicago,  lU.    The  rank  of  the  different 

partitions  tested,  IN  sound-proop  eppiciency,  is  shown  by  the  n\mibers  at  the 

right  of  the  partition-diagrams.    The  4-in  porous  partition  was  used,  but  was 

not  a  success.    In  the  Fine  Arts  Buildmg,  in  the  same  city,  double  partitions, 

similar  to  No.  i,  were  used,  and  it  is  said  that  they  were  a  great  success.    It  is 

surprising  to  note  that  in  the  tests  above  mentioned,  the  2-in-solid-pkster  par- 

tidon,  No.  3,  plastered  with  common  mortar,  ranked  higher  in  sound-deadenino 

properties  than  those  with  double  studs.     In  1892  C.  L.  Norton  tested  the 

SOtTND-DRADENiNG  PROPERTIES  of  partitions  of  several  forms,  for  the  purpose  of 

selecting  a  construction  which  was  the  most  pire-resisting  and  sound-proop 

for  the  dormitories  of  the  New  England  Conservatory  of  Music,  in  which  ptac- 

dcally  every  room  is  a  music-studio.*    The  various  partitions  were  rated  by 

Professor  Norton  as  shown  in  the  following  table: 

*  The  results  of  these  tests,  with  a  description  of  the  partitions,  were  published  in 
losumoce  Engineering  for  Aug\ist,  xQoa. 
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TaUe  ZVI.    Somd-DeadMiiiif  PropMliM  of  Paxtitioos 


No. 

Room 

Side 

Scale 

Composition 

X 

E 

Uft 

xoo 

Cabot's  quilt,  3  thick  and  metal  lath 

2 

B 

Right 

95 

Cabot's  quilt,  a  thick  and  metal  lath 

3 

B 

Rear 

95 

Cabot's  quilt,  2  thick  and  metal  lath 

4 

C 

Rear 

85 

Sackett  board,  2  felt  on  channels 

5 

C 

Left 

85 

Sackett  board.  2  felt  on  channels 

6 

C 

Right 

8o 

Sackett  board,  a  felt 

7 

D 

Rear 

75 

Metal  lath  and  paper 

S 

D 

Right 

75 

Metal  lath,  paper,  and  felt 

9 

B 

Right 

6o 

Two  a«in  Keystone  blocks  with  a-in  air-q;>ace 

lO 

A 

Rear 

SO 

4-in  National  terra-cotta  blocks 

XI 

B 

Rear 

SO 

3-in  Keystone  blocks 

13 

A 

Right 

45 

3>in  National  terra-cotta  blocks 

13 

B 

Left 

40 

2-in  Keystone  blocks 

14 

A 

Left 

40 

3-in  National  terra-cotta  blocks 

IS 

D 

Left 

30 

2*in  metal  lath,  solid  plaster 

"Nothing  more  is  to  be  inferred  from  the  numerical  efficiencies,  under  'scale/ 
than  that  the  first  partition  is  about  three  times  as  good  as  the  last,  and  that  the 
numerical  interval  between  any  two  partitions  on  the  list  merely  indicates  the 
order  of  the  magnitude  of  the  difference  between  the  partitions."  Professor 
Norton  recommeiided  a  partition  of  Sackett  Board  and  plaster  with  two  thick- 
neases  of  Cabot's  quilt  between  the  plaster-boards,  and  this  construction  was 
adopted.  The  studding  was  put  up  the  same  as  for  the  2-in  solid  partition,  the 
quilt  secured  to  each  side  of  the  studs,  and  the  plaster-board  wired  on  to  the 
studs  throiigh  the  quilt.  This  makes  as  light  a  partition,  also,  as  it  is  possible  to 
construct.  The  investigations  by  Professor  F.  R.  Watson  of  the  University  of 
Illinois  showed  that  2-in  solid,  metal-lath  partitions  are  more  sound-deadening 
than  3-in  hollow,  gjrpsum-block  partitions.  Gypsum  tUe  has  been  found  to  be 
more  satisfactoiy  than  terra-cotta  tile  of  the  same  thickness. 

Purring  for  Ovtside  WaUs.  The  outside  walls  of  fire-proof  buildings  are 
generally  finished  on  the  inside  by  plastering  applied  directly  to  the  masonry. 
When  the  walk  are  of  brick,  it  is  often  desirable  to  fur  them  so  that  there  will  be 
an  air-space  between  the  plaster  and  the  masonry  to  prevent  the  passage  of 
moisture.  This  furring  should  be  either  of  terra-cotta  or  metal,  and  never  of 
wood.  For  this  purpose  furring-bricks  may  be  iised.  They  are  made  of  brick- 
clay  and  of  the  same  size  as  common  bricks;  but  they  are  hollow.  They  are 
built  up  with  the  rest  of  the  wall,  on  the  inside  face,  and  bonded  into  the  wall 
by  the  usual  header-courses.  Split  furring-tiles,  also,  are  often  used  on  the  inner 
side  of  brick  walls,  as  shown  in  Fig.  77.  The  tiles  are  either  i  H  or  2  in  thick 
and  12  by  12  in  on  the  face.  The  face  is  grooved  to  give  proper  bond  for  the 
plastering.  At  recesses  in  the  walls  partition-blocks  are  substituted  across  the 
openings,  making  a  continuous  wall-siu-faoe.  When  using  furring-tiles,  the 
mason  should  be  careful  not  to  drop  mortar  into  the  hoUow  spaces.  When  walls 
are  furred  or  Bned  with  tik,  solid  porous  terra-cotta  blocks  should  be  built  in 
wherever  nailings  are  required  for  bases,  picture-moMingSy  etc.  Wire  lathing, 
alflo,  with  x-in  V  ribs  woven  in  every  7H  in,  makes  a  good  furring  for  brick 
walls,  as  it  Is  easily  applied  and  leaves  air-spaces  between  the  wall  and  plaster. 
All  of  these  devices  also  protect  the  walls  from  being  warped  by  heat  during  a 
fire,  and  prevent  the  passage  of  heat  through  the  walls  in  summer  and  winter. 
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Metal  Fttrring.  To  produce  architectural  forms  in  the  interior  decoration 
of  fire-proof  buildings,  metal  furring  and  metal  lath  are  now  almost  uni- 
versally used.    The  furring  is  always  of  a  sham  nature,  and  never  emplo>'ed 


Fic.  77.    HoUow-Tile  WaU-furring 

to  cany  loads  of  any  magnitude;  so  that  the  only  requirement  is  that  it  shall 
be  incombustible  and  furnish  a  satisfactory  ground  for  attaching  the  metal  lath. 
For  coves,  cornices,  false  beams,  etc.,  the  furring-members  are  made  of  light 
bars,  angles,  tees,  or  channels,  attached  to  the  walls  by  means  of  nails,  staples, 
or  toggle-bolts,  and  to  the  steel  beams  by  means  of  bolts,  hangers,  dips,  etc. 
The  furring-pieces  are  bent  or  shaped  to  the  ap>proximate  outlines  of  the  finished 
plaster-work,  so  that  when  the  lathing  is  applied  it  will  require  not  more  than 
I V^  or  2  in  of  plaster  to  give  the  desired  outline.  For  plane  surfaces,  the  furring 
should  be  brought  to  within  ^  in  of  the  plaster-line.  Deep  beams,  etc.,  should 
be  braced  by  diagonal  rods,  to  prevent  distortion.  AU  structural-steel  members 
should  always  be  fire-proofed  back  of  the  furring.  The  lathing  is  secured  to 
the  furring  by  means  of  No.  i8  galvanized  lacing-wire.  The  spacing  of  the 
furring  should  be  either  i3  or  i6  in,  according  to  the  kind  of  lath  that  is  to  be 
used.  When  chases  in  walls  are  covered  over,  the  covering  should  be  done  with 
metal  furring  and  lath.  The  casings  for  vertical  pipe-lines,  also,  should  be  of 
this  construction  and  the  space  about  the  pipes  at  the  fioor-level  should  be  filled 
solidly  with  fire-proof  material,  to  cut  ofi  all  connection  between  stories. 


7.    Fire-proof  Flooring 

Fire-proof  Flooring.  The  floor-surfaces  of  moat  fire-proof  buildings  consist 
of  hard- wood  flooring  secured  in  the  usual  manner  to  nailing-strips  embedded 
in  the  concrete  or  in  the  filling  above  it.  It  is  sometimes  advisable  to  use  in- 
combustible flooring.  The  New  York  City  Building  Code  requires  that  in  all 
buildings  over  150  ft  in  height,  the  floor-surfaces  shall  be  of  stone,  cement, 
tiling,  or  similar  incombustible  material,  or  of  wood  treated  by  some  process 
which  renders  it  fire-proof.  For  warehouses  and  factories,  floors  finbhed  with 
Portland -cement  mortar  are  about  as  satisfactory  as  floors  with  any  other  over- 
floor  finish;  and  cement  floors  have  been  much  used  for  the  gueft-rooms  of 
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hotels.  In  the  latter  rooms,  the  floors  are  covered  with  carpets^  which  are 
secured  to  wooden  strips  embedded  in  the  cement  around  the  borders  of  the 
rooms.  This  makes  a  very  sanitary  floor,  and  one  as  easy  for  the  feet  as  a  car- 
peted wooden  floor.  For  public  corridors,  banks,  lobbies,  toilet-rooms,  etc.,  the 
encaustic,  vitreous,  ceramic,  or  marble  tilings  are  generally  used.  In  France  and 
Germany  large  quantities  of  cement  tiles  are  used.  Cement  tiles  have  been  in- 
troduced into  this  country,  also,  but  have  not  yet  been  able  to  compete  with 
the  encaustic  tiles.  In  most  buildings,  however,  the  use  of  stone,  cement,  or  tile 
flooring  is  inadvisable.  These  materials  are  cold  and  trying  to  the  feet.  As  a 
rule,  cement  floor-surfaces  do  not  wear  well.  Asphaltic  flooring  is  sometimes 
used,  but  it  is  not  pleasing  in  appearance.  This  material  and  different  floor- 
tiles  are  discussed  on  pages  1604  to  1609.  The  characteristics  of  flre-proofed 
ivood  and  its  availability  for  this  purpose  are  considered  in  the  discussion  of  that 
material  on  page  820. 

Composition  Flooring.  Several  attempts  have  been  made  to  obtain  a 
flooring-material  which  could  be  spread,  without  joints,  over  an  entire  floor, 
and  at  the  same  time  be  elastic,  wear  well,  withstand  water,  acids,  etc.,  and  not 
be  too  expensive.  Various  mixtures  of  magnesite,  asbestos,  flne  sand,  sawdust 
mixed  with  linseed-oil,  and  some  binder  like  chloride  of  magnesium,  have  been 
put  on  the  market  under  different  names,  all  more  or  less  meeting  the  require- 
ments above  stated  and  being,  also,  fire-proof.  These  materials  are  shipped  in 
the  form  of  a  dry  powder  to  the  place  where  they  are  to  be  used,  and  are  there 
mixed  with  a  specially  prepared  liquid.  The  resultant  is  a  plastic  material 
which  is  laid  upon  the  surface  to  be  covered  in  much  the  same  way  that  ordi- 
nary cement  or  plaster  is  put  on.  The  materials  harden  in  from  12  to  34  hours 
in  moderately  dry  weather,  when  the  floor  is  ready  for  use.  When  properly 
laid  the  floor  presents  a  smooth,  fine-grained,  and  continuous  surface,  resem- 
bling linoleum.  These  materials  are  made  in  various  colors,  such  as  red,  white, 
yellow,  brown,  gray,  black,  blue,  and  green,  and  can  be  laid  on  wood,  stone, 
concrete,  asphalt,  cement,  or  metals.  Another  advantage  is  that  they  can  be 
carried  up  on  the  walls  so  as  to  form  a  covered  base,  without  cracks  or  joints. 
Among  the  manufacturers  fmnishing  such  floorings  may  be  mentioned:  General 
Kompolite  Company,  Long  Island  Dty,  N.  Y.;  Marbleoid  Company,  New  York 
City;  Franklyn  R.  Muller  &  Company,  Waukeegan,  HI.;  and  Ronald  Taylor 
Company,  New  York  City. 

Asphalt  Mastic  Flooring.  This  flooring  is  in  the  nature  of  an  aspBaltic 
CONCRETE  consisting  of  natural  asphalt  and  a  well-graded  mineral  aggregate  of 
sand,  gravel,  and  crushed  stone,  ranging  in  size  from  that  which  pKisses  a  200- 
mesh  screen  to  H  in*  The  material  is  sent  to  the  building-site  in  blocks  and  is 
there  broken  up,  reheated,  and  mixed  with  the  coarser  aggregate,  the  softened 
mass  being  laid  down  in  one  or  two  courses,  depending  upon  the  thickness 
desired,  and  smoothed  down  by  rubbing  with  wooden  floats.  It  is  laid  without 
construction- joints,  the  \isual  thickness  being  iH  in,  weighing  18  lb  per  sq  ft. 
The  finished  flooring  is  tough,  ductile,  water-proof,  resistant  to  acids,  alkali  and 
brine,  fire-proof,  noiseless,  and  easy  on  the  feet.  It  is  especially  suitable  for 
factories  and  warehoiises.  It  is  manufactured  by  the  H.  W.  Johns-ManviUe 
Company,  New  York 

8.  Interior  Finish  and  Fittings 

Interior  Finish.  In  buildings  in  New  York  City  in  which  the  flooring  must 
be  of  incombustible  material,  the  interior  finish,  also,  including  the  doors,  door- 
jambs,  window-frames,  sashes,  bases,  and  trims,  must  be  made  of  incombustible 
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materials.  The  same  materiab  that  are  accepted  for  flooriag  can  be  used  for 
this  interior  finish  also.  Several  of  the  lai^est  buildings  in  New  York.  Cit>% 
indudipg  the  Fuller  Building,  have  all  the  trim  constructed  of  naE-rmoor 
WOOD.  In  the  Hotel  Gotham,  aD  the  doors  and  interior  finish  are  made  of 
Alignum. 

Metal  Doors,  Sashes,  Frames,  and  Trim.*  The  effort  to  make  the  interior 
of  buildings  fire-proof  has  resulted  in  metal-covered  wood,  and  in  doors, 
sashes,  frames,  trim,  and  moldings  of  hollow  steel  or  other  OMtal.  Many  veiy 
large  buildings  have  in  recent  years  been  equipped  wholly  or  in  part  with  these 
products,  and  the  products  themselves  have  reached  a  stage  of  great  perfec- 
tion of  workmanship  and  efficiency.  Several  dties  in  the  United  States  compel 
the  use  of  these  products  for  certain  parts  of  btiildings  which  are  over  a  certain 
height;  and  it  is  probably  only  a  question  of  time  when  other  cities  will  pass 
ordinances  compelling  their  use.  At  the  present  time  cost  enters  largely  into 
the  question  of  substituting  them  for  wood.  Among  the  first  attempts  in  the 
United  States  to  fire-proof  the  interior  trim  of  buildings  were  those  made  in 
New  York  City,  about  the  year  x88o,  in  the  form  of  metal-covered  woodwork, 
by  the  firm  of  Campbell  &  Bantossell  of  that  dty.  About  this  time,  also, 
there  were  introduced  along  with  various  processes  of  fire*proofing  woodwork, 
FIRE-PROOF  PAHTTS.  Later,  FIRE-PROOF  WOOD  WRS  introduced,  that  is,  wood 
which  has  the  resin  and  other  inflammable  components  extracted  from  it,  and 
the  fiber  left.  In  the  course  of  a  few  years  the  uetal-oovered-wood  industry 
developed  to  such  a  stage  that  it  was  possible  to  trim  with  its  products  the 
interior  of  a  building  and  keep  a  good  appearance.  Notable  examples  are  the 
Manhattan  Life  Insurance  Company's  Building  and  the  Barclay  Building,  and, 
of  more  recent  date,  the  Metropolitan  Tower,  f  the  Fifth  Avenue  Office-Building, 
the  Germania  Life  Insurance  Company's  Building,  and  the  Vanderi>ilt  Hotel, 
all  in  New  York  City;  the  Hoge  Buikling,  Seattle,  Wash.;  the  Hall  of  Records, 
Los  Angeles,  Cal.;  the  Rockefeller  Annex,  Cleveland,  Ohio,  etc.  The  rough, 
imfinished  appearance  of  the  standard  tin-clad  door  set  men  to  seeking  a 
product  for  use  in  interior  finish  which  would  lend  itself  to  more  decorative 
effects.  The  Kalamein  iron  and  other  metal-covered  work  resulted. 
In  the  meantime  improvements  were  constantly  being  made  in  bollow 
sheet-metal  doors  and  trim,  and  from  about  the  year  1903  hollow  steel 
construction  for  this  work  came  into  use.  Owing  to  its  generaDy  superior 
workmanship  and  to  the  splendid  enamel  surfiices  which  can  be  given  it  by 
various  baking-processes,  this  type  of  interior  finish  has  found  favor  in  the  eyes  of 
the  architects  and  owners  of  modem  offices,  and  mercantile  and  public  buildings. 

Kalamein  Iron.t  Kalamein  Iron  is  the  trade  name  given  to  one  of  the 
open-hearth  sheet-steel  products  which  is  covered  with  a  thin  alloy  of  tin  and 
lead  in  much  the  same  way  that  galvanized  iron  by  galvanic  immerBon  is 
coated  with  zinc.  "The  name  Calamine  (with  Galmei  of  the  Germans)  is 
commonly  supposed  to  be  a  corruption  of  Cadmia.    Agricola  says  it  is  from 

*  For  a  brief  outline  of  this  subject,  illustrated  with  numerous  detail  drawings,  see 
article  on  Metal  Doors,  Saahes,  Fnuncs,  and  Trim,  by  Professor  Thomas  Nolaa,  in 
Kidder's  Building  Constnicton  and  Superintendence,  Part  II,  Carpenters'  Work. 

t  The  Metropolitan  Tower  has  a  metai<overed  trim  which  is  a  special  broase-plate 
construction  over  a  wooden  core.  This  was  developed  by  The  John  W.  Rapp  Company, 
afterwards  consolidated  with  The  J.  F.  Blanchaxd  Corapax^  into  the  United  States  Meta* 
Products  Company,  New  York  City. 

t  Among  the  better  known  manufacturers  of  metal<overed  work,  whose  doors  are 
inspected  and  labeled  by  the  Underwriters'  Laboratories,  Inc.,  are  the  United  Sutes 
Metal  Products  Company,  New  York  City  and  the  Thorp  Fireproof  Door  Company, 
Minneapolis,  Minn. 


Interior  Finish  and  Fittings  895 

Calamus,  a  reed,  in  alluson  to  the  slender  forms  (stalactic)  common  in  the 
Cadmia  formation.'^*  The  term  Kalamezn  is  often  used  incorrectly,  by  archi' 
tects  and  others,  for  any  form  of  metal-covered  woodwork,  whether  the  metal 
is  steel,  copper,  or  bronze,  to  distinguish  metal-covered  from  BOixow  uetal  con- 
struction; but  the  term  is  obviously  misleading  and  causes  much  confusion.  In 
several  instances  architects  have  specified  Kalamein  material  expecting  bxomze 
METAL  to  be  used  in  the  covering,  whereas  the  manufacturer's  interpretation  of 
the  specification  was  that  Kalamein  iron  was  intended. 

Metal-Covered  Doors,  Frames,  and  Trim.  The  cores  of  metal-covered' 
doors  and  frames  are  built  up  of  oak  or  white-pine  strips  dovetailed  together 
lengthwise  to  the  grain.  In  gluing  up  the  strips  into  stiles  and  rails  the  grain 
of  each  strip  is  reversed  in  order  to  resist  the  tendency  of  the  core  to  twist. 
The  stiles  and  rails  are  mortised,  tenoned,  and  box-wedged,  and  the  cores  are 
covered  with  asbestos  paper  or  board  and  enclosed  with  sheet  metal,  either  steel 
(which  may  be  painted  to  match  a  wooden  trim,  or  electroplated  with  copper, 
brass»  or  bronze),  or  soUd  sheet  cof^ter,  brass,  or  bronze.  For  doors  up  to  3  ft 
4  in  in  width  and  8  ft  in  height,  both  sides  are  often  made  of  continuous  sheets 
of  metal,  which  have  the  panels  pressed  into  them  by  hydraulic  pressure  and  are 
without  seam  or  joint.  The  metal  sheets  of  the  two  sides,  in  one  make  of  door,t 
axe  made  to  overlap  in  a  depression  on  the  edges  of  the  door  and  are  secured 
in  place  by  screws  which  pass  through  both  face^heets.  The  standard  thickness 
of  thb  door  is  2  H  in.  When  these  doors  are  more  than  3  ft  4  in  in  width,  each 
face  is  generally  made  of  two  sheets  which  meet  over  a  middle  stile  and  lock 
together  with  a  flush  double-lock  joint.  This  makes  a  double  row  of  vertical 
pfltnftlff- 

Metal-Covered  Window-Fnunea  and  Saahes.  Window-frames  and  sashes, 
as  well  as  door-frames  and  doors,  are  made  of  metaI/COVered  wood.  Bronze 
is  the  metal  usually  recommended  and  preferred  although  Kalamein  iron  may 
be  substituted  when  a  much  cheaper  construction  is  necessary.  This  cheaper 
metal  may  be  painted  and  will  give  fair  service  but  it  is  not  recommended. 
Galvanized  iron  and  copper,  also,  are  used.  "Window-frames  and  sashes  of 
Kalamine  or  of  sheet-metal  over  wooden  cores  are  principally  used  for 
windows  or  skylights  where  the  only  danger  of  fire-contact  b  through 
flying  sparks.  They  are  non-combustible  rather  than  fire-resistino. 
The  lights  are  usually  of  plate  glass,  especially  if  Kalamine  trim  is  used 
simply  to  comply  with  the  law  in  those  cities  where  non-combustible  windows 
and  doors,  etc.,  are  required  In  buildings  of  a  certain  class  or  of  a  height 
above  fixed  limits.  Previous  mention  has  been  made  of  their  efficiency  as 
demonstrated  in  the  burning  of  the  Kohl  building  in  San  Frandsco,  and  their 
value,  even  as  a  substandard  protection,  has  been  pointed  out;  but  for  efficient 
fire-resistance,  Kalamine  windows,  especially,  are  an  unknown  quantity,  as 
the  resistance  offered  by  the  lighter  members,  such  as  sash-raib,  is  questionable. 
The  better  examples  of  the  work  present  pleasing  workmanship  and  finish.  If 
some  composition  could  be  used  for  the  body  instead  of  wood,  without  producing 
chemical  action  harmful  to  the  metal,  a  superior  type  of  Kalamine  work  would 
result  which  would  be  of  great  value."  t 

Hollow  Metal  Finish  in  Geneiml.§    The  transition  from  metal-covered 

*  Dana's  Dictionary  of  Mineralogy. 

t  The  Richardson  srs  rakes  door,  made  by  the  Thorp  Fireproof  Door  Company,  Minne- 
apolis, Minn. 

t  Fire  Prevention  and  Fire  Protection,  by  J.  K.  Freitag. 

I  Among  the  better-known  manufacturers  of  hollow,  sheet-meta!  doors,  trim,  etc., 
are  the  Dahlstrom  Metallic  Door  Company,  Jamestown,  N.  Y.;  the  National  MetalUc 
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wood  to  BOLLOW  SHEET  METAL  for  doors,  sashes,  frames,  trim,  moldings,  etc^ 
was  naturally  and  easily  made  and  to^ay  the  latter  type  of  construction,  when 
expertly  carried  out,  results  in  details  for  interior  work  which  are  very  efficient 
to  resist  fire  and  handsome  in  appearance.  It  would  be  difficult  to  devise  con- 
structional details  which  would  be  more  satisfactory  and  at  the  same  time 
present  greater  possibilities  in  the  way  of  elaborate  design  and  high  finish; 
and  it  is  on  account  of  all  these  advantages  that  this  type  of  construction  is  used 
in  the  interior  equipment  of  many  of  the  best  examples  of  fire-resisting  build- 
ings, especially  for  the  doors,  frames,  sashes,  and  trim  of  corridors,  baUwa>-3, 
stair  and  elevator-enclosures,  and  even  for  entire  office-i>artitions.  Because  of 
the  non-absorbent  character  of  the  baked-enamel  finish  this  material  is  partic- 
ularly sanitary;  and  hollow  metal  doors  are  more  easily  cleaned  than  any  others, 
especially  if  all  moldings  are  omitted  and  panek  made  simply  as  smooth  depres- 
sions. The  thickness  of  standard  hollow  metal  doors  approved  by  under- 
writers, varies  from  iH  to  2^  in. 

Hollow  Metal   Doors.    The  Dahlstrom  patent  sheet-metal  dooe*  is 
made  from  two  No.  so-gauge-steel  plates,  one  stile  and  one  panel-faoe  being 
fotmed  from  each  of  the  sheets,  which  are  connected  by  interlocking  seams  on 
opposite  sides  of  the  panels  and  make  practically  a  double  door.    In  construct- 
ing the  pancb  they  are  first  lined  with  a  sheet  of  asbestos  next  to  the  steel  on 
each  side,  and  the  space  between  is  filled  with  a  layer  of  hair-felt  paper,  which 
makes  a  resilient  filling  that  is  a  non-conductor  of  heat.    The  stiles  are  1^ 
hollow,  but  strips  of  cork  are  laid  perpendicularly  across  the  center  of  each  to 
deaden  the  metallic  ring.    The  panels  are  then  attached  to  each  other  to  form 
the  door  by  planting  on  and  welding  in  place  properly  formed  cross-rails,  at 
the  top  and  bottom,  and  wherever  else  they  may  be  desired;  the  moldings  are 
coped  over  the  molded  stiles  at  the  sides.    The  top  and  bottom  edges  of  the 
door  are  then  reinforced  with  channels  and  bars,  and  the  doors  made  perfectly 
straight  and  rigid.    The  fire-resistance  of  this  construction  is  increased  by 
letting  no  rivets  or  screws  pass  through  from  one  side  of  the  door  to  the  othor 
in  the  exposed  parts.    The  transmission  of  heat  is  thus  avoided.    Wliile  the 
door  is  being  put  together,  provision  is  made  for  attaching  the  hardware.  After 
the  doors  have  been  put  together,  they  are  sent  to  the  finishing  department 
where  the  steel  is  thoroughly  cleaned  from  all  rust,  grease,  or  other  impurities. 
They  are  then  given  six  or  eight  coatings  of  enamel,  being  baked  after  the 
application  of  each  coat  in  large  ovens  which  are  heated  to  300**  F.    After 
the  final  coat  of  varnish  is  put  on,  they  are  usually  rubbed  to  an  ^g-shell, 
gloss-finish,  equal  in  quality  to  any  hardwood-finish,  and  more  durable  because 
baked  on.    The  surfaces  can  be  grained  to  imitate  with  wonderful  exactness 
any  wood,  such  as  quartered  oak,  mahogany,  Circassian  walnut,  etc.    If  the 
doors  are  to  receive  glass  panels  they  are  provided  with  detachable  moldings 
to  hold  the  glass  in  place.    Doors  of  the  Dahlstrom,  hollow  metal  type  are 
installed  in  the  corridors  and  partitions  of  the  Singer  Building  and  towerf,  and 
the  United  States  Express  Building,  New  York  City;  the  Bell  Telephone  Ex- 
change Building,  Philadelphia,  Pa.;  the  Seventh  Regiment  Armory,  Chicago, 
111.;  the  Pontchartrain  Hotel,  Detroit,  Mich.;  the  Bank  of  Commerce  Building, 
St.  Louis,  Mo.;  the  First  National  Bank    Building,  Denver,  Col.;  and  the 
Royal  Insurance  Building,  San  Francisco,  Cal.    In  some  of  the  buildings  men- 
Sash  Company.  ChicMo.  III.;  the  SoUr  Metal  Products  Company,  Columbos,  Ohio:   and 
the  Central  Metallic  Door  Company,  Gary,  Ind. 

•  Made  by  the  Dahlstrom  Metallic  Door  Company,  Jamestown.  N.  Y. 

t  A  severe  fire  in  the  twenty-sixth  story  of  thb  tower  was  effectually  confined  to  the 
room  in  which  it  originated  by  the  doors  of  this  type  of  construction. 
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tioned  in  the  preoeding  articles,  holix>w  uetal  doors,  trim,  and  moldings  are 
accompanied  by  bronze  or  other  METAL-cox'EKEn  wood  window-frames, 
sashes,  etc. 

Hollow  Metal  Door-Frmmes,  Trim,  and  Moldings.  After  the  hollow 
METAL  door  reached  an  advanced  stage  of  construction  the  manufacturers 
turned  their  attention  to  the  problems  involved  in  making  metal  frames  and 
moldings.  It  was  found  that  moldings  made  by  the  ordinary  hot-rolled 
PROCESS  were  too  rough  and  heavy  and  required  too  much  labor  to  smooth 
and  finish  their  surfaces;  and  that  those  pressed  from  light-gauge  steel  by  the 
common  methods  were  not  dear-cut  and  definite  in  their  outlines,  and  were 
limited  in  length  and  in  variety  of  shapes.  Accordingly,  what  is  known  as  the 
COLD-DRAWN  METHOD  of  making  frames,  trim,  and  moldings,  was  developed  and 
periected,  and  moldings  nude  by  this  process  are  now  used  for  many  kinds  of 
interior  work.  The  cold  metal  is  drawn  through  special  dies  to  give  it  the 
required  shape  and  the  bright  finish  is  retained.  The  comers  and  angles  come 
out  sharp  and  true  and  the  pieces  possess  much  greater  strength  and  rigidity 
than  those  bot-rolleo  and  several  times  thicker.  There  are  dies  for  over  a 
thousand  shapes.  Moldings  can  now  be  made  in  lengths  up  to  40  or  even  50 
ft,  but  extra-freight  rates  and  other  drawbacks  make  it  inadvisable  to  ship  it 
in  lengths  of  over  20  ft.  Besides  the  cold-rolled  special  high-grade  steel, 
brass,  bronze,  and  copper  are  used  in  their  manufacture.  The  rolled  shapes 
include  angles,  channeb,  and  Z  bars;  moldings  for  bases,  cornices,  wire-conduits, 
door-jambs,  sash-bars,  panels,  and  glass;  picture-frames,  door  and  window- 
casings,  and  trims  of  all  kinds;  wainscoting  and  chair-rails;  and  numerous  miscel- 
laneous sorts.  Wrougrt-xron  welded  one-piece  door-frames  are  made  for  use 
in  fire-proof  partitions.  These  frames  are  constructed  scientifically  of  specially 
rolled  wrought  iron  in  several  different  shapes.  The  mitered  comers  are 
welded  together  making  the  frame  one  solid  piece.  They  are  made  for  any 
thickness  or  type  of  door  or  partition,  require  no  bracing,  and  can  be  fitted  with 
invisible  hinges  if  required. 

Hollow  Metal  Window-Framet  and  Sashes.  (See,  also,  Sheet-Metal  for 
Fire-Resisting  Window-Frames  and  Sashes,  page  903).  Hollow  metal  window- 
frames  and  sashes,  as  well  as  those  which  are  made  of  metal-covered  wood 
and  of  cast  iron,  wrought  iron,  drawn  bronze,  cast  bronze,  etc.,  and  glazed  with 
wire-glass,  prism  glass,  electroplated  glass,  etc.,  are  used  in  those  parts  of  build- 
ings in  which  the  exposure  to  fire  is  not  great  enough  to  require  the  use  of  hinged 
or  rolling  shutters,  or  where  a  more  {^easing  appearance  is  demanded  than  that 
resulting  from  the  use  of  hinged  or  rolling  fire-shutters.  Owing  to  many  im- 
provements  made  in  recent  years,  both  in  design  and  details  of  manufacture, 
hollow,  sheet-metal  window-frames  and  sashes  are  now  ranked  among  the 
best  types  of  those  of  moderate  cost  for  general  use.  The  National  Fire  Pro- 
tective Association,  by  its  recommendations  and  standardizations,  and  the 
tests  and  labeling  systems  of  the  underwriters'  laboratories,  have  been  largely 
instrumental  in  bringing  about  these  improvements  and  results.  About  the 
only  disadvantage  connected  with  the  use  of  sheet-metal  windows  is  a  relatively 
rapid  deterioration  when  neglected.  The  materials  used  for  making  hollow 
METAL  window-frames  and  sashes  are  galvanized  iron  or  steel;  copper;  sheet  metal, 
copper-plated;  and  sheet  metal,  bronze-plated.  The  sashes  are  glazed  with 
PLATE  or  maze  wire-glass  where  good  appearance  is  an  essential  requirement,  or 
with  RIBBED  OR  ROtTCH  wire-glass  where  a  translucent  material  only  is  desired. 
Of  course,  clear  glass,  unwired,  may  be  used  when  additional  fire-resistance  is  not 
the  object.  The  National  Board  of  Fire  Underwriters  fix,  within  certain  limits, 
the  various  constructional  details,  the  maximum  permissible  sizes  of  openings  for 
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bIus.  etc.    The  prindpal  ngulatioai  have  been  vay  coDvcoieotly  coodaiMd 
by  Mr.  J.  K.  Fidug.* 

Solid  Sl*el  mndowf.  Where  lai-ge  window-surfacra  giving  nuziinum  E|4t 
are  deared,  as  in  (sFtoiies,  the  so-called  solid  btekl  wDfDows  are  freqnmtlji 
incd.  Thes  have  beeo  given  tliii  nunc  becaiue  the  frames  and  muntins  ut 
made  of  solid,  rolled-sted  sections,  joinud  at  tbeir  junction*  or  intenections  by 
special  methods,  in  lome  casca  oiy -acetylene  welded,  so  m  to  make  stroDg  and 
sU8  frames.  The  Dianufacturers  generaily  carry  stock  siia  vuying  in  mppnai- 
mate  widths  from  j  to  6  ft,  Bnd  approximate  iengths  from  3  to  9  ft.  The  glass 
panesareabout  II  by  iSin.     —  -  - 

on  boriioDtid  axes,  thaush  a 
bMpitals  and  public  buildings.  Ventilators  should  not  exceed  5  ft  in  xitha 
direction,  nor  more  than  iS  sq  ft  in  area.  Among  the  principal  nulcen  arc  the 
Detroit  Steel  ProducU  Company  (Fenestra),  Detroit.  Mich. ;  David  Luptons 
Sons  Company,  Philadelphia,  Pa~;  AmeriOB  Steel  Window  Company,  Chicaca, 
SI.;  and  Truscoa  Steel  Company,  Youngstown,  Udo. 

Etectroplated  Trim.  This  product  is  made  by  a  proccis  which  conrists  is 
electrTcally  depositing  B  layer  of  copper  on  the  outer  surface  of  wooden  ntoldinirj 
ot  doors.  The  metallic  deposit  preserves  Ibe  maritings  of  the  gnin  of  the  wood 
and  makes  a  very  presentable  dc»r.  A  good  sample  of  this  work  has  been  in- 
rtalled  In  the  United  Engineering  Building.  New  Yorii  Qly.  by  the  New  York  , 
Central  Metal  Company  of  the  same  dly.  Some  very  fine  woit  of  this  kind  has  1 
been  done  by  the  Heda  Iron  Works  of  New  York  City,  by  elettropIatinK  on  a 
fire-proof  material  known  as  lignolith. 

Cement  Trim.    Kecnc's  cement  has  been  used  tor  many  years  for  mnnizii:    | 
bate-mokUngs.  does  and  window-trim,  etc.,  and  in  many  European  buOdingf 

„ practically  all  of  the  interior  finish  is  ot     I 

this  material.    Any  molding  can  be  bun 
I  in  it  with  good  sharp  angles,  and  it  is  suf. 

ficiently  hard  to  stand    ordinary  usagr, 
_  Fig.  78  shows  a  door-openlog  with  a  trim      ' 

of  Keene's  cement.     This  detail  can  be 
I  further  improved  by  covering  the  woodea 

frame  and  door  with  thin  metal.    The 

metal  and  cement  can  be  painted  as  dc- 
,  ^led.  I 

Molded    Hollow   Tda«   tor   latide 
<  Finlab.    These  are  also  being  subnilnted     ' 

for    the   ordinary   wooden    lioish.      The 
PiQ.  TS.    Door.jamb  with  Cement  Trim    Amelia    Apartments,    erected    by  H,  B.     ' 

Camp  at  Akron.  Ohio,  in  1901. t  is  built     1 
almost  entirely   ol  hollow  tile.     "The    bases,  Ihe   picture-moldir^gs,   and  the 
architraves  around  the  doors  were  made  of  specially  formed  tiles,    as  shown     | 
in  Fig.  79.     These  tiles  were  afterward  painted  to  harmoniie  with  the  Scheme 
of  color-decoration.     All  of  the  floors  throughout  the  building  are  covered  with     I 
a  cement  romp^ciiion  composed  of  Sandusky  cement  and  ground  wood,  troweled     1 

MaUllic  Furniture  and  Pitting!.  In  offices,  banks,  libraries,  and  public  | 
buildings,  Ihe  fumjtuie  and   fiituies  are  about  the  only  articles  on  which  a 

■  For  the  principal  rtgulalioBS,  convenienlly  condeBird,  see  fire  Pievatkn  aad 
Fir.  ProlKlion,  by  J.  K.  FreiUg. 
t  Docdbed  in  the  jounuJ.  Fireptoof,  July,  iKj.  ' 
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danuge.    Almost  utsrtiiinjt  in  the  mf  of  furniture  .and  fittings,  including  even 

roU-top  desks  and  tughty  ornamental  cabinets,  may  ddw  be  obtained  in  metal; 

and  many  libraries,  banks,  and  court-houses  have  been  filled  up  and  (umiabad 

entirely  with  incombustiUe  cabinet-wotk.    Catalogues  can  be  <Abdned  from 

the  **^*^*^  companies  engaged  in 

the  manufacture  of  hetal  ma- 

NmiSE,  >uch  for  example  as  the 

Art  Metal  Construction  Company, 

Jamestown,   N.   Y.,   the   Berger 

Manufacturing  Company.  Ctuilon, 

Ohio,  the  Van  Doni  Iron  Warlu, 

Cleveland,  Ohio,  and  lbs  Library 

Bureau.  New  York  Oty  and  Boa-    < 

ton.  HaM. 

Stalra.  In  a  majority  of  fire- 
proof buildings  the  architecti  have 
conlenled  themselves  with  putting        Fid.  80.    HoUow-lili  Step,  in  StalKase 

with  perhaps  slate  or  marble  treads.  As  pmnCed  out  in  the  first  pages  of  this 
chapter,  unprotected  iron  cannot  be  considered  Gre-pn»f.  but  it  is  difficult  Co 
[Totect  the  ironwork  of  a  stairway,  as  it  is  usually  built,  and  at  tlie  same  time 
preserve  an  ornamental  efiect.  If  exposed  metal  construction  is  to  be  used,  cast 
iron  is  much  lo  be  preferred  to  steel,  as  the  cast  metal  will  retain  its  shape  under 
severe  heat  far  better  than  thinlacingsor  frameworksaf  steel.  Slate  and  marble 
treads  and  platforms,  unkss  supported  underneath,  should  never  be  UKd  in 
itainsae -construction.  When  subjected  to  heat,  marble  and  slalc  crack  and  fall 
away,  leaving  the  stairs  Impassable.  A  fiir-depattment  captain  in  Ne<i  York 
City  lost  his  life  through  the  collapse  of  a  marble  pUtfonn.  If  these  materials 
are  lo  be  used.  Iherefoie,  there  should  be  a  subtiead  of  iron  or  concrete  beneath 
tbem.    A  really  nu-paoor  stAiacABi  should  be  constructed  with  as  I'ttle 
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ironwork  as  possibU.  and  what  iioDWorli  there  Is,  incued  Id  fike-eesisthh: 

materiak.     Il  ia  possible  and  practicable  to  build  itairs  of  clay  tiles,  bricks,  •« 

reinforced  concretE,  that  are  absolutely  fire-proof.     The  stain  in  the  PensKv 

Buiktinc  at  Waihiogton,  D.  C.  aie  built  oI  brick,  with  the  exception  of  the 

treads,  which  are  slatt  j 

■nd    in  many    ol   the 

eailier        Kovenuneol 

buildiogi    the     stain 

are  of  stone.     Stonn 

luilable      for      stairs, 

to  beat.      Part    I    of 
Building  Construction 

and      tllustratioas    ot 
brick ilairs.  TheGuu- 
l^'Jb  tavino  Company    has 

built     several      stair- 
s'    sy  stem  ol  construction, 
using  fiat  day  tile  em- 
bedded in  cemect.   No 

used     in     this    con- 


tial  section  of  a  tile  staircase  such  as  was  used  in  the  Amelia  Apartment 
Building,  Akron,  Ohio.  The  blocks  were  ot  hard-buined  material,  glazed, 
and  4  ft  long.  They  were  supported  upoo  the  partition-walk  and  were  us^ 
by  tbe  mefhanka  lor  canying  up  nateiial  during  the  erection  of  the  build- 


Flo.  81.    FcTTDincTave  FouDdalion  for  Stah-tnidi  and  Rben 

.  Reinforced  concrete,  with  slate  or  marble  treads,  is  a  B<'od  material  tor  Ibe 
stiuction  of  stairs,  and  permits  of  very  elaborate  and  complicated  conslruc- 
1.    Fig.  Slf  shows  the  construction  of  the  stairs  in  the  GavcruDent  Piiating 

•  By  Frank  E.  Kidder, 
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Office  at  Washington,  D.  C.  These  stairs  have  steel  girders  and  strings  enclosed 
in  the  solid  ccmcrete,  which  is  molded  to  form  the  steps  and  risers,  as  shown  in  the 
detail.  The  steel  string9>  however,  are  hardly  necessary»  as  the  reinfordng-bars 
give  sufficient  strength.  Some  excellent  details  for  ornamental  iron  stain  were 
published  in  Fireproof,  March,  1903,  in  an  article  by  J.  K.  Freitag.  The  cor- 
rugated sheet  metal,  known  as  Fenoindave  (page  851),  offers  a  very  conven- 
ient foundation  for  cement  stairs.  When  built  between  walls  or  partitions 
or  with  an  open  string.  Fig.  82  shows  one  way  in  which  the  material  has  been 
used,  the  stairs  being  finished  with  about  2  in  of  cement  over  the  metal  and 
plastered  underneath.  The  Ferroindave  is  bolted  to  lugs  or  brackets  screwed 
to  or  cast  on  the  strings.  Slate  or  marble  treads  and  risers  may  be  embedded 
in  the  mortar  if  desired.    (See,  also,  pages  947  and  983.) 


9.  Protection  from  Outside  Hazard 

Window-Protection.  To  be  thoroughly  protected  against  the  outside 
hazard,  buildings  must  have  the  openings  in  the  outside  walls  provided  with  some 
means  of  effectively  closing  those  openings  against  flame.  The  same  pro\dsion 
should  be  made  for  openings  in  the  partition-walls  of  large  buildings.  Four 
GENERAL  TYPES  of  dcviccs  are  in  use  for  this  purpose:  (1)  tin-covered  wooden 
shutters;  (2)  steel  shutters  or  doors;  (3)  metal  frames  and  sash,  glazed  \iith 
wire-glass;  and  (4)  water-curtains. 

Types  of  Window-Protection  Compared.  When  properly  constructed, 
the  TIN-COVERED  WOODEN  SHI7TTER  IS  Still  the  most  effective  window-protection. 
"In  a  very  severe  fire  in  Lynn,  Mass.,  in  which  the  heat  was  intense  enough  to 
melt  most  of  the  tin  from  the  outside  of  the  tinned  plates  covering  the  shutters, 
it  was  found  afterward  that  the  wood  was  charred  to  a  depth  of  only  about 
^  in.  The  shutters  were  warped  slightly,  but  afforded  sufficient  protection 
against  the  heat  to  allow  men  to  remain  behind  them  to  put  out  such  fire  as 
occasionally  crept  through.  This  would  not  have  been  possible  behind  iron 
shutters  under  amilar  conditions."*  Steel  shutters,  under  the  action  of 
heat,  warp  very  readily  and  transmit  considerable  heat.  They  bdong  to  the 
cheapest  t3rpe  of  window-protection.  "There  is  one  objection  to  the  use  of 
shutters  on  window-openings,  and  that  is  that  they  depend  on  fallible  human 
agency  to  be  effective.  They  must  necessarily  be  open  while  the  building  is 
in  use.  When  the  need  for  them  comes  they  are  apt  to  be  overlooked  and  are  not 
closed.  Certain  it  is  that  on  many  buildings  they  are  not  dosed  at  night."* 
The  METAL-ERAME-AND-wiRZ-CLASS  WINDOWS  are  not  as  unsightly  as  shutters 
of  almost  any  kind  are  apt  to  be.  They  are  more  likely  to  be  closed  at  night 
and  more  readily  closed  when  necessary.  They  do  not  hide  a  fire  and  are 
more  easily  opened  when  it  is  necessary  to  reach  a  fire.  The  one  serious  objec- 
tion to  than  is  the  intense  radiation  of  heat  from  the  wire-glass,  f 

Tin-covered  Wooden  Ffre-Shnttera  and  Doors.  The  effectiveness  of 
this  de\'ice  depends  on  its  construction.  "Only  well-seasoned  non-resinous 
wood,  dressed,  tongued  and  gnxjvcd  in  narrow  boards,  should  be  used.  Wood 
containing  moisture  or  resin  may  generate,  under  heat,  sufficient  steam  or  gas 
to  force  off  the  tin  covering  and  expose  the  wood  to  the  flame.  The  body  of 
the  door  should  consist  of  two  or  three  layers  of  such  boards  laid  at  right-angles 
with  each  other  and  fastened  together  by  clinch-nails.  The  best  grade  of  tin 
should  be  used.    No  solder  must  be  used,  and  the  tin  plates  should  be  lock- 

*  Insurance  En^neering,  Dec.,  1902. 

t  For  a  coMkkraiioQ  of  water-curtains,  see  page  903. 
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joiiited,  with  the  nails  in  the  seams.  The  nails  ihust  he  loot  enouch,  at  least 
iH  in,  to  secure  a  good  hold  beyond  the  depth  to  whldi  the  wood  is  likely  to 
char,  which  is  about  H  i^-  Under  intense  heat  the  wood  is  certain  to  char,  but 
if  the  nails  are  long  enough  to  hold  the  tin  up  against  the  wood,  and  the  tin 
is  properly  put  on  so  as  to  keep  the  air  out  to  prevent  burning,  the  shutter 
will  stand  under  severe  strains."*  The  hinges,  ia^tenings,  or  hangers  must  be 
bolted  to  the  door,  not  nailed  or  screwed,  as  nails  or  screws  would  pull  out 
during  a  fire.  If  hung  on  hinges,  the  hinge-hook  should  be  built  into  the  "walL 
This  door  was  designed  for  tise  in  mills,  but  it  has  worked  so  satiaCacton}y 
that  it  is  generally  adopted  wherever  a  fire-ptoof  door  is  wanted  and  its  ap- 
pearance is  not  objectionable.  Fire-proof  shutters,  also,  are  made  in  this  way. 
The  National  Board  of  Fire  Underwriters  issues  complete  spedficatioost  for 
this  type  of  door  and  shutter,  and  these  specifications  should  be  closely  fol- 
lowed for  satisfactory  results.  Doors  of  this  tyx)e,  provided  for  the  openings 
in  interior  partition-walls,  are  often,  and  wherever  pos«ble  shoidd  be,  hung  on 
inclined  tracks  so  that  they  will  close  automatically.  Where  it  is  desirable  to 
keep  them  open  most  of  the  time,  an  automatic  release  operated  by  a  fuable 
link  is  provided.    (See,  also,  page  778.) 

Metal-covered  Wooden  Doors  as  Fire-Doors.  Wooden  doors  covered 
by  the  Kalaiiezn  or  other  process  (page  894)  are  sometimes  used  as  fire-do(»s 
where  appearance  is  a  consideration.    They  are  not  considered  equal,  however, 

to  the  STANDARD  TIM-COVERED  WOODEN  DOORS. 

Steel  Fire-Doors  and  Shutters.  For  a  satisfactory  steel  rzRE-DOOR 
a  l^-in  sheet  of  steel  should  be  used,  and  it  should  be  reinforced  on  the  back 
with  a  frame  of  angle-irons,  not  less  than  i  H  by  i  H  hy  H  iut  and  increasing  in 
size  with  the  door  or  shutter.  These  doors  or  shutters  may  operate  in  one  of 
three  ways:  (x)  swing  on  hinges,  (2)  slide  on  tracks,  or  (3)  roll  vertically. 
The  SWINGING  DOORS  or  shutters  are  the  most  reliable  as  there  are  no  com- 
plicated parts  to  get  out  of  order.  They  should  be  hvuig  on  eyes  built  into  the 
masonxy  walls.  Sliding  doors  or  shutters  must  have  the  raib  on  which  they 
operate  protected  by  metal  shields  to  prevent  obstruction.  For  larger  openings 
the  ROLLING  shutters  are  generally  preferred.  They  are  made  in  horizontal 
jointed  sectional  strips,  which  wind  up  on  a  roller  placed  in  a  pocket  above  the 
opening,  the  ends  moving  in  metal  grooves  to  hold  them  in  place.  They  gen- 
erally operate  vertically,  although  some  are  made  to  operate  horizontally, 
the  rollers  being  set  vertically  in  pockets  at  the  sides  of  the  openings.  These 
latter  are  more  apt  to  get  out  of  order.  The  vertically  operated  doors  or 
shutters  are  balanced  by  springs  or  weights  to  make  them  move  easily  up  or 
down.  Where  they  are  intended  to  be  closed  in  case  of  necessity  only,  they 
are  slightly  weighed  and  held  open  by  means  of  fusible  links,  so  that  in  case  of 
fire  they  will  closd  automatically. 

Sheet-Metal  for  Fire-resistiiig  Window-Frsmes  sad  Sashes. t  These 
are  now  made  weather-tight  and  perfectly  practicable  in  all  respects,  and  should 
be  used  wherever  fire-resbting  windows  are  desired.  The  sashes  are  made 
especially  for  holding  wire-glass.  These  sheet-metal  windows  are  made  in 
a  great  variety  of  forms  to  meet  all  purposes  and  the  sashes  may  be  stationary, 
pivoted  either  horizontally  or  vertically,  hinged,  or  double-hung  with  weights, 
like  ordinary  windows.  For  factories,  warehouses,  stairways,  and  elevator- 
shafts,  a  stationary  lower  and  a  pivoted  upper  sash  are  commonly  used,  as  this 
is  the  cheapest  type  of  window.    The  double-hung  windows  are  now  made 

*  Insurance  Engineering,  Dec.,  1902. 

t  To  be  htbA  for  the  aak^g. 

t  See,  also,  Hollow  Metal  Wiadow-Fiames  and  Sasbei,  page  897. 
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to  work  as  onootUy  as  wooden  aashes  in  ovdlaarT  box  frames.  For  offices, 
hotels,  etc.,  a  window  having  two  sashes,  glased  with  wire-glass,  and  closing 
and  locking  automatically  in  case  of  fire,  and  a  third  inner  sash  glazed  with 
dear  glass,  has  all  of  the  advantages  of  an  ordinary  window  with  the  additional 
advantages  of  fire-protection  and  better  diffusion  of  light.  Metal  fly-screens, 
also,  can  be  used  with  these  windows.  AU  movable  sashes,  glased  with  wire- 
glass,  should  be  provided  with  a  device  by  which  the  sashes  will  dose  and  lock 
automatically  in  case  of  fire.  Two  thicknesses  of  wire-glass  are  sometimes  used 
with  a  ventilated  air-space  of  at  least  i  in  between  the  lights. 

10.  BxUngidsfaiBg  Devlcee  end  Preeeutlonary  Meaiiires 

Watar-Cortains.  "The  vulnerable  portion  of  buildings  generally  is  the 
front,  where  great  window-openings  are  desired  for  purposes  of  light,  and  where 
it  is  considered  objectionable  on  account  of  appearance  to  have  shutters  or 
even  wire-glass  windows.  These  large  window-openings  afford  great  oppor- 
tunities for  the  spread  of  fire  across  streets.  The  danger  of  damage  is  much 
increased  where  the  fronts,  as  is  very  common,  are  made  of  improtected  metalr 
work.  A  notable  example,  illustrating  such  danger,  was  the  building  of  the 
Manhattan  Savings  Institution,  New  Y^^rk  City,  which  was  severely  damaged 
and  almost  destroyed  by  a  fire  in  a  ax-story  non-fire-proof  building  across  the 
street.  Sudi  conditions  might  be  overcome  to  some  extent  perhaps,  by  the 
introduction  of  some  system  such  as  the  wates-custahts  that  were  placed  on 
the  Chicago  Public  Library.  This  is  practically  a  smntKLEK  sYSTEif  set  ak>ng 
the  edge  of  the  cornice  of  the  building,  and  so  arranged  as  to  furnish  a  thin 
sheet  of  water  in  front  of  the  building.  Such  a  sheet  will,  however,  not  extend 
far  before  it  is  turned  into  spray  and  thus  becomes  practically  useless.  A  similar 
arrangement  placed  at  each  window-opening  might  be  more  useful,  though  it 
is  doubtful  whether  it  would  be  of  much  value  in  any  severe  conflagration."* 
The  rules  of  the  National  Board  of  Fire  Underwriters  for  open  srauncLEHS 
or  water-curtains  determine  the  slaes  of  piping  and  feed-mains,  and  the  general 
airangement  of  the  system. 

Precautionary  Measures  in  GeneraLf  No  matter  how  thoroughly  a  build- 
ing is  fireproofed,  if  it  is  filled  with  combustible  goods,  as  a  warehouse,  store,  or 
factory,  there  is  always  the  possibility  of  a  fire,  wiiich,  if  imchecked  when  first 
started,  must  necessarily  entail  a  great  loss  and  more  or  less  damage  to  the 
building.  If  a  fire  is  dkcovered  and  checked  in  its  indpsent  stage  this  loss  is 
avoided.  Hiere  are  now  many  vahiable  devices  for  DETECTfNG  and  checking 
fires,  which  should  be  installed  In  every  warehouse,  and  which  often  may  be 
placed  with  advantage  ia  buildings  used  for  other  purposes.  The  more  important 
of  these  are  automatic  alarms,  automatic  sprinklers,  and  standpipes. 

Automatic  Alarms.  The  prompt  discovery  of  fire  generally  brings  about 
prompt  extinguishment,  but  as  it  is  not  practicable  to  have  someone  on  duty  in 
all  parts  of  a  property  at  all  times,  fires  may  gain  serious  headway  before  being 
4)iscovered,  uxdess  some  system  of  automatic  notification  is  used.  Next  to  auto- 
matic sprinklers,  approved  automatic  fire-alarm  systems,  thekmostats,  are  per- 
haps the  most  important  of  the  fire-protection  devices.  There  are  two  general 
dasses  of  thermostats:  one  which  operates  at  a  fixed  or  predetexioned 
TBHPEKATURE,  and  the  coiiPENSATiNO-TTPE.  The  httCT  requires  a  certain  rise 
fn  temperatuie  within  a  given  time.  This  latter  type  is  common  in  Europe,  while 
in  this  country  the  fixed-temperature-tsrpe  has  been  preferred.    The  compen- 

*  Insurance  Engineering,  Dec.,  1902. 
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sating-types  seem  to  have  been  UBed  with  flome  success  in  certain  sections,  hat 
have  not  iHt>ved  altogether  satisfactory.  For  general  use  it  would  appear  that 
the  SOLDER-TYFE  OF  TBERif  OSTAT  has  mauy  advantages  when  used  in  connectioii 
with  a  simple  cLOSED-dsctriT  systeu.  The  most  common  type  of  thermostat 
system  is  the  electric  systeic,  in  which  the  thermostats  are  designed  to  open, 
or  dose  the  electric  circuit  and  cause  bells  to  be  rung  at  designated  points.  The 
thermostats,  or  circuit-closers,  may  be  of  the  fixed>temperature  t>'pe  or  adjusted 
to  operate  at  any  desired  temperature.  The  former  are  chiefly  of  the  soij>eb- 
TYPE,  while  the  most  common  variety  of  the  latter  tjrpe  consists  of  a  spiukg  of 
TWO  DISSIMILAR  METALS,  which  expand  unequally. 

The  Aero  System*  The  best-known  system  of  the  coupensating-type  is  the 
AERO  SYSTEM  installed  by  the  Aero  Fire  Alarm  Company,  New  York  City.* 
This  consists  of  a  small  copper  tube  attached  to  the  ceiling.  A  quick  rise  in 
temperature,  as  in  the  case  of  fire,  expands  the  air  in  the  tube  and  acts  on  a  sc^nsi- 
tive  diaphragm,  which  latter  makes  an  electrical  connection,  causing  a  trans- 
mitter to  operate  and  send  in  an  alarm. 

The  Reichel  System  is  installed  by  the  Pacific  Fire  Extinguisher  Company, 
San  Francisco,  Cal.  This  system  is  of  the  compensating-type,  the  Reichel 
THERMOSTATS*  consisting  of  a  thermopyle  of  special  design  which  is  connected 
in  series  with  an  electric  circuit.  Any  rapid  increase  in  heat  generates  sufficient 
current  to  actuate  a  transmitter.  Slow  changes  in  temperature  do  not  operate 
the  system. 

The  Derby  Automatic  Fire-Alarm  System  is  installed  by  the  American 
Fire  Prevention  Bureau,  New  York  City.  This  system  consists  of  a  two-wise 
closed  ciRCiTiT,  and  uses  the  Derby  pire-sentinels,*  in  multiple,  across  the 
line.  Any  derangement  of  the  circuit  gives  a  local  or  central  station  trouble- 
alarm.  Upon  file  operation  of  a  sentinel  thermostat,  resistance  is  auto- 
matically cut  out  of  the  circuit,  thereby  causing  the  operation  of  fire-gongs  and 
transmitters.  The  Derby  Fire  Sentinel  can  be  used  on  wiring  systems  utilizing 
primary,  storage,  or  public-service  energy  up  to  no  volts.  The  Sentinels  are 
made  for  attaching  to  open  wiring  and  also  for  use  in  connection  with  concealed 
work. 

The  Watkins  Thermostat  is  installed  by  the  Automatic  Fire  Alarm  Com- 
pany, New  York  City.  It  consists  of  a  perforated  metal  case,  enclosing  a  plat 
SPRING  OF  TWO  DISSIMILAR  METALS.  The  spring  is  fastened  at  one  end,  and  the 
heat  causes  a  movement,  due  to  the  unequal  expansion  of  the  two  metals. 
Watkins  thermostats  are  wired  in  multiple,  the  wiring  system  being  part  open 
and  part  closed.  The  thermostats  are  adjusted  by  hand.  They  are  likely  to  be 
affected  by  corrosive  influences,  moisture,  and  rough  handling.  This  system, 
however,  has  been  more  largely  installed  than  any  other,  being  the  principal 
type  of  thermostat  used  in  Boston,  New  York,  and  Philadelphia,  where,  with 
good  supervision,  its  record  has  been  satisfactory. 

Automatic  Sprinklers.  "  An  automatic  sprinkler  is  a  device  for  distribut- 
ing water  by  means  of  a  valve  which  is  arranged  to  open  under  the  action  of 
heat,  as  from  a  fire  which  it  is  intended  to  extinguish.  The  distribution  of 
water  which  results  from  properly  located  sprinklers  occurs  in  the  fonn  9i  a 
rain  of  jets  or  drops,  and  is  sufficient  to  drench  almost  any  inflammable  stock 
beyond  the  point  of  ignition.  The  distribution  is  also  economical,  as  the  water 
is  more  evenly  applied  than  from  a  nozzle  attached  to  a  fire-hose,  and  the  source 
is  directly  above  the  fire.  Whenever  combustible  merchandise  constitutes 
the  contents  of  a  building,  automatic  sprinklers  are  of  great  value,  and  ia 

'Approved  by  the  Underwriten'  Laboratories. 
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buildings  of  a  height  so  great  as  to  make  the  upper  stories  difficult  of  access, 

especially  if  containing  large  areas  and  very  combustible  contents,  sprinklers 

constitute  the  best  protection  obtainable."  *  Sprinkles-systems  may  be  divided 

into  two  general  tjrpes:  (x)  the  wet-pipe  system,  or  automatic  sprinklers,  just 

described;  (2)  the  dry-pipe  system.    Where  the  water  cannot  be  kept  from 

freezing  in  the  ordinary  wet-pipe  system,  recourse  is  had  to  the  dry-pipe  system. 

The  sprinkler-pipes  are  filled  with  air  under  pressure,  which  is  automatically 

released  by  the  opening  of  a  head-valve  under  heat.    This  release  of  pressure 

opens  the  dry  valve  in  the  main  supply-pipe,  allowing  water  to  flow  through 

the  sprinkler-pipes  and  the  open  beads.    Automatic  sprinkler-heads  are  made 

to   open   at   various   temperatures:    ordinary,   155**   to    165 **;    intermediate, 

2xa";  hard,  286**;  and  extra  hard,  360^  F.    The  higher-temperature  sprinklers 

are  put  in  locations  where  the  heat  is  above  normal,  such  as  boiler-rooms  and 

dry-rooms.    Various  types,  made  by  the  following  manufacturers,  have  been 

approved    by  the    National    Board    of    Fire   Underwriters:!   International 

Sprinkler  Company.  New  York  City;   General  Fire  Extingtiisher  Company, 

Providence,  R.  I.;  Automatic  Sprinkler  Company  of  America,  New  York  City; 

Crowder  Brothers,  St.  Loub,  Mo.;   Esty  Sprinkler  Company  (H.  G.  Vogd 

Company,  New  York,  sole  agents);    Globe  Automatic  Sprinkler  Company, 

Philadelphia,  Pa.;  Independent  Aetna  Sprinkler  Co.,  Philadelphia,  Pa.;  Ohio 

Automatic  Sprinkler  Company,  Youngstown*  Ohio;  and  Rockwood  Sprinkler 

Company,  Worcester,  Mass. 

Sprinkler  Supervisory  De'dcet.  These  devices  consist  of  apparatus  for 
"TRANSMirrmo  signals  when  gate-valves  are  closed  or  open;  when  water  in 
tanks  falls  below  or  is  restored  to  a  predetermined  level;  when  pressure  in 
air- tanks  falls  below  or  is  restored  to  a  predetermined  amount;  when  water 
in  tanks  falls  below  or  rises  above  predetermined  temperatures;  abo  to  transmit 
water-flow  signals  and  to  wit  hold  signals  from  water-surges  Or  variable  pres- 
sures." They  are  used  in  connection  with  central-station  signalling 
SYSTEMS  for  supervising  the  operation  and  maintenance  of  sprinkler-equip- 
ments. The  devices  of  the  American  District  Telegraph  Company  of  New 
York  City,  are  approved  by  the  National  Board  of  Fire  Underwriters,  t 

Stand-Pipes  and  Hose-Reels.  In  office-buildings,  hotels,  and  apartment- 
houses,  where  sprinkler-systems  are  hardly  suitable,  stand-pipes  with  hose- 
reels  in  each  stoiy  and  on  the  roof,  ready  for  Instant  use,  constitute  the  best 
means  of  quickly  controlling  a  fire.  All  buildings  over  certain  heights  should 
be  so  equipped,  the  height  being  fixed  by  the  ability  of  the  local  fire  department 
to  reach  effectively  the  upper  parts  of  the  building  with  its  hose-streams.  The 
stand-pipe  should  be  from  2  H  to  6  in  in  diameter,  according  to  the  size  and 
height  of  the  building,  and  should  be  connected  with  the  water-supply  of  the 
building  and  provided  with  Siamese  oonnections  at  the  street-level  for  the  fire 
department.  Check-valves  should  be  provided,  so  that  when  the  fire-depart- 
ment engines  are  attached,  their  force  will  be  added  to  the  force  due  to  the  head 
of  water  from  the  fire-tanks,  or  to  the  fire-pumps,  or  to  the  force  of  the  dty 
water  system.  Stand-pipes  should  be  placed  within  the  stair-enclosures.  In 
some  cities  the  practise  is  to  attach  them  to  the  outside  fire-escapes  of  the 
tnf^ing.  The  number  and  location  of  stand-pipes  should  be  such  that  all  parts 
of  the  building  can  be  reached  by  at  least  one  stream  supplied  by  hose  not 
eicffding  xoo  ft  in  length. 

•J.K.  Fteltag. 

t  List  of  Fire  Appliances,  National  Board  of  Fire  Undenrriters. 
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CHAPTER  XXIV 

REINFOBCED-CONCRETE   CONSTRUCTIOK  * 

By 

RUDOLPH  P.  MILLER 
supKsnniHDXirr  or  buhdxhgs,  boeouob  or  Manhattan,  vxw  tokk  cut 

I.  Introductory  Notes 

Definition.  The  term  KEOfroRCED  concrete  Is  defined  in  the  proposed 
standard  regulations  of  the  American  Concrete  Institute  as  "an  approved  ooix- 
ture  of  Portland  cement,  with  water  and  aggregates  in  which  metal  (generally 
steel)  has  been  embedded  in  proportionately  small  sections,  in  such  a  manner 
that  the  metal  and  the  concrete  assist  each  other  in  taking  stress."! 

Htetorieai  Notes.  The  great  value  of  concrete  as  a  structural  material  when 
subjected  to  compression  only  has  been  recognized  for  centuries.  The  use  of 
reinforced  concrete,  however,  as  a  practicable  and  commercial  form  of  construc- 
tion is  comparatively  recent.  It  is  true  that  as  far  back  as  1869,  Francois 
Coignet  of  Paris  took  out  letters  patent  on  a  oombinatton  of  iron  and  concrete, 
and  that  even  before  this,  in  1867,  the  principle  of  reinforcing  concrete  with  iron 
had  been  applied  by  P.  A.  J.  Monier,  a  gardener  of  Paris,  to  the  making  of  large 
flower-pots;  still,  the  general  application  to  building-construction  did  not  occur 
till  about  the  middle  of  the  last  decade  of  the  nineteenth  century.  In  its  develop- 
ment it  was  first  applied  to  bridge-construction.  The  discussion  of  the  subject 
in  this  chapter  is  a>nfined  to  its  use  in  the  construction  ol  buildings.  The 
earliest  example  of  a  building  of  reinforced  concrete  in  this  country,  and  probably 
in  the  world,  is  that  erected  in  1875  by  W.  £.  Ward,  near  Port  Chester,  N.  Y., 
in  which  "not  only  all  the  external  and  internal  walls,  cornices,  and  towers  were 
constructed  of  concrete,  but  all  of  the  beams  and  roofs  were  exclusively  made  of 
concrete  reinforced  by  light  iron  beams  and  rods."  X 

The  Erection  of  Reinf  orced-Concrete  Work.  In  general  outline,  a  build- 
ing operation  in  reinforced  concrete  consists  in  the  usual  preparations  of  the  site 
by  excavation  or  otherwise,  the  provision  of  suitable  foundations  for  walls, 
columns,  or  other  supports,  the  erection  of  a  series  of  wooden  molds  or  forms,  the 
placing  of  the  necessary  steel  reinforcement,  the  pouring  of  the  concrete,  and 
the  removal  of  the  forms  alter  the  concrete  has  set  sufficiently  to  sustain  itself 
and  the  load  that  may  come  on  it  during  construction.  From  the  beginning 
of  the  erection  of  the  forms  the  successive  steps  are  progressive,  that  is,  the 
placing  of  the  steel  and  pouring  of  the  concrete  are  going  on  in  the  lower  sec- 
tions or  stories  while  the  forms  are  being  erected  for  the  upper  sections  or  stories. 
So  that  in  a  large  operation  the  carpenters,  the  steel-setters,  and  the  ooncreters 
may  all  be  working  at  the  same  time,  one  set  slightly  in  advance  of  the  others, 
without  interference  one  with  the  others.    These  several  steps  in  the  operation 

*For  Concrete  in  general  and  Mass-Concrete,  see  Chapter  III,  pages  240  to  351;  for 
Strength  of  Concrete  without  Reinf Ofoement.  Chapter  V,  psffes  285  to  287;  SAd  for 
Reinforced-Concrete  Factory-Construction,  Chapter  XXV.  See,  also,  Chapter  XXIII 
pages  817  and  842. 

t  Proc.  Am.  Concrete  Inst..  Vol.  XV,  1919. 

t  For  a  further  and  more  extended  history  the  reader  is  referred  to  the  larger  tieatbes 
on  this  subject  and  to  Edwin  Thacher's  article  in  Engineering  News,  Match  26, 1903. 
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are  considered  in  greater  detail  in  Chapter-Subdivision  7,  page  962,  Erection  of 
Reinforced-Conoete  Construction. 

2.  Materials  Used  in  Reinforced-Concrete  Construction 

The  Materials  used  in  reinforced  concrete  are  concrete  and  steel.  The 
concrete  forms  the  mass  of  the  construction.  Its  proper  use  is  to  resist  com- 
pression. While  it  has  some  tensile  strength  the  amount  is  so  small  and  so 
variable  that  it  should  always  be  neglected.  Steel  is  used  for  the  reinforcing 
material  as  it  furnishes  the  greatest  amount  of  strength  at  the  least  expense. 
Wrought  iron  could  be  used,  but  it  is  practically  unobtainable  under  present 
conditions,  and,  as  already  intimated,  its  use  is  not  economical. 

Concrete.  The  concrete  consists  of  a  mixture  of  cement  and  some  aggre- 
gate, in  definite  proportions,  with  the  necessary  water  to  cause  the  setting  of  the 
cement. 

Cement.  Portland  cehent  should  always  be  used  in  reinforced  concrete, 
and  it  should  always  be  tested  before  being  used.  Even  in  small  jobs  it  is  im- 
portant to  know  that  the  cement  is  strong  and  sound.  In  purchasing  the  cement, 
the  certificate  of  some  reliable  testing-laboratory  should  be  made  one  of  the 
conditions  of  acceptance.  Under  all  circumstances,  it  is  always  best  to  have 
the  testing  done  at  some  well-established  and  properly  equipped  cement-testing 
laboratory.  The  results  of  tests  in  temporary  laboratories  are  often  abnormel 
and  may  lead  to  unnecessary  controversies  with  the  manufacturers.  To  be 
acceptable,  a  cement  should  meet  the  following  requirements  as  called  for  in 
standard  qiecifications.'* 

Specipzc  GRAvriY.  The  specific  gravity  of  the  cement  should  be  not  less 
than  3.10. 

Fineness.  It  shoxild  leave  by  weight  a  residue  of  not  more  than  22%  on  a 
No.  200  sieve. 

Time  of  Setting.  It  should  develop  initial  set  in  not  less  than  45  or  60  min- 
utes, according  as  the  Vicat  or  Gillmore  needle  is  used,  but  must  develop  final 
set  within  10  hours. 

Tensile  Strength.  The  minimum  requireinents  for  tensile  strength  for 
briquettes  of  x -In-square  section  should  be  as  follows,  and  should  show  no  retro* 
gression  in  strength  within  the  periods  specified: 

Neat  cement 
38  days  (i  day  in  moist  air,  27  days  in  water) 600  lb  per  sq  in 

One  past  cement,  three  parts  standard  ottawa  sand 

7  daj^  (i  day  in  moist  air,  6  days  in  water) 200  lb  per  sq  in 

aS  days  (t  day  in  moist  air,  27  days  in  water) 300  lb  per  sq  in 

Constancy  of  Volume.  Pats  of  neat  cement  about  3  in  in  diameter,  H  io 
thlclc  at  the  center,  and  tapering  to  a  thin  edge,  should  be  kept  in  moist  air  for  a 
period  of  24  hours.  The  pat  is  then  exposed  in  an  atmosphere  of  steam,  i  in  above 
boiling  water,  in  a  loosely  closed  vessel,  for  5  hours. 

These  pats,  to  satisfactorily  pass  the  requirements,  should  remain  firm  and 
hard  and  show  no  signs  of  distortion,  checking,  cracking,  or  disintegration. 

*  For  the  complete  standard  specifications  see  the  latest  Year  Book  of  the  Am.  Soc. 
for  Test.  Mats.  See,  also,  Chapter  III,  page  237,  for  the  principal  clauses  of  the  last 
Standard  Specifications  for  Portland  Cement,  adopted  in  19x6,  and  effective  January 
X.  1917.  by  the  Am.  Soc.  for  Test.  Mats.  The  tensile  strengths  for  neat  cement  are 
now  omitted. 
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Sulphuric  Acid  and  Magnesia.  The  cement  should  not  contain  more  thin 
2%  of  anhydrous  sulphuric  acid  (SOj)  nor  more  than  5%  of  magnesia  (MgO 
The  test  for  constancy  of  volume  or  soundness  is  of  particular  importance 
for  reinforced-concrete  work.  When  used  in  large  masses  an  occasional  bat^h 
of  concrete  made  with  unsound  cement  may  not  seriously  affect  the  final  result, 
but  in  reinforced-concrete  building  operations,  where  the  different  memSers  J. 
the  structures  are  comparatively  small,  the  safety  of  the  entire  buildini^  may 
be  jeopardized  by  the  use  of  a  small  amount  of  unsound  cement  in  some  imp:>r- 
tant  part,  such  as  a  colunm. 

Aggregate.*  By  the  term  aggregate  is  understood  the  materials,  including 
the  sand,  mixed  with  the  cement  to  make  the  concrete.  In  practically  all  cases, 
the  sand  is  a  necessary  element. 

Sand.  "The  sand  should  be  clean.  One  may  obtain  some  idea  of  its  cleanli- 
ness by  placing  it  in  the  palm  of  one  hand  and  rubbing  it  with  the  fingers  of  the 
other.  If  the  sand  is  dirty,  it  will  discolor  the  palm.  Unless  from  a  bank  of 
known  quality,  a  sand  should  be  tested  for  tensile  strength  of  mortar,  before 
using.  Preference  should  be  given  to  sand  containing  a  mixture  of  coarse  and 
fine  grains.  Extremely  fine  sand  even  if  clean  makes  a  weak  mortar  and  should 
never  be  used  unless  with  a  large  excess  of  cement. "f  Mortars  composed  of  one 
part  Portland  cement  and  three  parts  fine  aggregate  or  sand,  by  weight,  should 
show  a  tensile  strength  of  at  least  70%  of  the  strength  of  i  :  3  mortar  of  the  same 
consistency  and  of  the  same  cement  mixed  with  standard  Ottawa  sand.  The 
New  York  Regulations  specify  that  fine  aggregate  shall  consist  of  sand,  crushed 
stone,  or  gravel  screenings,  passing  when  dry,  a  screen  haxnng  K-in- diameter 
holes,  and  passing  not  more  than  6%  through  a  sieve  having  100  meshes  per 
linear  inch.  The  Chicago  Regulations  specify  that  not  less  than  45%  shall  be 
retained  on  a  screen  of  400  meshes  to  the  square  inch.    (See,  also,  page  34 1 .) 

Coarse  Aggregate.  For  the  coarser  material  op  the  aggregate  many 
materials  are  used  and  many  others  have  been  suggested.  Its  selection  is  grn- 
erally  dependent  upon  local  conditions.  If  possible,  gravel  or  crushed  stone 
should  be  used.  Whatever  is  used  should  be  a  clean,  hard  substance  that  will 
secure  to  the  concrete  the  necessary  strength;  that  is,  the  crushing  strength 
of  this  material  should  be  equal  to  or  greater  than  that  of  the  mortar  used,  M 
least  at  the  age  of  28  days.  In  any  case,  where  no  reliable  information  is  to  be 
had  on  the  strength  of  a  concrete  made  from  a  given  aggregate,  careful  investi- 
gation should  be  made  before  such  material  is  used.    (See,  abo,  page  241.) 

Gravel.  Gravel,  like  sand,  should  be  dean.  If  dirty  it  should  be  wadied 
before  being  used.  To  get  the  most  satisfactory  or  uniform  results,  gravel 
should  be  screened  and  graded  and  then  mixed  in  definite  proportions,  as  the 
RUN  OF  the  bank  will  generally  not  give  uniform  results.    (See,  also,  page  241.) 

-  Stone.  The  most  satisfactory  stone  that  can  be  used  is  trap-rocs  (under 
which  term  are  included  most  of  the  rocks  of  igneous  origin),  because  of  its 
toughness  and  great  compressive  strength.  The  granites,  as  they  are  com- 
mercially known,  are  considered  by  some  equal  in  quality  to  trap-rock  for  the 
making  of  concrete.  The  presence  of  mica  in  considerable  proportion  in  some 
of  the  so-called  granites  would  seem  to  make  them  unsuitable.    Limestones 

*  See,  also.  Chapter  III.  pages  240  to  251.  The  data  there  on  Aggres^ates,  Propor- 
tioning Materials,  etc.,  relate  more  particularly  to  mass-concrete,  while  the  data  of 
Chapter  XXIV  is  intended  to  cover,  more  in  detail,  reinforced  concrete. 

t  Treatise  on  Concrete,  Plain  and  Reinforced,  Taylor  and  Thompson,  third  edition. 
1916,  page  12. 
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if  the  soft  varieties  are  excepted,  make  excellent  concrete  as  far  as  strength  is 
concerned.  They  would,  however,  seem  to  affect  the  fire-proof  character  of 
the  concrete.  (See  Tables  on  page  956.)  The  harder  and  more  compact 
SANDSTONES,  also,  may  be  used  successfully,  but  great  care  must  be  exercised 
in  their  selection.  Congloicerate,  which  is  in  reality  a  hard,  coarse  sandstone, 
should  give  very  satisfactory  results.  On  account  of  their  low  crushing  strength, 
SLATE  or  SHALE  should  uot  be  used  in  concrete.  Besides  the  stones  thus  far 
mentioned,  broken  bhick,  terra-cotta,  furnace-clinker  and  furnace-slag 
have  been  suggested.  In  the  selection  of  broken  brick  or  terra-cotta,  care  must 
be  taken  to  get  hard-burned  material.  The  crushing  strength  of  such  material 
when  well  selected,  is  a  little  more  than  that  of  acceptable  concrete,  28  days 
old.  But  ordinarily,  commercial  brick  or  terra-cotta  wiH  not  meet  the  require- 
ments for  a  good  aggregate,  and  these  materials  should  be  used  only  as  a  last 
resort  and  then  only  after  careful  investigation.     (See,  also,  page  241.) 

Cinders.  Furnace-clinkers  should  be  clean  and  entirely  free  from  com- 
bustible matter.  Cinders  are  often  used  where  fireproo&ng  is  the  primary 
consideration,  and  no  doubt  good  constructions  may  be  obtained,  with  extreme 
care,  by  the  use  of  clinker  or  cinder  concrete,  especially  if  the  material  is  ground, 
screened  and  graded  as  suggested  for  gravel.  But  in  general  practice  the  con- 
crete is  not  uniform  in  quality  and  is  imreliable  in  strength.  It  is  therefore  not 
considered  in  this  chapter.  In  Chapter  XXIII,  Fireproofing  of  Buildings,  its 
us<:  is  di^ussed  on  pages  817  and  818.    (See,  also,  page  242.) 

Size  of  Aggregate.  The  size  of  the  aggregate  may  vary  from  K  to  aH 
in  in  largest  diametrical  dimension,  depending  on  the  particular  purpose  for 
which  it  is  to  be  used.  Where  the  mass  of  concrete  is  comparatively  large  the 
aggregate  may  run  as  high  as  3  in  in  size.  This  may  sometimes  be  the  case 
in  foundations  and  in  laige  piers  and  thick  walls.  In  columns,  girders*  beams 
and  slabs,  very  unsatisfactory  results  would  be  obtained  if  so  large  a  stone  were 
used.  For  such  work  no  stone  or  other  aggregate  should  be  used  larger  than 
would  pass  a  i*in  screen.  In  important  girders  and  columns,  especially  when 
the  reinf  ordng-bars  are  closely  spaced,  the  size  should  be  made  even  smaller  so 
that  a  concrete  of  viscous  consistency  is  produced  "which  will  pass  readily  be- 
tween and  easily  surround  the  reinforcement  and  fill  all  parts  of  the  forms."  * 

The  MAXUCUif  SIZES  allowed  for  the  aggregate  in  reinforced  concrete  in  the  dif- 
ferent cities  are  as  follows:  St.  Louis  and  Buffalo,  stone  that  will  pass  a  H-in  ring; 
that  is,  "three-quarter-inch  stone";  New  Y<M:k,  Cleveland  and  Philadelphia, 
stone  that  will  pass  a  i-in  ring;  Chicago,  stone  passing  x -in-square  mesh;  San 
Francisco^  for  floors  and  fireproofing,  i-in  stone,  for  foundations,  2-in  stone. 
(See,  also,  page  341.) 

Water.  "The  water  used  in  mixing  concrete  should  be  free  from  oil,  add* 
alkalies,  or  organic  matter."* 

Proportions  of  the  Materials.  The  proper  proportion  of  the  materials 
entering  into  the  concrete  is  dependent  upon  the  size  and  character  of  the  mate- 
rials. In  dries  in  which  there  are  regularions  governing  reinforced-concrete  ccn- 
strucrion,  the  mixture  to  be  used  is  generally  spedfied.  In  the  absence  of  other 
considerarions  the  most  satisfactory  and  reliable  mixture  is,  one  part  of  Portland 
cement,  two  parts  of  sand  and  four  parts  of  stone  or  gravel.  It  is  the  mixture 
that  has  been  used  in  most  of  the  experimental  work  on  reinforced  concrete; 
and  there  b  therefore  much  trustworthy  infonnation  to  be  had  concerning  it. 
In  the  case  of  large  or  important  operations,  however,  great  economy  can  often 

*  Trans.  Am.  Sec.  C.  E.,  19x7,  Vd.  8z,  page  1x15. 
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be  effected  by  a  preliminary  study  of  the  materials  to  be  used  and  of  tbeir 
proper  proportions.  In  general,  for  given  materials,  the  most  economical  mix- 
ture is  also  the  strongest.  The  old  method  of  determining  the  pioportians  of 
concrete  by  measuring  the  voids  in  the  coarser  particles  by  means  of  water 
poured  into  a  box  containing  i  cu  ft  of  the  material  and  then  providing  that 
quantity  of  finer  material,  assiimmg  the  cement  the  same  as  sand,  is  not  to  be 
recommended.  It  does  not  give  accurate  or  satisfactory  results.  A  better 
method  is  to  take  the  materials  to  be  used  and  make  trial-mixtures  by  varying 
the  proportions,  always  using,  however,  the  same  amount  of  cement  and  water. 
These  trial-mixtures  are  placed  successively  in  a  measuring  vessel  of  fixed  size 
and  tamped,  and  the  height  to  which  the  vessel  is  filled  for  each  mixture  is 
noted.  The  proportions  that  give  the  lowest  height,  or  result  in  the  smallest 
volume,  will  give  the  most  satisfactory  concrete.  (See,  also,  page  242  and  fol- 
lowing pages.) 

The  best  and  most  scientific  method,  however,  is  that  known  as  the  uecbaS' 
ICAL  ANALYSIS,  devised  by  W.  B.  Fuller.  In  this  method  the  available  materials, 
including  the  cement,  are  separated  into  the  various  sizes  by  means  of  a  series 
of  sieves;  curves  are  plotted  which  indicate  the  i)ercentages  of  the  whole  mass, 
which  pass  the  several  sieves;  and  from  a  study  of  these  curves  the  proportians 
of  the  different  aggregates  are  determined.  For  a  detailed  description  of  this 
method  the  reader  b  referred  to  the  chapter  cm  Proportiomng  Concrete  in  the 
1912  edition  of  the  Treatise  on  Concrete,  Plain  and  Reinforced,  by  Taylor  and 
Thompson.  As  an  example  of  the  saving  possible,  the  following  case,  given  ia 
the  work  just  referred  to,  will  be  of  interest. 

"The  ordinary  mixture  for  water-tight  concrete  is  about  1:3:4,  which  re- 
quires 1.57  barrels  of  cement  per  cubic  yard  of  concrete.  By  carefully  grading 
the  materials  by  methods  of  mechanical  analysb  the  writer  has  obtained  water- 
tight work  with  a  mixture  of  about  i  t3  :  7,  thus  using  only  ijoi  barreb  of 
cement  per  cubic  yard  of  concrete.  This  saving  of  0.56  html  is  equivalent 
with  Portland  cement  at  $1.60  per  barrel,  to  $0.89  per  cu  yd  of  concrete.  The 
added  cost  of  labor  for  proportioning  and  mixing  the  concrete,  because  of  the 
-use  of  five  grades  of  aggregate  instead  of  two,  was  about  $0.15  per  cu  yd, 
thus  effecting  a  net  saving  $0.74  per  cu  yd.  On  a  piece  of  work  involving. 
say,  20000  cu  yd  of  concrete,  such  a  saving  would  amount  to  I14  800,  an 
amount  well  worth  considerable  study  and  effort  on  the  part  of  those  in  respon- 
sible charge." 

In  the  ordinances  or  regulations  gm'emlng  reinforced  concrete  of  varions 
dties  the  proportions  to  be  used  are  generally  prescribed.  In  New  York,  **the 
concrete  for  leinforced-concrete  structures  shall  connst  of  a  wet  mixtnre  of  one 
part  of  Portland  cement  to  not  more  than  six  parts  of  aggregate,  fine  and  coarse, 
either  in  the  proportion  of  one  part  of  cement,  two  parts  of  fine  aggregate  and 
four  parts  of  coarse  aggregate,  or  in  such  proportion  that  the  resistance  of  the 
concrete  to  crushing  shall  not  be  less  than  a  000  lb  per  sq  in  after  hardening  for 
28  days."  In  Chicago,  various  grades  of  concrete  are  specified  with  the  ulti- 
mate compressive  resistance,  to  be  developed,  from  a  mixture  of  i  :  i  :  2  and 
an  ultimate  strength  of  2  900  lb  per  sq  in,  to  a  i  :  3  :  7  mixture  with  a  strength 
of  I  500  lb  per  sq  in.  In  Buffalo  and  San  Francisco  the  proportion  b  given 
as  one  of  cement  to  six  of  aggregate;  in  Boston  it  is  one  of  cement  to  five  of 
aggregate. 

Compnutm  Strength  of  Reinforced  Concrete.    For  retnfbroed-ooncrete 
vxMk  no  mfxtnre   should  be  used  that  does  not  develop  a  ooioaissiVB 

STRENGTH  of  at  least  2  000  lb  per  sq  in  at  the  age  of  28  dajrs.    The  crushing 
strength  of  various  concretes  u  diown  in  the  following  table: 
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Table  I 

.    Coapready  Streafdi  of  Fortlaiid-Ccmettt  Concroto  of 

Different  Propoi  uufie 

Proportions 

Com- 

Age, 
months 

pressive 

strength 

Authority 

Cement 

Sand 

Stone 

pergq 
in 

I 

0 

4  370 

^ 

a 

0 

2506 

3 

o 

X  8xa 

4 

0 

830 

5 

0 

53a 

6 

0 

169 

7 

0 

xx8 

3 

4 

ax78 

3 

6 

A 

xSis 

James  B.  Howsrd,  Tests,  Watertown 

4 

8 

I  I3S 

Arsenal 

5 

10 

707 

6 

la 

738 

, 

2 

a 

1768 

2 

3 

191X 

2 

4 

ai47 

2 

5 

2452 

2 

6 

a  124 

a 

7 

1650 

a 

8 

129s 

J 

a 

4 

3399 

G.  A.  Eimbsll,  Tests  of  Metals,  U.  S.  A. 
Taylor  and   Thompson.  TesU,  Waters 
town  Arsenal 

aH 

5 

3255 

(Watertown  Arsenal,  Tests  of   Metals, 
\      U.  S.  A. 

3 

5 

2042 

WorUnc  Stresses  for  Reinforced  Concrete.  Some  formulas  for  the 
strength  of  rdnforced-concrete  construction  provide  for  the  use  of  the  ultdiate 
STRENGTH  of  the{concrete  and  the  application  of  a  factor  of  safety.  This 
practice  is  not  to  be  reconunended  as  it  necessitates  either  the  test  of  the  con* 
Crete  or  the  assumption  of  an  ultimate  strength.  While  it  is  undoubtedly  de- 
sirable that  the  concrete  should  be  tested,  this  is  generally  impracticable  when 
the  building  is  being  designed.  It  should  be  done  during  construction  and  is 
done  on  the  best  work,  to  make  sure  that  the  concrete  is  up  to  the  require- 
ments. Various  factors  of  safety  from  two  and  one  half  to  ten  have  been  pro- 
posed. Different  factors  of  safety  are  used  for  different  members  of  a  structure 
or  for  diffeient  conditions.    This  is  another  reason  why  it  would  be  better  to  use 

WORKING  STRESSES  than  ULTIMATE  STRESSES.      The  following  WORKING  STRESSES 

are  recommended  for  reinforced  concrete  that  will  develop  a  crushikc  strength 
ef  2  000  lb  per  sq  in  in  28  days: 

Extreme  fiber-stress  in  compresaioa. . « 650  lb  per  sq  id 

Shcariog-strcss ■ .  ■  •  •    40  lb  per  sq  in 

Vertical  shearing-stress  when  aU  diagonal  tension  is  re- 
sisted  by  the  steel,  and  the  steel-resstance   to  both 

negative  and  positive  moments  is  fuSy  developed 150  lb  per  sq  in 

Direct  compression soolbpersqki 

Bond-stress  between  concrete  and  plain  rcinfordng-bars. .     80  lb  per  sq  in 
Bond-stress  between  concrete  and  stntable  deformed  bars.   100  lb  per  sq  in 
Table  II  t&vc&  the  stresses  allowed  by  various  bufldlug  ordloances. 
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Steel  Reinforcement.  The  function  of  the  steel  zeinforcement  is  to  take  up 
the  longitudinal  and  diagonal  tensile  stresses  and  in  some  cases,  as  in  columns 
and  in  beams  reinforced  at  the  top,  to  give  additional  compressive  strength. 

Mild  or  High  SteeL    Two  grades  of  steel  are  used  for  the  reinforcement, 
Miu>  STEEL  and  high-carbon  steel.    Mild  or  medium  steel  is  used  for  all 
structural  shapes  and  is  the  ordinary  merchant-steel.    It  has  an  ultimate 
tensile  strength  of  from  60  000  to  70  000  lb  per  sq  in,  and  its  elastic  limit  is  about 
one  half  the  ultimate  strength.    High-carbon  steel  has  a  greater  percentage 
of  carbon  and  is  therefore  more  brittle.    Its  ultimate  strength  is  about  105  000 
and  its  elastic  limit  about  55  009  lb  per  sq  in.   The  use  of  high-carbon  steel 
would  permit  greater  stresses  in  the  reinforcement,  and  consequently  a  less 
amount  of  steel  and  a  greater  economy  in  construction.   On  account  of  its  greeto' 
brittleness,  however,  it  is  liable  to  sudden  failures  under  stress.    It  is  also  often 
found  to  be  cracked  or  broken  when  sent  to  the  work,  and  unless  it  is  very  care- 
fully inspected  there  is  great  liability  of  defective  material  getting  into  the 
structure.    Furthermore,  much  of  the  so-called  high-carbon  steel  has  been 
found  in  practice,  after  testing,  to  fall  far  short  of  the  specifications.   Its  use  is 
therefore  to  be  avoided,  imless  special  care  is  taken  to  secure  an  absolutely  re- 
liable artide  and  to  have  it  inspected  and  tested.    For  large,  important  work 
thb  would  be  desunble.    Ordinarily,  however,  mild  steel  should  be  used,  as  com- 
mercially it  is  manufactured  and  sold  under  such  standard  conditions  that  it  is 
reliable.   As  the  modulus  of  elasticity  of  high-carbon  steel  is  practically  the  same 
as  that  of  medium  sted,  the  deformation  under  any  given  loading  is' the  same 
and  there  is  no  special  advantage  in  the  use  of  one  over  the  other.   Steel  meeting 
the  specifications  of  the  American  Society  for  testing  materials*  for  reinfordng- 
bars  is  recommended.    See  Table  III.    The  phosphorus  in  the  steel  should  not 
exceed  o.xo%  for  Bessemer  steel  nor  0.05%  for  open-hearth  steel.    For  slab  and 
small  beam-rdnforcement  where  wire  or  small  rods  are  suitable,  sted  manu- 
factured from  Bessemer  billets  may  be  used  with  a  tensile  strength  of  105  ooo» 
and  a  yield-point  of  not  less  than  53  500  lb  per  sq  in. 

Working  Stresses  for  Steel.  The  generally  accepted  working  stress  for 
medium  steel  is  16  000  lb  per  sq  in  in  tension.  Tests  have  shown  that  in  cases 
where  the  failure  of  reinforced-concrete  beams  is  due  to  the  failure  of  the  rein- 
forcement, the  stress  in  the  metal  had  not  more  than  reached  the  yield-point. 
This  point  is  somewhat  lower  than  the  elastic  limit.  The  working  stress  in 
the  steel,  therefore,  should  be  a  fixed  proportion  of  the  yield-point  or  the  elastic 
limit.  It  is  held  by  some  that  this  ratio  should  not  be  as  high  as  one  to  two, 
but  more  nearly  one  to  three,  redudng  the  working  stress  in  mild  steel  as  given 
above  to  10  000  or  1 2  000  lb  per  sq  in.  In  using  high-carbon  steel  they  would 
advocate  a  similar  ratio  of  the  elastic  limit,  whatever  that  may  be,  according  to 
test.  Ordinarily  20  000  lb  per  sq  in  is  taken  as  the  working  stress  for  high-car- 
bon steel.  Allowable  working  stresses  in  steel  reinforcement  in  various  dties 
are  given  in  Table  II,  page  9x3. 

Tension-Members.  Rdnforcement  is  used  in  a  variety  of  shapes  and  com- 
binations, nearly  all  of  them  patented  and  some  of  them  forming  the  basis  for 
so-called  systems.  Where  the  rdnforcement  is  employed  to  take  up  tension, 
as  in  a  beam  or  girder,  the  bond  between  the  concrete  and  the  steel  is  relied  upon 
to  develop  the  tensional  stresses  in  the  steel.  The  plain  bars  depend  entirely 
upon  the  adhesion  of  the  steel  and  the  concrete  for  the  action  of  the  two  mate- 
rials in  combination,  or  the  full  tensile  strength  of  the  rod  is  developed  by  anchor- 
ing the  rods  into  the  concrete  at  the  ends,  in  which  case  the  beam  becomes  more 

*  American  Society  for  Testing  Materials  Standards,  19x8. 
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analogous  to  a  truned  beam  with  the  rod  as  the  tension-member.  In  crosfr- 
section,  plain  bars  are  usually  round  or  square,  though  sometimes  flat  bars, 
angles,  tees,  or  other  shapes  are  used.  In  regard  to  the  use  of  square  bars  and 
aome  other  shapes,  it  is  contended  that  the  edges  start  initial  cracks  in  the  con- 
crete as  it  shrinks  in  setting.  Twisted  flat  bars,  when  placed  too  near  the  sur- 
face ol  the  ooncicte,  cause  a  spelling  or  breaking  out  of  the  concrete  from  between 
the  convolutions,  when  the  stieel  b  under  stress. 

Commercial  Sizes.  As  a  result  of  the  shortage  of  steel  during  and  since  the 
world-war,  the  larger  producers  of  reinfordng-bars  have  agreed  to  eliminate 
many  of  the  commercial  sizes  of  bars  f onnerly  in  use  and  are  now  limiting  their 
sto^s  of  bars  to  the  following  slses: 


Area 

Equivalent  to 

Area 

Equivalent  to 

o.zio  sq  in 
o.  196  sq  in 
0.250  sq  in 
0.307  sq  in 
0.44a  sq  in 

H'in  round 
H-in  round 
M-in  square 
H-in  round 
K-in  round 

0.601  sq  in 
0.785  sq  in 
1 .  000  sq  in 
1.366  sq  in 
1 .  563  sq  in 

^-in  round 
i-in  round 
I -in  square 
I  H-in  square  , 
X  K-in  square 

Difficulty  in  obtaining  reinforcem^t  will  be  avoided  to  a  great  extent  by  the 
use  of  these  siaes  in  designing  reinforced  concrete. 

Deformed  Bars.  With  the  deyoshed  bass  the  adhesion  of  the  concrete  to 
the  steel  is  supplemented  by  a  ifECHANiCAL  bond  due  to  the  shape  of  the  bar. 
The  following  deformed  bars  have  been  and  are  at  present  widely  used. 

The  Ransoms  Bar.  The  Ransome  Twisted  Bars  (Fig.  1)  are  made  of  square 
Imltb.    Bars  should  be  "twisted  cold  with  one  oomplete  twist  in  a  length  of  not 


Fig.  1.    The  Kansoipe  Twisted  Bar 

over  twelve  times  the  thickness  of  the  bar.*'*  The  work  on  the  bars  in  the  twist- 
ing process  increases  the  elastic  limit  and  the  tensile  strength;  but  the  amount 
of  the  increase  is  not  fixed,  as  variations  in  the  grade  of  rolled  steel  may  result, 
after  twisting,  in  still  wider  variations.  The  users  of  this  bar  generally  assiune  a 
working  stress  of  20  000  lb  per  sq  in.  The  patent  on  this  bar  has  expired  and  it 
may  now  be  used  by  anyone.  Strictly  speaking,  this  is  not  a  deformed  bar. 
These  bars  can  be  obtained  in  all  sizes,  varying  by  ^  in  from  H  to  i  >^  in.  Larger 
sizeSf  also,  can  be  obtained  on  special  order. 


Fig.  2.   The  BufEslo  Defonned  Bar 

The  Buffalo  Deformed  Bar.    The  Buffalo  Steel  Company  of  Tonawanda, 
N.  Y.,  makes  a  square  bar  with  rounded  edges,  thus  eliminating  the  sharp  cor- 

*  American  Society  for  Testing  Materials  Standards,  19x8,  pages  X49  and  152. 
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ners.  The  defonnations  consist  of  raised  stars  along  the  sides  of  the  bar,  &s 
shown  in  Fig.  2.  It  is  made  in  sizes  of  from  H  to  xj^-in  diameter,  and  the 
cross-sectional  areas  are  equal  to  the  areas  of  equivalent  squares.    The  bars  arc 

rolled  from  old  railroad  nils 
and  comply  with  the  Standard 
Specifications  of  the  Americui 
Society  for  Testing  Materials 
for  reinfordng'Steel  of  that 
kind.  The  steel  is  a  high 
carbon  steel  with  &  tensiVe 
strength  of  8o  ooo  lb  per  sq  in. 

Cormgated      Bars.     Cor- 
rugated   bars   (Fig.   3),   both 
square    and    round   in  cross- 
section,  are  made  by  the  Cor- 
rugated Bar   Company,  Inc., 
6u£faIo,  N.  Y.,  of  both  medium  and  high-elastic-limit  steel  with  a  yield-point  of 
about  50  000  lb  per  sq  in.    Corr^Bars  are  furnished  either  straight  and  cut  to 
length,  or  bent  ready  for  the  forms.    The  standard  sizes  are  as  follows: 


Fig.  3.    Corrugated  Bars.    Round  and  Square 


CORftUGATED  ROUNDS 


StM  in  Inches 

H 

W 

^•. 

H 

H 

H 

I 

iH 

iH 

Net  area  in  square 
inches 

O.IZ 

0.38 

0.Z9 
0.66 

0.35 

0.86 

0.30 
X.05 

0.44 
1.53 

0.60 
3.06 

0.78 
3.69 

0.99 
3.41 

1.92 
4.31 

Weight   per  foot   in 
pounds 

COI&UGATKD  SqUiUlES 


Sise  in  inches 

H 

H 

M 

H 

H 

H 

z 

iH 

IM 

Net  area  in  square 
inches 

0.06 
0.33 

0.14 
0.49 

0.35 
0.86 

0.39 

X.3S 

0.56 
1.94 

0.76 
3.64 

z.oo 

3.43 

Z.36 
4-34 

X.55 
535 

Weight  per  foot  in 
pounds 

Fig.  4.    The  Havenneyer  Bar,  Square  and  Round 


Materials  Used  in  Rdnforced-Conciete  Construction 


917 


The  Havermeyer  Bar.  The  Havermeyer  Bar  (Fig.  4),  controlled  by  the 
Concrete  Steel  Company,  New  York  City»  consists  of  square  and  round  bars 
rolled  with  a  series  of  gradual  projections  and  depressions  on  all  sides,  the  defor* 
xnations  being  so  designed  that  there  is  a  constant  cross-sectional  area.  They 
are  furnished  in  the  following  sizes  and  weights: 


Sixe  in  inches 

Square  bars 

Round  bars 

Area  in  square 

Weight  per 

Area  in  sqtMxe 

Weight  per 

inches 

foot  in  pounds 

inches 

foot  in  pounds 

H 

0.0625 

o.ai2 

0.049X 

0.167 

H 

0.Z406 

0.478 

0.1104 

0.375 

H 

0.2500 

0.850 

0.1963 

0.667 

H 

0.3906 

1.338 

0.3068 

1.043 

H 

0.5625 

X.913 

0.4418 

1.50a 

H 

0.7656 

a. 603 

0.6013 

2.044 

X 

z.oooo 

3.400 

0.7854 

2.670 

iH 

Z.2656 

4303 

0.9940 

3.379 

xH 

I  562s 

S.3xa 

X.2272 

4.173 

xM 

X.8906 

2.2500 

6.428 

iH 

7.650 

A  variation  of  5%  under  and  2^%  over  the  above  weights  is  required  for  rolling. 


This  company  also  rolls  a  flat  bar  with  similar  deformations  on  the  wide  faces. 
This  form  is  recommended  where  bars  must  be  bent  in  curves,  as  in  silos,  sewers, 
etc.  In  running  them  through  a  tire-machine  to  bend  them,  the  edges  of  the 
flats  prevent  the  lugs  from  being  damaged. 

The  Diamond  Bar.  The  Diamond  Bar  (Fig.  5),  put  on  the  market  by  the 
Concrete  Steel  Engineering  Company,  New  York,  is  a  bar  of  absolutely  uniform 


Fig.  5.    The  Diamond  Bar 

section.    There  is  consequently  no  waste  of  metal  due  to  the  deformations. 
This  bar  is  practically  a  round  bar,  and  as  sudden  transitions  from  one  cection  to 


'  ^p^<^^c\-'^li^.^^^il^\'^;^)ii^li 


Fig.  6.    The  Rib-bar 

another  are  avoided,  all  tendency  to  cause  initial  cracks  in  the  concrete  is  over- 
come. The  weights  and  areas  of  Diamond  bars  are  equal  to  those  of  plain  square 
ban  of  like  denominations.  Bars  from  \i  to  i}i  in  in  diameter  nay  be  ob- 
tained. 
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The  Rib*Btf.  The  Rib-Bar  (Fig.  0)  manufiEurtured  by  the  Trascon  Steel 
Company,  Youngstown,  Ohio,  is  a  rolled  bar  with  a  series  off  cross-ribs.  Theat 
bars  are  made  with  rectanguhur  or  round  section  and  are  furnished  in  sizes  of 
from  H  to  i^  in,  the  areas  of  the  croBS-sections  being  equivalent  to  squares  oC 
equal  denominations;  but  the  weights  are  slightly  greater,  and  are  as  follows: 


Size, 
in 

Square  bars 

Round  bars                    j 

Area, 

sq  in 

Weight  per 

linear  foot, 

lb 

Area, 
•q  in 

1 
Weight  per 
linear  foot, 
lb 

H 

H 

H 
H 
H 

I 

0.X406 
0.2500 
0.3906 
0.562s 
0.7656 
I. 0000 
1.2656 
X.5625 

0.48 
0.86 
1.3s 
1.9s 
a.  65 
3.46 
4.38 
5.41 

0.XX04 
0.X963 
0.3068 
0.44x8 
0.60x3 

0.7854 
0.9940 

0.379 
0.674 
t.054 
1.S17 
a.  065 
2.697 
3.4x4 

1 

y^lmaw  Grip-Bars.  These  bars  are  similar  in  general  design  to  the  Rib- 
Bars,  differing  from  them  by  having  the  ribs  nmning  entirely  around  the  bars, 
instead  of  half-way.  They  are  kept  in  stock  in  both  round  and  square  sections 
of  standard  sizes  and  weights,  by  the  Paul  J.  Kalman  Company,  of  Chicago.  111. 


Fig.  7.    The  Ovoid  Bar 

The  Ovoid  Bar.    The  Gabriel  Reinforcement  Company,  located  at  Detroit, 
Mich.,  furnishes  the  Ovoid  Bar  (Fig.  7),  in  sizes  and  areas  as  follows: 


Size  in  inches 

H 

H 

H 

H 

H 

X 

xH 

Area  in  square  inches.  . . 
Weight  in  pounds 

0.X406 
0.4940 

0.250 
0.873 

0.3906 
1.3560 

0.5625 
X . 9470 

0.7656 
2.6430 

x.ooo 

3446 

X . 3656 

4.3540 

1 

The  Monotype  Bar.    These  bars  are  cnidform  in  section,  and  have,  at 
intervab,  ribs  connecting  the  stems.    (Fig.  8.)    The  cross-sectional  areas  are 


Fig.  8.    The  Monotype  Bar 

equivalent  to  those  of  standard  round  and  square  bars, 
from  the  Edward  A.  Tucker  Company,  Boston,  Mass. 


Th^can  be  secured 
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Rivet  Gfip-Bars.    These  bars  are  rolled  in  sections  equivalent  to  standard 
square  bars.    Tlie  cross-section  is  especially  designed  so  that  shear-members 


Fig.  9.    The  Rivet  Gr^bor 

may  be  rigidly  attached,  as  shown  in  Fig.  9,  thus  securing  such  advantages  as  are 
claimed  for  them.  They  are  handled  by  the  Concrete  Reinforcing  and  Engineer- 
ing Company,  Cleveland,  Ohio. 


Rivet  grip- 
bars, 
size 

Area, 

sq  in 

Perimeter, 
in 

Weight, 

per  foot. 

lb 

Hm 
H« 

1  in 
iHin 
iHin 

0.1406 
0.3906 
0.5625 
0.7656 
l.oooo 
t.2656 
X.5625 

1.63 
4.00 
4.25 
4.75 
5.19 
5-75 
6.50 

0.478 
1.338 

1. 913 
3.603 
3.400 
4.303 
5.313 

Wire  Meshand  Exiianded  Metal.  Other  types  of  tension-reinforcement, 
such  as  wiKE-MESH  FABRIC  and  EXPANDED  METAL  in  various  forms,  have  been 
discussed  in  Chapter  XXIII,  Fireproofing  of  Buildings.  Wire  fabric  has  come 
into  very  general  use  as  a  slab-remforcement,  as  it  resists  temperature-cracks 
and  the  cracking  of  the  concrete  from  impact  or  shock.  It  is  made  in  various 
gauges  with  heavy  longitudinal  or  carrying  wires  and  lighter  transverse  dis- 
tributing, or  tie-wires.  Expanded  metal  is  similar  to  wire  mesh  in  providing 
reinforcement  in  both  directions,  rigidly  spaced  and  attached  or  fastened  to- 
gether. This  additional  advantage  is  claimed  for  it;  it  provides  reinforcement 
in  all  directions,  thus  taking  care  of  concentrated  loads. 

Anchoring.  Different  methods  have  been  used  for  akchorxng  the  tension- 
bars  in  reinforced  concrete.  In  the  Hennebique  system  of  construction  (Fig.  10) 
where  plain  bars  are  used,  the  ends  of  the  rods  are  split  and  flared  out.  In  other 
constructions  the  ends  of  the  bars  are  simply  turned  at  right-angles  in  such 
direction  as  is  most  suitable.  In  some  instances  nuts  and  washers  have  been 
placed  at  the  ends  of  reinforcing-rods.  Where  reinforced-concrete  floors  are 
used  in  connection  with  steel  columns  the  rods  are  run  through  the  web-plates 
or  through  angle-brackets  and  secured  with  nuts. 

Adhesion.  The  strengths  of  the  bond  between  concrete  and  steel  for  various 
forms  of  bars  and  differing  conditions  are  shown  in  Table  IV.  After  the  bond 
has  failed,  the  reinforcement  still  acts  in  conjimction  with  the  concrete,  due  to 
a  moving  or  nticnoNAL  resistance.    Numerous  tests  nave  shown  this  fric- 
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Flc-  10.    The  Heoiiebique  System 

to  joo  lb  per  sq  in.  d^Kndios  upoa  the  chmcter  tsl  the  concrete  xai  the  degree 
oi  rougbness  of  the  steel.  Mechanical  bond  depends  upoa  the  ihape  of  tbe 
bar  and  the  compreaiive  and  bearing  slrength  of  tbe  concrete. 


s  IT.     Ranlti  of  Tests  on  Adheakm  B 
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Round 
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Square  (rusted).. 
Squeie 

Twiited  (Ronsome). 

Twined!!"!!!! 

Twiswd!! !!!!!! 

Cormiated .... 
Comiiated 

Corrugated 


Tbe  follow 


(6)  C.M.Spofford. 
U)   No  longer 


iow  York  City  Rapid  Trwi 
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Shear-Members.  In  many  of  the  tests  on  full-sized  concrete  beams,  failure 
occurs  by  the  development  of  diagonal  breaks  near  the  supports.  The  first 
diagonal  crack  in  a  beam,  with  nothing  but  horizontal  tcnsion-steel  at  the 
bottom,  is  apt  to  occur  when  the  maximum  vertical  shear  b  from  lOo  to  200  lb 
per  sq  in.  Since  the  vertical  shear  is  accompanied  by  a  horizontal  shear  of 
equal  intensity  in  all  parts  of  the  beam,  it  was  formerly  thought  that  this  diag- 
onal failure  was  due  to  these  shearing-forces  at  the  end  of  the  beam  and  vertical 
stirrups  or  bent-up  rods  were  provided  to  resist  the  horizontal  shear.  More 
recent  tests  have  shown  that  the  shearing  strength  of  concrete  is  from  60  to 
80%  of  the  compressive  strength,  and  that  these  cracks  are  diagonal  and  in  the 
direction  which  could  be  expected  from  the  theory  op  diagonal  tension, 
which  attributes  them  to  a  combination  of  the  shearing-stress  with  the  hori- 
zontal tensile  stress.  The  inclined  cracks  which  first  appear  are  due  to  a  rupture 
of  the  concrete  in  tension.  The  most  effective  way  to  prevent  this  rupture  is 
to  provide  reinforcement  in  the  direction  of  the  stress  that  is  inclined  upwards 
toward  the  supports,  as  nearly  as  possible  normal  to  the  line  of  the  diagonal 
crack.  Vertical  reinforcement  could  be  used,  but  it  would  not  act  until  def- 
ormation  or  downward  displacement  of  the  concrete  occurred  on  the  side  of  the 
crack  away  from  the  support.  If  vertical  stirrups  are  used  for  this  reinforce- 
ment, they  must  be  spaced  a  less  distance  apart  than  the  effective  depth  of  the 
beam,  and  they  must  be  looped  arotmd,  though  not  necessarily  attached  to,  the 
horizontal  bars.  When  inclined  reinforcement  is  used,  it  must  be  rigidly  at- 
tached to  the  longitudinal  members  and  spaced  a  less  distance  apart  than  the 
effective  depth  of  the  beam.  The  reason  for  this  Is  that  the  magnitude  and  in- 
clination of  the  diagonal  tension  increases  from  the  middle  toward  the  end  oi  the 
beam,  being  indined  45^  where  the  horizontal  tension  becomes  zero. 

The  Kahn  Bar.    In  the  Kahn  Trussed  Bar  (Fig.  11)  the  attachment  of  the 
stirrups  to  the  tension-member  is  positively  secured.    The  bars  are  square  or 


Fig.  11.    The  Kahn  Bar 

pentagonal  in  cross-section  with  webs  rolled  on  them  at  two  diagonally  opposite 
edges.  The  stirrups  are  formed  by  shearing  these  webs  through  a  part  of  their 
length  and  turning  up  parts,  as  shown  in  the  cut.  These  stirrups  may  be  placed 
so  as  to  turn  up  in  pairs  or  so  as  to  alternate  on  opposite  sides  of  the  bar,  making 
the  spacing  of  the  stirrups  closer  than  when  turned  up  in  pairs.  Another  advan- 
tage incidental  to  the  use  of  this  bar  is  that  the  greater  effective  cross-section  in 
the  steel  is  at  the  middle,  the  point  of  greatest  bending  moment  with  the  usual 
loading.  Two  disadvantages,  however,  are  the  separation  of  the  concrete  by 
the  wings  above  and  below  the  bar,  and  the  Kmitation  as  to  the  effective  stirrup- 
length  in  deep  beams.  This  bar  is  controlled  by  the  Truscon  Steel  Company, 
Youngstown,  Ohio. 

The  Kahn  Trussed  Bar  can  be  obtained  in  the  sizes  shown  in  table  on  page 
922. 

Steel  in  Compression.  The  steel  reinforcement  in  reinforced  concrete  is 
used  in  certain  cases  to  a^st  in  developing  compressive  strength  when  the 
concrete  is  not  sufficient  for  the  purpose,  as  in  the  case  of  beams  and  girders  with 
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rods  placed  above  tbc  neutral  axil,  and  columns  with  rods  placed  vertical]). 
The  use  of  the  sleel  reinforcement  iji  resisting  coupRtssiON  will  be  tieated  di<.  n 
at  length  in  Subdivinon  3  of  this  chapter,  in  the  paiagiaph  Comptesaioo  Riids 
in  Beams  and  Girders,  page  941.  On  account  of  the  uncertainty,  however,  ui 
the  steel  and  concrete  each  recelWng  its  proportionate  share  of  the  load,  tbc  ust 
of  steel  in  compiet^n  should  be  avoided  as  much  as  possible. 

The  PotUlon  ol  tti«  Reinforcemant  The  importance  of  the  exact  poo 
TION  or  THE  lEiHFOBCEiiEHT  In  the  concrete  ?rill  become  more  ippwcDt  in  the 
discussion  of  the  design  of  bevns.  A  slight  dispUctmcDt  of  the  steel  will  nu- 
terially  affect  the  strength.  If  the  steel  ihifu  upnranl  the  beam  is  weakened,  if 
it  shifts  downward  the  protection  of  the  steel  againit  mat  or  fire  is  reduced-  In 
the  so-called  l'nit  svsteme  the  reinforcements,  including  the  teuBon-nxJs  aod 
cUmipe.  are  so  tied  and  framed  together  that  after  bi^ng  placed  in  the  formi 
the  possibility  of  shifting  their  position*  with  respect  to  the  other  auxfaco  d 
the  beam  or  to  one  another  is  practically  entirely  removed. 

Tlia  Unit  Sjitem.  The  particular  advantages  in  the  use  of  a  unit  evstih 
of  idnfonxment  is,  ■■  already  indicated,  the  Msuraoct  that  each  Mtd  every  part 


Flg-ia.    -Dw  Unit  System 

of  the  reiafoTcement  is  in  its  exact  relative  poiitioD,  and  mtfntahw  that  podtioa 
diuing  the  placing  of  the  concrete.  The  irinforcement  for  each  beam  or  ginkr 
is  as  carefully  laid  out  as  the  location  o(  cover.f^tes,  stiflenet*,  camectioa-angles, 
and  rivets  in  a  built-up  steel  gilder.  It  can  comequently  be  thoroughl)-  in- 
spected and  checked  before  being  placed  in  position.  Being  marked,  its  exact 
location  is  easily  determined  by  the  foreman  on  the  job,  from  the  cnction- 
plan.  After  it  is  put  in  place  a  quick  inspection  will  show  at  once  wbethet  it  ii 
correctly  placed  or  not,  as  it  must  St  and  extend  the  full  length  of  the  mold. 
Being  fabricated  orr  toe  job  there  is  less  inteifereocc  between  workmen.   The 
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fabrication  can  proceed  while  tht  molda  ace  beinc  made,  and  consequently 
greater  speed  in  erection  is  possible.  The  frames  are  readily  transported  and 
less  liable  to  get  mixed  than  loose  rods  sent  to  the  job. 

The  Unit  System  (Fig.  12)  is  the  pioneer  of  this  t3rpe  of  construction  and 
is  manufactured  by  the  American  System  of  Reinforcing,  Chicago,  III.  Its  par- 
ticular features  are  the  bending  up  of  some  of  the  longitudinal  rnnforcements 
near  the  supports  and  the  use  of  round  U-shaped  stirrups,  wound  around  the  baia 
while  hot  and  allowed  to  shrink  into  place. 

The  Cummings  System  (Fig.  13)  is  manufactured  by  the  Electric  Welding 
Company,  Pittsburgh,  Pa.    The  particular  feature  of  this  system  is  the  forming 


jU  fanlflh«d  and  ■hipped 
Fig.  13.    The  CuznmiogB  Syrtea 


of  the  top  layer  cf  small  rods  into  rectangular  frames  which,  after  being  fastened 
to  the  kfwer  layer  at  suitable  points,  pennit  the  bending  up  of  the  ends  to  act  as 
shear-members  er  stirrups,  thus  utifizing  for  shear  the  steel  that  is  not  required 
for  bending  moments. 

The  Luten  Truss.    The  Luten  Truss  (Fig.  14)  consists  of  longitudinal  rods 
with  alternate  members  bent  diagonally  upwards  across  the  beam  and  con- 


Fig.  14.    The  Luten  Truss 

tinuing  along  the  upper  surface  to  the  end  of  the  beam.  Diagonal  members 
are  provided  through  all  the  region  of  diagonal  tension  in  both  ends  of  the  beam. 
This  frame  is  provided  with  a  clamp  and  wedge  that  locks  the  members  together. 
It  is  controlled  by  the  National  Concrete  Company,  Indianapolis,  Ind. 

The  Corr-Bar  Unit.    The  Corr-Bar  Unit.  Fig.  16,  made  by  the  Corrugated 
Bar  Company,  Inc.  Buffalo,  N.  Y.,  is  provided  with  a  oontinuous  stirrup  of  both 


Fig.  15.    The  Corr-bar  Unit 


vertical  and  inclined  web-members  with  a  rigid  anchorage  at  both  top  and  bot- 
tom. In  tests  by  Professor  Talbot  on  this  type  of  reinforced  beam,  considerably 
higher  values  than  ordinary  were  obtained  in  vertical  shear. 
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Chap.  2\ 


S.  Design  of  Reinforced-Concrete  Constmction 

Girders,  Beams,  and  Slabs.  Different  formulas  for  the  design  of  reinforcri 
concrete  girders,  beams,  slabs,  etc.,  based  on  various  theoretical  coDsiderati^.<ri, 
have  been  devised  by  dififcrent  investigators.  The  formulas  here  given  have  bixi 
widely  accepted  and  are  ofTered  because  they  are  simple  in  form  and  give  satisfy 
tory  results.  If  anything,  they  err  on  the  side  of  safety;  and  furthermore,  ih- 
have  been  found  to  give  results  closely  in  accord  with  actual  tests.  They  are  u-<  i 
by  the  New  York  City  Building  Bureau,  and  are  accepted  by  other  authoriti«f^ 

Assumptions  in  the  Formulas.  The  formulas  are  based^on  the  foUowi-;; 
assumptions: 

(i)  The  BOND  between  the  concrete  and  steel  is  sufficient  to  make  the  twc 
materials  act  together. 

(2)  A  PLANE  CROSS-SECTTON  of  s  beam  before  bending  remains  a  plane  sectirr 
after  bending,  and  the  stress  and  strain*  in  any  fiber  of  either  material  x-! 
directly  proportional  to  the  distance  of  that  fiber  from  the  neutral  axis  of  i:-. 
cross-section. 

(3)  The  MODULUS  OF  ELASTICITY  of  the  concrete  in  compresaon  remains  cor,- 
Btant  within  the  assumed  working  stresses. 

(4)  The  TENSIONAL  STRESS  is  taken  entirely  by  the  steel;  that  is,  the  tensi< 
strength  of  the  concrete  is  not  considered. 

Fig.  16  represents  a  longitudinal  section  and  a  cross-section  of  a  reinforcet'- 
concrete  beam  in  a  state  of  flexure  or  bending  under  a  load.    The  fibers  abo^c 
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Fig.  16.    Sections  of  Reioforced-coDcrete  Beam 


the  NEUTRAL  SURFACE  of  thc  beam  or  above  the  neutral  axis  of  the  cross-s«:- 
tion  are  in  compression  and  according  to  the  assumptions  the  stresses  \'ar>  Ij 
direct  proportion  to  their  distances  from  the  neutral  surface  or  axis,  so  that  the 
total  area  of  compression  in  the  concrete,  representing  the  total  cosipressive 
STRESS,  may  be  graphically  indicated  by  thc  shaded  triangle.  Thc  total  ten- 
SIONAl  stress  may  be  assumed  to  be  concentrated  at  the  center  of  gravity  of  th  > 
cross-section  of  the  steel  reinforcement.  One  of  the  conditions  of  static  f.qii- 
LIBRIUM  for  the  beam  is  that  the  algebraic  sum  of  all  the  horizontal  stresses  in 
the  cross-section  shall  be  zero;  that  is,  that  the  sum  of  all  the  compressive 
stresses,  or  the  resultant  compressive  stress  in  the  concrete,  must  equal  the  toUl 
or  resultant  tensional  stress  iu  the  steel. 

Formulas  for  Reinforced-Concrete  Beams.  From  these  assumptions, 
based  upon  theoretic  and  experimental  laws,  the  following  formulas  ait 
derived,  in  which 

St  -•  the  allowable  uiut  tension  or  working  stress  in  the  steel  in  pounds  per 
square  inch; 

•  Deformation. 
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Sc  ""  the  allowable  unit  oompression  or  working  atceas  in  the  extreme  fibers 
of  the  concrete  in  pouodls  per  square  inch; 
r  *  the  ratio  ol  the  modulus  of  elasticity  of  the  steel  to  the  modulus  of 

elasticity  of  the  concrete; 
d  *  the  effective  depth  of  the  beam,  in  inches;  the  distance  from  center  of 

gravity  of  sted  reinforcement  to  extreme  fibers  in  compression; 
X  ••  the  ratio  of  the  depth  of  the  neutral  axis  from  the  extreme  fibers  in 

compression,  to  the  effective  depth  of  the  beam,  so  that 
xd  —  the  distance  of  the  neutral  axis,  in  inches,  from  the  extreme  fibers  in 
compression; 
h  "  the  width  of  the  beam  in  inches; 

p  "-  the  ratio  of  the  cross-section  of  the  sted  to  the  cross-section  of  the 
beam,  considering  the  beam  all  of  that  part  of  the  concrete  above 
the  center  of  gravity  of  the  sted; 
2i  m  the  maximum  bending  moment  at  the  dangerous  section  of  the  beam 

in  inch-pounds; 
Mr  ""  the  moment  of  resistance,  in  inch-pounds,  at  the  dangerous  section  of 
the  beam,  and  must  of  course  be  equal  to  or  potentially  greater  than 
the  maximum  bending  moment;* 
JT  -■  a  factor  used  for  simplification  of  the  formulas.    This  factor  is  con- 
stant for  any  given  steel  and  concrete; 
Ai  «>  sectional  area  of  the  sted  in  square  inches. 
For  beams  of  rectangular  cross-secticm 

M^Mr»Kbd»  (x) 

the  value  of  K  bdng  determined  by  the  formula 

which  formula  can  be  deduced  from  the  laws  07  itlexube  of  beams  and  the 
assumptions  noted  above. 

In  the  use  of  this  formula  for  the  value  of  K  it  must  be  remembered  that  the 
ratio  of  St  to  Se  for  any  given  ratio  of  sted  to  concrete,  A  is  a  constant,  so  that 
corresponding  values  of  St  and  5e  must  be  used.  This  ratio,  p,  often  spoken  of 
as  the  PERCENTAGE  OF  REINFORCEMENT,  is  the  expressiou  in  the  fikst  parenthesb 
of  the  second  member  of  Formula  (2) 


(fi)  (-g) 


(3) 


*  The  "moment  of  resistance"  or  the  "resisting  moment"  referred  to  any  cross-section 
of  a  beam  in  a  horizontal  position  and  in  a  state  of  flexure  under  a  load  or  loads  is  the 
algebraic  sum  of  the  moments  of  the  internal  horizontal  stresses  with  reference  to  a  point 
in  that  section;  and  the  "bending  moment"  (or  that  section  is  the  algebraic  sum  of  the 
moments  of  all  the  external  vertical  forces  on  either  side  of  the  section  with  reference 
to  the  same  point  (the  forces  on  the  left  side  being  usually  taken).  The  resisting 
moments  increase  with  the  bending  moments  and  in  the  flexure  formula,  M^Sl/c  (see 
Chapters  IX  and  X),  they  are  made  equal  to  each  other,  M  being  the  bending  moment 
and  SI/c  the  resisting  moment.  In  the  following  formulas,  M  and  the  expression 
"bending  moment"  generally,  denote  the  maximum  bending  moment.  1/max  is  often 
used  to  denote  the  Utter. 
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Values  for  K  and  x  for  GorKsponding  values  of  p^  for  different  oonditior^ 
6xed  by  the  buUdiog  authorities  of  different  dties»  are  ^vea  in  Tables  V»  \X 
Vn  and  Vm. 

Table  V.    Values  for  Fonnnlas  for  Refaif  oreed  Ceoerele 
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p 

s 

K 

5, 

St 

K 

s. 

s, 

K 

5, 

5. 

0.0045 

0.379 

•  *  •  •  • 

•   •   a 

•  •  « 

65.4 

516 

I6OOC 

o.ooso 

0.29X 

.    .    • 

'  .... 

•  ■  • 

73.3 

SSo 

•  4 

0.009S 

0.303 

•    •    • 

693 

S07 

14000 

79.3 

S8o 

«• 

0.0058 

0.3x0 

■   •   ^ 

73.0 

535 

(1 

83.4 

600 

44 

o.oo5o 

0.314 

•    •    • 

75.3 

535 

•< 

86.0 

6l3 

44 

0.0065 

0.32s 

9  ■    ' 

81.2 

S6o 

i< 

93.8 

640 

1 

0.0070 

0.3J4 

74.7 

503 

12  000 

87  2 

587 

•* 

96.S 

650 

IS  5X3 

0.0O7S 

0.344 

795 

523 

•  I 

93  0 

6x0 

«t 

99.0 

%* 

14900 

0.0080 

0353 

84.7 

544 

*• 

98.8 

635 

(• 

10X.3 

4« 

14330 

0.0OS5 

0.361 

89.9 

565 

<« 

103  3 

6so 

13800 

103.3 

*f 

13800  t 

0.0090 

0.369 

94  7 

584 

•• 

X05.X 

13350  ' 

105.  X 

f  • 

13  350 

0  009s 

0.377 

99.6 

605 

11 

X07.0 

12900  , 

X07.0 

•< 

12  90c 

O.OIOO 

0.384 

X04.5 

625 

m 

108.8 

U500 

Z08.8 

4« 

12500 

0.0x05 

6.393 

X09.5 

643 

•  I 

X10.9 

X2  X30 

XX0.9 

•  • 

13  133 

O.OIIO 

0.399 

1  112. 4 

650 

XIT90 

112. 4 

,  XX  790 

113. 4 

It 

IX  790 

0.0x15 

0.40s 

L14.0 

* 

ixiso 

114.0 

X14SO 

1X4-0 

«« 

XX  4SC 

0.0130 

0.413 

IIS.  7 

« 

XI  160 

IIS  7 

II  x6o 

XI5.7 

•  t 

XI  160 

0.0135 

0.418 

rf7.3 

* 

X0900 

1x7.3 

10900 

XI7.3 

*t 

XO860 

0.0130 

0.434 

X18.2 

1 

X0600 

118. 2 

X0600 

'    1X8.3 

1* 

10600 

0.0X35 

0.430 

T19.8 

« 

10350 

119. 8 

I0  3SO 

II9-8 

M 

10350 

0.0140 

0.436 

X3X.3 

« 

XO  I30 

X3X.3 

10 100 

'   131.3 

»• 

10  xoc 

O.OI4S 

0.44X 

xat.a 

ti 

9890 

m.3 

9870 

t   133.3 

•4 

98:c  ' 

0.0150 

0.446 

XJ3.1 

«4 

9660 

133.3 

9660 

;  133.3 

4* 

9660  1 

0.0I5S 

0.453 

X34.8 

t 

9460 

134.8 

9460 

1  134.8 

t< 

^460  • 

0.0160 

0.457 

u6.o 

t 

^270 

126.0 

9«70 

1  126.0 

<• 

937c  ' 

0.0165 

0.462 

127  0 

< 

9  100 

127.0 

9x00 

■    137-0 

«• 

9100  , 

0.0x70 

0.467 

X28.0 

<l 

«930 

128.0 

8930 

'    X28.0 

•  ( 

8  9.i^ 

0.0x75 

0.471 

139. 1 

t 

8740 

X39.I 

8740 

1    139. 1 

«i 

874c  1 

0.0180 

0.475 

X30.X 

t< 

8  556 

130.1 

8580 

130- 1 

•  4 

85S0  1 

0.0185 

0.480 

13x0 

i 

8440 

I3X.0 

8440 

J  X3X  0 

«4 

8440  1 

0.0190 

0.485 

132.  X 

tl 

8300 

1  133.1 

8300 

,  133. X 

44 

8300  ' 

0.0195 

0.489 

133  0 

•  1 

8150 

1.33  0 

8  150 

X33  0 

44 

8  X50  , 

o.oaoo 

0.493' 

134  0 

•• 

8  010 

1 

'  I.V4.0 

\ 

8  010 

1 

'  134  0 

1             1 

41 
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TahU  VL    ydnM  f«r  Fomvlu  for  lUiafocfBed  Coaeist* 

r  •  la 


^ 

X 

K 

5. 

s, 

K 

5e 

5. 

K 

s. 

5. 

0.0025 

0.217 

•  »  • 

•  •  •  • 

•    •    • 

Si.o 

S06 

22000 

0.0030 

0.23s 

•  •  • 

5S-3 

SlI 

20  000 

60.8 

562 

It 

0.003s 

0.251 

57.7 

503 

18000 

64.2 

558 

It 

70.6 

614 

II 

0.0040 

0.266 

65.7 

542 

It 

72.9 

602 

II 

78.7 

650 

21 610 

O.004S 

0.279 

73.5 

S8X 

11 

81.6 

645 

II 

82.3 

20x50 

0.0050 

0.291 

81.3 

618 

II 

85.4 

650 

189x0 

85.4 

189x0 

O.OOS5 

0.303 

88.5 

6so 

17900 

88.5 

<< 

17900 

88.5 

17900 

0.0060 

0.314 

91  5 

«< 

17000 

91. S 

*i 

17000 

91  S 

17000 

0.0065 

0.325 

9^  J 

•I 

x69SO 

94.2 

«i 

16250 

94.2 

' 

16250 

0.0070 

0.334 

96.S 

•• 

IS  510 

96.5 

M 

15510 

96.5 

t 

ISSXO 

0.0075 

0.344 

99.0 

ti 

14  900 

99.0 

1 

14900 

99  0 

14900 

0.0080 

o.xa 

X0X.2 

•< 

14  350 

X01.2 

M 

14  350 

IOX.2 

14  350 

0.00&5 

0.361 

103-3 

<i 

13800 

1033 

*l 

13800 

103.3 

13800 

0.0090 

0.369 

IQS.l 

11 

1332s 

X05.1 

M 

13325 

XO5.X 

13  32s 

0.0095 

0.377 

X07.O 

it 

X2900 

107.0 

«l 

12  900 

XO7.O 

' 

12900 

0.0x00 

0.384 

106.8 

II 

X7480 

XO8.8 

II 

12  480 

XO8.8 

12  480 

O.OIQ5 

0.39a 

1X0. 9 

<• 

I2'I30 

XX0.9 

II 

12  X30 

110.9 

12  X30 

O.OIIO 

0.399 

XX2.4 

It 

11790 

1X2. 4 

II 

11790 

XI2.4 

1x790 

0.0II5 

0.40s 

113.9 

It 

11450 

113- 9 

II 

11450 

1X3  9 

II  450 

o.oiao 

0.412 

XI5.6 

«< 

II  160 

lis.  6 

It 

XX  x6o 

1x5. 6 

II  160 

0.0125 

0.418 

xi7.a 

It 

10900 

117. 2 

II 

1090a 

XX7.2 

X0900 

0.0130 

0.424 

X18.4 

(1 

10600 

1X8.4 

II 

X0600 

XX8.4 

10600 

0.0135 

0.430 

X20.0 

•t 

10  350 

120.0 

II 

10350 

120. 0 

10  350 

0. 0140 

0.436 

X2x.a 

(1 

10  100 

X2I.2 

II 

10  XOO 

X2X.2 

xoxoo 

0.0145 

0.441 

X32.a 

«< 

9870 

122.2 

«l 

9870 

122.2 

9870 

0.0150 

0.446 

X23.2 

II 

9660 

123. 2 

It 

9660 

123.2 

9660 

O.OIS5 

0.452 

124 -8 

It 

9460 

X24.8 

tl 

9460 

124.8 

9460 

0.0x60 

0.4S7 

X26.0 

II 

9270 

126.0 

II 

9270 

126. 0 

9270 

0.0x65 

0.462 

X27.0 

II 

9  100 

127.0 

It 

9  TOO 

X27.O 

9x00 

0.0170 

0.467! 

X38.0 

II 

8930 

128.0 

It 

8930 

X28.0 

8930 

O.OX75 

0.471 

129. X 

11 

8740 

129. X 

It 

8740 

X29.I 

8740 

0.0180 

0.475 

130. 1 

II 

8580 

130. 1 

It 

8580 

130.1 

8580 

0.0185 

0.480 

131  0 

0 

8440 

'1310 

ft- 

8440 

X3I.0 

8440 

0.0190 

0.48s 

132. 1 

II 

8300 

132.  X 

II 

8300 

132.1 

8300 

0.0195 

0.489 

133.0 

II 

8  ISO 

13.1  0 

II 

8  ISO 

133.0 

8  ISO 

0.0200 

0.493 

134.0 

II 

8010 

X34.0 

II 

80x0 

134.0 

II 

8010 

028 
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IMito  Vn.    ValiiM  for  Ponmilu  for  Reinforcod  Concrete 

r  -  IS 


p 

X 

K 

s. 

5. 

K 

s. 

5| 

K 

s. 

s. 

o.cx>5o 

0.320 

•  •  •  1 

71.6 

500 

x6ooc 

0  0055 

0.332 

•  >  • 

«    a    ■    • 

■  •  • 

78.3 

530 

•• 

0.0060 

0.344 

•  •  • 

•    •    •    • 

•  •  ■ 

85.x 

558 

•  4 

0.0065 

oViS 

•  «  ■ 

80.2 

S13 

14000 

91.6 

586 

•  • 

0.0070 

0.36s 

•  •  • 

86.x 

537 

«• 

98.3 

614 

•  • 

0.0075 

0.37s 

■  •  • 

1 

92.0 

560 

4* 

105.  X 

640 

•  • 

o.ooSo 

0.384 

8x6 

500 

Z2  000 

97.6 

583 

44 

X08.9 

650 

X5  6nc 

0.0065 

0.393 

88.6 

519 

«« 

103  3 

606 

4« 

XXX. 0 

15040 

0.0090 

0.402 

93  5 

537 

<t 

109.0 

627 

44 

XX3.2 

14  52c 

0.009s 

0.410 

98.4 

556 

If 

1x4.8 

648 

14 

115.  X 

X4Ct20 

0  0100 

0.418 

103  3 

573 

i( 

117. 1 

650 

13600 

1X7.1 

13  60c 

0.0105 

0.425 

108.2 

593 

ti 

118.6 

<• 

13X50 

1x8.6 

13  ISC 

O.OIIO 

0.433 

113- 1 

611 

<t 

120.5 

(i 

12760 

I3D.5 

ia7«c 

o.oiis 

0.440 

XI79 

627 

(« 

122.0 

<» 

12  420 

122.0 

Xa420 

0.0X20 

0.446 

122.7 

647 

•« 

123.4 

«< 

12060 

123.4 

X2060 

O.OZ25 

0.453 

125. 0 

650 

II  780 

125.0 

•• 

II    780 

125.0 

II  780 

0.0130 

0.459 

126.8 

iz  480 

126.8 

<« 

II   480 

126.8 

IT  480 

0  0135 

0.46s 

127.7 

II  200   i 

127.7 

«( 

II  200 

127  7 

II  aoc 

0.0140 

0.471 

128. 9 

10920 

128.9 

41 

10920 

I1B.9 

10920 

0  0145 

0.477 

130.4 

10690 

130.4 

10690 

130.4 

10690 

0.0150 

0.483 

131  7 

10465 

131.7 

t« 

10465 

131  7 

10465 

0.0IS5 

0.488 

1330 

10240 

133.0 

10  240 

133.0 

4% 

10240 

0.0160 

0493 

1339 

10  0X0 

133.9 

10  0X0 

1339 

to  0x0 

0.016s 

0.498 

135  2 

P     98X0 

135  2 

98x0 

135  a 

9810 

0  0170 

0.503 

136  0 

9620 

136.0 

9620 

136.0 

9620 

0  0175 

0.508 

137  2 

9435 

137.2 

9435 

137. a 

9435 

0.0180 

0.SI3 

138.2 

9260 

1382 

9260 

138.2 

9260 

0.0185 

0.518 

1394 

9x00 

139-4 

9x00 

139  4 

9  too 

0.0190 

0.522 

140.3 

8940 

140.3 

8940 

140.3 

8  940 

0.0195 

0.527 

141. 1 

8790 

141. 1 

8790 

141. 1 

8790 

0.0300 

0.531 1 

1 

142. 0 

8630  ' 

1 

142.0 

8630 

t 

142.0 

8630 
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Table  vm.    ValoM  lor  Fenaulas  for  Reliiforced  Conorett 

f  -  IS 


p 

* 

K 

5. 

s. 

K 

5. 

St 

K 

•s. 

St 

0.0030 

0.3SS 

•  •  • 

•  •  •  • 

•  ■  • 

60.3 

513 

33  000 

O.OQIS 

0.376 

•  ■  • 

63. 5 

507 

30  000 

69.9 

557 

it 

0.0040 

0.39a 

•  •  • 

73.3 

548 

«• 

79  5 

604 

«i 

0.0045 

0.306 

72-7 

528 

X8000 

80.7 

587 

tt 

88.8 

646 

tl 

0.0050 

0.330 

80.5 

563 

<• 

89  4 

626 

l> 

92  9 

650 

20800 

0.005s 

0.333 

88.1 

596 

it 

96  0 

650 

19  6x0 

96.0 

t< 

19  610 

0.0060 

0.344 

95.6 

638 

tt 

99  I 

•• 

18630 

99-1 

tt 

18620 

0.0065 

0.355 

Z01.8 

650 

17760 

101.8 

(• 

17760 

loi  8 

it 

17760 

0.0070 

0.365 

X04.1 

ia 

16950 

104. 1 

•< 

16950 

I  104. I 

it 

16950 

0.0075 

0.375 

106.7 

•« 

16350 

106.7 

ii 

16350 

106.7 

It 

16250 

0.0080 

0.384 

108.9 

•« 

15600 

108.9 

" 

15600 

108.9 

it 

15600 

0.0085 

0.393 

III.O 

•  i 

15040 

IXI.O 

" 

X5040 

III  0 

it 

15  040 

0.0090 

0.403 

113-3 

•  « 

14520 

113.3 

<4 

X4  5ao 

113  2 

ft 

X4S20 

C.0095 

0.410 

115. X 

■  i 

X4  03O 

115.1 

44 

14030 

I151 

it 

14  020 

O.OIOO 

0.418 

1x7.x 

tl 

13  600 

117. 1 

•• 

13600 

117. 1 

It 

13600 

o.oios 

0.425 

118.6 

•t 

X3IS0 

118.6 

<< 

13  ISO 

1   118.6 

tl 

13  ISO 

O.OIIO 

0.433 

130. 5 

•4 

13760 

130. 5 

•  1 

13760 

130.5 

it 

13760 

o.oxis 

0.440 

133.0 

it 

13  430 

133.0 

•  < 

13  430 

133.0 

it 

13  430 

o.oxao 

0.446 

133.4 

M 

13  080 

133-4 

ii 

I3  0B0 

133. 4 

•1 

13080 

0  0135 

0.453 

135  0 

•  < 

11  780 

135.0 

ii 

XI  780 

1   125  0 

it 

11780 

0  OIJO 

0.459 1 

136. 4 

A* 

11480 

136.4 

it 

II 480 

1  136.4 

It 

11  480 

0.0135 

0.465 

137. 7 

«1 

11300 

137-7 

it 

IX  300 

'  137.7 

It 

11  300 

0.0140 

0.471 

13S.9 

l« 

10930 

138-9 

It 

10930 

1    X38  9 

It 

10930 

0.0145 

0.477 

130.4 

•  « 

10  690 

130.4 

it 

10690 

130.4 

■1 

10690    1 

o.otso 

0.483 

131  7 

%* 

10465 

X3I-7 

It 

10465 

X3I  7 

It 

10465 

0  0155 

0.4S8 

1330 

•1 

10240 

133  0 

it 

10340 

133  0 

It 

10240 

0.0160 

0.493 

13.19 

(i 

10  010 

X33  9 

tt 

ZOOIO 

1339 

It 

10  010 

0  0165 

0.498 

13s  0 

•  i 

9810 

1350 

it 

9810 

135  0 

It 

9810 

0.0170 

0.503 

136.0 

*« 

9630 

136.0 

tt 

9630 

136.0 

it 

9620 

0.0I7S 

0.508 

137.3 

«« 

9435 

137.  a 

II 

9  4.15 

137  3 

It 

9  435 

0.0180 

0.513 1 

138.3 

•  4 

9360 

138.3 

It 

9360 

138  3 

It 

9360 

0  0185 

o.Si8| 

139  4 

ii 

9  100 

139  4 

tl 

9  100 

139  4 

It 

9100 

0.0190 

0.532 1 

140.1 

i« 

8940 

140.  X 

it 

8940 

140.  Z 

it 

8940 

0.0195 

0.537 

141  X 

<« 

8790 

141. 1 

it 

8790 

141   I 

II 

8790 

0.0300 

0-531 1 

1 

143  0 

1 

•  1 

8630 

143.0 

It 

8630 

Z43  0 

II 

8630 

930 
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Cinder  Concrele.  Values  of  K  for  oBder  concrete  are  giTen  in  Tables  DC 
And  X,  which  are,  however,  recommaided  to  be  used  only  for  slabs.  Cinder 
concrete,  though  an  ezoeUent  fiiepsoofing  material,  lacks  strength  and  should 
be  used  as  a  atructural  material  for  the  dabs,  only,  between  the  beams. 

Table  CL    Values  for  Formulas  for  Reinforced  Oinder  Concrete 

r  "25 


p 

X 

K 

5e 

St 

K 

5e 

St 

0.0005 

0.Z70 

75 

94 

x€ooo 

75 

94 

x6ooo 

O.OOIO 

0.333 

14.8 

138 

II 

148 

138 

16000 

o.ooxs 

0.376 

31.8 

174 

li 

E8.8 

ISO 

13  800 

o.ooao 

0.3IX 

38.7 

306 

II 

ao.9 

ix«33 

o.ooas 

0.340 

33.9 

225 

15300 

32.6 

xoaoo 

0.0030 

0.36s 

36.1 

!• 

X3688 

*4.0 

9  x2s 

0.003s 

0.387 

37.9 

It 

13  419 

35-3 

8393 

0.0040 

0.407 

396 

«t 

11447 

36.4 

7631 

0.004s 

0.435 

41.0 

if 

10635 

37. 4 

7083 

0.0050 

0.44a 

43.4 

<t 

994S 

38.3 

6^30 

0.005s 

0.457 

43.6 

<i 

9348 

391 

6333     t 

0.0060 

0.471 

44  7 

•  < 

8831 

39.8 

5888 

0.006s 

0.4&4 

45. 7 

It 

8  377 

30.4 

5585 

0.0070 

0.497 

46.7 

<« 

7988 

3I.X 

533$ 

0.007S 

0.50S 

47.5 

tt 

7630 

31.6 

5080 

0.0060 

0.519 

48.3 

1$ 

7398 

33-3 

4866 

0.008s 

0.529 

49.0 

*t 

700X 

33.7 

4668 

i     0.0090 

0.539 

49  7 

•  < 

6738 

33  3 

4493 

0.009s 

0.548 

50.4 

«• 

6489 

33.6 

4336 

o.ozoo 

0.557 

51.0 

<• 

6266 

34.0 

4X7« 

o.oios 

0.565 

51.6 

<l 

6054 

34.4 

4036 

O.OIIO 

0573 

53.x 

tt 

5860 

34.8 

3907 

o.oiis 

0.581 

53.7 

tt 

5684 

35.x 

3789 

o.ouo 

0.588 

S3  3 

tt 

5  513 

35. 5 

367$ 

0.0125 

0.59s 

53-7 

tt 

5355 

35.8 

3570 

0.0130 

o.6o3 

541 

tt 

5  310 

36.1 

3  473 

0.0X35 

0.608 

54.5 

tt 

5067 

36.4 

3  37« 

0.OE40 

0.6IS 

55.0 

tt 

4943 

36.7 

3395 

O.OI4S 

0.63X 

554 

tt 

48x8 

36.9 

3  213 

0.0150 

0.626 

55.7 

il 

469s 

37.x 

3X30 

o.oiss 

0.633 

S6.I 

«« 

4S87 

37.4 

3058 

0.0160 

0.637 

S6.4 

«« 

4  479 

37.6 

2986 

0.0165 

0.643 

56.8 

II 

4384 

37.9 

2933 

0.0170 

0.648 

57.3 

II 

4388 

38.1 

2859 

0.0175 

0.653 

574 

II 

4x91 

38.3 

2794 

0.0x80 

0.657 

57.7 

if 

4  Z06 

38.S 

2738 

0.0185 

0.663 

58.1 

«l 

4026 

38.7 

2684 

0.0190 

0.666 

58.3 

14 

3943 

38.9 

2609 

0.019s 

0.671 

58.6 

II 

3871 

39.x 

3581 

0.0300 

0.675 

S8.9 

11 

3797 

39.3 

3531 
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r-30 

P 

« 

K 

s. 

I 

K 

5. 

S 

K 

■s. 

5. 

Q.OOOS 

0.IS9 

7.6 

100.6 

z6ooo 

7.6 

100.6 

16000 

662 

88 

14000 

o.eoio 

o.ai6  < 

149 

148 

•4 

14.9 

X48 

It 

13.0 

129.5 

tt 

0.0015 

0.289 

2a.o 

rtS 

tl 

22. 0 

I8S 

It 

X9.a 

x6a 

•I 

o.ooao 

0.992 

28.8 

2x9 

tt 

26.8 

2X9 

li 

25.2 

192 

41 

0.003S 

0.319 

35a 

asi 

■  1 

35. 6 

250 

15950 

28.5 

200 

X2  7SO 

o.cx)30 

0.344 

42.6 

279 

«• 

38.1 

t« 

14300 

30.4 

TX  480 

o.oojs 

0.36s 

48.x 

300 

15620 

40.1 

ft 

13030 

320 

10420 

0.0040 

o.3i86 

50  4 

•1 

14  480 

42.1 

<< 

X2060 

33.6 

9650 

0.004s 

0.402 

52.2 

«• 

13400 

43.4 

It 

XI 170 

348 

8930 

0.0050 

0.418 

54.0 

•< 

12540 

45- 0 

il 

I0  4SO 

36.0 

8j6o 

o.ooss 

0.433 

55.6 

<• 

XX  8x0 

46.3 

11 

9860 

37.0 

7870 

1  0.0060 

0.447 

57.0 

*% 

XX  x8o 

47.5 

l< 

9320 

38.0 

7450 

0.006s 

0.460 

S8.S 

<« 

X0620 

48.7 

It 

8850 

38.9 

7080 

0.0070 

0.472 

S9-7 

t< 

10  X20 

497 

It 

8440 

398 

6750 

0.007s 

0.483 

60.7 

<< 

9660 

50.6 

«« 

8050 

40. 5 

6440 

o.ooSo 

0.494 

6X.9 

•< 

9270 

51.6 

tt 

7730 

41  3 

6x70 

0.0085 

0.504 

<X3-0 

14 

8900 

52.5 

tt 

7420 

42.0 

It 

5930 

0.0090 

0.514 

63.9 

8560 

53.3 

II 

7x30 

42.6 

5  710    . 

0.009s 

0.523 

64.9 

l< 

8250  ; 

54.1 

It 

6870 

43-2 

5500 

0.0100 

0.532 

65.7 

It 

7980 

54.7 

tt 

6650 

437 

5  320 

0.0105 

0.540 

66.4 

7710 

55.4 

«« 

6420 

44.3 

5x40 

O.OIIO 

0.547 

er.a 

It 

7460 

559 

It 

6  220 

44.7 

•• 

4970 

0.0II5 

o.SSS 

67.8 

7240 

56.  s 

It 

6040 

45^ 

4820 

o.oiao 

0.562 

68.5 

7020  . 

57.1 

II 

5850 

45.7 

4680 

o.oias 

0.569 

69.3 

68J0 

$7.7 

II 

5680 

46.2 

4550 

O.OIIO 

0.576 

.  69.8 

6650 

58.2 

If 

5  540 

46.S 

4430 

O.OIJS 

0.582 

70.4 

6460 

58.6 

It 

5380 

46.8 

43x0 

0.0140 

0.588  ; 

71.0 

6310 

59-2 

tt 

5260 

47.3 

42x0 

0.0I4S 

0.594 

71. s 

6140 

595 

II 

5  X20 

47.6 

4090 

0.0150 

0.600 

72.0 

6000 

60.0 

t% 

5000 

48.0 

4000  1 

0.0IS5 

0.606 

72.6 

5860 

60.5 

II 

4880 

48.4 

39x0 

0.0160 

0.6X2 

73  I 

S730 

60  9 

11 

4780 

48.7 

3820 

0.016s 

0.617 

73.6 

5610 

6X.3 

It 

4670 

490 

3740 

0.0170 

0.609 

74.0 

5480  > 

«1.7 

11 

4570 

4».4 

3600 

0.0175 

0.637 

,     745 

S370 

62.0 

l< 

4470 

49.6 

3580 

0.0x80 

0.633 

74-9 

5270 

62.4 

II 

430O 

499 

3510 

0.0x85 

0.636 

753 

5x60 

62.7 

II 

4300 

50.2 

3440 

0.0190 

0.641 

75  7 

5060 

63.x 

•• 

4220 

50.4 

C# 

3370 

0.019s 

0.64s 

7«.o 

4960 

63.3 

«« 

4130 

SO.  7 

t# 

3300 

0.030C 

0.649 

7«.4 

4870 

63.6 

It 

4060 

50.8 

3240 

1 

Reisf orced-Coocrete  Beftmf  of  Rectangiilar  CroM-Section.  In  determin- 
ing  the  size  op  beak  required  for  any  given  case,  r  and  the  linuting  values  of 
St  and  Si  are  genenUy  given,  and  K  can  be  determined  for  any  ratio^  ^,  of  con- 
crete to  sted.  The  value  of  M^  the  icaximvu  bending  movent,  that  is,  the 
bending  moment  at  the  dangbrous  section  of  the  beam,  is  determiited  from 
the  oonditioni  of  loading,  the  span  and  the  tpadng;  and  the  width  and  depth 
of  the  beams  are  to  be  foond.  Formula  (t)  may  then  be  put  in  the  more  con- 
vcnieitt  form. 
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A  value  for  b  is  assumed  and  the  equatuxi  solved  for  d.  ArdbitectiiraJ  or 
structural  reasons  will  often  limit  the  width  or  depth  and  several  trials  may  hav<: 
to  be  made. 

Reinf orced-Concrete  Slabs.  For  the  strength  of  slabs  the  same  formulas 
apply.  A  slab  may  be  treated  (z)  as  a  rectangular  beam  of  unusual  width; 
(2)  as  a  series  of  beams  set  one  alongside  the  other,  the  width  of  each  beam  being 
equal  to  the  spacing  of  the  reinfordng-rods,  and  one  rod  being  used  for  each 
beam;  or  (3)  as  a  series  of  beams  of  unit  width,  the  area  of  steel  for  each  beam 
being  the  area  of  reinforcement  per  unit  of  width. 

Check-Formulas.  It  may  sometimes  happen  that  it  is  advisable  to  check 
a  given  or  existing  beam-construction  as  to  strength  or  compliance  with  speci- 
fications for  working  stresses.  In  that  case  the  following  formulas  wiU  be 
convenient  (see,  also,  page  993): 

(6) 

(7) 

If  the  strength  of  the  beam  for  the  assumed  working  stresses  is  to  be  deter- 
mined, these  values  of  St  and  Se  are  inserted  in  Formulas  (6)  and  (7),  and  the 
least  value  of  M  is  used.  If  the  values  of  M  resulting  from  these  equations  are 
not  equal,  the  full  benefit  of  one  of  the  materials  is  not  being  obtained.  If  the 
stresses  in  the  steel  or  concrete  due  to  a  given  loading  are  to  be  determined  the 
formulas  are  put  in  the  following  forms: 

St T- -v  (8) 


Jf. 

.  pStbd*  ( I  - 

-i) 

Af- 

Scxhd^  [ 

-i) 

pbd* 


(-3) 


2^ 

5c- 7 T  (9) 


xbd^ 


R) 


These  formulas  apply  to  rectangular  beams  only.  M  in  Formulas  (S)  and 
(9)  is  the  maximum  moment  due  to  the  external  forces,  or  the  maximum  hend- 
ing  moment.  The  value  of  x  can  be  determined  from  Tables  V  to  X.  In  For- 
mula (8)  it  will  be  noted  that  the  denominator  of  the  fraction  is  an  expression 
for  the  area  of  the  steel  multiplied  by  the  lever-arm  of  the  resisting  moment, 
that  is,  the  distance  from  the  center  of  gravity  of  the  steel  to  the  center  of  com- 
pression in  the  concrete.  Similarly,  in  Formula  (9),  the  denominator  of  the 
fraction  is  an  expression  for  the  area  of  the  concrete  in  compression  multiplied 
by  the  lever-arm,  x  again  being  determined  by  Foimula  (4)  and  M  being  the 
maximum  bending  moment  due  to  the  external  forces. 

Reinforced-Concrete  T  Beams.  Where  beams  or  girders  are  used  in  rein- 
forced-concrete  building-construction  there  are  usually  accompanying  floor-slabs. 
If  these  slabs  are  cast  with  the  beams  or  girders  they  add  very  much  to  the 
strength  of  the  latter,  and  when  adequate  bond  and  shearing-resistance  are  pro- 
vided between  the  slab  and  the  stem  or  beam,  economical  design  requires  that 
the  slab  shall  be  considered  in  determining  the  strength  of  the  beam.  The  width 
of  slab  that  may  be  taken  as  part  of  the  beam  should  not  exceed  one  sixth  the 
span-length  of  the  beam,  and  the  overhanging  part  on  either  side  of  the  web 
or  stem  should  not  exceed  six  times  the  thickness  of  the  slab.    In  any  case. 
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the  flange  must  not  be  consideted  wider  than  the  distance  between  the  beams. 
In  ordinary  floor-construction  the  spacing  of  beams,  girders,  and  columns  is  gen- 
erally an  architectural  or  commercial  consideration.  Generally,  the  simplest  pro- 
cedure, therefore,  is  to  6rst  determine  the  thickness  of  slab  required  for  the  given 
spacing  of  beams,  and  this  determines  the  thickness  of  the  flange  of  the  T  beam. 
In  the  calculation  of  the  girder,  it  is  not  objectionable  to  use  the  same  slab,  or 
as  much  of  it  as  may  be  permissible,  that  has  been  used  in  the  consideration  ot 
the  beam  framing  into  that  girder,  as  the  compression-stresses,  in  the  two  cases, 
act  at  right-angles  to,  and  practically  assist,  one  another.  When,  however,  the 
principal  slab-reinforcement  is  parallel  to  the  girder,  in  the  case  of  a  combined 
sla^,  beam,  and  girder-construction,  the  slab-action  produces  compression  in  the 
same  direction  as  the  girder-compression  with  a  resulting  overstress  in  the  am- 
Crete.  In  this  case,  transverse  reinforcement  should  be  provided  at  right-angles 
to  the  girder  and  extending  well  into  the  slab. 

Formulas  for  Reinforced-Concreta  T  Beams.    Fig.  17  shows  a  cross-sec- 
tion of  a  T  beam  resulting  from  the  use  of  the  slab  as  part  of  the  beam,  and 


k- 


■*{ 


r 


Neutral  Axis 


xi 


tl 


Fig.  17.    Cross-MCtion  of  Retnfoiced-coocrete  T  Beam 

shows  dearly,  also,  the  notation  used  in  the  formulas.    In  a  construction  of  this 
kind  three  cases  may  be  considered: 
Cese  I.    The  neutral  axis  may  fall  below  the  flange,  in  which  case 


MmStAi 


or 


(lo) 


(XI) 


In  these  formulas  the  small  area  of  concrete  in  compression  below  the  flange 
b  neglected  and  the  center  of  compression  is  assumed  to  be  at  the  center  of 
the  flange.  This  is  done  to  simplify  the  formulas.  The  result  is  not  materially 
affected  and  errs  on  the  side  of  safety.  The  position  of  the  neutral  axis  is  given 
by  Formula  (12) 

^'-^7—M ITT  (") 

and  Ihe  most  economical  percentage  of  steel  by  Formula  (13) 


P' 


2StM 


(13) 
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Cam  a.    The  neutral  uds  may  oohidde  witlh  the  tinder  tide  of  the  flance*  in 

which  case 

M^SiAs(d-A  (14) 

and 

The  economical  value  of  >  in  this  case  is  the  same  as  in  Case  i,  Fonnula  (13). 

Caa«  s.  The  neutral  axis  may  fall  above  the  lower  edge  of  the  flange.  This 
case  is  the  aame  as  Case  2,  since  for  purposes  of  calculation  all  the  concrete  in  the 
flange  below  the  neutral  axis  is  neglected  and  /  becomes  xd  in  this  case  as  in  the 
last. 

AltenMte  Solutiott  for  Cases  2  «M  3.  In  Cases  2  and  s  the  section  may 
also  be  considefed  as  rectangular,  with  a  depth  d  and  a  width  V,  and  the  for- 
mulas for  rectangular  beams,  (i)  to  (9),  may  be  used.  Tables  V,  VI,  VII,  and 
VIII  are  also  api^cable  in  these  two  cases. 

When  the  slab  is  considered  an  integral  part  of  the  beam,  adequate  bond 
and  sheariag  resistenoe  between  the  slab  and  the  web  of  the  beua  must  be  pro- 
vided. The  ccQcrete  is  ordinarily  adequate  to  take  the  vertical  shear  throug^h 
the  flanges  next  to  the  stem,  and  is  further  strengthened  by  placing  horizonta] 
steel  reinforcements  across  the  top  of  the  beam  or  girder,  as  described  above. 
Whether  or  not  the  resistance  to  shear  is  adequate  can  be  determined  by  the 
formula 

S^b^V-h) 
S, ^^jT-  (.6) 

in  which  Sg  is  the  unit  vertical  shear  at  AB,  and  Sh  is  the  unit  horizontal  shear 
at  BC  (Fig.  17).  This  should  not  exceed  the  safe  unit  shear  for  concrete  unless 
steel  reinforcement  is  provided.    The  value  of  5a  in  the  formula  is 

^"'bf.d-Hi)  ^"' 

which,  it  wifl  be  noted,  is  the  total  vertical  diear  divided  by  the  effective  anea 
of  the  stem. 

Moduli  of  Elasticity.  In  the  derivation  of  dl  these  formulas  and  in  the 
determination  of  the  values  of  K,  the  ratio  of  the  modulus  of  ELASnaTY  of 
the  steel  to  that  of  the  concrete  plays  an  important  part.  It  is  necessary  then 
to  know  what  values  to  iLse.  The  generally  accepted  modulus  of  elasticity  of 
steel  is  30  000  000  lb  p>er  sq  in.  The  modulus  of  elasticity  of  concrete  varies 
with  many  conditions.  Even  in  the  same  mixture,  the  character  of  the  materials, 
as  well  as  the  manner  of  mixing  and  placing,  affect  it.  The  modulus  increases 
with  the  age  of  the  concrete.  It  also  increases  with  the  richness  of  the  mix- 
ture. It  seems  to  decrease  with  an  increase  in  the  load  on  the  concrete.  It 
should  also  be  noted  that  the  modulus  of  ehisticity  as  determined  from  a  beam 
in  flexure  is  greater  than  that  determined  from  compression-cyiindera.  More- 
over the  modulus  of  elasticity  as  determined  from  compression  varies  with  the 
point  selected  on  the  stress-strain  curve.  The  different  values  for  the  katio  or 
THE  uoDULUs  OF  ZLASTJcm  of  the  flteel  to  the  modulus  of  elasticity  of  the  con- 
crete to  be  used  in  the  design  of  reinforced-concrete  constractiop,  as  6xcd  by  the 
buikling  regulations  of  various  cities  and  by  other  authorities,  is  given  in  Table 
n,  page  912.    Values  for  the  modulus  of  elasticSty  of  concrete  under  different 
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>ads  and  for  different  mixtures  determined  by  actual  tests  at  the  Walertowa 
irsenal  are  given  in  Table  XI. 


TaUa  XL    Blutk  Propflrtlas  «f 
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*  Geo.  A.  Kimball. 
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*  Teeta  of  metals,  U.  8.  A.,  1899.  page  74i> 

Workiiig  Streeses.  The  working  stresses  for  concrete  and  steel  allowed 
by  various  cities  are  given  in  Table  IT  on  page  912.  In  the  determination  of 
K  the  values  of  Set  St,  and  r  as  taken  from  Table  II  are  substituted  in  Formula 
(2),  or,  the  value  of  K  may  be  taken  directly  from  Tables  V  to  VIII,  pages  926 
to  929  and  substituted  in  Formula  (5).  For  M  in  that  formula,  the  UAXiuxm 
BENDING  MOMENT  due  to  the  eztemaJ  forces  is  used. 

Beading  Moments  ia  Beams.    Beams  and  girders  are  usually  considered 
as  SIMPLE  SEAMS,  that  is,  as  beams  supported  at  both  ends,  but  .not  built  in» 


Fig.  18.    Beiaibcceneot  for  XJaMonOy  Diatiibutad  er  SymnetricaBy  Placed  Load 


XA 


Fig.  10. 


for  Unsymmetxically  Placed  CoQccBtraled  Load 


restrained,  or  continiieHS,  althoviii  in  many  insta&ces  they  are  actually  carried, 
as  CONTINUOUS  BEAMS,  over  the  supports.     If  continued  over  a  support,  there 
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in  a  NEGATIVE  BENDING  MOMENT  at  that  suppoTt,  aod  this  negative  bendios  mo- 
ment should  be  taken  care  of  by  reinforcements  in  the  upper  part  of  the  beaa. 
This  bending  moment  is  one  half  that  at  the  middle  of  a  simple  supported  beaia 
loaded  at  the  middle,  and  two  thirds  that  at  the  middle  of  a  simple  sappofteJ 
beam,  uniformly  loaded.  In  the  case  of  simple  supported  beams  loaded  cither 
at  the  middle  or  with  a  uniformly  distributed  load,  the  bending  moments  de- 
crease toward  the  sui^x>rts.  For  these  reasons  it  is  advisable  in  arransiiig  tk 
steel  to  be  used  for  the  tensional  reinforcement,  to  select  the  bars  or  rods  h 
pairs,  so  that,  as  the  supports  are  approached,  a  part  of  the  reinforcement  may- 
be turned  up  toward  the  top  and  carried  across  the  supports  near  the  top  as  in- 
dlcated  in  Figs.  18  and  19.  For  continuous  beams  and  slabs  with  uniformly 
distributed  loads,  the  following  are  recommended  for  maximum  posimi:  and 

MAXIMUM  NEGATIVE  BENDING  MOMENTS: 

"For  beanLS,  the  bending  moment  at  middle  and  at  support  for  interior 
spans,  should  be  taken  eqiial  to  wl^/i2y  and  for  end  spans  it  should  be  taken 
eqiial  to  ivl* /lo  for  middle  and  interior  support,  for  both  dead  and  live  loads. 

"In  the  case  of  beams  and  slabs  continuous  for  two  spans  only,  with  their  ends 
restrained,  the  bending  moment  both  at  the  middle  support  and  over  the  middk 
of  the  span  should  be  taken  equal  to  u^V^o."* 

Beams  simply  supported  at  the  ends  must  be  considered  as  simple  beams 
with  maximum  positive  bending  moments  equal  to  10^^/8.  In  all  the  above 
values,  w  is  the  load  per  linear  unit  and  /  the  span  in  the  same  unit. 

Bending  Moments  in  Slabs.  As  floor-slabs  are  usually  carried  continuously 
across  the  supports,  the  maidmiun  bending  moment  due  to  a  imiformly  distrib- 
uted load  is  assiuned  to  be  less  than  in  beams  simply  supported  at  the  ends. 
The  New  York  City  Regulations  provide  that  "the  bending  moments  at  the 
center  and  at  intermediate  supports  of  floor-slabs  continuous  over  two  or  more 
supports  shall  be  taken  as  IVl/i  2.'*  The  same  regulations  pro\ide  that  "the  bend- 
ing moments  of  slabs  that  are  reinforced  in  both  directions  and  supported  on 
four  sides  and  fully  reinforced  over  the  supports  (the  reinforcement  passing  into 
the  adjoining  slabs)  may  be  taken  as  Wl/F  for  loads  in  each  direction,  in  which 
F»>S  when  the  slab  is  not  continuous  or  when  continuous  over  one  supp>ort, 
and  F->i2  at  both  center  and  supports  when  the  slab  is  continuous  ox'er  both 
supports."  In  these  expressions  W  is  the  total  distributed  load  and  /  the  span. 
In  square  slabs  with  two-way  reinforcement  it  is  usually  assumed  that  the  load- 
ing is  uniformly  distributed  and  that  half  the  load  is  carried  by  each  system.  In 
rectangular  slabs  the  amount  of  load  carried  by  each  system  of  leiaforcement  is 
given  by,  the  formula 

1  W 

r- (18) 

2  fi 

in  which  r  is  the  proportion  of  load  carried  by  the  transverse  reinforcement, 
W  the  total  load  on  the  slab,  and  n  the  ratio  of  its  longer  to  its  shorter  side. 
Using  this  proportion  of  load,  each  set  of  reinforcements  is  calculated  as  a  slab 
with  supports  on  two  sides  only,  and  the  total  number  of  rods  required  is  de- 
termined on  the  assimiption  of  equal  spacing.  The  rods  may  then  be  ^xaced 
uniformly  at  the  usual  spacing  for  the  central  half  of  the  slab  and  gradually  re- 
duced in  number  per  foot  of  width  to  the  edge  of  the  slab,  using  one  half  as 
many  rods  for  the  remaining  two  quarters.  In  this  way,  the  amount  of  reinforce- 
ment is  reduced  25%.  When  the  length  of  the  slab  exceeds  the  breadth  by  50^0  • 
the  stresses  in  the  longitudinal  steel  become  so  low  that  the  construction  i^ 

*  Trans.  Am.  Soc.  C.  £.,  19x7,  page  1x97. 
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ineconomical.  The  slab  should  then  be  treated  as  one  vdth  a  one-way  reinforce- 
txent. 

Shrinkage-Stresses  and  Temperatare-Stresses.  In  slabs  resting  on  or 
rarried  over  two  supports  some  reinforcement  should  be  provided  at  tight- 
irkgles  to  the  tension-rods  to  provide  against  shrinkage-stresses  and  tem- 
perature-stresses. Incidentally,  this  reinforcement  may  also  serve  to  keep 
tHe  tension-rods  properly  spaced.  In  general  it  should  not  be  less  than  one 
tlilrd  of  one  per  cent  in  amount  and  well  distributed.  It  is  common  practice 
to  use  from  K  to  H-ln  rods,  spaced  about  2  ft  apart.  Deformed  bars  with  irregu- 
la.r  surfaces  and  reinforcements  of  small  diameters,  placed  as  close  as  practi- 
cable to  the  surface,  are  most  effective. 

The   Disposition  of  the  Steel.    In  designing  the  reinforcement  for  any 
form  of  loading,  the  full  sectional  area  required  must  be  provided  at  the  point 
of  MAXIMUM  BENDING  MOMENT.    As  the  supports  are  approached,  part  of  the 
reinforcement,  as  already  indicated,  is  turned  up,  but  care  must  be  taken  to  keep 
it  so  distributed  that  at  any  point  there  is  still  sufficient  reinforcement  below 
the  neutral  axis  to  furnish  the  necessary  tensional  resistance.   The  arrangement 
of  reinforcement  for  a  imiformly  distributed  or  symmetrically  disposed  load  is 
shown  in  Fig.  18,  and  for  an  unsymmetrically  placed  concentrated  load,  in  Fig.  10. 
In  the  first  instance  the  maximum  bending  moment  is  at  the  middle  of  the 
beam,  the  reinforcement  is  symmetrical  about  that'point,  and  as  much  as  one 
half  the  amount  of  reinforcement  may  be  turned  up.    In  the  second  instance 
the  maximum  bending  moment  is  at  some  other  point  than  the  middle,  the  rein- 
forcement must  be  so  disposed  that  the  full  amount  required  will  be  under  the 
load  or  at  the  point  of  maTimum  bending  moment,  and  the  turning  up  must 
be  done  between  that  point  and  the  support.    Other  conditions  might  require 
less  than  half  the  reinforcement  to  be  turned  up.    There  is  another  reason  for 
turning  up  the  reinforcements  toward  the  ends.    In  addition  to  the  resistance 
to  the  NBGATEVK  BEinsmo  MOMKKT,  there  is  a  resistanoe  to  the  shear  offered 
by  the  metal  running  through  the  concrete  at  the  points  where  the  diagonal^ 
TENSION  occurs. 

The  Percentage  of  Reinforcement.  The  amount  of  the  reinforcement 
in  any  case  is  determined  by  Formulas  (3)  and  (13)  for  rectangular  and  T  beams 
respectively.  The  values  obtained  by  these  formulas  give  the  most  econom- 
ical amount.  This  may  vary  from  M%  to  iH%  of  the  cross-section  area  of 
concrete,  but  will  usually  run  about  ^o%^  The  nearest  stock  siec  of  rods 
giving  this  amount  or  a  slightly  greater  amount  can  be  selected  from  the  table 
given  on  page  isi4>  or  from  the  catalogues  of  the  manufacturers  of  the  various 
deformed  bars.*  The  number  of  rods  used  to  make  up  the  necessary 
sectional  area  must  be  determined  by  considerations  mentioned  in  the  follow- 
ing paragraphs. 

The  Number  of  Reinforcing-Rods.  As  already  suggested,  an  even  number 
adapts  itself  better  to  a  sjrmmetrical  or  balanced  arrangement  both  in  cross-sec- 
tion and  horizontal  section.  One  rod  does  not  permit  of  the  turning  up  toward  the 
support.  Two  rods  may  be  made  either  to  continue  along  the  lower  edge  of  the 
beam,  or  one  may  start  at  one  support,  run  along  the  lower  part  and  turn  up  be- 
yond the  middle  as  it  approaches  the  second  support;  and  the  second  rod  run 
similarly  along  the  bottom  from  the  second  support  and  turn  up  after  passing  the 
middle  as  it  approaches  the  first  support.  Three  rods  may  be  arranged  so  that 
two  continue  along  the  bottom  and  the  third,  the  middle  one,  turns  up  as  it  ap- 
proaches the  supports.    The  arrangement  for  4, 5,  or  6  rods  will  naturally  suggest 

*  See,  also,  paragraph  on  Commeicial  Sixes,  page  9x5. 
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itself  from  what  has  been  ahady  sud.    Too  Utgt  a  number  of  tods  »  not  <k>  j 

sirable,  as  a  large  number  of  them  together  acts  more  or  less  as  a  screen  for  tht 
coarser  particles  of  the  concrete  and  prevents  a  doae  contact  between  it  ami  tbr 
steel.  This  matter  of  complicated  reinforcement  is  one  of  considerable  prmctici. 
importance.  If,  however,  the  steel  is  satisfactorily  incased  with  concrete,  a 
larger  number  of  small  rods  is  preferable  to  a  small  number  of  larger  one^ 
The  AREA  OF  coiTTACT  of  a  rod  of  smaller  size  is  proportionately  ffreater  thu 
that  of  a  rod  of  larger  size,  as  the  perimeter  varies  directly  as  the  diaooeter,  and 
the  sectional  area  as  the  square  of  diameter  of  the  cross-section.  In  order  that 
a  rod  may  not  slip,  the  adhesion  of  the  steel  to  the  concrete  must  be  equal  tc 
or  greater  than  the  tension  in  the  steel. 

Tbo  Adhoaiofi  Roquired.  The  tension  in  a  leinfoKcing-rod  at  any  point 
having  been  determined  from  the  given  formulas,  it  must  next  be  determicci 
tf,  in  either  direction  from  that  point,  the  area  op  cotriACT  of  the  stcd  l- 
large  enough  tc  make  the  total  adhesion  equal  to  or  greater  than  the  tfksick 
If  there  is  a  deficiency  in  this  respect  it  must  be  made  up  either  by  a  roechar> 
cal  bond  or  by  anchoring  the  reinforcements  at  the  ends.  Safe  values  foi 
adhesion  of  concrete  and  steel  are  given  in  Table  II,  page  91a.  A  safe  ruk 
to  apply,  without  calculation,  to  the  case  of  beams  with  a  maximum  bending 
moment  at  the  middle,  is  to  make  the  diameter  of  the  rods  not  more  than  one 
two-hundredth  of  the  span.  Under  ocdinary  oonditioas,  genecaUy  Bpeakms;  the 
length  of  rod  on  eitfaer  side  of  the  point  of  maximum  bending  moment  should  be 
at  least  eighty  diameters  £oc  plain  rods,  and  not  leas  than  §f^  diametcis  for 
deformed  bars.  Under  unusual  oonditioas  the  adhesion  should  be  €:aiefully 
studied.  The  apparent  discrepanor  between  the  fifst  and  second  statements  of 
thb  paragraph  b  ezpUined  by  an  allowance  made  and  baaed  upon  the  fact  that 
the  tension  in  the  steel  does  not  decrease  uniformly  with  the  decrease  in  dis- 
tanoe  from  the  supports.  The  aUowanoe  is  purely  arbitrary  bat  is  oonsidered 
safe.  For  cases  of  unssrmmetricaily  loaded  beams  it  is  best  to  examine  care- 
fully into  the  conditions. 

The  Separation  of  the  Rods.  It  has  not  been  unusual  in  tests  on  beams 
to  have  the  concrete  split  off  from  the  under  side  along  the  line  of  the  rriniorce- 
ment.  This  is  due  in  part,  if  not  entiie^,  to  an  insTiffidency  of  concrete  between 
and  around  the  reinforcement.  To  avoid  this  the  sfacino  or  sepakation  of 
the  reinfordng-rods  in  the  cross-sections  of  the  beams  must  be  such  that  the 
resistance  of  the  concrete  to  sheae  at  the  level  9I  the  rods  is  at  least  etpial  to 
the  adhesion  of  the  concrete  to  the  steel.  As  a  general  rule  the  rods  should  be 
spaced  not  less  than  two-and-one-half  diameters  on  centers  and  about  two  dt< 
ameters  from  the  sides  of  beams.  The  clear  <fistance  between  rods  and  the  apace 
between  rods  and  edges  of  beams  should  in  no  case  be  less  than  iH  in.  De- 
formed bars,  if  stressed  to  their  full  tensional  value,  should  be  spaced  farther 
apart  than  plain  bars.  At  the  middle  of  a  beam,  the  bonixtress  is  low,  but  at 
the  top  of  a  contmuous  beam,  over  the  supports,  where  the  negative  moment  de- 
creases rapidly,  the  bond-stress  is  apt  to  be  excessive  and  frequently  limits  the 
diameter  of  the  reinforcement. 

ProTisioai  against  Shear  or  Diagonal  Tension.  Numerous  tests  of  beams 
reinforced  with  horizontal  rods  without  stirrups  or  inclined  reinforcement  have 
shown  that  diagonal  cracks  occur  when  the  maximum  shear  over  the  cross- 
section  is  from  ico  to  200  lb  per  sq  in.  Tests  conducted  on  concrete  with  the 
purpose  of  eliminating  all  other  stresses  but  direct  shear  have  given  a  sbbauno 
STRENGTH  of  coocrete  of  from  800  to  x  600  lb  per  sq  in.  The  ordinary  concrete 
beam  has,  therefore,  a  cross-section  of  sufficient  area  to  withstand  a  shearing- 
stress  of  200  lb  per  sq  in.    The  cracks  always  occur  at  points  where  a  large 
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SHRARTVG'STKESs  exlsts  in  Combination  with  moment^strbsses.  Under  con- 
centrated loads,  DiACOKAi^TXNsiON  failure  occurs  under  the  concentration, 
and  in  a  sample  beam  under  a  uniformly  distributed  load»  the  cracics  appear 
near  the  supports.  The  inclination  of  the  diagonal  tension  in  the  concrete  being 
a  resultant  of  two  forces,  changes,  therefore,  with  the  variations  of  shear  and 

TENSION. 

For  beams  with  horisontal  rodsooly,  that  is,  beams  in  which  the  wer-stresses 
are  resisted  by  the  concrete,  the  safe  SHBARm&  values  to  be  used  under  various 
building  regulations  are  given  in  Table  II,  page  913.  The  sbearinc-stress  in 
this  case  is  determined  by  dividing  the  total  vkktical  shbak  by  the  product  of 
the  effective  depth,  that  is,  the  distance  from  the  center  of  compression  to  the 
center  of  the  steel,  by  the  width  of  the  beam.  The  UAXimm  SHEARmc-BTRESs 
should,  in  tUs  case,  not  exceed  2%  of  the  coicmsssiVE  strength  of  the 
concrete.  When  the  resistance  of  the  concrete  to  shear  is  not  sufficient,  web- 
reinforcement  must  be  provided  by  one  of  the  foUowing  methods  or  by  a  com- 
binatioD  of  them: 

(i)  By  attaching  to  or  looping  around  the  horizontal  members*  stirrups  or 

vertical  members; 
(3)  By  securely  attaching  inclined  rods  to  the  horizontals  in  such  manner  as 

to  prevent  slipping; 
C3)  By  bending  of  a  part  of  the  longitudinal  reinforcement  at  certain  points, 

thus  providing  against  the  diagonal  tension  and  allowing  a  sufficient 

amount  of  horizontal  steel  to  remain  to  resist  the  direct  tension. 

It  fs  customary  to  use  the  calculated  vertical  srearing-stress  as  a  measure 
of  the  DIAGONAL  TENSILE  or  WEB-STRESSES.    In  all  cases,  the  concrete  may  be 
assumed  to  carry  its  safe  load,  and  it  is  ordmarily  assumed  that  two  thirds  of 
the  EXTEmNAL  VERTICAL  SBEAR  IS  resisted  by  the  web-reinforcement.    For  beams 
reinforced  with  web-members,  the  total  vertical  external  shear  over  the  ef- 
fective section  should  not  exceed  6%  of  the  coilPlzSfiiVK  stkbngtb  of  the  con< 
Crete.    The  Building  Code  of  New  York  City  specifies  that  the  shearing-stress 
in  concrete,  when  all  the  diagonal  tension  is  resisted  by  steel,  shall  not  exceed 
150  lb  per  sq  in.    For  beams  in  which  part  of  the  longitudinal  reinforcement  is 
in  the  form  of  bent-up  lods,  the  maxiuuic  vertical  shearing-stress  should 
not  exceed  3%  of  the  compressive  strength  of  the  concrete. 

The  streucs  in  web*reinfbcceiiients  may  be  determined  by  the  following 
formulas: 

for  stirrups  P  -  Vs/l  (19) 

for  membeis  inclined  45^  not  bent-up  bars, 

P  -  0.7  Vs/l  (20) 

in  which  j  u  the  horizontal  spacing  of  the  web-members,  V  the  total  external 
vertical  shear,  /  the  effective  depth  from  center  of  compression  to  center  of  steel 
and  P  the  stress  in  a  single  reinforcing-member.  Fixing  the  allowable  tensile 
STRESS  at  16  ooo  lb  per  sq  in,  the  spacing  of  web-members  is  expressed  by  the 
following  formulas^  when  A  is  the  crosi-section  of  a  web-member: 

s^  16  000  Al/V  (") 

and 

* » 16  000  AI/0.7V  (22) 

In  detemuning  the  length  of  horizontals  necessaiy  to  praperly  care  for  the 
bending  streMea^  the  seme  method  may  be  employed  as  for  plate  girders,  the 
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remainder  of  the  bar  being  carried  up  as  an  inclined  member  and  carried  over 
the  top  of  the  supports  in  continuous  beams.  The  rods  remaining  at  any  point 
at  the  bottom  or  top  must  be  of  sufficient  sectional  area  to  carry  the  direct  tesisioo. 
beyond  this  point.  There  must  also  be  a  sufficient  length  beyond  this  point  to 
prevent  slipping.  Web-members  must  be  so  spaced  that  there  will  be  a  reinforce- 
ment intersecting  every  45®  line  of  rupture  below  the  neutral  axis.  The  New 
York  City  Code  prescribes  that  the  spacing  of  the  web-members  should  not 
exceed  three  fourths  of  the  depth  of  the  beam  in  that  portion  where  the  wreb- 
stresses  exceed  the  allowable  value  for  shear  in  concrete.  Sufficient  bond- 
strength  of  web-reinforcement  should  always  be  provided  in  the  compressiok- 
siDE  of  the  beam.  In  simple  beams,  that  is,  beams  resting  on  two  supports,  the 
ends  of  the  bars  should  preferably  be  bent  into  hooks.  Where  bent  up  through 
large  angles,  web-members  should  extend  horizontally  along  the  upper  part  of  a 
beam  for  some  distance. 

Attached  Shear-Membera.  Stirrups  need  not  be  firmly  attached  to  the  ten- 
sional  reinforcement;  but  the  allowable  bond-stxesses  and  sheaxing-stkesses 
in  the  concrete  must  not  be  exceeded  in  transmitting  the  stresses  between  stirrups 
and  longitudinal  rods.  The  stirrups  and  inclined  members  must  also  develop 
sufficient  bond-stresses  to  transmit  the  entire  stresses  for  which  they  are  de- 
signed, and  they  must  sometimes  be  supplemented  with  anchorages  in  the  com- 
pression-side of  the  beam.  It  is,  perhaps,  better  to  have  them  attached,  as 
they  will  certainly  assist  in  anchoring  the  tensional  reinforcement.  Difiereot 
forms  of  stirrups  and  methods  of  attachment  are  used.  In  the  Kahn  system 
(Fig.  11)  the  stirrups  form  a  part  of  the  tensional  reinforcement.  The  U  form, 
either  upright  or  inverted,  is  a  very  conunon  form  of  stirrup,  and  may  be  a  rod 
of  either  round  or  square  cross-section,  or  a  flat  strap  as  shown  in  Figs.  10  and  13. 
The  Hennebique  system  employs  both  inclined  rods  and  vertical  stirrups.  In 
some  cases,  when  the  slabs  and  beams  are  constructed  together,  the  slab-rein- 
forcement is  carried  through  the  upper  ends  of  the  stirrups. 

The  Bond  between  Steel  and  Concrete.  The  bond  between  the  sted  in 
tension  and  the  concrete  must  not  exceed  the  safe  working  value.  If  the  bond 
is  not  sufficient,  the  rod  will  slip.  Tension-rods  must,  therefore,  never  be  too 
large  to  develop  sufficient  bond-strength  to  transmit  the  stresses.  Where 
bent-up  bars  are  employed,  the  bond-stresses  in  places,  in  both  the  straight 
and  bent  bars,  will  be  higher  than  if  all  bars  are  straight.  In  cantilever  beams, 
the  ends  of  the  bars  at  the  supports  are  fully  stressed  and  the  bars  most  be 
carried  into  the  supports  and  anchored  to  develop  this  stress.  In  anchoring 
bars,  an  additional  length  must  always  be  provided  above  that  required,  on  the 
assumption  of  uniform  bond-stresses.  Wherever  possible,  adequate  bond- 
strength  should  be  provided  throughout  the  length  of  the  bar  in  preference  to 
end-anchorage.  Between  plain  bars  and  concrete  the  bond-strength  may  be 
assumed  to  be  4%  of  the  compressive  strength  of  the  concrete. 

The  Breadth  of  a  Reinforced-Concrete  Beam  of  Rectangular  Cross- 
Section.  The  breadth  of  a  rectangular  beam,  and  of  the  stem  of  a  T  beam, 
as  already  indicated,  is  generally  dependent  upon  the  amount  of  reinforcement 
necessary,  and  it  is  equal  to  the  sum  of  the  diameters  of  the  tension-rods,  the 
required  spaces  between  them,  and  the  amount  of  concrete  outside  of  the  rods 
needed  to  resist  the  shearing-stresses  and  to  protect  the  steel.  When  no  stirrups 
are  used  in  a  beam  it  is  necessary,  also,  to  make  the  width  of  the  concrete  suffi- 
cient to  resist  the  horizontal  shearing-stresses.  This  width  should  be  at  least 
equal  to  the  sum  of  the  perimeters  of  the  tensional  reinfordng-rods.  The 
amount  of  concrete  to  be  provided  below  the  steel  is  fixed  by  the  requirements 
for  proper  protection  of  the  steel  against  fire  and  corrosion.    (Pages  955-^62.) 
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CompreMlon-Rods  ia  Betnit  and  Girden.  Steel  reinforcement  in  the 
form  of  roda  is  sometimes  provided  above  the  neutral  axis  in  beams  and 
girders  for  the  purpose  of  providing  additional  compressive  strength  where 
there  is  not  sufficient  concrete  above  the  neutral  axis  to  resist  the  total  'com- 
pression. If  steel  reinforcement  is  to  be  used  for  this  purpose,  the  stee]  should 
be  placed  as  high  as  possible,  and  the  allowable  unit  compression  in  the  steel 
limited  to  the  actual  compression  in  the  concrete  at  that  point  multiplied  by 
the  ratio  of  the  modulus  of  elasticity  of  the  steel  to  that  of  the  concrete,  as  in 
the  case  of  columns  with  vertical  reinforcement.  The  use  of  steel  in  cou- 
PRESSION  in  beams  and  girders,  however,  is  not  recommended,  since  at  best  it 
is  very  uneconomical  and  the  steel  has  a  tendency  to  buckle  and  disrupt  the 
concrete. 

Reinforced-Concrete  Columns.  Reinforced-concrete  columns  are  of  three 
general  tyiies:  (i)  concrete  with  vertical  reinforceicent  near  the  outer 
surfaces;  (2)  concrete  wrapped  with  spirally- wo  UNO  wire  or  with  metal 
bands;  (3)  concrete  with  a  icetal  core. 

Lengths  of  C^iliunns.  The  lengths  of  reinforced-ooncrete  columns  are  van- 
ously  limited  by  different  authorities  as  follows,  the  figures  being  in  each  case 
the  ratio  of  ibe  length  to  the  least  lateral  diicension: 

New  York iS 

Chicago 12 

Philadelphia 15 

St.  Louis IS 

Cleveland IS 

Baltimore 16 

San  Francisco 15 

Buffalo .' IS 

Detroit iS 

New  York  limits,  also,  the  least  side  or  diameter  to  12  in,  and  San  Francisco 
to  10  in. 

VerticsUy-Reinforced  Columns.  In  determining  the  strength  of  columns 
with  vertical  reinforcement,  the  steel  is  assumed  to  carry  a  load  per  square 
inch  equal  to  the  working  load  per  square  inch  on  the  concrete  times  the  ratio  of 
the  moduli  of  elasticity  of  the  steel  and  concrete.  The  allowable  stresses,  ratio  of 
moduli,  etc.,  are  given  in  Table  II,  page  9T  2.  For  example,  in  New  York  a  load 
of  500  lb  per.sQ  in  is  allowed  on  the  concrete,  and  15  times  500,  or  7500  lb  per 
sq  in  on  the  steel,  15  being  the  ratio  of  the  moduli,  as  fixed  by  the  regulations, 
for  1:2 14  concrete  and  steeL  Not  less  than  W7o  nor  more  than  4%  of  vertical 
reiniorcement  should  be  used  in  reinforced-concrete  columns.  The  reinforcing- 
rods  should  be  tied  together  horizontally  at  intervals  of  not  more  than  the  least 
sde  or  diamettf  of  the  column.  This  prevents,  to  a  great  extent,  the  buckling 
of  the  reinforcement  under  load  and  the  consequent  splitting  of  the  concrete. 
The  vertical  reinforcement,  in  order  to  serve  its  purpose  of  taking  up  the 
bending  in  the  cdumn,  should  be  placed  as  near  the  outer  surfaces  of  the  column 
as  possible,  consbtent  with  proper  protection  of  the  steel.  (See  page  958.)  If 
tension  is  possible  in  the  bngitudinal  steel,  due  to  bending,  the  bars  must  be 
q>iiced  to  resist  the  stress.  In  the  disposition  of  the  steel  the  same  pre- 
cautions are  necessary  as  in  the  case  of  beams,  in  order  to  avoid  a  too  dose 
spacing  of  the  reinfordng-pieces  or  an  excess  of  reinfordng-material.  (See 
page  937.}  As  the  ooncrete  in  columns  is  generally  poured  into  the  molds  at 
the  extreme  top^  it  is  particularly  important  to  keep  the  interior  free  from 
interladng  steel  across  the  column.    In  colunms  in  which  the  steel  is  assumed 
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to  furnish  pftit  of  the  compressive  strength,  it  should  be  made  oontlniious 
from  the  columns  of  one  story  into  those  of  the  stories  bek>w.  The  rods 
extending  from  one  column  raay  be  connected  with  those  above  or  below  by 
means  of  pip&4leeves. 

Lfttendly-Reinlorced  Coluams.  Tests  made  on  hoofed  concrete  ooluiccs 
at  the  University  of  Illinois  in  1907,  at  the  Watertown  Arsenal  in  1906,  and  at 
the  University  of  Wisconsin  in  1906  and  1907,  show  that  the  ultimate  compressiijv 
strength  of  such  colunms  is  increased  from  500  to  i  000  lb  per  sq  in  for  each 
percentage  of  ho<9ing  empbyed.  The  increase  of  strength  is  due  to  the  laxebal 
COMPRESSIVE  STRESSES  developed  by  the  restraining  action  of  the  hoops  or 
bands  at  right-angles  to  the  direct  compres^ve  stresses.  Below  the  limit  of 
elasticity,  however,  very  little  stress  is  developed  in  the  lateral  steel,  and  the 
tests  show  that  at  an  eariy  stage,  the  deformation  or  shortening  of  the  colnmn 
is  equal  to  that  of  plain  concrete.  With  further  loading,  the  laterals  beg^  to 
work  and  prevent  fadhire,  thus  increasing  the  so-called  toughness  of  the  column 
and  the  ultimate  compressive  or  breaking  strength.  This  effect  has  been  va- 
riously aUowed  for  by  oonsideriDg  the  hooping-metal  eqntvalent  to  and  tefkuxd 
by  tmaginaty  longitudinals.  Coogidferc  and  other  investigators  have  shown  that 
the  hooping  is  equivalent  to  a.4  times  as  much  longitudifial  steel.  It  is  geaer* 
ally  conceded  that  hooping  permits  of  a  somewhat  higher  unit  stress  in  the  con- 
crete. The  New  York  City  Building  Code  permits  an  axial  compression  in  such 
columns,  having  not  less  than  H%  nor  more  than  2%  of  hoops  or  spirals  spaced 
not  farther  apart  than  one  sixth  the  diameter  of  the  enclosed  column  nor  more 
than  3  in,  and  having  not  less  than  1%  nor  more  than  4%  of  vertical  reiaforoe- 
ment,  not  to  exceed  500  lb  per  sq  in  on  the  concrete  within  the  hoops  or  spirals, 
nor  7  500  lb  per  sq  in  on  the  vertical  reinforcement,  plus  a  load  per  square  indi 
on  the  effective  area  of  the  concrete  equal  to  twice  the  percentage  <tf  lateral 
reinforcement  multiplied  by  the  permissible  tensile  stress  in  the  lateral  reinforce- 
ment. St.  I^uls  and  Geveland  permit  2.4  times  the  volume  of  hooping  to  be 
considered  as  longitudinal  reiBforoemcat;  Cfaacago  a.5  times;  and  Cindnn«ti  a. 3 
times. 

Hew  Tork  Reqtiirements  Expressed  by  Ponnulss.  The  safe  loads 
for  reinforced-concrete  columns  according  to  the  requirements  of  the  New 
York  Building  Code  may  be  determined  by  the  following  formulas,  in  which 

W"  total  safe  load,  in  pounds; 
Ac  "  the  effective  cross-sectional  area  of  oonoKte,  in  square  inches*  which,  in 

the  case  of  colnmas  with  longitudinal  reinforcement  only,  may  be 

taken  as  the  entiie  area,  and  in  the  case  of  hooped  oohmms  is  limited 

to  the  area  within  the  hoops; 
i4t""  the  cross-sectionsd  area  of  the  longitudinal  steel,  in  square  inches; 
p  "  percentage  of  lateral  reinforcement  (hooping),  that  is,  the  volume  of  the 

hooping  divided  by  the  volume  of  the  concrete  enclosed  within  the 

hooping,  for  each  unit  length  of  column; 
St^  aUowable  compressive  stress  in  the  concrete,  in  pounds  per  square  inch, 

viiach  is  taken  at  500  for  x  :  3  24  concrete,  and  at  600  for  i  iiH  'S 

concrete; 
5«*  aUowable  compressive  stress  in  the  sted,  in  poimds  per  square  inch, 

which  is  taken  at  7500  when  i  :  3  : 4  concrete  is  used,  and  at  7200 

when  X  :  xH  :  3  concrete  is  used; 
^A*  allowable  tensiie  stress  in  the  hooping  steel,  in  pounds  per  square  inch, 

which  may  be  taken  at  35%  of  the  elastic  limit,  but  not  more  than 

ao 
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For  oohiiiiiis  wBu  p**r*""****'  icuiloroeiiMot  (hu7» 

W  "  A-cSc  +  ^4*5!i 

but  the  area  of  the  steel  must  not  be  less  than  iH%>  nor  more  than  4%  of  the 
area  of  the  concrete,  and  the  reinforcement  must  be  secured  against  displacement 
by  }i-in  steel  ties  spaced  not  farther  apart  than  15  diameters  of  the  vertical 
rods,  nor  more  than  13  in. 

Example.  What  is  the  safe  carrying  capacity  of  a  13-in  square  column  of 
1:2:4  concrete,  remloroed  in  each  comer  with  ^-in  square  bars? 

Solution.  The  area  of  the  concrete  may  be  taken  at  13X12  ■■144  sq  in. 
A  Ji-in  square  bar  has  a  sectional  area  of  0.7656  sq  in.  The  area  of  the  steel 
is  4  X  0.7656  *  3.06  sq  in,  a  little  over  2%  reinforcement.  The  allowable 
stresses  for  concrete  and  steel  are  500  and  7500  lb  per  sq  in,  respectively.    Hence 

TF  -  144  X  500+3io6  X  7  Soo  -  94  95©  lb  -  47H  tons 
For  hooped  colunms, 

W'AeSe  +  AtSi+ipAcSh 

with  longitudinal  reinforcement  not  less  than  \%,  nor  more  than  4%,  and 
hooping  not  less  than  yi%,  nor  more  than  2%,  the  hooping  being  spaced  not 
farther  apart  than  one  sixth  of  the  diameter  of  the  enclosed  column,  and  at 
most,  3  in. 

Example.  Determine  the  maximum  load  that  should  be  placed  on  a  34-in 
round  column  of  x  :  xH  :  3  concrete,  with  spiral  hooping  of  Me-in  coM-drawn 
wire,  having  a  3-in  pitch,  and  reinforced  longitudinally  with  six  i-in  round 
bars,  equally  spaced  just  inside  the  hoo[nng,  and  fastened  to  it,  the  concrete 
being  2  in  thick  outade  the  hooping. 

Solation.  The  effective  sectional  area  of  the  concrete  has  a  diameter  of 
20  in,  and  is  therefore  2oX2oXo.7854">3K4.i6  sq  in.  For  an  inch  in  height, 
the  cubic  contents  of  the  concrete  is  314.16  cu  in.  The  area  of  a  i-in  round 
bar  is  0.7854  sq  in.  The  area  of  longitudinal  steel  is  6X0.7854  ->4.7i  sq  in, 
about  iii%.  The  cross-sectional  area  of  M«4n  wire  is  0.0767  sq  in.  The 
length  of  one  turn  of  wire  is  62.75  in,  and  as  the  turn  is  made  in  a  height  of 
3  in,  the  cubic  contents  for  an  inch  of  height  of  the  column  is  H  X  62.75  X  0.0767 
*  1.60  cu  in,  about  H%-  The  working  stress  per  square  inch  for  the  con- 
crete is  600  lb,  for  the  longitudinal  steel  7  200  lb,  and  for  the  hooping  20  000  lb. 
Hence 

W  -  (314-16  X  600)  +  (4.71  X  7  aoo)  +  (2  X  0.005  X  3x416  X  20  000) 

«■  285  340  lb,  or  X42.6  tons 

Details  of  Lateral  Reinforcement.  At  the  top  or  base  of  the  columns  in 
each  story,  the  wrappii^  ^ould  be  made  to  continue  through  the  floor-con- 
struction. Under  certain  conditions,  when  the  floor-construction  is  practically 
s'>lid  about  the  columns,  thus  affordmg  good  lateral  svippQit,  ^aqoal  to  die 
wrapping,  it  may  be  better  to  onit  the  wrapping  and  avoid  the  possible  00m- 
ptication  of  steel  fetnCorcement  from  oolumn,  gizdcr«  and  floor-construction  and 
t  he  conseqoent  brcaking  of  the  bond  of  the  concrete.  The  naterials  used  for  the 
wrapping  are  either  steel  wire  or  steel  baads.  When  wire  is  used  it  is  spirally 
wound  and  conttnuons  through  the  full  length  otf  the  column.  The  ends  of  the 
wire  are  turned  into  the  column  and  turned  down  to  such  an  exteot  that  when 
the  concrete  has  been  pourod  aad  set.  there  will  be  suflkient  anchorage  to  resist 
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the  tension  in  Ihe  wrapping  due  to  the  oulmrd  pressure  ot  the  conoctc.  ^^'bn 
mctat  bunds  are  used,  as  in  tbe  CumminKi  system,  cue  mu«t  be  taken  to  i 
the  riveted  joints  in  the  bands  as  slrong  as  Ihe  hands  themselves.  A  (orm  l: 
wrapping  that  has  llie  merits  of  rapidity  and  ease  of  erection  is  showTi  ii 
columns  used  in  (he  Bush  Terminal  Warehouse,  Borough  of  Brouklj-n, 
Vork  City,  described  on  page  9sB- 


Fi(,  20.    Concrete  Colunm  with  Steel  Cen 

Hatal-CoM  Caloino*.  The  ab>ect  of  this  type  of  column  is  to  provide  a 
construction  for  tall  or  heavily  kiaded  building  that  will  have  ttie  netzssaiy 
strength  and  yet  not  encroach  too  seriously  on  the  floor-space.  For  this  form 
of  column  some  enginccn  advocate  placing  a  atetl  core  Ihmugli  the  aiii  of  the 
concrete,  the  steel  taking  the  bulk  of,  if  not  all  of,  the  load.'  "A  rational  basi) 
of  desgn  is  to  determine  the  strength  of  the  steel  columu  by  the  use  of  the  column- 
formula  for  the  proper  l/r  ol  the  column  and  to  consider  tbe  concrete  of  the  coie- 
•  Trans.  Am.  Soc.  C.  E..  Vd.  XIV.  Hit  E.  plfc  is«- 
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section  to  have  a  stress-value  proportional  to  the  strength  of  plain   con- 
crete." • 

William  H.  Burr  designed  a  column  (Fig.  ao)  for  the  McGraw  Building,  New 
York  City.  The  steel  core  has  sufficient  strength  as  a  column,  independent  of 
any  concrete,  to  carry  the  entire  dead  load  coming  upon  it,  the  stresses  in  the 
steel  being  in  no  case  greater  than  those  allowed  on  steel  columns  under  the 
New  York  Building  Code,  coDsidering  the  ratio  of  length  to  radius  of  gyration. 
Furthermore,  those  stresses  were  not  allowed  to  exceed  9  000  lb  per  sq  in  in  any 
case.  The  live  loads  were  provided  for  by  placing  enough  concrete  within  the 
steel  framework  to  prevent  the  stress  on  the  concrete  from  exceeding  750  lb 
per  sq  in.  This  is  one  twelfth  of  the  maximum  allowable  load  on  the  steel. 
The  concrete  outside  of  the  steel  was  considered  only  as  a  protection  against  fire 
and  corrosion.  Columns  of  this  type  should  be  designed  with  caution.  The 
concrete  should  not  be  relied  upon  to  tie  the  steel  units  together  or  to  transmit 
stresses  from  one  unit  to  another.  The  units  should  be  tied  together  by  tie- 
plates  or  lattice-bars  in  conformity  with  the  standard  practice  for  structural 
steelwork.  For  high  percentages  of  steel,  the  concrete  will  develop  low  unit 
stresses,  and  caution  should,  therefore,  be  used  in  placing  dependence  upon  the 
concrete,  t 

Rich  Miztare»  of  Concrete.  Increaang  the  proportion  of  cement  in  a 
mixture  increases  the  ultimate  strength  of  the  concrete  proportionally  and  is 
effective  in  designing  columns  with  smaller  cross- sectional  area.  The  increased 
compressive  strength  is  also  accompanied  by  a  higher  modulus  of  elasticity. 
Furthermore,  the  employment  of  a  rich  mixture  also  permits  of  higher  propot^ 
tional  stresses  in  the  steel  and  consequently  a  more  economical  design.  The 
internal  stresses  in  a  monolithic  member,  however,  may  be  considerably  com- 
plicated by  the  excessive  shrinkage  of  rich  mixtures^  which  have  a  tendency  to 
crack.  The  New  York  Building  Code  prondes  that  "in  concrete  columns  the 
compression  on  the  concrete  may  be  increased  twenty  per  cent  when  the  fine  and 
coarse  aggregates  are  carefully  selected  and  the  proportion  of  cement  to  total 
aggregate  is  increased  to  one  part  of  cement  to  not  more  than  four  and  one-half 
parts  of  aggregate,  fine  and  coarse,  either  in  the  proportion  of  one  part  of  cement, 
one  and^one-half  parts  of  fine  aggregate,  and  three  pMirts  of  coarse  aggregate, 
or  in  such  proportion  as  will  secure  the  maximum  den^ty.  In  such  cases,  how- 
ever, the  compressive  stress  in  the  vertical  steel  shall  not  exceed  seven  thousand 
two  hundred  pounds  per  square  inch." 

Cummings  Lateral  Reinforcement.  Robert  A.  Cummings  of  Pittsburgh, 
Pa.  (Electric  Welding  Company),  following  a  European  practice,  has  applied  a 
method  of  reinforcing  compression-members  by  placing  horizontal  wire  spirals 
in  planes  at  right-angles  to  the  main  compressive  stresses.  This  practice  is  based 
on  the  theory  that  the  failure  of  a  concrete  prism  will  take  place  along  lines 
parallel  to  the  direction  of  the  applied  load.  The  method  has  been  very  success- 
ful in  reinforcing  the  heads  of  precast  concrete  piles,  driven  by  hammer. 

Cast*Iron  Colttama.  When  a  building  for  any  reason  need  not  be  treated 
as  a  fire-proof  structure,  space  and  time  may  be  saved  by  using  cast-iron  or 
STEEL  cx>i.i7ifNs.  In  such  cases  the  column-connections  must  be  designed  with 
suitable  bearings  for  the  concrete  construction  and  so  that  there  will  be  a  con- 
tinuity in  that  construction;  for  the  great  advantage  in  reinforced-concrete 
construction  lies,  in  its  uonouthic  character.  When  cast-iron  columns  are 
used,  the  heads  of  the  columns  may  be  cast  with  openings  through  which  the 

*  University  of  Illinois  Bulletin,  No.  56,  19x2. 
t  Proc.  Am.  See.  C.  £.,  Feb.,  1913,  page  153. 
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It  impairing  the  Mmiith  of  the  cohimni  at  tbe  caniiectiaDS. 


Ste«l  Calniniii.    Tn  steel  connan  it  is  ampler  to  provide  o 

between  the  reinfordng-rods  and  the  steel  shapes  of  the  columns.  When  the 
leinfonxment  does  not  go  through  the  ndtimos.  some  rods  shtnild  be  pUred 
outside  of  thrm  to  tie  as  much  »s  posuble  the  toncrete  on  one  side  to  th»t  oa 

Eccentric  Loadi.  Bending  stresses  due  to  latekal  and  eccentric  loads 
must  be  computed  so  that  the  combined  direct  and  bending  stress  docs  not 
eiceed  the  allowable  maiimuTn  stress  for  anial  compression.  Formulas  tur 
eccentric  loading  on  columns  ate  given  in  Cbapltr  XIV,  pages  453  and  486. 

Concrete  W«Ub.  If  not  reinforced,  oincrcte  walls  are  generally  lequired  to 
be  of  the  same  thickness  for  given  conditions,  as  brick  walls.  Under  such  cir- 
cumstances they  are  not  as  economical  as  brick  walls.  If  reinforced  and  used  as 
bearing-walls,  they  can  be  reduced  to  about  two  thirds  the  thickness  of  brick 
walls,  provided,  however,  that  the  load  on  the  concrete  does  not  exceed  the  safe 
load  per  square  inch  permitted  on  reinforced  columns.  The  ratio  of  unsupported 
height  to  thickness  should  not  exceed  that  lUed  (or  columns.  For  spandrrl- 
walls,  supported  entirely  on  girders,  the  minimum  thickness  should  be  4  in. 
Such  walls  should  be  rnnforced  with  not  less  than  'j  Ih  of  steel  per  square  foot 
of  wall,  in  the  form  of  rod!  placed  vertically  and,  less  frequently,  horizoniaB>-- 

Reintorced-Concrete  PootfDgs.  (See,  also,  pages  186. 125.  and  116. >  The 
principles  underlying  the  design  and  consi  ruction  o(  reinforced -conctete  footings 
are  the  same  as  those  applied  to  other  types  of  footings.  In  wall.  pier,  or  column- 
footings,  the  overhang  or  off-set  must  be  considered  as  an  [Nvehted  CAUriLEVTr 
loaded  uniformly  with  a  load  per  «[uare  foot  equal  to  the  load  per  square  foot 
imposed  on  the  underlying  soil.  The  rein  forcing- rods  will  then  necessarily  be 
placed  near  the  lower  surface  of  the  fooling  and  the  siie  and  number  determined 
u  ihowii  on  pages  g  JT,  938,  and  9  jg.   A  detail  olten  overlooked  in  reinIotced^™i- 
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Crete  footings  is  the  tendency  to  shkab  at  the  edge  of  the  walU  pier«  or  column 
supported.  When  footings  would  otherwise  become  very  eccentric,  cantilevers 
should  be  resorted  to,  the  same  as  for  steel  construction.  (See  pages  165  to  169, 
and  978  to  982.)  The  maximiun  bending  moments  are  determined  and  the 
Orders  designed  as  described  on  pages  925  to  932,  and  978  to  982.  Steel  in 
footings  should  be  protected  by  at  least  3  in  of  concrete. 

Bconomy  <rf  Reinforced-Concrete  Footings.  Great  economy  over  steel- 
grillage  or  other  types  of  footings  may  often  be  effected  by  the  use  of  rein- 
voitCEixx>NCR£TE  FOOTINGS.  The  cost  of  the  latter  type  will  vary  from  20  to 
40%  of  the  cost  of  a  corresponding  steel-grillage  footing.  This  difference 
is  easily  accounted  for.  The  amount  of  excavation  for  the  reinforced  footing  is 
generally  much  less  than  for  the  steel  grillage.  A  amaller  amount  of  concrete 
is  used,  and  this  oonciete  is  considered  in  the  calcuiatkms  for  strength;  whereas 
in  the  steel  grillage,  the  concrete  is  cbiefiy  provided  for  incasing  and  protecting 
the  BteeL  The  amount  of  steel  is  much  less,  being  used  only  to  supply  the  ten- 
sional  resistance  of  the  construction,  the  compressive  strength  being  supplied 
by  the  much  cheaper  material,  conczvte.  Incidentally,  the  protection  of  the 
steel  in  the  reinfoioed  footing  is  generally  more  certain  than  in  the  steel-giillage 
footing. 

Concrete  Piles.    Concrete  piles  are  discussed  in  Chapter  IT,  pages  196  to 
900,  and  some  of  the  types  are  there  described. 

Connections  in  Reinf  orced-Concrete  Construction.  Much  good  judgment 
can  be  displayed  and  must  be  exercised  in  the  design  of  the  detaUs  in  these 
connections.    The  great  value  of  reinforced-concrete  construction  over  other 
types  is  the  possibility  of  securing  great  rigidity.    This  can  only  be  attained 
when  the  result  is  as  nearly  iroNOUTmc  as  possible.    We  than  have  mass  to 
take  up  vibration  and  this  advantage,  in  the  case  of  workshops  or  factories  in 
which  there  is  machinery,  is  readily  seen.    The  reinforced-concrete  buildings 
that  came  through  the  severe  San  Francisco  earthquake  in  May,  1906,  in  good 
condition,  were  those  in  which  attention  had  been  given  to  the  details  and  con- 
nections.   To  secure  a  monoUthic  character  requires  continuity  not  only  in  the 
concrete,  but  also  in  the  reinforcement.     This  often  means  that  there  is  a  net- 
work of  steel  at  the  connections.    If  this  is  carried  to  excess,  the  bond  and  con- 
tinuity of  the  concrete  is  apt  to  be  broken,  even  when  the  spaces  between  the 
steel  units  are  thoroughly  filled.      But  when  there  is  such  a  network  of  steel 
it  also  acts  like  a  sieve  and  the  s{>aces  are  not  readUy  filled.    For  this  reason  it 
b  well  to  use  a  richer  mixture  at  the  cclunuos  and  to  keep  the  aggregate  as  small 
as  possible.    Hie  connections  of  fioor  system  to  columns  are  particularly  trouble- 
some in  this  respect,  and  partly  for  this  reason  and  partly  to  insure  rigidity, 
brackets  should  be  provided  under  the  girders  at  the  columns,  with  metal  rein- 
forcement near  the  inclined  surfaces  of  these  brackets. 

Reinfocced-Coacrete  Stsirs.*  Some  of  the  most  interesting  work  that  has 
been  done  in  reinforced  omcrete  has  been  the  ooostruction  of  stairs.  The  rdn- 
foroement,  being  in  the  form  of  comparatively  smaU,  limber  bars,  can  be  adapted 
to  almost  any  shape  for  which  molds  can  be  constructed,  and  when  a  wet,  rich 
concrete  with  snali  aggregate  is  used,  little  or  no  difficulty  need  be  experienced 
in  casting.  As  an  example  of  such  work,  the  stairs  in  the  residence  of  G.  W. 
Vanderbilt,  in  New  York  City,  may  be  cited.  WTien  these  stairs  were  five 
weeks  old  a  test  of  their  strength  was  made,  without  distress,  by  dropping  a 
bundle  of  four  bags  of  cement,  weighing  about  5S0  lb,  from  the  floor  above  to 

*  See,  also,  pages  900  and  983. 
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the  intermediate  platform,  a  distance  of  ii  ft.  No  injurious  effects  were  En- 
ticed.* 

4.  Types  of  Reinforced-Concrete  Construction  f 

Mill-Construction.  In  localities  where  the  cost  of  labor  is  high  and  where 
the  conditions  cause  more  or  less  congestion,  it  is  probably  more  eoonoaucaJ  to 
use  brick  instead  of  concrete  for  the  walls.  In  such  cases  the  type  of  construc- 
tion is  similar  to  ordinary  mill-construction.  Provision  must  be  made  to  an- 
chor the  beams  and  girders,  and  this  can  be  done  by  bending  the  ends  of  the 
reinf  orcing-rods  so  that  they  will  extend  horizontally  into  the  walls  on  eadi  side. 

Skeleton  Construction.    The  skeleton  type  of  construction  seems  to  be 
the  form  l)est  adapted  to  reinforced  concrete.    .\  framework  of  columns,  sirder«^ 
beams,  and  flooring  is  built,  as  in  steel  construction,  the  wall-girders  and  columns, 
of  course,  being  designed  to  carry  the  weights  of  the  outside  walls  as  weU  a< 
that  part  of  the  floor-loads  and  live  loads  which  comes  on  them.    The  work,  ia 
this  type  of  construction,  can  generally  progress  more  steadily  than  in  the  lau.- 
coNsrxucTiON  since  the  concrete  work  need  not  be  stopped  at  any  time  to  wait 
for  the  brickwork  to  be  carried  up,  if  brick  is  used  for  the  walls.    In  the  skele- 
ton CONSTRUCTION  any  type  of  outside  wall  may  be  used;  brick,  concrete,  tik, 
etc.    In  some  cases  the  panels  are  simply  filled  in  with  brickwork,  8  or  12  in 
thick,  leaving  the  concrete  columns  and  girders  showing  between  the  brick 
panels.    For  walls  situated  on  property-lines  where  adjoining  buildings  are  likely 
to  be  erected,  this  is  not  objectionable.    If  the  wall  remains  exposed  and  a  good 
appearance  is  a  consideration,  the  columns  and  girders  can  be  treated  architec- 
turally to  set  off  the  brickwork;  or  the  brickwork  may  b^  continued  as  a  facing 
over  the  outside  of  the  columns  and  girders.    This  was  done  in  some  of  the  Bush 
Terminal  Warehouses,  Borough  of  Brooklyn,  New  York  City.t    To  thoroughly 
secure  this  brick  facing,  galvanised  anchors  were  placed  in  the  concrete  columns 
and  girders  as  they  were  erected,  projecting  sufficiently  to  bond  into  the  brick- 
joints.    In  using  concrete  for  the  panels  the  sides  of  the  columns  are  cast  with 
pockets,  grooves,  or  recesses  to  receive  the  panels,  which,  as  in  the  case  of  brick- 
work, are  most  satisfactorily  and  most  economically  built  after  the  removal  of 
the  molds  from  the  skeleton  frame.    In  the  Marlborough-Blenheim  Hotel,  at 
Atlantic  City,  N.  J.,  the  panels  are  filled  in  with  hard-burned  terra-cotta  tiles 
and  a  stucco  applied  on  the  outside.    This  makes  a  comparatively  light  con- 
struction and  affords  good  insulation.    The  particular  advantage  in  the  skele- 
ton type  of  construction,  especially  for  workshops  and  factories,  is  the  possibility 
of  large  window-areas  affording  light  and  ventilation. 

System  M.  A  type  of  construction  known  as  System  M  has  been  developed 
by  the  Standard  Concrete  Steel  Company  of  New  York  City  (Fig.  22).  It  con- 
sists of  a  light  steel  skeleton  frame  designed  to  carry  the  dead  load  of  the  entire 
structure,  except  that  the  columns  are  designed  to  cany  the  gross  loads.  The 
structure  is  incased  in  concrete,  making  ultimately  a  reinforced<oiicrete  construc- 
tion.! Its  advantage  consists  in  its  adaptation  to  the  erecrion  and  inspection  of 
the  steel  reinforcement  before  even  the  centers  or  molds  are  placed  in  position. 
Under  congested  conditions,  such  as  prevail  in  large  cities,  it  is  a  rapid  form  of 

*  For  a  detailed  description,  see  Cement,  Jan.,  1904,  and  Engineering  Record.  Dec.  12. 
1903-    For  other  examples  of  stair-construction,  see  Engineering  News,  June  jo,  1904. 

t  See,  also,  Chapter  XXV. 

X  For  a  description  of  this  building,  see  Engineering  Record.  March  3,  1906. 

fi  For  fuller  description,  see  Engineering  News.  April  25,  2907,  and  Engineering  Record, 
June  22,  1907. 
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amount  ot  metal  used.  Furtbennore  such  shipn  musl  necnsarily  be  subjectrd 
to  lorae  bending,  which  tends  to  break  the  bond  between  concrete  ind  stecN 

Flat-Slab  Conilraetlan.*  Tn  this  form  of  construction  beams  and  girders 
are  eliminated  almost  completely,  i[  not  entirely,  and  the  slab  is  made  lo  rest 
directly  on  the  columns;  (he  tops  of  the  columns  am  enlarged  into  extended  caps. 
This  system  of  construction  employs  a  shallower  floor-construction  than  is  ordi- 
narily attainable.  The  floor-centering,  too,  for  purposes  of  erection,  is  somewhat 
»mpler,  espedsUy  in  (hose  forms  of  slabs  in  which  the  lower  surface  is  all  in  one 
plane.  The  slab  may  be  of  unilorm  thicliness  between  the  edges  of  the  column- 
capltob,  or  ■  portiooof  it,  symmetrical  about  the  columns,  may  be  thickened  lo 
form  a  roLtmN-DRDP,  or  the  slab  may  be  thickened  to  form  a  band  or  shallow 
beam  between  columns,  with  a  paneled  ceiling  at  the  center  of  the  panel. 

Based  on  the  method  of  reinforcing  the  slab  and  columns,  a  number  of  systems 
have  been  developed  which  may  be  divided  into  four  general  dasics:     (i)  the 

U)  the  CiBCUMFEMEKTiAL  SYSTEM.  In  the  rwo-WAY  svsTT!ii,  ihe  reinforcement 
is  placed  hi  direct  bands  between  thr  columns  in  both  directions,  wilh  an  interior 
system  ol  two-way  rectangular  bands  on  the  temaining  panel-aiea  at  the  center. 
In  the  FOCI-WAT  (YSTEB,  the  reinforcement  is  placed  in  two  direct  bands  in  the 
two  rectangular  directions,  and  in  two  diagonal  bands  which  cross  the  panel 
diagonally  between  columns.  In  the  thkee-wav  svsteu  the  reinforcement 
it  pland  in  bands  directly  conDccting  the  columns  and  passing  over  the  column- 
head*.  In  the  ci«cf«FEBENTiAL  SYSTEM,  drcumfc  rent  111  leinlorcement  is 
placed  around  the  columns,  with  ban  radiating  from  the  column-centers.  Con- 
centric rings  of  reinforcement  are  also  placed  at  the  center  of  the  sides  joining 
column-centers,  which  overlap  the  circumferential  reinforcement  at  the  columns. 
and  the  center  of  the  panel  is  reinforced  in  a  similar  manner.  Some  of  the 
syslenis  developed  are  moditications  ol  the  above  or  a  combination  of  two  or  more 
ol  the  general  tyfies  described.  The  principles  of  design  are  based  on  empirical 
analyses  determined  by  eiteosometer  tests  made  on  completed  buildings. 

Akm<  Sjtl«m.  This  is  a  two-way  svsteu  devehqied  by  the  Condron 
Company.  Chicago,  111.  It  is  constructed  dthei  with  a  slab  of  uniform  thick- 
tin*,  with  >  drop-panel,  or  with  a  paneled  ceiling.     Each  panel  of  the  slab  la 

•  See,  also.  Girdeiless  Floors,  Cbtpier  XXV,  page  MJ- 
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divided  into  two  seta  of  strips,  called  tlie  xaxm-slab  sikips  and  the  iod-slab 
STRIPS,  which  are  designed  as  flat,  shallow  beajns. 

Cofr-Plate  Sjrstem.  This  type  of  construction  has  been  developed  and  in- 
stalled by  the  Corrugated  Bar  Company,  Buffalo,  N.  Y.  The  construction  is 
similar  to  other  two-way  systems  and  is  installed  either  with  or  without  drops. 
The  reinforcement  is  distributed  across  the  entire  slab,  with  varying  qw^Hng  to 
resist  the  stresses  determined  experimentally. 

Mttfhroom  System.  The  mushrooic  system,  invented  by  C.  A.  P.  Turner. 
Mixmeapolis,  Minn.,  is  one  of  the  earliest  of  the  flat-slab  constructioos.  The 
striking  and  essential  feature  which  gives  this  system  its  name  is  the  gradual 
spreading  out  of  the  column  at  the  top  to  form  a  cap,  the  diameter  of  which  is 
seven  sixteenths  of  the  sum  of  the  distances  between  columns  in  the  direction  oi 
the  sides  of  the  slab.  The  longitudinal  oolumn-reinforcement  is  bent  to  follow 
the  carved  outer  surface  of  the  cap,  and  the  cap  is  reinforced  both  radially  and 
drcumferentially.  The  slab-reinforcement  is  placed  at  the  top  of  the  slab  over 
the  columns  and  allowed  to  sag  to  a  catenary  curve  with  the  low  point  near  the 
bottom  of  the  slab  at  the  middle  of  the  span.  The  thickness  of  the  slab  varies 
from  Hi  to  Ho  of  the  shorter  distance  between  the  oolumiv-cenlenng.  This  15 
essentially  a  foxtr-way  systrm  with  the  added  features  described  above. 

The  Cantilevtr  Flat  Slab,  designed  by  the  Coacrcta  Pioducta  GoaaiMny, 
Chicago,  111.,  is  another  type  of  pour-way  sysicm.  It  dificis  from  the  one  de- 
scribed in  the  preceding  paragraph  mainb^  in  the  construction  of  the  column-cap. 
The  column-bars  axe  not  bent  to  the  shape  of  the  cap  but  oontinue  tq>  straight. 
The  horizontal  cap-reinforcement  h  provided  by  a  shc^nade  frame  of  radial 
bars,  held  together  by  a  Diamond  Bar  which  is  intended  to  resist  the  circum- 
ferential stresses.  The  diameter  of  the  cap  is  about  5io  the  span  and  the  thick- 
ness of  the  slab  about  )i&  the  span.  Whenever  necessary  to  provide  for  large 
shearing-stresses  and  bending-stresses  around  the  column,  the  slab  is  increased 
in  thickness  at  that  point,  forming,  in  appearance,  an  extended  cap  at  the 
column-head.  Later  extensoneter  tests  have  proved  the  use  of  radial  rods 
with  rings  around  the  column-heads  to  be  inefficient^  and  they  therefore  have 
been  abandoned. 

Three- Way  System.  This  system  was  invented  and  patented  by  David  W. 
Morrow,  Cleveland,  Ohio.  The  cohimns  are  kx:ated  at  the  apexes  of  equSatenl 
triangles,  making  equal  the  bands  of  steel  between  the  columns.  The  reinforce- 
ment over  the  cohimns  is  placed  in  three  instead  of  the  four  ktyera  of  the  lOCR- 
way  systems.  Flaring  circular  caps,  with  hexagonal  or  circular  drops,  are  pro- 
vided over  the  colunms. 

S.  M.  I.  System.  Tins  system  was  invented  and  patented  by  Edward 
Smulski,  and  is  controlled  by  the  S.  M.  I.  Engineering  Company,  Boston,  Mas. 
Circumferential  and  radial  reinforcement  is  placed  in  both  the  top  and  bottom 
of  the  slab,  with  trussed  bars  extendmg  both  rectangukriy  and  diagonally  be- 
tween the  columns  (Fig.  23).  The  radkl  bars  are  provided  with  a  semidmiiar 
hook  to  transfer  the  stresses  into  the  concrete  by  bond,  and  to  engage  the.  ring  of 
reinforcement  in  the  center  of  the  panel.  To  prevent  cracky  on  the  top  of  the 
slab  between  oolmnns,  additional  short,  straight  bars  are  sometimes  used. 

Patents  for  Flat-Slab  Construction.  In  190T  and  1902  patents  were 
granted  to  O.  W.  Norcross,  covering  gfrderless  floor-construction  reinforced  with 
bands  of  wire  netting  extending  from  column  to  column.  Application  for  the 
original  C.  A.  P.  Turner  patents  was  made  in  1905.  In  191 5  the  United  States 
Courts  held  that  the  Norcross  patents  covering  girderiess  floors  were  funda- 
mental, and  that  bands  of  bars  were,  to  all  intents  and  purposes,  the  same  as 
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bauds  qI  nice  netting.  It  would  Mem,  tbeiefore,  that  any  system  □(  floor-ron- 
struction  (depending  upon  hands  of  bus  miming  either  diagonally  oc  ctuiuniH 
from  column  10  column  constitutes  an  infringement  of  the  Nuransa  patents. 
The  leading  promoters  of  flat-slab  construction  in  the  United  States  ate  now 
licensed  under  the  Norcross  patents;  but  several  other  United  St:iles  patents 
have  been  granted  covering  q;iedal  methods  of  cunstmction  and  reinlorcement. 
Combinatloa  HoIlow-TQe  and  Reloforced-ConcTete  Coaatniction.  In 
seeking  to  mininuze  the  cost  of  cfntering,  the  floor-constniction  shown  in  Fig.  24 
has  been  devised.  It  consists  of  a  aeries  of  icinforcnt-concTFte  beams  with 
deu  space*  between  them  of  the  width  of  the  hollow-tile  bbcks.    In  erection,  a 
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flat  centering  is  used,  which,  however,  need  D0(  even  be  contmooiu.  PUnkx,  s 
lew  iacbKi  wUer  thin  the  concrete  beuw,  mie  ptaoed  under  the  qwoes  to  be  Glkd 
by  the  beuas,  and  the  tilei  (ce  laid  in  rawt  and  supported  alonff  tlwtt  edE«  by 
the  plailks,  thus  forming  the  rides  cf  the  molda  Ibr  the  beams.  The  reinforce- 
ment i«  placed  and  the  concrete  poured,  with  or  without  floor-pUtes,  >s  tbcnecn- 
lilies  of  the  case  may  require.    Can  mut  be  taJcen  in  poiuiog  the  eoaa 
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that  the  tiles  are  not  di^^ced  tidewise.  Tlie  tiles  should  fit  closely  at  tbeir 
joints,  otherwite  the  finer  particles  of  tbe  concrete  are  liable  to  Sow  into  them, 
either  making  tbe  concrete  porous  or  requiring  more  cement  and  sand  than  ii 
necessary.  This  form  of  construction,  besides  being  economical  in  centering, 
ofTers  [he  advantairs  of  a  flat  ceiling  without  the  application  of  lath  and,  in  rouf- 
coostniction  particularly,  of  freedom  from  coadensation. 

The  Flontj^e  STitem*.  A  Soor-construction  unular  to  the  hoDow-tfle 
construction  just  described  has  been  devised  by  the  Truscon  Steel  Compuiy, 
V'oungslawn,  Ohio,  in  which  forms  nf  corrugated  sheet  -iteel,  called  flobetvles, 
replace  the  hollow  tiles.  Tbe  Floretyles  are  furnished  in  lengths  of  iSH  and  jj 
in,  and  in  depths  of  6,  8,  lo,  and  i;  in.  The  width  at  the  base  it  loM  in,  with  tbe 
sides  tapering  at  an  angle  of  l°3o'.  They  are  (umished  in  two  types,  eilber  with 
serrated  edges  for  use  with  the  company's  liy-iihlalh  forceiUngs.  or  with  iCraight 
edges  for  use  where  paneled  ceilings  are  required.  Otiier  makes  of  luetal  fomu 
used  in  the  construction  of  reioforced-concretc  Qoors  are  the  a  BTEEL  tii.es  of  the 
General  FireprooBng  Company,  Youngstown,  Ohio,  and  the  wiscorouts  of  tbe 
Witherow  Steel  Company,  Pittsburgh,  Pa.  Besides  a  reduction  in  weight  of 
finished  floors,  the  additional  advantage?  in  the  use  of  these  steel  tiles  or  forms 
over  the  terra-cotta  fillers  are:  Greater  economy  in  centering,  larger  covering 
capacity,  less  hulk  in  shipment  because  the  forms  can  be  nested,  and  less  danger 
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of  absorption  of  water  from  the  concrete  and  of  the  flooring-out  of  the  cement  at 
the  joints.  A  concrete  floor  of  G  F  steel  tiles,  spaced  so  as  to  make  4-m  con- 
crete beams,  24  in  on  centers,  and  having  2  in  of  concrete  above  the  tiles,  with- 
out ceiling,  b  said  to  have  the  properties  shown  in  the  table  on  page  952, 
acc3rding  to  the  depth  of  tiles  used. 

Two- Way  Tile  Systems.  Similar  in  general  principle  but  using  reinforce- 
ment in  two  directions,  at  right-angles  with  one  another,  b  the  combined  hol- 
ix>w-TiLE-ANO-coNCRETE  FLOOR,  Controlled  by  the  Burchartz  Fireproofing  Com- 
pany, Inc.,  New  York  City,  under  the  Burchartz  patents  (Fig.  25).  This  system 
employe  terra-cotta  blocks,  channels,  and  soffits,  providing  uniform  flat  ceilings 
to  which  plaster  can  be  applied  without  the  use  of  metal  lath.  In  this  case  the 
floor  is  calculated  as  a  slab  supported  on  four  sides.  (See  page  936.)  The  con- 
crete is  prevented  from  nmning  into  the  hollow  spaces  of  the  tile  by  the  use 
of  the  terra-cotta  channels  as  shown. 

Floredomes.  In  the  floredoue  -coNSTurcTiON,  put  on  the  market  by  the 
Truscon  Steel  Company,  Youngstown,  Ohio,  the  tile  spadng-blocks  of  the  two- 
way  TILE  SYSTEM  are  replaced  by  rectangular  dome-shaped  steel  forms  with  the 
under  side  open.  Lightness  in  floor-weight,  ease  and  rapidity  of  installation,  and 
no  breakages  are  the  advantages  claimed.  The  ceiling-treatment  in  this  con- 
struction is  similar  to  that  in  the  Floretyle  system.  The  base  of  the  domes  is 
uniformly  21.5  in  square;  the  depth  varies,  bdng  6,  8,  10,  or  12  in. 

Strength  of  Combination  Systems.  While  the  tiles  may  under  favorable 
conditions  add  to  the  strength  of  the  combined  floor-construction,  the  chances 
of  unsatisfactory  workmanship  are  too  great  to  consider  them  in  the  calculations 
for  strength.  In  the  floors  reinforced  in  one  direction,  the  construction  should 
be  treated  as  a  series  of  either  rectangular  beams,  or  T  beams,  as  the  concrete 
extends  either  to  or  above  the  top  face  of  the  tiles.  The  two-way  reinforced 
construction  should  be  treated  as  if  it  consisted  of  a  slab  supported  on  four 
sides,  or  as  a  aeries  of  intersecting  rectangular  beams,  or  T  beams.  If  the  con- 
struction is  to  be  treated  as  a  series  of  T  beams  or  as  a  slab,  the  concrete  should 
extend  at  least  2H  in  above  the  top  surface  of  the  slab  and  the  tiles  or  fillers  should 
not  exceed  60%  of  the  volume  of  the  construction. 

Sepantely-molded  Construction.    The  unft  or  separately-molded  con- 
struction consists  of  precast  reinforced-concrete  members,  colunms,  girders, 
beams,  or  slabs,  either  molded  at  the  site  of  the  building,  or  made  at  the  factory 
and  shipped  to  the  site  ready  for  use.    The  various  members  are  swung  into 
place  in  much  the  same  manner  as  steel  is  erected,  and  fitted  together  in  the 
structure  by  interlocking  reinforcement  and  poured  grouting.    Great  economy 
is  claimed  for  this  method  of  erection  on  account  of  the  saving  of  forma.    Maxi- 
mum economy,  however,  cannot  be  obtained  on  a  building  operation  of  less  than 
80  000  sq  ft,  as  economy  is  obtained  by  the  greater  use  of  the  forms  and  the 
familiari^  of  the  erecting-crews  with  the  particular  type  of  buflding.    But 
under  good  conditbns,  economy  can  also  be  shown  on  an  operation  involving 
as  little  as  50  000  sq  ft.    The  advantages  of  this  construction  are  said  to  be: 
The  great  number  of  uses  possible  of  one  set  of  forms,  especially  on  a  large  opera- 
tion; the  small  number  of  men  required,  due  to  the  extensive  use  of  locomotive- 
cranes,  motor  trucks,  derricks,  etc.;  the  ease  with  which  the  units  may  be  in- 
spected while  being  poured  and  before  entering  the  buflding;  and  the  fact  that  all 
shrinkage  takes  place  before  the  units  enter  the  structure,  thus  eliminating 
shrinkage-cracks  in  the  building.    The  disadvantage  of  such  a  system,  however, 
appears  to  lie  in  the  lack  of  sufficient  rigidity  in  tall,  separately-molded  unit 
structures.    All  floor-members  must  be  designed  and -cast  as  simple,  non-con- 
tinuous UNITS,  with  the  reinforcement  left  projecting  at  both  ends  to  serve  for 
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tying  the  structure  together.  These  junctures  are  made  after  the  units  arc 
hoisted  into  place,  and  supported  by  a  pouring  of  rich  concrete.  For  tall  struc- 
tures it  is  more  feasible  to  erect  a  light  structural-steel  frame  and  employ  the 
precast  floor-units  only.  (See  Chapter  XXIII,  page  854.)  The  saving  in  cost 
is  noted  particularly  in  low  buildings,  and  more  especially  in  one-story  struc- 
tures,* such  buildings  having  been  erected  at  a  saving  of  from  10  to  20%  over 
MONOunnc  construction.  Methods  of  interlocking  the  units  and  providing 
satisfactory  details  are  constantly  being  improved  and  a  series  of  tests  of  the 
efficiency  of  such  connections  is  being  carried  on  by  the  Unit  Construction 
Company  of  St.  Louis,  Mo.  There  are  under  construction,  or  already  completed, 
many  bidldings  of  this  type  installed  by  the  above  company,  including  five-story 
buildioga  lor  the  Naticuaal  Lead  Compauy,  at  St.  Louis,  Mo.,  Kansas  City, 
Mo.,  and  Pittsburgh,  Pa.;  a  three-story  building  for  the  Ohio  Cultivator  Com- 
pany, at  Belleville,  Ohio;  five  acres  of  car-barns  at  Philadelphia,  Pa.;  and  approx- 
imately thirteen-and-a-balf  acres  of  cotton-warehouses  at  Memphis,  Tenn. 
The  Ransome  Engineering  Company  of  New  York  City  has  erected  five-story 
and  six-story  buildings  with  its  Unit  ^stem,  in  Boston,  Mass. 
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Non-CondnetiTity  of  Roinforced  Concrete.  Concrete  is  a  poor  conductor 
of  heat,  and  in  this  fact  lies  whatever  virtue  it  has  as  a  fire-proof  material.!  A 
series  of  tests  made  by  Professor  Woolson  of  Columbia  University,  New  York 
City,  and  reported  at  the  1907  meeting  of  the  American  Society  for  Testing  Mate- 
rials, shows  the  following  results: 

(x)  "That  all  concrete  mixtures  when  heated  throughout  to  a  temperature 
of  I  000*  to  I  500**  F.  wiU  lose  a  large  proportion  of  their  strength  and  elasticity, 
and  that  this  fact  must  be  well  remembered  in  designing." 

(2)  ''That  all  concretes  have  a  very  low  thermal  conductivity,  and  therein 
lies  their  well  known  heat  resisting  properties." 

(3)  "Tliat  as  a  result  of  this  low  thermal  conductivity,  two  to  two  and  one- 
half  inches  of  concrete  covering  will  protect  reinforcing  metal  from  injurious 
heat  for  the  period  of  any  ordinary  conflagration  (provided,  of  course,  that  the 
concrete  stays  in  place  during  the  fire)." 

(4)  "That  retnfordng  metal  exposed  to  the  fire  will  not  convey  by  conduc- 
tivity an  injurious  amount  of  heat  to  the  embedded  portion." 

(5)  "Tliat  the  gravel  concrete  was  not  a  reliable  or  safe  fire-resisting  aggre* 
gate."  X 

Loss  of  Strength  of  Reinforced  Concrete.  If  itsNQK-ooNDucmTrywere 
all  that  is  involved  in  the  fire-proof  character  of  concrete,  the  minimum  thick- 
ness required  for  the  protection  of  the  steel  could  be  easily  determined.  But 
the  STRENGTH  of  the  concrete  is  more  or  less  affected  when  exposed  to  extreme 
heat.  An  effort  has  been  made  to  determine  this  effect  and  a  summary  |  of  the 
results  as  reported  by  Professor  Woolson  of  Columbia  University,  New  York 
City,  is  given  in  Tables  XII  and  XIII. 


•  Engineering  Record,  Vol.  60,  page  643;  Engineering  News,  Vol.  58,  page  s?  Pw- 
ceedings  National  Association  of  Cement  Users,  1910,  page  391. 

t  It  must  be  remembered  th^  in  this  and  Buoceeding  paragraphs  on  the  fire-resisting 
ix-operties  of  concrete,  only  such  material  as  is  used  in  reinforced  concrete,  is  considered. 
The  value  of  cinder  concrete  as  a  fire-proof  material  is  discussed  in  Chapter  XXIII, 
page  817. 

t  Engineering  News,  Aug.  15,  1907,  page  168. 

I  Proc.  Am,  Soc.  for  Test.  Mats.,  Vol.  IV,  page  433. 
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Fire  Tests  on  Reinforced  Concrete.    The  efpect  of  fire  on  reinforc^i 

concrete  has  been  studied  in  a  number  of  tests  made  by  the  building  autbonti<s 
of  New  York  City  and  Philadelphia,  and  in  some  of  the  conflagrations  in  tm^ 
country,  notably  at  San  Frandsoo.  The  tests  to  which  the  sample  fuU-s:^- 
constructions  have  been  subjected  are  similar  to  the  test  described  in  Chapcer 
XXIII,  page  827.* 


Table  Zn.    Teiti  of  Concrete  Blocks  Heated  on  All  Sides  f 

Spedmeas,  6  by  6  by  Z44n  prisms;  proportions  1:3:4 
Age  3  months;  temperature  1500*  P. 


Treatment 

1 
Aggx^sgate 

Limestone 

Trap-rock 

Cinder 

Graved 

Modulus  of  elasticity. 
At  300  lb  per  sq  in: 
Unheeted 

300  000 

385000 

3430000 

150000 
139000 

4  35,Sooo 
222000 
Z88000 

4355000 
348000 

3140 
X400 

997 

Z090000 

49500 

571000 

960000 

Heated  3  hours 

Heated  5  hours 

At  400  lb  per  sq  in: 
Uxxheated 

6  887  OQO 

Heated  2  hours 

Heated  s  hours 

At  800  lb  per  sq  in: 
Unheated , 

5647000 
435000 

3740 

X345 
870 

915  000 

Heated  3  hours 

Brealdng-load  in  lb  per  iq  in: 
Unheated 

1400 

547 
504 

a  780 

Heated  3  hours 

Heated  5  hours 

1 

Table  Xm.    Concrete  Blocks  Heated  on  One  Pace  Only  t 

Spedmens,  6  by  6  by  i44n  prisms;  proportions  1:3:4 
Age  3  Months;   temperature  x  500°  P. 


Treatment 

Aggregate 

Limestone 

Trap-rock 

Modulus  of  elastidty.  (Blocks  heated  5  bis.) 
At  300  lb  per  so  in 

393400 

521  700 

730700 

z  840 

30000O 

At  400  lb  oer  so  in 

368  000 

At  800  lb  per  so  in 

379000 
1705       \ 

1 

Brealdng-load  in  lb  per  so  in 

*  For  a  partial  list  of  these  tests,  see  Table  In  Proc.  Am.  Soc.  for  Test.  Mats.,  Vol  \1. 
page  X28.    Several  tests  have  been  made  since  that  report  was  submitted, 
t  Proc.  Am.  Soc.  for  Test.  Mats.,  Vol.  VI.  page  446. 
t  Proc.  Am.  Soc.  for  Test.  Mats.,  Vol.  VI,  page  448. 
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The  conclusion,  from  a  studiy  of  the  teats  in  detail,^  shows  that  to  a  depth 
averaging  about  i  in,  the  concrete  is  seriously  impaired  and  easily  washed  off  by  a 
hose-stream  applied  to  the  surface.  Any  stone  containing  an  appreciable  per- 
centage of  carbonate  of  lime  will  calcine  and  may  cause  failure.  Where  the  con- 
struction is  poorly  designed,  allowing  an  excessive  de6ection,  the  6ne  cracks 
in  the  concrete  below  the  steel  will  open  to  such  an  extent  as  to  permit  the  heat 
to  reach  the  metal  reinforcements.  When  the  reinforcement  is  such  as  to  pro- 
duce a-  plane  of  weakness  in  the  concrete  there  is  liable  to  be  a  flaking  off  of  the 
concrete  and  a  consequent  exposure  of  the  metaL 

Actoal  Fire  Tests  of  Reinforced  Concrete.  The  eaxliest  test  of  a  re- 
inforced>concrete  building  in  an  actual  fire  occurred  in  1902,  in  the  four-story 
factory  of  the  Pacific  Coast  Borax  Company,  at  Bayonne,  N.  J.  The  roof  of 
this  building  was  of  wood,  and  with  the  contents  of  the  building,  was  destroyed 
by  the  fire.  The  only  damage  suffered  was  a  break  in  the  top  floor  caused  by 
the  fall  of  a  heavy  tank  that  had  been  supported  by  the  roof.  At  the  same 
time  an  adjoining  building  constructed  with  unprotected  steel  posts  and  beams 
was  twisted  into  a  tangled  mass  of  metal. 

Tests  in  the  Baltimore  Fire.  In  the  Baltimore  fire  there  was  but  one 
reinf orced-concrete  building  of  the  three  exposed  to  the  fire,  from  which  any  fair 
conclusion  can  be  drawn.  In  one  of  the  buildings,  the  conciete  construction 
was  entire^  destroyed,  but  this  was  probably  due  to  the  falling  walls  and  the 
failure  of  other  non-fire-proof  parts.  In  a  second  building,  the  heavy  rein- 
forced-concrete  floor  of  a  banking-room  came  out  practically  unharmed;  but  it 
was  not  exposed  to  severe  fire.  The  third  structure  was,  however,  exposed  to 
severe  fire.  The  contents  of  the  building  were  destroyed  and  a  huge  part  of  the 
outside  brick  walls  fell.  The  floors,  five  in  number,  were  all  of  reinforced  con- 
crete supported  on  ooncrete  columns,  having  replaced  an  old  wooden-joist  con- 
struction. A  test  made  after  the  fire  showed  that  the  floors  were  still  strong 
enough  to  sustain  the  loads  for  which  they  were  designed,  although  the  floor- 
slabs  were  cracked.  The  girders  were  cracked  longitudinally  near  the  lines  of 
the  reinforcement,  and  the  columns  were  spalled  to  such  an  extent  as  to  expose 
most  of  the  reinforcement.  It  would  have  been  diflScult  to  restore  the  building 
so  that  it  would  resist  another  such  attack,  f 

Tests  in  the  San  Francisco  Firs.  The  Enrscrs  ov  the  rax  on  concrete 
construction  in  the  conflagration  immediately  following  the  San  Frandsco  earths 
quake  ip  1906  are  summed  up  in  the  following  paragraph  from  the  report  of  a 
committee  of  engineers  that  investigated  the  subject. 

"Concrete  floors  generally  had  hung  ceilings,  and,  where  thus  protected,  were 
uninjuxed.  Where  exposed,  the  concrete  is  in  most  cases  destroyed,  for  instance, 
in  the  Sloan,  Rialto,  and  the  Aronson  Buildings,  and  the  Crocker  Warehouse. 
The  concrete  is  diy,  and  while  in  many  cases  bard,  yet  all  the  water  has  been 
burned  out  and  it  may  be  said  to  be  destroyed,  even  if  able  to  suppcwt  weights. 
Floor-coverings  of  wood  invariably  burned,  adding  to  the  destruction.  Sleepers 
were  generally  burned.  Surfaces  ol  cement  mortar  fared  much  better,  the  lino- 
leum covering  remaining  practically  intact."  t 

In  discussing  the  report,  Mr.  A.  L.  A.  Hinunelwright,  who  made  a  personal 
inspection  of  the  ruins,  concludes  that  reinforced  concrete  is  inferior  as  a  fire- 
re^sting  construction  to  any  form  of  steel  construction  with  concrete  floors  and 

*  The  detailed  reports  are  on  file  in  the  Bureau  of  Bufldings,  Borough  of  Manhattan, 
New  York. 

t  Captain  SeweU  in  his  report  on  this  buildiDg  dxawi  a  different  concluaion.  See 
Enffineering  News,  March  24,  i904>  page  276. 

i  Proc.  Am.  Soc.  C.  E.,  March,  1907,  page  ^o. 


958  Rebfofccd-Concrete  Construction  Chap.  24 

concrete  column  and  girder-protection,  but  superior  to  steel  construction  wi*:- 
terra-cotta  floor  and  terra-cotta  column  and  girder-protection.  "Where  ti:  ^ 
method  was  used,  a  very  slight  attack  of  fire  was  generally  sufficient  to  caiise  tV 
rupture  of  the  concrete  underneath  the  reinfordng-metal,  so  that  it  fell  a^^y 
exposing  the  metal.  There  were  comparatively  few  buildings,  however,  in  -Kfdl 
this  method  of  construction  was  used.*'* 

Thickness  of  Concrete  Required.  From  a  study  of  the  tests  and  £wes  jist 
referred  to,  the  fair  conclusions  as  to  the  amount  or  protection  against  tut 
would  seem  to  be  as  follows:  (i)  In  all  columns  and  in  large  and  importi^' 
girders,  trusses,  or  other  supports,  at  least  2  in  of  concrete  outside  of  all  reinforce- 
ments; <2)  in  girders  and  beams  and  in  dabs  of  bng  spans,  about  tH  in  of  cc:- 
crete  outside  of  aH  reinforcements ;  (3)  in  stair-woric,  floor-slabs  of  sbort  spar. 
and  walls  and  partitions,  from  H  to  t  in  of  concrete  outside  of  all  reinforccxne:;! 
The  provisons  recommended  in  the  Building  Code  of  the  National  Board  c. 
Fire  Underwriters  arc  :  "  Sted  reinforcement  shall  have  a  minimum  pre- 
tection  of  concrete  on  aH  sides  as  follows:  In  columns  and  girders,  2  inche< 
in  beams  and  walls,  iM  in;  and  in  floor  slabs,  r  inch.  The  steel  in  footings  fjr 
walls  and  oohisms  shall  have  a  minimum  protectlOD  of  4  Indies  of  ooncrete. 

"The  minimum  thidmess  of  ooocRte  siimnmdiiig  and  reinfordns  membeis 
one-quarter  inch  or  less  in  diameter  shall  be  one  inch;  and  for  members  hea^-^ 
than  oneHjuaiter  inch  the  minimum  thickness  of  protecting  concrete  shall  he 
lour  diameters  taking  that  diameter,  in  the  event  of  bars  of  other  than  dtmbr 
cross-section,  which  lies  in  the  direction  in  which  the  thickness  of  the  oopcrgte 
is  measured;  but  no  protecting  concrete  need  be  more  than  Ibar  inches  thick 
for  bars  of  any  size;  and  provided,  further,  that  aU  cohimns  and  girders  of  rtia- 
forced  oonocte  shall  have  at  least  one  inch  of  material  on  aO  exposed  surfaces 
over  and  above  that  required  lor  structural  purposes;  and  ail  brains  and  flocc 
slabs  shall  have  at  least  thrse^uarters  inch  oif  such  surplus  material  #or  fire^^t^ 
-sistimr  Dumoaes." 

Other  forms  of  Protection  for  Reinforced  Concrete.    Because  of  the 
effects  produced  by  fire  on  reinforced  concrete,  as  above  described,  and  the 
difficulty  of  restoring  the  construction  where  so  affected,  various  sui^gestii^s 
have  been  made  to  protect  the  concrete  construction  with  other  materials.    Od 
account  of  its  excellent  fire-resisting  qualities  (see  page  Si?),  cmDER  cokcseti 
naturally  suggests  itself.    This  material  is  out  of  the  question  where  strength 
is  required.    But  its  use  may  be  combined  with  that  of  sroMC  caNcmnr,  by 
placing  a  suffident  thickness  for  protective  purposes  on  the  outside  of  the  rdn- 
forcements  in  cohunns,  below  the  neutral  axis  in  beams  and  girders^  t  and  on  the 
under  surface  of  floor-slabs.    Difficulties  are  likely  to  be  encountered,  however, 
in  pladng  two  kinds  of  concrete  in  the  same  mold,  but  these  difficulties  are 
not  insuixnountable.    Careful  inspection  is  required  to  see  that  the  poorer 
material  is  not  put  in  place  of  the  stronger.    One  kind  of  concrete  should  foUov 
the  other  immediately  in  order  to  secure  a  bond  between  the  two.    Tliis  sug- 
gestion, serving  at  the  same  time  another  purpose,  was  satisfactorily  applied  to 
the  column-protection  in  the  Bush  Terminal  Warehouses  in  the  Borough  of 
Brooklyn,  New  York.    The  steel-wire  wrapping  for  the  columns  was  prepart^ 
in  sections  a  ft  in  height.    Metal  lath  with  about  a  H-in  mesh  was  placed  outside 
the  wrapping  and  secured  to  it.    This  was  then  placed  in  a  cylindrical  wooden 
mold  2  ft  in  height  and  with  a  diameter  4  in  larger  than  the  wrapping,  thus 
forming  an  inner  side  of  the  mold.    The  space  between  the  wrapping  and  the 
wooden  mold  was  then  filled  with  cinder  concrete.    When  set  and  the  mold 

•  Trans.  Am.  Soc.  C.  E.,  1907,  Vol.  LIX,  page  305. 
t  Trans.  Am.  Soc.  C.  £.,  Vol.  LVI,  page  284. 
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removed,  the  result  was  a  hollow  cylinder  of  cinder  concrete,  2  in  thict  and  i 
ft  high,  with  the  column-wrapping  attached  to  the  inside.  These  cylinders 
were  set  one  over  the  other  in  the  building  till  the  proper  odumn-height  waj 
readied,  such  vertical  rods  as  were  wanted  were  put  in,  and  the  interior  filled 
with  concreie.  Thus  was  produced  a  fire-proof,  wrapped  column,  without 
expense  and  inconvenience  of  any  cofaimn-moldi  in  the  building. 

A  form  of  fire-protection,  advocated  Liy  the  National  Fire  Proofing  Company 
of  Pittaburgh.  Pa.,  is  shown  in  fig.  26.    Here  columns,  beams,  and  Orders  are 


Fig.  IS.    Tik  PratcEtioD  for  Reintorud  CoDcnte 

completely  incaaed  with  hollow-tile  bloccs.  Being  either  kaid  in  the  rnoMs 
or  forming  them,  their  rough  and  furrowed  puroua  surfaces  cause  them  to  adhere 
firmly  to  the  concrete.  They  alfurd  as  efBcieot  protection  here  as  they  do  fot 
steel  columns,  and  if  destroyed  the  blocks  cao  be  replaced. 

Bffact  of  Aiiniata  on  Tire'Ksuitancc.  Fin  tests  on  full-aixe  relnfonxd- 
conctete  columiu,  conducted  by  Waller  A.  Hull  at  the  Pittsburgh  laboratories  of 
the  Bureaa  ol  Scaodards.  show  that  the  nature  of  the  aggregate  pLiys  an  impor- 
tant part  in  reastanoe  to  fire.  Silicioiu  giKvels  appear  to  make  unsatisfactory 
concrete  from  the  standpcdnt  of  fire-reiistaiioe.  Limestone  concretes  are  superior 
to  other  materials  tested,  including  trap-rock  azid  blast -furnace  slags.  Coalings 
n<  cemeot  plaster,  I  in  tiridi,  and  secured  by  a  light,  metal  lath,  pn>I(cted  Ihe 
columns  so  effectively  that  the  strength,  after  a  four-hour  fire  test,  was  as  mudi 
as  four  limes  that  of  the  unplasteted  colunuis  after  the  test,  and  aluut  90%  of 
that  ol  the  column  which  had  Dot  been  subiected  to  fire.  Other  forms  of  pro- 
tective coverings  investlglled  and  proved  eSeetive,  were  a  roofing- material  of 
Portland  cement,  sand,  and  asbestos,  and  cylindrical  forms  of  cast  gj'psum,  j  in 
thick,  made  and  applied  in  a  manner  similar  to  those  ol  cinder  concrete  described 
on  page  958. 

The  unsuilabihly  of  gravel  concrete  as  fire-ptoof  construction,  was  pointed  out 
by  Ira  H.  Woolson  as  early  as  1907*  sod  appean  to  have  been  later  confirmed 
•  Pmc.  Ara.  Soc.  lor  Test.  Mats.,  190T- 
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by  an  actual  (ire  in  a  reinforced-concretc  warehouse  at  Far  Rockaway,  N.  Y.,  hi 
igi6.  From  this  the  conclusion  was  drawn  that  "all  concrete  specificatioas 
should  contain  a  definite  warning  against  the  use  of  quartz  gravel  in  conci>ete 
liable  to  be  exposed  to  high  heat."* 

6.  Protection  Againit  Corroiion  in  Reinlorced-Concrete  Constmctiott. 

Thickness  of  Reinforced  Concrete.  The  thickness  of  cx>kcrbte  re<2uire<i 
for  protection  against  fire  has  been  found  to  be  also  ample  for  protection  a^ainft 
CORROSION.  It  is  well  established  that  steel  embedded  in  neat  cement  will  not 
corrode.  C.  L.  Norton  of  the  Massachusetts  Institute  of  Technology,  Bostoa, 
Mass.,  draws  the  following  conclusions  from  a  series  of  experiments  made  is 
1902  and  1903.1 

(i)  Steel  embedded  in  neat  cement  is  secure  against  corrosion; 

(2)  Steel  embedded  in  a  dense  concrete  mixture  is  safe  against  corrosion: 

(3)  To  assure  a  thorough  coating  of  the  steel  the  concrete  should  be  mixed  wet. 

(4)  Porous  concrete  allows  the  admission  of  moisture  and  will  not  protect  the 
steel  thoroughly; 

(5)  A  coating  of  rust  is  not  a  protection  against  further  corrosion,  as  has  been 
sometimes  claimed. 

In  these  e.xperiments  the  steel  was  incased  in  concrete  iH  in  thick  on  all  sides. 
From  this  it  would  appear  that 

(6)  The  steel  of  reinforced  concrete  is  secure  against  corrosioD,  provided  it  is 
thoroughly  embedded  in  concrete,  and 

(7)  A  slight  coating  of  rust  on  the  steel,  where  embedded,  does  no  ham, 
as  the  cement  is  strongly  alkaline  and  will  counteract  the  acidity  of  the  iron 
oxide  and  prevent  further  oorroaon. 

"In  practical  design  the  most  important  question  which  arises  is  how  far 
a  concrete  may  be  cracked  (due  to  bending  of  beams)  without  exposing  the  sted 
to  corrosive  influences.  In  this  respect  it  seems  to  the  writer  that  the  minute 
cracks  which  appear  in  the  early  states  of  the  tests  can  have  very  little  in- 
fluence." X  This  means  that  within  the  safe  working  limits,  there  is  no  danger 
from  corrosion  on  account  of  the  fine  cracks  due  to  tension  in  beams  and  girders. 

Corrosion  of  Steel  in  Cinder  Concrete.  Cases  are  on  record  of  serious 
CORXOSION  OP  siEEL  embedded  in  aNDER  concrete.  In  a  report  to  the  Struc- 
tural Association  of  San  Francisco,  Cal.,|  the  committee  investigating  the  sub- 
ject states  that  in  cinder  concrete  ''the  eaitcnt  of  the  corrosion  is  great  enough 
to  seriously  endanger  the  safety  of  the  floors,  and  it  is  not  probable  that  the 
floors  would  have  supported  their  loads  more  than  one  to  three  years  kmger." 
The  committee  recommended  "that  the  Structural  Association  try  to  amend 
the  present  building  law  so  as  to  exclude  the  use  of  cinder  concrete  in  floor- 
slabs  or  for  flreproofing." 

Mr.  William  H.  Fox  fai  his  investigations  |j  on  this  same  subject  finds  that 
*•  after  about  forty  days*  treatment,  the  specimens  were  broken,  and  the  steel 
carefully  examined  for  corrosion.  With  but  one  exception,  one  or  more  of  the 
three  steel  pieces  in  each  specimen  showed  unmistakable  sgns  of  corrosion. 

•  Report  to  National  Board  of  Fire  Underwriters,  on  the  fire  in  question. 
t  Re(K>rts  Nos.  4  and  9,  Insurlnce  Experiment  Station  of  the  Boston  Manufacturers 
Mutual  Fire  Insurance  Company. 

t  Professor  Tumeaure  in  Trans.  Am.  Soc.  for  Test.  Mats.,  Vol.  IV,  page  505. 
i  Engineering  Newt,  Nov.  i,  1906,  page  458- 
ii  Engineering  Newt,  May  23, 19071  page  569. 
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Apparently  it  made  bo  diffexenoe  how  the  concrete  was  mixed,  wet  or  dzy,  tamped 
or  untamped,  whether  the  steam  or  water  treatment  was  used,  the  result  was 
the  same,  rust  streaks  and  spots  were  found;  the  difference  in  the  amoimt  of 
corrosion  being  imperceptible."  He  concludes  that  "to  secure  a  dense  homo- 
geneous cinder  ooncxete,  a  thorough  tamping  is  necessary.  A  rich  mixture, 
either  1:1:3  or  one  in  which  the  proportion  of  cement  to  aggregate  is  larger, 
should  be  used  in  all  cases.  The  greatest  of  care  should  be  taken  in  mixing  the 
materials,  and  it  may  be  necessary  to  resort  to  the  seemingly  impractical  method 
of  coating  the  reinforcement  with  grout  before  pladng  in  the  concrete." 

In  a  aeries  of  chemical  and  physical  tests,*  made  by  George  Borrowman  of 
the  University  of  Nebraska,  it  was  found  that  disintegration  of  cinder  concrete 
was  caused  by  the  oxidation  of  iron  and  sulphur  producing  internal  stresses 
and  consequent  cracking  with  occasional  efflorescence  of  ferrous  sulphate  on  the 
surface.  From  these  tests,  it  was  concluded  that  dnders  with  much  sulphide 
and  sulphate  sulphur  are  likely  to  give  unsatisfactory  results,  especially  if  there 
is  much  coke  or  porous  material  present;  also  that  such  material  (dnders)  may 
be  improved  if  allowed  to  weather  with  occasional  washing,  until  the  ferrous 
iron  and  sulphur  have  been  washed  and  leached  out  of  the  cinders.  The 
cinders  used  in  these  tests  were  from  carefully  screened  steam  coal  and  slack. 
The  analysb  showed  considerable  ferrous  iron  and  sulphur  as  sulphide  and  sul- 
phate. 

On  the  question  of  the  corrosion  or  steel  in  cinder  concrete  Professor 
Norton  concludes:  "There  is  one  limitation  to  the  whole  question,  that  is,  the 
possibility  of  getting  the  steel  properly  incased  in  concrete.  Many  engineers 
will  have  nothing  to  do  with  concrete  because  of  the  difficulty  in  getting  'sound' 
work.  This  is  especially  true  of  cinder  concrete,  where  the  porous  nature  of 
the  dnders  has  led  to  much  diy  concrete  and  many  voids,  and  much  corrosion. 
I  feel  that  nothing  in  this  whole  subject  has  been  more  misunderstood  than 
the  action  of  dnder  concrete.  We  usjally  hear  that  it  contains  much  sulphur 
and  this  causes  corrosion.  Sulphur  might,  if  present,  were  it  not  for  the  presence 
of  the  strongly  alkaline  cement;  but  with  that  present  the  corrosion  of  steel 
by  the  sulphur  of  dnders  in  a  sound  Portland  concrete  is  the  veriest  myth,  and 
as  a  matter  of  fact  the  ordinary  dnders,  classed  as  steam  dnders,  contain  only  a 
very  small  amount  of  sulphur.  There  can  be  no  question  that  cinder  concrete 
has  rusted  great  quantities  of  steel,  but  not  because  of  its  sulphur,  but  because 
it  was  mixed  too  dry,  through  the  action  of  the  dnders  in  absorbing  moisture, 
and  that  it  contained,  therefore,  voids;  and  secondly,  because  in  addition  the 
dnders  often  contain  oxide  of  iron  which,  when  not  coated  over  with  the  cement 
by  thorough  wet  mixing,  causes  the  rusting  of  any  steel  which  it  touches.  There 
is  one  cure  and  only  one,  mix  wet  and  mix  well.  With  this  precaution  I  would 
trust  cinder  concrete  quite  as  quickly  as  stone  concrete  in  the  matter  of  cor- 
rosion." t 

In  1902  the  Pabst  Building  in  New  York  City,  an  eight-story  steel  skeleton 
construction,  was  taken  down  after  standing  for  about  four  yenrs.  The  floor- 
filling  betwdra  the  steel  I  beams  in  this  case  consisted  of  dnder  concrete  on 
metal  lath,  built  in  segmental  form.t  The  steelwork  generally  was  found  to  be 
free  from  rust,  though  it  should  be  remembered  that  all  the  steel  had  been 
painted.!    Taking  all  things  into  consideration  it  is  probably  safe  to  use  dnder 

•Journal  of  Industrial  and  Kninneering  Chemistry,  June,  1912. 
t  Report  No.  9.  Insurance  Experiment  SUtlon,  Boston  Manufacturers  Mutual  Fire 
Insurance  Comoany. 
t  RoebKnff  system,  now  obsolete. 
I  Trans.  Am.  Soc.  C  E..  Vol.  L.  page  997. 
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concrete,  if  care  is  taken  to  provide  a  proper  mixture  and  careful  and  thorough 
workmansbip. 


7.  Erection  of  Reinforced-Conerete  Constniction 

Fomu  for  Reinforced  Concrete.  For  the  erection  of  reinforced  concrete, 
it  is  generally  neoessaiy,  &rst,  to  construct  molds  or  centerings  for  the  col- 
umns, floors  etc.  Wood  is  the  material  used  for  this  purpose.  Sheet-metal 
centering  has  been  used  with  questionable  success  and  economy.  In  the  selec- 
tion  of  the  wood  for  the  molds  a  dean  grade  of  dressed  pine  should  be  used. 
It  should  be  thick  enough  to  resist  warping  and  to  resist  deflection  between  sup- 
ports.   It  must  be  coated  on  its  surface  with  soap  or  some  other  satisfnctory 


Fig.  27.    Woodea  Form  for  Reu|forced-ooiicretc  Column 

substance  to  prevent  it  from  sticMng  to  the  cobcrete.  The  forms  or  molds  must 
be  erected  carefully,  the  exact  stxe  of  the  proposed  parts,  and  must  be  true  in 
position  and  direction.  For  floor-molds,  sufficient  supports  must  be  pro\'ided, 
not  only  to  carry  safely  the  heavy  wet  concrete,  but  abo  such  materials  as  are 
liable  to  be  placed  on  the  floors  up  to  the  time  when  the  concrete  has  set  suffi- 
ciently to  carry  such  loads.  The  supports  must  have  sufficient  rigidity  to  prevent 
deflection  in  the  molds.  The  molds  should  be  so  constructed  that  they  can 
be  easily  removed  when  the  concrete  has  set.  Sharp  comers  should  be  avoided 
as  much  as  possible,  as  the  wood  is  liable  to  stick  in  them.  Where  there  are 
reentrant  angles  in  the  finished  concrete-work,  the  molds  should  have  bevekd 
edgcft,  and  at  salient  edges  of  the  finished  concrete-work,  triangular  strips  should 
be  nailed  in  the  comers  of  the  molds  to  produce  a  beveled  edge  in  the  concrete. 
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To  prevent  the  spreadiiig  of  the  sides  of  the  molds,  cleats  must  be  provided  at 
sufficient   intervals.    In    the   case   of   beams   and   girders,    these   are   gen- 
erally secured  by  nailing.    In  the  case  of  columns  and  piers  and  often  in  walls, 
the  cleats  are  so  notched  at  the  ends  that  long  bolts  with  washenmaybe 
used  to  hold  them  in  place,  as  shown  in  Fig.  27.    In  removing  the  form  the  bolts 
ate  loosened  and  the  cleats  and  the  rest  of  the  form  are  ready  to  use  again.    In 
some  cases,  particularly  in  the  construction  of  walls,  the  cleats  are  hdd  in  place 
by  wires  running  through  the  mold.    These  wires  become  embedded  in  the 
concrete  and  in  removing  the  molds  they  are  cut  and  the  portions  in  the  con- 
crete are  allowed  to  remain.    The  items  of  mi^ds  and  centerings  needed  in  the 
erection  of  reinforced-concrete  buildings  form  a  considerable  part  of  the  cost  of 
construction.    Economy  In  this  respect  can  be  affected  in  designing  and  planning 
by  making  the  floor-paneb  throughout  a  building  uniform  in  size  and  by  repeat- 
ing, as  far  as  possible,  such  parts  as  piers,  walls,  etc.    Successful  attempts  have 
been  made  to  ^speuat  with  the  erection  of  timber  molds  and  centering  by  casting 
the  various  members  of  the  construction  on  the  ground  and  assembling  and 
erecting  them  in  the  same  way  that  wood  or  steel  columns,  beams,  and  floors  are 
assembled  and  erected.    (See  page  953.) 

Concrete  Mixing.  In  all  reinforced-concrete  work  the  concrete  should  be 
laxED  MECHANICALLY.  Satisfactory  HAND-uixxNG  Can  be  obtained  and  might  be 
resorted  to  in  very  small  jobs,  where  it  would  be  uneconomical  to  set  up  a 
MAcmNE-mxES.  But  a  much  more  \miform  product  will  result  from  machine- 
mixing,  and  most  tjrpes  of  mixers  are  mounted  on  wheels  so  as  to  be  easily  moved 
to  a  job.  Mechanical  mixers  are  either  continuous  mdcrks  or  batch-ioxess. 
In  the  continuous  mixers  the  materials  are  fed  sometimes  by  hand  and  sometimes 
mechanically,  and  the  concrete  issues  continuously.  The  product,  however,  is 
not  likely  to  be  as  imiform  as  that  from  the  batch-mixer;  for  when  the  latter 
is  used  it  is  under  constant  supervision,  whereas  when  the  continuous  mixer  is 
used  the  machine  is  relied  upon.  Of  the  hatch-mixers  the  rotasy  tvte  is  the 
one  giving  most  general  satisfaction.  Among  the  efficient  examples  of  this 
type  may  be  mentioned  the  mixers  made  by  the  Rsnsome  Concrete  Machinery 
Company,  Dunellen,  N.  J.,  and  the  T.  L.  Smith  Company^  Chicago,  Di.  They 
are  made  in  different  sizes  and  with  capacities  vaodng  from  about  10  to  60  cu  yd 
per  hour. 

ChargiiiC  Concrete-Mixers.  In  chakctno  a  comcutb-mzxer  the  materials 
for  each  batch,  carefully  measured,  are'dumped  into  the  mixer  and  the  machinery 
started.  After  completing  a  definite  number  of  revolutions,  sufficient  to  thor- 
oughly  mix  the  ingredients,  the  concrete  is  discharged  into  wheelbarrows  or 
other  implements  for  carrying  it  to  the  molds.  Eadi  batch  should  be  completed 
before  another  is  started.  To  obtain  uniform  results  the  number  of  revolutions 
in  each  operation  should  be  the  same.  It  is  not  well  to  trust  to  the  judgment  of 
the  man  in  charge  of  the  machine,  as  to  when  the  mixing  has  been  thorough. 
He  should  be  instructed  to  count  the  revolutions  each  time.  A  good  plan  is  to 
attach  a  gong  which  rings  when  the  fixed  number  of  revolutions  has  been  com- 
pleted. The  Code  of  the  National  Board  of  Fire  Underwriters  calls  for  "at 
least  20 revolutions,"  and  the  "speed  of  the  mixer  shall  not  exceed  20  revolutions 
per  minute." 

Wat  Concrete  Mixtnrt.  The  water  is  introduced  during  the  prooesi  of 
mixing.  The  amount,  also  measured,  should  be  such  as  to  produce  what  is 
known  as  a  wet  mixture,  that  Is,  a  mixture  that  has  the  consistency  of  molasses 
and  that  will  readily  flow  around  and  thoroughly  incase  all  steel  to  be  embedded. 
It  may  be  necessary  to  vary  the  amount  of  water  somewhat  in  placing  a  large 
nuias  of  concrete,  as  in  walls,  since  the  water  generally  works  itself  upward 
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through  the  successive  layers.  F<»-  TRANSlK>RTmG  XBE  cokcrete  from  tbr 
mixer  to  the  mold,  steel  wheelbarrows,  each  holding  about  2  cu  ft,  are  senerallj 
employed.  A  largier  vehicle,  holding  about  6  cu  ft,  is  made  by  the  R^asomt 
Concrete  Machinery  Company,  Dunellen,  N.  J.,  and  is  found  very  economic:] 
in  larger  work.  When  the  conditions  will  permit,  concrete  may  also  be  distnti- 
uted  by  means  of  CHUixs,  but  care  must  be  exercised  to  secure  a  consastesvy 
that  will  prevent  the  separation  of  the  coarse  aggregate  from  the  mortar.  T:ic 
transporting  through  the  chutes  may  be  done  either  by  gravity  or  by  com 
pressed  air.  Tests  have  shown  that  an  excess  of  water  tends  to  decrease  tU 
strength  of  concrete,  so  that  care  must  be  taken  not  to  use  more  water  than  i: 
necessary  to  place  the  concrete  properly. 

Pouring  the  Concrete.  Ideal  conditions  would  obtain  if  the  process  «f 
FLACXNO  CONCRETE  could  be  coNTtNUOXTS.  This  is  not  generally  practicab!?; 
so  it  is  important  that  the  point  at  which  work  is  stopped  each  day  shall  be  <o 
selected  and  predetermined  that  the  strength  of  the  construction  shall  suffer 
least.  In  smaller  buildings,  with  floor-areas  not  exceeding  about  3  000  sq  ft,  it 
should  be  possible  to  so  arrange  the  progress  of  the  work  that  each  entiie  floor- 
construction  may  be  placed  in  one  day.  In  larger  work  it  is  necessary  to  lay 
oQ  a  certain  area  to  be  comi>leted  within  the  time  of  concreting  for  the  day. 
Work  should  not  leave  off  across  important  beams  or  girders,  and  the  tempo- 
rary stopping  should  be  arranged  for  when  the  work  is  at  the  middle  of  slabs 
or  minor  floor-beams.  If  any  parts  of  floor-slabs  are  considered  in  the  calcula- 
tions for  the  strength  of  the  beams  or  girders,  such  parts  must  be  concreted 
at  the  same  time  and  must  be  considered  parts  of  such  beams  or  girders^ 
Joints  in  columns  should  be  made  perpendicular  to  the  axes  of  the  columns, 
and,  as  far  as  possible,  at  the  lower  side  of  girders.  Columns  should  be  allowed 
to  set  for  at  least  two  hours  before  girders  are  cast  on  them,  in  order  to  pro%'ide 
for  settlement  and  shrinkage. 

Ramming  the  Concrete.  As  soon  as  the  concrete  has  been  poured  into  the 
molds,  and  during  the  process  of  pouring,  it  should  be  continually  raitiieo  to 
secure  complete  filling  of  the  molds,  density  in  the  finished  product,  and  thor- 
ough adhesion  to  the  reinforcement.  In  wet  concrete,  such  as  is  used  for  build- 
ings, this  ramming  should  be  done  with  a  flat  steel  spatula  at  the  end  of  a  handle 
long  enough  for  comfortable  manipulation.  For  column-work  the  handle  i$ 
lengthened  out  so  as  to  reach  to  the  bottom  of  the  forms.  Ordinary  spades 
are  sometimes  emidoyed,  and  where  no  special  toob  are  provided,  rammers  ait 
sometimes  made  of  2  by  3>in  scantlings,  rounded  off  at  the  top  end  to  make 
a  handle.  Where  a  smooth  surface  is  desired  the  spatula  rammer  should  be 
used,  particularly  at  the  aides  of  the  mcdds.  The  honeycombed  appeauance 
that  results  from  improper  ramming  is  difficult  to  remedy  afterward  without  a 
surface  of  patches.  After  having  been  placed,  the  concrete  should  be  kept 
damp  by  sprinkling  it  with  a  hose  until  it  has  thoroughly  hardened.  The  tap- 
ping of  the  forms  with  a  hammer  while  the  concrete  is  still  plastic  and  before  it 
has  begun  to  set  will  cause  it  to  flow  more  freely  into  place  in  intricate  forms  and 
around  reinforcing-bars,  especially  when  a  dryer  concrete,  recommended  by 
recent  investigators,  is  used.  Tapping  after  it  has  started  to  set,  however,  tends 
to  weaken  the  concrete.* 

Removing  the  Forms  from  Reinforced  Concrete.  No  fixed  rule  can  be 
given  for  the  removal  op  the  forms,  as  the  time  required  for  the  setting  of 
concrete  varies  with  the  consistency  of  the  mixture,  and  the  climatic  and  other 

•  Sec  "Effect  of  Vibratk>ns,  etc.,"  by  Duff  A.  Abrams.  Proc.  Am.  Concrete  Inst. 
Vol.  XV.  1979 
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conditions.  Numerous  failures  of  rdalorced  concrete  have  been  attributed  to 
the  too  early  removal  of  forms.  In  wann  weather  omcrete  will  set  more  quickly 
than  in  cold.  The  setting  process  may  be  somewhat  accelerated  after  a  day  or 
two,  by  removing  the  boards  forming  the  sides  of  beams  or  girders  and  leaving 
in  the  planks  on  the  underside  and  the  props  supporting  them.  In  cold  weather 
it  is  advisable  to  wann  the  building  during  the  setting  process  by  means  of 
salamanders. 

The  Finish  of  Concrete  Surfaces.  The  exposed  suhpaces  of  concrete 
walls  are  variously  treated  in  attempts  to  produce  a  satisfactory  appearance. 
Where  no  special  provision  b  made,  the  marks  of  the  lumber  used  in  the  forma 
are  almost  certain  to  show,  and  the  lines  of  demarcation  between  successive 
layers  are  clearly  def  ned.  To  eliminate  these  li^es,  grooves  are  sometimes 
purposely  formed,  by  tacking  on  the  sides  of  the  molds  triangular  or  trapezoidal 
strips  that  produce  sunk  joints  in  the  wall,  and  give  it  an  appearance  resembling 
dressed  stone.  The  successive  layers  of  concrete  are  in  such  cases  stopped  at 
these  lines  so  that  the  junction  of  the  two  layers  is  hidden.  In  some  cases 
the  surface  is  purposely  left  rough  and  scratched  like  the  scratch-coat  in  plaster- 
ing, and  then  stuccoed  with  a  neat  cement  or  a  rich  cement  mortar.  In  this 
form  of  finish  there  is  always  some  danger  that  the  stucco  will  flake  off.  The 
surface,  as  it  comes  from  the  mold,  is  sometimes  hanuner-dressed,  or  rather 
picked  with  a  special  hammer.  This  hammer  has  an  edge  at  right-angles  to 
the  handle,  and  the  edge  is  indented  and  made  a  series  of  points.  A  roughened 
face  is  thus  produced  which  in  time  shows  a  uniform  teztiu%.  Another  method 
is  to  remove  the  forms  as  soon  as  the  concrete  is  sufficiently  hard  and  to  rub  the 
surface  with  a  plasterer's  float  or  a  block  of  carborundum,  concrete,  or  stone, 
using  a  thin  grout  or  fine  sand  with  plenty  of  water  between  the  float  and  the 
wall-surface.  Brushing,  also,  may  be  resorted  to,  consisting  in  scrubbing  the 
surface,  while  still  green,  with  a  wire  brush,  and  a  mixture  of  one  part  of  hydro- 
chloric add  to  six  parts  of  water.  A  similar  finish  may  b^  obtained  by  sand- 
blasting after  the  concrete  has  thoroughly  hardened. 

The  Finish  of  Reinforced-Concrete  Floors.  If  the  floor-sustaces  are 
not  to  be  covered  with  a  wooden  flooring,  a  satisfactory  finish  may  be  obtained 
by  placing  over  the  surface,  before  the  concrete  has  had  time  to  set  thoroughly, 
a  mortar  finish  from  i  to  iH  in  thick,  and  troweling  to  make  it  smooth  and 
level.  If  the  finish  is  attempted  after  the  concrete  has  set,  the  new  and  the  old 
work  will  probably  not  bond;  and  there  is  alwa^*?  danger  of  flaking  off  unless  the 
finish  itsetf  is  of  considerable  thickness. 

Bonding  Old  end  New  Concrete.  Various  fluids  and  special  cementitious 
materials  have  been  put  on  the  market  for  the  purpose  of  bonding  new  and  old 
CONCRETE  SURFACES.  Whether  or  not  these  nuiteiials  have  any  spedal  merits, 
it  is  now  generally  accepted  that  a  good  rich  cement  mortar  will  fonn  sufficient 
bond  between  two  concrete  surfaces,  providing  the  smfaces  are  dean.  If  the 
stress  is  compressive,  the  old  surface  of  the  concrete  should  be  cleaned  and 
wet,  and  the  surface  may  be  roughened.  Joints  which  are  subject  to  tension 
should  be  coated  with  a  i :  iH  or  a  z  :  2  cement  mortar  before  the  new  oonciete 
is  cast.  In  building  walls  which  must  be  water-tight,  the  structure  should  be 
made  monouthic.  And  if  it  cannot,  ail  dirt  and  laitance  should  be  removed, 
and  a  thin  layer  of  veiy  rich  mortar  placed. 

Inspection  of  Reinforced-Concrete  Work.  In  all  remforced-concrete  worie 
it  is  of  extreme  importance  to  have  competent  and  thorough  inspection  or 
superintendence.  The  uapector  should  be  familiar  with  the  nature  and  qual- 
ities of  the  different  materials  entering  into  the  construction.    He  should  have 
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a  knowledge  of  the  underlying  principles  of  the  design  of  reinforced-ccMimte 
structures,  go  that  he  may  realize  the  importance  of  carrying  out  all  the  detaik, 
and  particularly  of  placing  the  reinforoement  exactly  as  planned.  He  must  be 
sufficient^  alert  and  active  to  see  that  the  work  of  the  contractor  is  pnagpe&siaig 
properly;  so  that,  for  instance,  work  shall  not  have  to  be  rebuilt  because  of  crrcr 
in  the  forms.  Tht  maxkrials  used  in  the  construction,  particularly  the  coxiect, 
should  be  tested  as  the  work  progresses.  Cubes  of  the  concrete  as  used  should 
be  made  up  each  dsy  and  at  the  end  of  seven  days  shouM  be  tested  for  com- 
pression, and  if  necessaiy  again  at  the  age  of  twenty  eight  days.  This  record 
will  serve  as  a  guide  in  the  acceptance  of  the  work,  or  in  decidhtg  on  the  neces- 
sity for  a  load  test  of  the  finished  structiure.  Under  no  circumstances,  however, 
should  it  replace  or  serve  as  an  excuse  to  omit  the  testing  of  the  cement  upon 
delivery  or  before  acceptance.  In  addition  to  the  details  discussed  in  this 
chapter,  detaib  which  require  the  attention  of  the  inspector  on  the  work,  a  few 
others  may  be  especially  mentioned  here: 

(i)  In  JOINING  NEW  WORK  with  that  which  is  already  in,  and  which  has  begun 
to  set,  the  surface  must  be  thoroiighly  cleaned  and  wet.  In  stopping  off  work,  it 
is  good  practice  where  possible,  to  cast  a  groove  in  a  surface  that  is  to  be  joined 
with  another,  so  that  when  the  work  is  afterward  continued,  a  ton^ue-and- 
groove  jimction  is  effected. 

(2)  All  70RMS  or  MOLDS  must  be  carefully  cleaned  out  just  before  the  ooncxvte 
is  poured.  The  bottoms  of  the  column-molds  must  be  especially  watched  for 
this,  as  shavings,  sawdust,  and  even  blocks  of  wood  are  liable  to  fall  into  them 
unobserved.  It  h  well  to  leave  off  a  small  piece  of  one  side  of  the  column-mold 
at  the  bottom,  for  purposes  of  observation  and  cleaning,  and  to  close  it  up  just 
before  pouring  the  concrete. 

(3)  Great  care  should  be  excerised  in  pouring  and  RAinoNG  concrete  in  deep 
molds,  such  as  for  coliunns,  walls,  etc.,  in  order  to  get  the  molds  thoroughly 
filled  at  the  bottom.  In  careless  work  it  is  not  unusual  to  find  in  such  places 
very  porous  concreted,  if  not  large  pockets.  This  is  particularly  liable  to  occur 
when  there  is  considerable  reinforcing-steel  in  the  construction. 

(4)  It  should  be  remembered  that  concrete  shrinks  in  setting.  Hollow  spaces 
at  the  tops  of  columns  are  sometimes  found  to  be  due  to  this  cause.  As  these 
are  not  always  observable  from  the  outside  after  the  forms  are  removed,  great 
care  should  be  exercised  to  guard  against  them.  In  pouring,  therefore,  the 
molds  should  be  filled  to  overflowing  to  the  top  of  deep  molds. 

(5)  The  exact  position  of  the  teinfordng-steel  in  the  concrete  is  of  such  vital 
importance  that  particular  mention  is  again  made  of  it  here.  In  loose-bar  con- 
struction  the  greatest  care  must  be  exercised,  in  the  first  place,  to  have  the  rein- 
foroement carefully  placed,  and  then  to  avoid  its  being  shifted  out  of  postion 
by  the  pouring  and  the  ramming  of  the  concrete. 

(6)  The  B£iNTORCiNG-STEEL  of  those  systems  in  which  the  advantage  of  at- 
tached stirrups  is  claimed,  is  often,  for  convenience  in  shipping,  sent  with  the 
stirrups  laid  flat  or  close  to  the  main  bar.  It  is  intended  that  in  placing 
them  on  the  job  the  stirru(>s  shall  be  turned  up  to  their  proper  positions.  Unless 
carefully  inspected,  this  is  liable  to  be  neglected. 

(7)  The  use  of  a  unit  type  of  construction  (see  page  922)  practically  obviates 
these  two  last>mentioned  dangers,  as  the  entire  reinforcement  comes  framed  to- 
gether, so  that  the  relative  positions  of  reinforcing-rods  or  bars  cannot  be  changed; 
and  a  glance  will  show  whether  the  fraicc  is  complete  or  has  been  damaged,  and, 
when  placed  in  the  molds,  whether  it  fits  or  not.  In  this  type  ol  construction 
the  parts  are  all  assembled  in  the  shop  from  details  carefully  drawn  and  checked, 
in  much  the  same  way  that  steel  beams,  girders,  oolumns,  etc.,  are  fabricated  from 
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detailed  shop  drawings.    The  work  of  the  inspector  or  superintendent  on  the  job 
is  very  much  simplified,  and  hence  the  liability  of  error  reduced  to  a  minimum. 

Load  Tests  on  Reinforced-Concrets  ConstnxctioiL    Load  tests  on  the 

finished  structure  should  only  be  resorted  to  when,  all  reasonable  care  having 

been  atti^taid  to  obtain  ffMd  resillti,  fome  doubt  stitt  tnsti  as  to  the  results. 

Such  tests,  however,  should  not  bf  accepted  in  placs  of  a  strict  compliance  with 

the  specifications.    The  architect  should  know  beforehand  that  his  building  is 

correctly  designed  and  safe,  and  should  onploy,  if  necessary,  an  engineer.    The 

contractor  should  understand  at  the  outset  that  the  structure  has  been  designed 

for  certain  definite  purxx>ses  and  loads,  and  that  the  materials  and  details  of 

construction  specified  are  not  to  be  changed.    If  the  contractor  furnishes  the 

design,  as  he  sometimes  does,  a  practice  thoroughly  condemned,  the  architect 

should  prescribe  in  his  specifications  that  such  design  shall  be  checked  and 

approved  by  an  engineer  appointed  by  him.    A  fair  load  to  be  applied  in  a  test  is 

one  half  the  weight  of  the  construction  plus  one-and-one-half  times  the  working 

five  load.    The  stresses  in  the  construction  are  then  equal  to  one-and-one-half 

times  the  working  stresses  assumed  in  designing.    Under  these  conditions  there 

should  not  be  any  evidences  of  distress,  and  the  deflections  should  not  exceed 

Heo  the  span.    The  material  used  for  the  load  test  should  be  so  selected  and 

placed  that,  when  uniformly  distributed,  as  required,  it  will  not  arch  and  assist 

the  compressive  strength  of  the  beam  or  floor.    Pig  iron  is  a  very  good  material 

to  use.    Bricks  are  more  generally  available,  but  must  often  be  piled  very  high 

to  get  the  required  load,  consuming  much  time  and  labor  in  making  the  test. 

When  bricks  are  used  they  should  be  set  in  vertical  piles  with  spaces  of  2  or  3  in 

between  them,  thus  avoiding  all  arching  of  the  load* 
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ESDfFORCElMXINCEn'B  FACTOET^AND  MUX- 
CONSTRUCTION'-  I 

By  ' 

EMILE  G.  PERROT 

I 

ICBICBEK  OF  AMERICAN  SOCIETY  OV  CIVIL  ENGINEEIS 

I 

OMienl  Prindiiles.  The  problem  involved  in  the  proper  design  o£  a  rsd- 
forced-ooncrete  factory  or  mill  is  a  far  more  difficult  one  than  might  appear 
from  a  superficial  examination  of  the  finished  structure.  This  applies  to  build- 
ings constructed  wholly  or  in  part  of  reinforced  concrete,  and  is  due  to  the  fact 
that  maximum  economy  and  efficiency  in  production  can  only  be  obtained 
when  the  building  is  thoroughly  adapted  to  a  given  occupancy  and  use.  La\incn, 
and  even  some  architects,  look  upon  the  factory  as  a  mere  workshop,  consisting 
of  four  walls  with  floors  and  roof.  To  them  it  seems  an  easy  matter  to  locate 
the  structure  with  reference  to  the  lot  or  site  and  then  supply  it  with  stairways, 
elevators  and  kindred  features.  This,  however,  is  not  the  case.  Eadi  industry' 
uses  processes  peculiar  to  itself.  The  ease  with  which  these  processes  can  be 
employed  renders  the  profit-making  more  or  less  successful;  hence  it  is  neces- 
sary to  design  the  building  to  suit  them.  However,  as  the  purpose  here  is  to 
explain  what  constitutes  proper  design,  as  applied  to  the  reinforced-conciete 
construction  of  a  factory  or  mill-building,  a  typical  case  will  ser\'e  to  make  clear 
the  principles  involved.  This  chapter,  therdore,  deals  with  audi  general  tyites 
as  would  seem  to  meet  the  needs  of  the  greatest  number  of  persons. 

WiUt,  Floort  and  Roofi.  Reinforced-concrete  construction  may  be  used 
for  walls  and  floors,  or  for  floors  and  roofs  only,  in  the  latter  case  substituting 
for  reinforced-concrete  walls  some  masonry  construction  such  as  brick  or  stone. 
It  is  not  always  advisable  to  use  reinforced  concrete  for  walls.  Circumstances 
very  frequently  arise  in  which  it  is  more  suitable  and  economical  to  use  brick 
waUs  or  piers. 

Types  of  Floor-Conttractiott.  The  floor-construction  may  be  divided 
into  two  general  types,  the  beau-amd-slab  type  and  the  gikdebless  type. 
The  beam-and-slab  type  may  in  turn  be  divided  into  varieties.  For  example,  it 
may  consist  of  beams  supported  by  columns,  with  slabs  spanning  from  beam  to 
beam.  This  arrangement  corresponds  to  simple  mill-construction  in  wood,  where 
the  heavy  timbers  run  across  the  building  every  8  or  lo  ft.  The  timbers  rest 
on  the  wall  at  one  end  and  on  a  post  at  the  other,  with  3  or  4-in  ^lined  planks 
qiaiming  from  beam  to  beam.  The  earlier  types  of  reinforced-concrete  floors 
were  patterned  after  this  system.  The  next  method  was  the  introduction  of 
girders  running  from  column  to  column,  and  the  placing  of  the  columns  farther 
apart,  say  twice  the  distance  common  to  the  former  system.  The  beams  are 
spaced  as  formerly.  This  may  be  called  the  beam-and-gikder  system.  Still 
another  variation  of  the  beam-and-slab  type  is  the  square-panel  ^stem,  m 

*  For  Concrete  in  general  and  Mass-Concrete,  see  Ch^ter  m,  pages  240  to  151 ; 
for  Strength  oC  Concrete  without  Reinforcement,  Chapter  V,  pages  38j  to  287;  and 
for  Reinforced-Concrete  Coostruction  in  General,  see  Chapter  XXIV,  the  pai«gr^>hs  of 
which,  corresponding  to  the  same  details  discuwed  here,  sboold  also  be  read.  See,  sin 
Chapter  XXIII.  pages  8x7  and  844. 
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which  the  beams  are  ananged  along  four  sides  of  a  square,  a  column  being 
placed  at  eadi  of  the  four  comers.  The  simplest  t3rpe  of  reinforced-concrete 
oHistruction  for  factories  is  some  form  of  the  beam-and-slab  type  with  walls  and 
piers  of  reinforced  concrete.  The  gisdekless  type  consists  of  a  heavy  flat  slab 
supported  on  colunms  without  the  use  of  beams  or  girders.  The  column-head 
is  enJarged  to  form  a  large  bearing-surface  and  the  columns  are  sqMiced  so  as  to 
form  square  bays  as  near  as  possible.  A  tyixcal  example  is  worked  out  at  the 
end  of  this  chapter. 

Coluimis.  In  general,  as  few  columns  as  possible  should  be  used  to  support 
a  floor,  in  order  that  they  may  not  interfere  with  the  placing  of  machinery,  and 
to  insure  the  most  economical  use  of  the  floor-space.    From  the  standpoint  of 
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Fig.  1.    Cross-section  of  Building 

economy  of  construction,  however,  the  use  of  one  column  to  not  more  than 
400  sq  ft  of  floor-space  has  been  found  to  meet  average  requirements.  This, 
of  course,  does  not  include  construction  of  a  special  class.  Adopting  this,  then, 
as  the  standard,  and  bearing  in  mind  the  fact  that  the  nearer  a  building  comes 
to  bdng  square  in  plan  the  less  is  the  total  length  of  exterior  wall  required  to 
endoae  a  given  area,  it  can  be  assiuned  that  a  four-story  building  75  ft  wide 
with  two  rows  of  columns,  making  three  spans  across  the  building,  is  a  suitable 
one  for  many  purposes.    (See  Fig.  1.) 

Tha  Triglitf«g  of  a  Building  of  this  width,  with  story-heights  of  14  ft, 
top  to  top,  will  be  ample  for  most  purposes.  There  are  always  some  parts  of 
the  floor- space  for  which  a  strong  light  is  not  absolutely  essential  and  which 
can  be  devoted  to  aisles  and  to  the  storing  of  material  in  process  of  manufacture. 
The  central  part  of  the  floor-space  is  generally  used  for  this  purpose,  while  the 
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madkinery  is  placed  nearer  the  windows  where  the  light  is  best  and  where  »**^ 
work  is  done.  It  is  usually  better,  therefore,  not  to  have  a  row  of  cdIubuls 
along  the  central  axis  of  the  building,  unless  it  is  definitely  known  that  such  a.r^ 
arrangement  will  not  interfere  with  the  proper  use  of  the  floor-space.  In  3. 
building  75  ft  wide,  two  rows  of  columns,  with  q>ans  of  25  ft  crosswise  of  tbc 
structure,  leave  the  central  part  of  the  floor-space  free.  Dividing  35  int>j 
400  sq  ft.  the  floor-space  allowed  for  each  column,  gives  x6  ft  as  the  distance 
between  columns,  measuring  lengthwise  of  the  building. 

Bays.  The  reason  in  this  instance  for  making  the  bays  rectangular  instead  ^ 
of  square  is  that  there  would  be  another  row  of  columns  if  a  square  bay  with 
^  maximum  of  ao  ft  in  either  direction  were  assumed.    This  would  be  Mkdy  to 
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Fig.  2.    Part  Floor-plan  of  Building 


interfere  with  the  judicious  placing  of  machinery  and  would  result  in  a  row  of 
columns  along  the  central  axis  of  the  building.  This  is  not  considered  good 
practice  uid  should  be  avoided,  except  when  there  is  to  be  only  one  row  of 
columns  in  the  building. 

Bzample  of  a  Typieal  Bay.  The  design  of  a  typical  bay  of  the  size  men- 
tioned above,  95  by  16  ft,  will  now  be  considered.  Referring  to  the  illustrations 
(Figs.  1  and  2),  it  is  seen  that  the  windows  occupy  the  major  portion  of  the  wall- 
area,  the  sill  being  set  much  lower  than  is  usual  in  brick  buildings.  This  is 
done  to  avoid  the  necessity  of  the  construction  of  an  extra-high  spandrel  beam, 
as  the  lintel  over  the  windows  below  performs  the  double  function  of  supporting 
the  floor  and  forming  a  cirtain  wall.  The  head  of  the  window  is  cani«d  up 
to  the  under  aide  of  the  floor-slab  to  simptify  the  construction  of  the  bottom 
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of  the  lintel  and  at  the  same  time  pennit  the  window  to  extend  to  the  ceiling, 
thereby  introdudng  the  tight  at  the  highest  possible  point  and  allowing  the  rays 
to  project  far  into  the  room.  The  first  beam  should  be  set  as  far  back  as  possible 
from  the  outside  wall  and  windows,  so  that  the  angle  of  the  direct  rays  of  light 
will  be  as  nearly  horizontal  as  piacticable.  It  will  be  found  best  to  have  the 
main  girders  run  across  the  building,  bearing  on  the  walls  and  interior  columns. 
These  girders  may  be  made  as  deep  as  economy  of  design  suggests,  as  they  run 
parallel  with  the  light-rays  and  do  not  interfere  with  the  lighting-scheme.  Again, 
a  deep  girder  is  relatively  very  economical.  It  also  acts  as  a  stifFener  across  the 
narrower  dimension  of  the  building,  thus  increasing  the  resistance  to  vibration 
caused  by  moving  machiner>\ 

Design  of  Floor-System*  The  various  elements  of  the  floor-system  consist 
of  columns,  girders,  beaoas  and  slabs.  Each  of  these  will  be  considered  sepa- 
rately. A  live  load  of  x  20  lb  per  sq  f  t  b  ample  for  light  manufacturing  purposes. 
This  is  the  load  prescribed  by  the  Building  Regulations  of  the  City  of  Phila- 
delphia. 

The  Slabs.  The  spacing  of  the  beams  should  be  governed  both  by  economy 
of  the  form-construction  and  the  maximum  distance  a  slab  will  span  while 
carrying  the  load  safely.  It  is  impractical  to  make  a  slab  less  than  3  in  thick. 
Its  dead  weight,  with  concrete  weighing  150  lb  per  cu  ft,  is  37H  lb  per  sq  ft. 
Allowing  for  a  i-in  cement  finishing-coat,  weighing  12H  lb  per  sq  ft,  to  be  laid 
on.  the  concrete,  the  total  live  and  dead  load  which  the  slab  must  carry,  if  it  is  3 
in  thick,  is  120  lb-)-  50  lb  »  170  lb  per  sq  ft.  Referring  to  the  diagram  of  the 
strength  of  reiniorced-concrete  slabs  (Fig.  18),  calculated  on  a  basis  of  the 
bending  moment  equaling  Tf //lo,  no  curve  is  found  in  the  3-in  diagram  for  a 
span  of  6  ft  to  carry  a  load  of  170  lb  per  sq  ft.  Some  other  slab  must  be  used, 
therefore,  to  carry  the  load. 

The  Slab-Reinforcement  Referring  to  the  diagram  of  the  4-in  slab  in 
Fig.  18  and  following  the  6-ft  line  \mtil  it  intersects  the  horizontal  line  opposite 
187  H  lb  per  sq  ft,  it  is  found  that  a  4-in  slab,  reinforced  with  0.295  sq  in  per  lin 
ft,  or  two  Me-in  square  bars  per  foot,  will  carry  slightly  more  than  is  required  for 
the  slab  in  question.  The  total  load,  if  the  slab  is  4  instead  of  3  in  thick,  is 
182 H  lb  per  sq  ft,  and  as  the  i87H-lb  line  is  the  nearest  to  this  load,  the  4-in 
slab,  reinforced  as  above,  is  adopted.  The  rdnfordng-rods  are  placed  i  in  from 
the  bottom  of  the  slab  and  are  of  sufficient  length  to  extend  over  two  spans  and 
lap  18  in  at  each  end;  the  joints  are  made  over  the  beams  and  not  in  the  space 
between  them  (Fig.  3). 

The  Beams.  The  beams  running  from  girder  to  girder  are  considered  next 
(Fig.  2).  The  span,  center  to  center  of  girders,  is  16  ft,  and  the  distance  apart 
6  ft  3  in,  making  an  area  of  zoo  sq  ft  carried  by  eadi  beam.  To  the  load  per 
square  foot  of  182%  lb  must  be  added  the  weight  of  the  beam  itself,  which  is 
assumed  to  be  15  lb  per  sq  ft  of  floor-area,  making  a  total  of  197%  lb  per  sq  ft 
to  be  carried  by  the  beam.  This  multiplied  by  the  area,  xoo,  equals  19  750  lb. 
The  bending  moment  caused  by  this  load  on  the  beam,  based  on  the  formula  M  « 
Wl/io,  which  for  partially  restrained  beams  is  the  one  generally  used,  is  379  200 
in-Ib.  The  slab  acts  with  the  stem  or  beam  to  form  a  T  beam  and  hence  is  as- 
sumed to  be  the  compression-flange  of  the  girder;  and  as  the  slab  is  4  in  thick,  the 
depth  of  the  beam  and  the  amount  of  reinf oroement  can  readily  be  found  by  refer- 
ring to  Fig.  21,  which  is  the  diagram  of  the  strength  of  T  beams  having  a  4-in 
slab.  The  beam-depth  in  the  diagram  is  the  depth  of  the  stem  below  the  slab. 
In  the  diagram  opposite  the  center  of  the  space  between  350  000  and  400  000 
on  the  left-hand  side,  the  depth  of  beam  that  best  suits  the  conditions  can  be 
selected,  and  at  the  bottom  of  the  diagram  is  given  the  total  area  of  steel  to 
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be  used  in  the  reinfordng-rodt.    At  the  depth  of  ■  ham  from  tbe  stuidpaiiit  at 

economical  uw  of  nuilerial  should  be  about  one-twelfth  th«  span,  ■  beam  14 
or  iG  in  deep  is  found  to  comply  with  thii  nile.  Bekm  the  space  where  the  line 
representing  (be  14-in  depth  of  beun  iDtcraecti  the  line  tepresoitiag  the  bend- 
ing moment,  it  ii  leen  that  Che  aiea  of  iteel  oeccsaaiy  a  i.S  >q  in,    Diitributinf 
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this  ova  four  ban,  each  bar  ihould  contain  o^  sq  in.  The  area  o(  one  >H«-in 
square  bar  is  0.4T  sq  in,  and  hence  a  beam  14  in  deep,  reiaforccd  with  (our  i>ia-tn 
aquare  bars,  i«  used.  The  width  of  the  beam  should  be  6  in.  A  safe  rule  to 
determine  the  width  of  the  beam-stem  is  to  allow  iip^  in  of  concrete  Sreprooling 
on  the  side*  o(  the  bars  and  arrange  the  bars  in  two  rows,  if  the  beams  ba\'e 
three  or  more  bars.  The  distaace  in  a  horizontal  direction,  tenter  (o  center  of 
bars,  should  be  1%  times  the  diameter,  but  in  any  case  there  should  be  a  i  in 
space  between  the  bars  horizontally,  to  pennit  the  concrete  to  thoroughly  incase 

Airaniament  of  th«  Bar*.  Assuming  the  ban  Co  be  twisted,  the  distance, 
center  to  center,  of  the  two  bars  is  1%  in.  Adding  Co  this  the  diameter  of  the 
bars  on  their  diagonal,  which  is  about  1^  in.  and  3  in  for  the  fireproofing.  the 
Bum  is  6  in  as  the  width  of  the  bcim  required  in  (his  case  (Fig.  0).  It  would  be 
perfectly  practicable  to  arrange  the  (our  bars  in  one  row  across  (be  bottom  of 
the  beam;  but  the  width  would  have  to  be  9%  in,  which  is  wider  than  ufeCy 
requires.  An  additional  objection  to  the  latter  arrangement  is  (ha(  it  requires 
more  concrete,  thus  adding  to  the  dead  weight  of  the  ci>n  struct  ion.  Tbeie 
■hould  be  1  in  of  conoeCe  under  the  bottom  of  the  rods  (or  hreproonng. 

Width  of  BaUB.  Of  course,  the  width  of  the  beam  must  be  sufficient  to 
permit  easy  pouring  of  the  concrete.  Where  wooden-box  forms  are  used.  i(  ii 
not  good  practice  to  make  beams  narrower  than  6  in.  If  the  beam  is  very  deep, 
•ay  36  in,  6  in  would  be  (00  narrow  a  width  in  which  to  place  the  Meel  and 
dean  out  the  beam-forms.  Practical  considerations  vetr  fmiueDtly  tovem 
the  width  of  beams. 
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Stirrups.    There  should  be  in  each  beam  and  girder  a  suffideat  number  of 
stirrups,  made  of  at  least  He-in  round  b«rs»  bent  U-shaped,  run  under  the 
bottom  rods  and  extended  up  into  the  slab  with  an  angle-bend  6  in  long.    If 
the  beam  or  girder  is  short  and  excessively  deep,  %-in  round  or  heavier  stirrups 
should  be  used.    The  function  of  stirrups  is  to  unite  mechanically  the  slab  to 
the  beam,  so  that  perfect  T-beam  action  will  result,  and  also  to  assist  in  the 
resistance  to  diagonal  tension  or  shear  as  it  is  commonly  called.    The  num- 
ber of  stirrups  in  a  beam  should  be  approximately  one  for  each  foot  of  the  span, 
center  to  center,  but  the  spadng  should  be  as  stated  below.    Thus,  a  i6-ft 
beam  should  have  not  less  than  sixteen  stirrups,  that  is,  eight  on  each  side  of 
the  center  line. 

Stirrup  Spadng  for  Distributed  Loads.    For  beams  with  distributed 
loads,  the  stirrups  are  to  be  spaced  so  that  the  minimum  distance  between  them 
will  be  6  in  in  ordinaiy 
cases,   and  the  maximum 
distance  not  mcHre  than  36 
in   at  the  middle  of  the 
beam.    Each  half  of  the 
beam  should  be   divided 
into    three    parts.      The 
division  nearest  the  sup- 
port  should    contain    ap- 
proximately one-half    the 
number  of  stirrups  allotted 

to  one-half  the  beam,  or 

one-fourth  the  total  num- 
ber.   The  middle  division 

should    contain   one-sixth 

the  total  number,  and  the 

division  next  to  the  cen- 
ter   line   one-twelfth    the 

total  number,  as  shown  in 

Fig.  4.    If  the  distribution 

does  not  work  out  evenly 

the  spacing  which  comes 

the  nearest  to  this  should 

be  used. 

Stirmp-Spadng  for  Concentrated  Loads.  When  there  are  concentrated 
loads  the  stirrups  should  be  designed  to  suit  the  loading,  but  in  any  case, 
for  a  distance  equal  to  about  one-fifth  the  span  from  each  end,  the  stirrups 
should  be  spaced  at  least  from  4  to  6  in  on  centers.  A  good  rule  to  follow  is 
to  err  on  the  side  of  safety  and  to  put  in  plenty  of  stirrups,  if  the  determination 
of  the  exact  number  is  in  doubt,  as  there  should  be  a  suffident  number  of  them 
to  resist  that  part  of  the  diagonal  tension  not  safely  resisted  by  the  concrete. 

The  Arrangement  of  the  Bars  in  the  Beam  is  shown  in  Fig.  4.  The 
two  upper  bars  are  bent  upwards  near  the  supports  to  resist  the  negative  bending 
moment,  which  causes  tension  at  the  top  of  the  beam  near  the  supports.  These 
bars  should  extend  into  the  next  span  at  least  30  in  to  form  a  tie.  As  rein- 
forced concrete  is  of  a  monolithic  diaracter,  it  is  necessary  to  introduce  metal 
bars  wherever  the  concrete  b  subjected  to  tensile  stresses.  While  it  is  not 
necessary  to  provide  as  much  steel  at  the  top  of  the  beam  over  the  supports  as 
the  formula  for  restrained  beams  gives,  if  50%  of  the  area  in  the  beam  is  carried 
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Fig.  4.    Section  Showing  Elevation  of  Beam 
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to  the  top  and  over  the  supports,  as  shown  in  the  illustration,  the  beam  wiD  be 
perfectly  safe  when  calculated  on  a  basis  of  M  equating  Wl/io.  In  tome  atits, 
beams  must  be  calculated  on  the  basis  ci  M  m  Wl/%,  Then  it  is  only  Decc»- 
sary  to  have  about  one-fourth  the  number  of  the  bars  bent  up  near  the  suppotrts. 
These  bars,  however,  should  extend  at  least  30  in  beyond  the  .center  of  the 
girder  or  column  to  tie  the  building  together. 

For  Siaipl«  Beams  with  Uniformly  Distribttted  Loads*  all  rods  for 

60%  of  the  span  should  be  straight  and  the  truss-rods  should  bend  up  from  the 
points  so  determined. 

For  Beams  or  Girders  with  Concentrated  Loads,  all  bars  are  run  stisiglit 

as  far  as  the  concentrated  loads  extend.  Beyond  these  loads,  towards  the  sup- 
portfit  one-half  the  number  of  bars  may  be  bent  up  as  above. 
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Fig.  5.    Elevation  of  Girder  and  Plans  of  Coluinn-Footingi 


The  Girders.  The  girders  running  across  the  building  are  calculated  00  the 
basis  of  carrying  their  own  weight  as  a  uniformly  distributed  load  and  con- 
centrated loads  at  the  points  where  the  beams  frame  into  them.  Referring  to 
the  illustrations.  Figs.  2  and  6,  it  will  be  noticed  that  there  are  three  beams  on 
each  side  supported  by  the  girder,  the  fourth  beam  being  carried  by  the  column. 
Each  concentrated  load  equals  the  total  toad  on  the  beams,  or  19  750  lb.  The 
weight  of  the  girder  can  be  assumed  as  30  lb  per  sq  ft  of  area  carried,  20  x  400 
*  8  000  lb.    This  acts  as  a  distributed  load.    One-half  the  span  of  15  ft,  oria  ft 
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It  the  middle  of  tlw  (ttdci  frmi  tbc  am- 


U  ••  (jg  6js  X  ISO)  -  (  19  750  X  7s)  -i r 3  J6i  SOO  iO'lb 

R«iiifordixg~B*ii  tod  Width  of  CHrder.    Referrjng  agam  to  Fig,  21,  in 

the  center  of  tbc  i^ace  oppmitc  i  joooooaiid  3  9500CX1,  the  line  of  a  16-in  deep 
beam  is  shown  to  intenect  tlie  vertical  line  repiesentiDj  B  sg  in  of  sted.  Hence 
eight  i-in  square  bars  airanged  in  Cvo  hotizontai  rowi  are  lued.  The  widlb  of 
girdei  must  be  u  in  in  order  to  have  the  proper  distance  between  the  bars  Kod 
at  the  same  time  have  i^  in  ol  mnacte  ^reproofing  on  the  sides  (Fig.  7). 


Fig.  6. 


Fig.  7. 


The  Width  of  t&«  ConcTBta  SUb  ow  the  Girder  is  found  by  multiplying 

the  ura  of  the  steel  by  the  number  on  the  lint  o(  tbe  ]6-in  b«un,  which  il 
£.7.  Thii  constant  is  used  for  any  area  of  steel  when  the  beam  is  16  in  deep;  the 
conitaaCs  on  the  other  beuni  are  to  be  likewise  used  lor  their  rapecllve  beama. 
In  tbe  case  of  this  girder,  the  width  of  the  T  beam  b  8.7  x  S  -  69.6  in,  0134.8 
in  on  each  side  of  the  middle  of  the  girder.  The  portion  of  the  slab  used  at 
the  T  flange  of  tbe  girder  or  beam  should  not  exceed  on  each  side  of  the  beam 
ten  times  the  slab-thickneas,  nor  one-tbiid  the  span.  In  the  case  now  being 
considered,  the  limit  is  not  exceeded.  Similarly  the  width  of  tbe  slab  acting  as 
the  campres»on-flange  of  the  i4-in  beam  is  i.SX  n  •  11.6  in.  twelve  being  the 
constant  foe  14-in  beams. 

TLe  Unt«U.  The  next  member  to  dengn  is  the  lintel,  or  spandrel  beam  over 
the  window  (Figs.  2, 5,  and  8).  This  should  be,  lor  practical  considerationi.  6in 
thick.  As  tbe  bottom  of  the  lintel  is  flush  with  tbe  bottom  of  the  slab,  the  slab- 
rods  must  run  into  the  lintel  over  the  top  of  the  lintel-iods.  In  addition  to  the 
itimi[>  in  tbe  lintel  there  should  be  bars  of  the  same  site  as  the  sttmip-bars, 
spaced  about  ii  in  apart  and  bent  at  right-angles,  one  leg  extending  up  11  in 
into  the  lintel  and  the  other  18  in  out  into  tbc  slab;  or  else  tbe  slab-bars  should 
be  bcDt  ■aft,  extending  into  the  lintel  ii  in.  These  make  a  perfect  tie  between 
the  slab  and  lintel.  Tbe  bottom  of  the  lintel  should  be  made  nith  a  rebate  to 
receive  the  head  of  the  window-frame.  Tbe  load  carried  by  tbe  lintel  is  the 
load  from  the  slab,  the  weight  of  the  window  and  the  dead  weight  of  the  EnteL 
The  load  from  tbe  floor-slab  is  ij^^ft  (the  clear  span  of  the  lintel)  >c  3  ft  -  40H 
*lftxi8i!ilh,  the  load  per  square  foot  on  the  floor-slab,  or  a  totalload  from 
the  floor-slah  of  7  37'  ">-  The  total  height  of  the  Hntel  to  the  top  of  sill  is  3  ft. 
As  it  is  6  In  thidt  this  makes  the  weight  per  lin  ft  7S  X  3  -  'li  lb.  the  total 
wrirttof  theKntelbeingiJsX  13  H-  30381b.  For  the  window  10  lb  per  sq  ft 
italkiwcd.    Tbe  ai«a  being  13  HX  11  ft,  the  height  of  the  window,  or  in  even 
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igurta  149  sq  it.  the  wd^t  ii  149X  10  lb-  t  490  lb.    Tbe  total  load  on  llw 
liolel,  then,  U  7  371  +  303B+  1490-  11  899  lb. 

Th«U)it«linfiiradaaRBCt«n(D]uB«aau.  By  reFerriog  to  the  paracnpli 
Explanation  oC  Diagranu  and  Focmulu,  fogc  993,  for  the  itrength  of  rectmignlj'- 
beamv  it  is  seen  that  when  reiniorced  with  0.5%  of  steel  the  safe  load  carried  bjr 

the  beam  is  If'- mi -48-j-    Hence,  a  6  by  (j6  -6J-in  beam  will  carry 
■  tj  SS»  lb.    The  depth  s?  is  used,  aa  it  a  taken  to  the 

the  steel.    This  is  more  than  the  load  upon  the  lintel  and 

ufe.    A  reinfoicement  of  0.5%  equals  0.005  of  iGisqin.  the 

or  o.Si  sq  in;  and  if  two  bars 
each  mult  be  of  o.4-sq-ia  sectional  a 
Too  H-in  square  ban,  each  hai-inx  an 
area  of  0.39  sq  in.  will  be  used.  These 
should  be  located  1  in  from  the  bottom. 
and  run  straight.  There  ibould  be  t«a 
%-'m  square  bars  near  the  top  of  the 
lintel,  running  the  full  leD^th,  and  loiuteea 
^(-in  slimips.  as  shown  in  the  illustra- 
tion  (Fig.    8).     The   lop   bars   take    the 


place   ol   bent   bars 

md    also    pre\-enl 

vertical  crauks  which 

.re  liable  to  occur 

from  shrinkage  near  t 

he   middle  of    the 

lintel. 

The    Colnmna.    Having    establi^cd 

the  diMjn  of  the  floor-system,  the  dimen- 

rions  of  the  wall  piers,  interior  columns 

and   footings  are   next  delemined.     A 

Fig.  8.    Veniul  Section,  Showing  Linlri    schedule    of    the    loads    on    the    interior 

ct>lumns  will  now  be  made. 

suming  a  live  roof  load  of  jo  lb  per  sq  ft 

cidental  bad  (ram  oserhead  shafting,  the  total  live 

load  is  40  lb  per  sq  fl.     The  weight  of  the  sbb.  if  3  in  thick,  which  is  as  thick 

as  is  usually  required,  hnM  tb  persq  ft.    The  beams  and  girders  weigh  another 

30  lb  per  sq  ft  (iJ  plus  18),  making  a  total  dead  load  of  70  tb.  including  the 

covering.     Adding  the  lix-e  load  of  40  lb  to  this  gives  110  lb  pet  sq  ft  as  the  total 

dead  and  live  load. 

Tbe  Load  on  the  Fonrth-Stot;  Colonm,  then,  is  400  times  no  lb  or 
44  ooo  lb,  not  counting  the  weight  of  the  column  itself.  For  practical  reasons 
no  column  should  be  made  less  than  la  by  10  in  in  crosS'Section.  Allowing, 
therefore,  500  lb  per  sq  in  unit  stress  on  the  concrete  for  columns,  which  is  the 
unit  stress  allowed  by  the  Philadelphia  Building  Bureau  in  reinforced -concrete 
columns  with  vertical  reinforcement,  the  carrymB  cajjacity  of  a  10  by  lo-in 
column  is  loo  times  joo,  or  50  000  lb.  which  is  in  excess  of  the  load  to  be  carried. 
(See  Table  1.) 

The  Load  on  the  Tblrd-Stor;  Coltimn  is  the  load  from  the  one  above 
of  44000  lb  plus  the  load  of  one  bay  of  the  fourth  floor,  which  is  117  lb  X  400 
—  SGSoolb,  being  the  total  dead  and  live  load;  or  86  Soo-<-  44  000  •  ijoSoolh.  <o 
which  must  be  added  tbe  weight  of  the  column,  which  is  assumed  to  be  joolb  per 
lin  ft.  As  it  is  about  1 1  ft  long  in  the  dear,  the  weight  of  tbe  columo  is  j  300  lb. 
which,  added  to  130  Soo  lb,  equals  134  100  lb.  The  area  of  the  ccoss-iectioo  d 
•  16  by  iS-in  column  is  ije  iq  in,  which,  at  500  lb  per  iq  in,  ^ve*  i*S  am  Ih  ai 
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the  safe  carrying  capacity.  While  this  is  6  loo  lb  less  than  the  load  to  be  carried, 
it  is  within  4V^%  of  the  required  strength.  It  is  customary  to  make  a  reduc- 
tion of  the  load  to  be  canied  on  the  columns  in  proportion  to  the  amount  of 
floor-area  carried,  the  reduction  being  greater  as  the  floor-area  increases.  Usu- 
s^lly  a  5%  reduction  of  the  live  load  per  floor,  with  a  maximum  not  exceeding 
50%  on  the  bottom  columns  for  high  buildings,  is  considered  good  practice. 

Table  I.  Strength  of  Reinforced-Concrete  Columns.    Length,  Fifteen  Diameters 

Columns  with  vertical  bars.    Safe  working  stress  on  concrete  500  lb  per  sq  in,  the 
strength  of  the  rods  being  neglected  in  figuring  the  columns 


Size 

Area 

Total  safe     j 
loads  is  lb 

Size 

Area 

Total  safe 
loads  in  lb 

8X  8 

64 

320CO 

18X18 

324 

162  000 

9X9 

Sz 

40500 

19X19 

361 

180500 

10X10 

100 

50000 

20X20 

400 

300  000 

iiXii 

131 

60500 

31X21 

441 

230500 

13X12 

144 

72000 

22X22 

484 

243  000 

13X13 

169 

84500 

23X23 

529 

264  500 

14X14 

196 

93000 

24X24 

576 

388000 

I5XXS 

22s 

112500 

25X25 

62s 

312500 

16X16 

256 

128000 

26X26 

676 

338000 

X7X17 

289 

144  500 

37X27 

729 

364500 

The  Load  on  the  Second-Story  Column  is  134 100  lb  plus  the  load  from 
the  third  floor  and  the  weight  of  the  columns,  all  of  which  is  assumed  as  being 
equal  to  the  fourth-floor  load  and  weight  of  column,  or  90  100  lb,  making  tht 
load  224,200  lb.  A  21  by  21-in  column  will  carry  441  times  500  lb  per  sq  in, 
or  230  500  lb. 

The  Load  on  the  First-Story  Column  is  224  200  lb  plus  the  second-floor 
load  of  86  800  lb  and  the  weight  of  the  column,  which,  at  600  lb  per  lin  ft,  is 
6  600  lb,  or  a  total  of  317  600  lb.  A  25  by  25-in  column  will  carry  625  times 
500  lb  per  sq  in,  or  312  500  lb,  which  is  almost  the  required  strength.  The 
column-schedule  then  becomes 

For  the  first  story  25  x  25  in  in  cross-section. 
For  the  second  story  31  x  21  in  in  cross-section. 
For  the  third  story  16  x  16  in  in  cross-section. 
For  the  fourth  story  10  x  10  in  in  cross-section. 

The  Reinforcement  in  the  Colunme  should  consist  of  eight  %-in  round 
rods  in  the  two  lower  and  four  in  the  two  upper  stories,  with  ties  of  ^-in  round 
wire  every  12  in,  as  shown  in  Fig.  9.  It  is  the  custom  to  use  the  same  unit 
stress  on  reinforced-concrete  columns  up  to  15  diameters,  and  not  to  use  columns 
whose  length  exceeds  15  diameters. 

The  Wall  Piers.  The  schedule  of  all  the  wall  piers  is  made  by  the 
method  used  for  the  interior  columns.  The  details  of  the  calculations  are  not 
gone  into  here,  results  only  being  given.  The  size  of  the  wall  piers  is  deter- 
mined by  the  architectural  effect  desired  and  by  practical  considerations. 
Afflummg  30  in  as  the  smallest  face-dimension  of  the  piers,  this  size  should 
be  carried  up  the  full  height  of  the  building  (Fig.  10).  The  reveal  of  the  piers 
to  the  spandrels  is  6  in,  and  the  spandrels  should  line  up  flu.sh  with  the  inside 
<^  the  piers  if  by  so  doing  they  are  not  made  extremely  thick.    Keinforced- 
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concrete  spandreb  may  be  S  in  tblck  and  give  good  rewlts.  It  is  not  wisp  m 
make  them  Ihiooer  thao  this,  on  account  oi  the  difficulty  of  coiulructing  tbem. 
It  Is  to  be  noticed,  aUo.  thai  the  lintels  or  spandrel  beams  act  as  ties  from  one 
wall  pier  to  another.  They  should  be  of  soffident  strength  not  oaly  to  carry  [he 
vectioU  loads  amiing  upon  them,  but  also  to  act  as  braces  to  lake  up  any  vibn- 


F[|.  e.    Intcrkii  Colonui  Fi(.  10.    Fint-stoiy  Wall  Pin 

tlon  m  the  direction  of  the  Isigth  of  the  building;  just  as  the  deep  cross-KinleTt 
resist  the  vibration  in  the  direction  of  the  width  of  the  building.  Very  fre- 
quently the  main  girders  are  run  laigthwise  of  the  building,  that  is,  spanniiw 
the  shortest  distance,  while  the  beams  run  across  the  building.  Samel  imei 
this  will  make  the  construction  more  economical;  but  the  reduced  faeisfat  of 
the  windows  in  Che  side  walls  due  to  the  necessity  of  lowering  the  window-heads 
to  permit  the  beams  to  be  carried  by  a  lintel  running  over  than,  is  objectioBahle. 
as  the  light  tram  the  windows  in  this  position  is  not  as  effective  as  whea  they 
ate  run  up  to  the  under  side  of  the  floor-slab  or  ceiUiig. 

The  wail-pier  schedule,  figured  on  the  asiumptioa  above,  becomes 
For  the  first  story      30  X  16  in  in  cross-section. 
For  the  scojnd  story  jo  x  11  in  in  cross-section. 
For  the  third  story     30X  11  in  in  cross-section. 
For  the  fourth  story  jox  11  in  in  cross-section. 

It  will  b!  noticed  that  the  piers  in  the  three  upper  stories  are  of  the  same 
dimeasions.  This  is  due  to  practical  requirements,  the  reveal  of  the  pier  to 
the  spandrel  being  6  in  and  the  minimum  spandrel-lhidiness  6  in.  The  pier 
must  be  II  in  in  order  to  be  flush  on  tbe  inwleof  the  building. 

Spread  Foundatioiis.  The  use  of  reinforced  concrete  for  the  footings  of 
a  building  results  in  economical  construction  when  it  is  necessary  to  project  tiie 
base  or  footing  more  than  is  customary  or  permisuble  without  reinforcement  of 
some  kind.  In  order  tu  give  sufficient  information  for  the  design  o(  the  founda- 
tions for  tbe  building  under  discussion  in  tlus  chapter,  as  well  aa  for  other  type) 
of  construction  met  with  in  practice,  several  examples  are  worked  out  in  the 
following  pages.  The  simplest  form  of  reinforred  concrete  spread  rooriNC  is 
shown  in  Fig.  5  and  consists  ia  considering  the  overhanging  portions  of  the 
footings  as  CAtiTTLEVER  BEAUS.  The  (oolings  of  the  interior  columns  ate  de- 
signed as  eiplaiaed  in  the  foUowiog  paragraphs. 

The  Load  od  tbe  Footing.  The  load  on  the  footing  is  asnuiwd  to  be 
317  000  lb  and  the  safe  bearing  value  of  the  soil  7  ooolbper  sq  ft.  Thisrrqiurei 
a  spread  footing  of  3t7  000  lb  divided  by  7  000,  or  4J  sq  ft.  The  side  o(  tbe 
square  which  comes  the  nearest  to  this  area  is  g  ft  g  in  and  its  area  is  45,]  iq  fL 

The  Detign  of  die  Footing.  The  footing  ts  deatgncd  as  fallows:  As  each 
•quare  loot  of  footing  sustains  an  upward  pressure  of  7  000  lb,  the  overhingiag 
portion  is  treated  B3  a  CAKTlLEVKa  BEAU  intmuMLV  LOADED.    Tbe  load  diteOly 
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under  the  colamn  i»oper  causes  uo  bending,  and  this  load  is  neglected  in  finding 
the  bending  moment.  The  rods  should  be  nm  as  shown  in  Fig.  5,  some  diago- 
nally and  some  at  right-angles  to  the  sides,  the  first  layer  located  3  in  from  the 
bottom  of  the  footing.  The  size  of  the  rods  on  the  diagonal  is  now  to  be  de- 
termined and  the  others  are  to  be  ma^e  the  same  size.  The  longest  length  of 
the  i-ft-wide  diagonal  cantilever  is  4  ft,  measured  from  the  center  of  the  column 
to  the  intersection  of  the  i -ft- wide  strip  with  the  side  of  the  square.  The  bend- 
ing moment  on  this  strip  is  equal  to  the  load  on  an  area,  outside  of  the  column, 
3  ft  long  and  i  ft  wide,  or  (3  X  7  000  «•  ai  000  lb)  X  30  in  -  630  000  in-lb,  30  in 
being  the  distance  from  axis  of  the  column  to  center  of  gravity  of  the  area. 

Assuming  the  footing  to  be  24  in  thick  over-all,  the  center  of  action  of  the 
steel  will  be  about  5  in  up  from  the  bottom,  making  an  effective  depth  of  19  in. 
As  the  lever-arm  for  the  steel  is  nine-tenths  *  of  the  depth  when  the  stress  in  the 
concrete  is  600  lb  per  square  inch,  the  resulting  stress  per  square  inch  in  the  steel 
(maximiun  stress  16000),  is  16000  X  0.9*  14  400.  As  the  bending  moment 
is  630000  in-lb,  the  number  of  square  inches  of  steel  neoeasary  per  foot 

630  000 

in  width  is  —  2.34  sq  in.    This  formula  is  for  rectangular  beams 

14  400  X  19 

wrhen  the  bending  moment  is  given.     (See  Formula  (i),  page  992.)    Spacing  the 

rods  4  in  on  centers  requires  three  rods  per  foot,  each  requiring  a  cross-section 

irea  of  0.7S  sq  in.    As  a  H-in  square  bar  has  a  section-area  of  0.76  sq  in,  this 

size  will  be  used.    The  bars  in  the  layers  at  right-angles  to  the  side  are  made  the 

same  size  and  spaced  as  above,  so  as  to  avoid  complications  in  the  construction 

3f  the  footing.    It  would  be  possible  to  space  these  farther  apart,  but  this  re- 

&nement  is  unnecessary.    (See  Fig.  5.) 

When  the  load  on  a  column  is  such  as  to  require  a  footing  more  than  2  ft  thick, 

it  is  customary  to  slope  the  top  of  the  footing,  thus  saving  in  the  quantity  of 

concrete,  or  dse  to  provide  a  concrete  plinth  or  block  at  the  bottom  of  the 

colunm  on  top  of  the  footing  so  as  to  reduce  the  projection  of  the  footing  and 

thereby  make  a  more  economical  design.    If  steel  column-cores  or  hooped 

coliunns  with  vertical  reinforcements  are  used,  a  metal  base-plate  is  necessa^ 

on  top  of  the  footing  of  sufficient  size  to  limit  the  direct  stress  on  the  footing  to 

500  lb  per  sq  in. 

The  Foundations  for  the  Outside  Walls  may  be  designed  m  either  of 
two  ways:  first,  as  continuous  footings  such  as  are  usual  in  ordinary  construc- 
tion, and  secondly,  as  isolated  piers  under  the  wall  columns.  In  the  first  case 
it  is  necessary  to  reinforce  the  footings  and  foundation-walls,  as  these  act  as 
continuous  beams  loaded  at  each  column,  and  must  be  made  strong  enough  to 
distribute  the  loads  from  the  columns  uniformly  over  the  entire  length  of  the 
footings.  The  foundation-walls  and  footings  can  be  treated  as  inverted  con- 
TiNTuous  beams  (Fig.  11),  the  upward  reaction  of  the  earth  being  considered  a 
uniformly  distributed  load  on  the  beams,  and  the  wall  piers  being  considered  af 
columns  supporting  the  beams,  with  the  load  on  each  pier  as  equal  to  the  load  on 
such  supports.  Fig.  12  shows  the  arrangement  of  the  reinforcing-rods.  Their 
size  is  determined  as  explained  in  the  following  paragraph. 

Since  the  load  per  running  foot  of  the  foundation  is  equal  to  the  load  from  a 
pier  divided  by  the  distance  apart  of  the  piers,  omitting  the  weight  of  the  spandrel 
below  the  first-story  windows,  this  load  per  running  foot »  191  140  lb,  the  load 
from  the  pier«i- 16  ft  «■  it  946  lb.  As  great  refinements  in  calculations  are  not 
required  in  footing-work  of  this  kind,  because  of  the  advisability  of  large  factors 
of  safety  for  this  part  of  the  building  and  the  small  reduction  in  cotft  due  to  any 
such  refinement,  the  strength  of  this  continuous  beam  is  calculated  by  the  formula 

•  See  Eq.  (1),  page  683;  (4),  9^6;  (6),  932;  (x),  992;  and  Fig.  5,  page  974- 
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M  *■  B7/8,  assuming  /  to  be  the  dear  distance  between  the  piers,  or,  in  this  c— <. 
13  ft  6  in  (Fig.  12).  Therefore,  IT  -  X3^X  xi  946  -  161  271  lb  and  the  beni- 
ing  moment  3f  -  (161  271  X  162 )/8  ■■  3  265  737  in  lb.  As  the  size  of  the  be-n 
is  detannined  by  the  thirkn<*w  of  the  wall  and  its  depth,  all  that  is  necessary'  b  *^ 
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Load  par  IBbaaaing  Foot  llStf  Ih. 
Ftg.  11.    Foundation-wall  an  Inverted  Continuous  Beam 

find  the  area  of  the  steel  by  referring  to  Formula  (i),  page  992*  which  gi^\': 


M 


:,  or  i4  ■■ 


3  26s  737 


4.3  sq  in,  distributed  in  eight  H-io  square 


14  400  i  14400X53 

bars  with  a  total  area  of  cross-section  of  4.4S  in.    These  are  in  two  layers,  fojr 
rxuming  straight  and  four  bent  as  shown  in  Fig.  12.    The  top  layer  is  placed  2  Li 
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Fig.  12.    Arrangement  of  Rods  in  Foundation-wall 


from  the  top  of  the  concrete.  The  footing  is  made  wider  than  the  wall  to  ke^p 
the  load  on  the  soil  within  the  safe  limit  of  7  000  lb  per  sq  ft.  The  width  is 
determined  as  follows.  As  the  column-spacing  is  16  ft,  center  to  center,  7  000  x  16 
«  112  000  lb,  the  load  the  foundation  t  ft  wide  and  16  ft  long  will  carry;  hen^e 
to  carry  212  120  lb  (the  load  from  the  pier,  plus  20980  lb,  the  weight  of  the 
spandrel  and  footing),  212  120  is  divided  by  112  000,  giving  1.9  ft  for  the  width 
of  the  footing,  or  i  ft  11  in,  nearly. 

Isolated  Pieri.  In  the  second  case,  a  spread  footing  is  prox-ided  under 
each  wall  colunm  in  the  same  manner  as  under  the  interior  columns,  but  designed 
for  the  lighter  load.  The  foundation  or  spandrel  wall  is  not  made  as  heax*)'  as 
in  the  first  case,  as  it  carries  no  load  except  its  own  weight  and  the  wall  or  window 
above  it.  (See  Fig.  5.)  Where  the  soil  is  bad  and  of  low  canying  capacity, 
the  PIER'METHOD  is  fouud  to  make  an  economical  foundation,  especially  where  it 
u  necessary  to  use  piling  under  the  building,  as  the  piles  can  be  grouped  under 
the  piers  and  colunms,  and  capped  with  reinforced  concrete.  The  foundation  or 
spandrel  walls,  properly  reinforced,  can  be  carried  from  pile-cap  to  pile<ap,  as 
they  do  not  depend  on  the  soil  directly  under  them  to  sustain  the  load. 

Combined  Celamn-Pootlnga.  It  very  frequently  happens  that  m  build- 
2ng  is  to  be  built  adjacent  to  and  abutting  on  a  property4ine,  and  as  the 
foundations  must  not  encroach  upon  the  adjacent  property  the  columns  must  be 
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built  oa  the  edge  of  the  foatiiiKi.  In  order  to  Mcun  uniform  ai^-prcuute  it  i> 
olteo  mil  nmj  to  combiiK  ao  iatciter  with  m  exterior  calunm-fooUag  ao  u  to 
distribute  the  load  unilormly  Irom  the  two  columni  to  tlie  loQ  below.  Some- 
timei  it  is  necesmy  to  annbine  the  footiosi  of  more  tb«ii  two  coiuinn*.  Fig.  13 
shows  the  details  of  an  actual  coiutnictiau  and  may  be  regarded  at  typical.  The 
loads  from  the  columns  in  this  caic  are  almost  identical,  one  being  700  000  lb 


Fif.  13.    CaDbbctl  Cglumo-fboting 

and  tbe  other  790  000  lb,  90  that  the  shape  of  the  combined  footing  In  plan  can 
be  BECTANCULAR,  SI  the  ccDteT  o[  gravity  of  the  two  loads  Is  practically  al  the 
middle  of  the  span.  When  one  column  is  more  heavily  loaded  than  tbe  other, 
the  center  ol  gravity  o(  the  loads  is  no  longer  al  the  middle  of  the  span,  but 
nearer  one  column;  hence  it  is  necessary  to  make  the  combined  footing  tkafe- 
ton>AL  in  plan  so  that  the  center  of  gravity  of  the  trapeioid  will  coincide  with 
the  line  of  action  of  the  resultant  of  the  loads  from  the  columns. 

Tbe  (oUowiug  calculations  for  the  deagn  ol  thii  footing  are  tbe  actual  ones 
made;  lod  serve  a*  *  good  exami^  of  the  necessity  of  assuming  certain  siies  at 
the  Stan  which  the  final  calculations  may  change.  The  wmiH  OF  TBE  FOUNDA- 
TION being  determined  by  the  LOAn-LmiT  on  the  sail,  which  in  this  case  is  not  to 
eicecd  ;  000  lb  per  sq  ft,  and  tbe  siie  of  the  column-base  being  known,  we  may 
proceed  to  determine  the  BEHntHO  uomHT  in  the  footing.  We  assume  an  area 
of  ;  X  31  ft  ■•  134  >q  ft,  giving  a  soil-pressure  of  i  490  000  lb  +  134  sq  ft  -  6  650 
lb  per  sq  ft.  or  6  G50X  7  •  46  sso  lb  per  running  toot.  The  point  of  maximum 
hending  moment  is  whne  the  vertical  shear  Is  zero  and  is  detennined  by  tbe 
tquatkra  700000/46  550-  is  ft.  Also,  ij  ft—  i.os  ft-  ij.gs  ft.  Hence 
ITiDu  -  [(700000  X  I j.9j)  -  9  76s  000  ft  ibl  -  1(46  ssoX  IS  X  7M) 
-  5  136  B7S  (t  lb]  -  U  S18  IIS  X  13)  -  S4  3J7  sooinlb 
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The  ijos  ft  is  one-half  the  oolunm^width,  a  ft  z  in. 

We  may  determlDe  the  dbpih  ov  teb  ioundatiok  by  assuming  & 
sectional  area  of  the  reinforcing*sted  and  solving  in  Fonnula  (i),  page  992,  ix 
\he  depth.  For  practical  considerations  square  bars  larger  than  z  K  in  square 
%hould  not  be  used;  hence  by  trial  we  find  that  thirty  iU<in  square  bars  with  a 
jection-area  of  46.8  eq  in,  placed  in  two  rows  in  the  top  part  cA  the  ioundatkKx. 
will  space  out  just  right  for  a  width  of  beam  of  64  in»  which  is  6  in  wider  that- 
the  58-in  dimension  of  Column  No.  x.    The  depth  then  by  this  formula  is 


J           ^              J        54  337  500        «    . 
a 7,  or  tf  •■ r-T  —  80  m, 

14  400  A  14  400  X  46.8 

the  depth  from  the  center  of  the  steel  to  the  bottom  of  the  concrete.    There! orr. 
80  +  4  *  84  in,  the  total  depth  of  the  foundation. 
The  WIDTH  OF  THE  FOOTING  AT  THE  BASE  must  be  increased  to  keep  the  unit 


iTCement 

V     ^/ 


^xjLFO'zrrmr^.^xaarzBan^ 
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Fig.  14.    Section  thmugh  Flight  of  ReiiifoRed<oocrete  Stairs 


stress  on  the  concrete  in  compression  within  the  allowable  stress,  609  lb  per  sq  in. 
As  the  total  horizontal  compression  in  the  beam  must  equal  the  total  tensioo  in 
order  to  satisfy  the  requirements  for  equilibrium,  we  have  total  tension  -  16  000 
lb  per  sq  in  X  46.8  sq  in  "  748  800  lb.  From  Table  V,  page  930.  Chapter  XXIV, 
the  depth  of  the  area  of  the  concrete  in  compression  U  equal  to  0.31  X  80 
"  24.8  in.  The  width  is  found  by  dividing  748  800  by  (300  X  24.8  •  8  440) 
the  resistance  of  the  concrete  per  inch  in  width  of  the  beam,  which  gives  89  in  for 
the  width  of  the  concrete  at  the  bottom  of  the  footing,  300  lb  being  the  average 
unit  stress  on  the  area  of  the  concrete  in  compression,  since  the  stress  acfiuUly 
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varies  trom  6ao  tb  on  the  outdde  upper  nitface  of  the  coQcrete  to  zero  >t  the 
neutral  axis. 

The  Stain.    The  eix  with  which  stairs  an  be  built  of  reinforod  ooncrete  has 
led  to  in  general  adoption  fot  thii  purpoK  in  itLn(orceiJ<coiicrete  butldingi.     Ai 
stairs  are  generally  endowd  in  stBir-towen  or  shafli.  their  oonstructioa  usually 
Uhea  the  form  oi  the  double  mo  or  half-pace  ti'pe  (Fig.  14).    Tbii  reduce:  the 
length  of  tbe  run  lo  thai  Ihe  cmstruction  does  not  becoine  too  heavy,     Cachnin 
of  stairs  Is  considered  u  an  [ocliaed  beam  and  is  so  figured,  being  supported  at 
the  top  and  bottom  on  the  Malr-Unding  header-beam.    The  rods  are  placed 
near  the  bottom  of  tbe  slab  and  run  conlicuously  from  top  to  bottom.    The 
depth  of  the  bean  Is  ctmsidered  to  be  equal  to  the  distance  from  the  soffit  of 
the  stairs  to  tbe  comer  formed  by  the  tread  and  rise,  as  ihovm  by  the  letter  D 
in  Fis.  14.     The  landings  ate  figured  tbe  same  as  Soor-shibs,     Their  supporting 
beams  are  calculated  to  carry  the  load  coming  upon  them  from  the  landmg  and 
from  Ihe  upper  stair-run,  which  starts  from  the  landing-beam.     The  lower  stair- 
run,  coming  up  under  the  laoding-boun,  acts  as  an  inclined  itiut  and  supports 
one-half  of  this  beam.    Hence  the  span  of  the  laodiog-bcam  is  equal  10  tbe  dis- 
tance from  the  wall  of    the  stair- 
tDwcr  or  shaft  to  Ihe  bade  edge  of 
the  stair-run  Iran  below,  and  is  a 
littk  more  than  onc-bolf  the  width 
of  the  5Uir-shaft.    This  make^  the 
design  of  r^nforced-conaete  slairs        • 
very  economical.     (Bee  page  905.)  '^ 

Bumple  in  Stair-Deiicn.    It  is 

assumed  thai  each  of  the  runs  is  4  ft 

wide,  and  that  the  maximum  live 

load  thai  can  come  upon  Ibe  stairs    *  * 

in  a  crush  is  one  person,  weighing 

ISO  lb.  for  each  2  ft  of  step,  or  75 

lb  per  lin  fl  of  step.     With  steps  4 

ft  wide  the  live  load  is  300  lb  per 

step  or,  (or  Icn  steps,   10  times  300 

or  3  oeo  tb  per  run  for  Ihe  live  load.     Fig.  IS.    Detail  of  Reinfoiced-concrele  Steps 

The  dead  load  is  appnjximate^  400 

lb  per  sli^,  or  4000  tb  for  the  run.    This  makes  a  total  load  on  the  inclined  beam 

of  7  000  lb.     The  span  in  calculating  inclined  beams  is  lalcen  at  the  horizontal 

distance  between  supports;  hence  in  our  exam|^  the  span  is  8  (t  g  ia.    Tbe 

maximum  bending  moment,  therefore,  is —  73  500  in-lb,  figuring 

ihe  nil  as  partiaUy  restrained.  Assuming  the  thickness  of  the  slab  to  be  sin.  t!ie 
efiective  depth  is  4  in.  and  the  area  of  steel  per  foot  of  width  for  this  depth  and 

bending  moment  as  above  is  — '■ i.j  sq  in,  approiimalely.     If  %-in 

square  bars  are  used  having  a  section  area  of  o-sK  sq  in,  thry  should  be  spared 
S'A  in  apart.  It  is  customary,  also,  to  rua  >4-in  square  bars,  spaced  i  ft  on 
edicts,  at  right-snglea  lo  Ihc  main  rods,  as  shtinkage-bars.  It  is  also  customary 
to  run  the  rods  which  reinforce  the  run  of  the  stairs,  from  tbe  wall-edge  of  plat- 
tumi  at  the  top  lo  the  wall-edge  at  tbe  bottom,  bending  the  rods  to  make  Ihem 
come  in  [he  bottom  of  tbe  landing-slabs  and  act  as  their  reinforcement.  This 
makes  a  very  rigid  and  economical  amstruction.  The  treads  should  be  finished 
with  1  i-ia  top  surface  of  cement  and  gtitai  and  Ihe  risers  can  be  brushed  smooth 
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Span  of  feet 
Fig.  16.    Diagram  for  Strength  of  Reinforced-concrete  Slabs 


when  their  forms  arc  removed.  The  riser-forms  should  be  removed  a»  soon 
as  the  concrete  has  set  sufficiently  to  hold  its  ^ape,  so  that  the  top  of  each  step 
or  tread  can  be  incorporated  into  the  concrete.  Top-surfacixig  applied  after 
the  concrete  has  set  hard  is  vexy  likely  to  become  loose  and  break  off.  A  very 
good  form  of  step  is  shown  in  the  detail.  Fig.  15.     When  the  stair-runs  acr 
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very  tans  and  cannot  b«  cuiied,  it  bottom  md  top  vben  the  Hepa  start  and 
stop,  OD  header  beami,  a  rein[aiced-a>ncTete  beam,  fonning  an  outside  string, 
sbould  be  used  and  the  stair-reinfarcBiient  nin  parallel  with  the  riiera  from  the 
string  to  the  waJl.  The  beam  forming  the  string  can  be  made  any  ronvenienl 
beifht  and  vidth,  and  reinfanxd  to  suit  the  load. 
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XiplaiMtloa  of  Diafram*  and  Formula!.  Figs.  16,  17,  IS  and  10  are  to 
be  uttd  in  designing  reiniorced-concrete  slabs.  These  diagrams  are  plotted 
from  calcubtioos  made  in  accordance  with  the  1907  Regulations  oF  the  Phila- 
delpbia  Bureau  of  Building  laspeclion,  which  permit  a  unit  compressive  strew 
ol  Goo  lb  per  sq  in  in  the  concrste  and  a  tension  ol  16  ooo  lb  per  sq  in  in  the 
Ueel,  with  a  ratio  oC  the  moduli  ol  elasticity  of  steel  to  concrete  equal  to  it. 
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TbeK  unit  itrcnes  give  i  factor  of  ufetyol  4.  biwdon  ihe  ullttnatp  !itmif[Il 
of  the  mateiUU  and  bavc  been  found  to  give  results  In  practice  which  arc  cd 
oHeot  with  Htfety  and  ecoiiomic^  cooatnictioD,  the  cracrete  beiog  a  i  :  1 ; 


Fi«.  18,    Diagiun  (or  Sueii«i1i  oI  RsBlomd-aiDiTcU  9 

initture  and  the  BgKregate  a  Kood  hard  r) 
dtin  uuially  spedly  the  itlonraUe  unit  Mren 
concrete  Mructuies,  and  wben  tbcy  diSet  from  ihoie  lued  id  the  cakulatkioi. 
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-ecticMil  win  have  to  be  made  in  tbe  i««ulta  obtained  when  uaing  the  diasiams. 
vevet,  when  one  has  the  option  of  choosing  bis  own  method  of  calculating, 

(liaeranu  may  be  UMd  with  absolute  safety. 

igs.  20,  21,  22  and  23  are  diagrams  of  the  sCreneth  of  T  beams.  The  cal- 
itions  in  these  disgnuns  are  based  on  the  lame  umt  itrenes  as  above;  but 


Spuinfeet  ^"W 

Hf.  IS.    Diagiais  be  5ti«ii(ili  of  IUlaiDned.aocRte  Skb* 

he  eSecdre  depdi  of  the  beam  is  taken  as  tbe  distance  fnim  the  center  of  action 
■f  (be  ««d  to  the  center  of  the  concrete  »Ub  and  not  to  a  point  one-third  tbe 
hIcluKss  of  tlie  sl^  from  the  top.  The  beanxteptb's  In  the  diacrams  are  the 
Itplhs  of  the  stems  below  the  stab.  Tbe  width  of  the  slab  in  compression  ii 
ound  by  muliiplyinft  the  area  of  the  steel  by  the  constant  given  in  tbe  di»' 
[innis  lot  the  comsponding  depth  of  beams. 
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DIAGRAM  OF  STRENGTH  Of  T  BEAMS 
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Area,  A,  of  steel,  square  inches. 
Ffg.  20.    Diagtam  for  Strength  of  T  Beans 
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DIASRAM  OF  STDtHOTH  OF  T  BEAMS 


strength  of  Reiaforced-^^ncTete  T  Beams 

DUGRAM  OF   STREHOTH  OF  T   BEAMS 
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The  foUowiDg  formulas  are  for  the  strength  of  rectangular  beams  or  sSabs, 
based  on  various  percentages  of  steel,  the  beams  being  considered  to  be  as  snspfy 
supported  at  the  ends.  They  are  calculated  in  accordance  with  the  Pbiladelpl; u 
requirements,  and  can  be  used  m  investigating  the  strength  of  rectangukr 
beams  and  slabs  without  obtaining  the  bending  moment.  They  are  very  coc- 
venient  in  checking  up  a  design  already  made,  or  in  establishing  the  area  of  xhe 
steel  reinforcement  when  the  size  of  the  concrete  beam  or  slab  is  fixed,  as  shovn 
by  the  example  given. 

w  -•  load  in  pounds  per  runnmg  foot; 

b  «■  breadth  of  beam  in  inches; 

d  >■  depth  to  center  of  action  of  steel  in  inches; 

/  ■■  span  in  feet; 

p  -  percentage  of  steel  to  area  of  concrete  above  center  of  steel  to  top  of  beam. 

bd* 
When  >-o.s%    then    to-48--- 

^-0.6%  w-sS-Tj- 

b^ 
^-0.7%  ti»-s9-^ 

bd* 
P  •  o.S%  w  -  62  -Tj- 

bd* 
^-0.9%  W-64.S  — 

^-1%  w-67  — 

Example.    Find  the  total  load  per  square  foot  that  can  be  carried  by  a  4-in 
slab,  with  a  5-ft  clear  span,  reinforced  with  0.8%  of  steel  per  running  foot. 
Solntioii. 

-  12X3*        -  108  ^^^„ 

tp  -  62  X  — : —  -  62  X  —  -»  266.6  lb 
5*  25 

From  this  must  be  deducted  the  weight  of  slab  and  floor-finish  to  obtain  the 
live  load.  If  finished  with  z-in  cement  top  coat  laid  directly  on  the  concrete 
the  total  dead  weight  is  62^^  lb,  which,  deducted  from  366.6  lb,  leaves  204.1  lb. 

Note.  If  the  total  load  carried  by  the  beam  is  desired,  use  /  instead  of  I* 
in  the  formula.  These  formulas  are  based  upon  the  stress  in  the  concrete  not 
exceeding  600  lb  per  sq  in  and  a  tension  in  the  steel  of  x6  000  lb  per  sq  in,  with 
a  ratio  of  the  moduli  of  elasticity  of  the  concrete  and  steel  equal  to  12. 

Fonnula  for  the  Resitting  Moment  of  Rectangular  or  T  Beama.  This 
is  Formula  (6),  page  933,  Chapter  XXIV,  only  in  a  diflferent  form,  and  is  to  be 
used  when  the  percentage  of  steel  is  not  greater  than  0.58  of  1%. 

M  «  the  maximum  bending  moment  in  inch-potmds; 
i    i  »  the  depth  from  the  top  of  the  beam  to  the  center  of  action  of  the  steel  in 
inches; 
A  •»  the  area  of  the  sum  of  the  cross-sections  of  the  steel  bars  in  square  inches. 

A/  -  ^  X  x6  000  X  0.9  <i  or  i4 

14  400  a 

M 
or  d J       (I) 

14  400  ii 
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Saunple.  Given  a  bending  moment  of  317  728  in-lb  and  a  depth  (over  all) 
of  beam  of  x6  in,  to  find  the  sectional  area  of  steel  necessary  to  make  the  resisting 
moment  equal  to  the  bending  moment. 

Solution. 

A  -• :  or  j4  — «  1.12  sq  m. 

14400  a  14400X13H 

Using  two  roimd  bars  of  H-in  diameter  we  have  0.56  sq  in  X  2,  or  i.x2  sq  in. 
Allowing  2  in  for  fireproofing  and  M  in  to  the  center  of  the  bars,  the  effective 
depth  of  the  beam  is  reduced  to  13^6  in.  For  the  width  of  the  beam  we  can  use 
Formula  (5),  page  931,  Chapter  XXIV,  substituting  for  K  the  value  correspond- 
ing to  the  unit  stresses  and  the  ratio  of  the  moduli  of  elasticity  for  the  con- 
crete and  steel  we  have  been  using,  namely,  600  and  x6  000  lb  per  sq  in  for  tho 
unit  stresses  and  12  for  the  ratio.  This  value  of  iC,  from  Table  V,  page  936, 
Chapter  XXIV,  is  83.4  and  M  «  83.4  M*.    Transposing,  we  have 

.         M  ,  217  728  217  7^8 

"  83.4  d»'  ^^     "  83.4  X  (13  W  "  83.4  X  X82.2  *  ^^'^  *^ 

The  beam  therefore  wiU  be  14  ^i  in  X  16  in  in  cross-section,  reinforced  with  two 
^4 -in  round  rods  placed  so  that  there  will  be  2mn  from  the  bottom  of  the  beam 
to  their  center.  As  the  width  of  this  beam  is  excessive  for  the  number  of  rods 
used,  it  is  uneconomical.  It  would  be  better  to  design  the  beam  with  a  T  section 
reducing  the  width  to  6  in  for  the  stem  and  making  the  top  flange  X4Vi  in  wide 
and  13.5  X  0.31 "-  4.18  in  thick.  The  ratio  of  the  distance  of  the  neutral  surface 
below  the  top  of  the  beam  to  the  effective  depth  of  the  beam,  for  the  values  we 
have  been  using  is  0.31  (see  Table  V,  pMige  926,  Chapter  XXIV),  and  m  order  to 
have  sufficient  concrete  in  compresson  at  the  top  of  the  beam  to  balance  the 
tensile  stress  in  the  steel,  the  head  or  flange  of  the  T  must  extend  from  the  top 
to  the  line  of  the  neutral  surface. 

GirderleM  Floors.*  In  order  to  familiarize  the  student  with  the  design  of 
GixDERLESS  FLOORS,  an  example  is  worked  out,  in  which  the  area  of  a  panel  or  bay 
is  assumed  to  be  400  sq  f C,  the  same  as  that  of  a  typical  bay  in  the  factory-build- 
ing already  considered  in  thb  chapter.  The  o^umn-spacing  is  made  the  same 
in  both  directions,  so  that  the  panels  are  square,  with  a  length  of  side  of  20  ft. 
Without  disnwting  the  various  methods  of  computing  the  strength  of  flat,  re- 
inforced-concrete  plates,  we  will  use  one  under  consideration  by  the  Bureau  of 
Building  Inspection  of  Philadelphia.!  This  is  a  conservative  method.  It  has 
been  carefully  worked  out  in  all  its  details  and  applications  and  gives  results 
consistent  with  safety  and  economical  design.  The  following  paragraphs  set 
forth  the  notation  and  equations  of  this  method  as  published  by  the  Philadelphia 
Bureau  which  calls  it  the  dsop-constkuction. 

L  •■  the  length,  center  to  center  of  columns,  of  the  longest  of  straight  bands 

in  inches. 
Li  *•  the  distance  or  width,  edge  to  edge,  between  capital-head^  in  inches. 
Iff  -■  the  total  dead  and  live  load  per  square  foot. 
d  "■  the  distance  from  the  center  of  action  of  the  concrete  in  compression  to 

the  center  of  the  steel  at  the  drop  in  inches. 
di »  the  distance  from  the  center  of  action  of  the  concrete  in  compression  to 

the  center  of  the  steel  at  the  center  of  the  slab  in  inches. 

*  See,  alao.  Chapter  XXIV,  pages  949  to  951.  Flat-Slab  Constructioa. 
t  To  Edwin  Clark,  Chief  of  the  Bureau  of  Building  Inspection,  Philadelphia,  Pa.,  is 
due  the  credit  for  working  out  and  perfecting  the  practical  application?  of  thb  method. 
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If  the  drop-oonstruction  b  not  uaed,  d^du 

Sufficient  depth  of  slab  is  to  be  provided  for  shearing>stressc8  as  well  as  l^ 
bending-stresses. 
Width  of  capital-head  ■>  not  less  than  fio  L, 
Width  of  drop  -  «Moo  L, 
Width  of  bands  -  «Moo  L. 

X  -  the  area  of  section  of  sted  over  the  capital-head. 
Xi  M  the  area  of  section  of  steel  in  center  of  bay. 
—  M^  the  bending  moment  at  the  edge  of  the  capital-head. 
+  if  -  the  bending  oaoment  at  the  center  of  the  span. 

^u   1    J        •  J  u    *u     *    •  u^  u     J     total  bay- capital-head 
The  load  carried  by  the  straight  band  «  x  w 

2 

_.     total  bay  —  capital-head     wZi 

—  Jm  *  ■■■       X 

a  12 

.   „     total  bay  —  capital-head     wLi 
+  Jf- — ^=^ X 

2  24 

Width  of  concrete  to  resbt  compression  at  edge  of  capital-head  *  width  ca 
drop. 

Width  of  concrete  to  resist  compression  when  negative  moment  -> 

•width  of  band. 
Width  of  concrete  to  resist  oompression  at  middle  of  span  «  width  of  band. 

M 


J  X  16  000 


Place  66%  of  x  in  straight  bands  \  \  w.    a 

Place  43%  of  *  in  diagonal  bands  /  °^"  caP»tai-neaci. 

M 

di  X  16000 

Place  66%  ol  Xi  in  straight  bands  \    .     ....     . 

Place  43%  ot ,,  in  ^r^  band,  /  '»  ""''""'=  *>'  "^ 

Add  20%  of  sted  of  ^M  to  provide  for  negative  bending  over  straight  bands^ 

The  drop  equals  the  abacus  outside  of  the  capital-head,  or  the  increased 
thickness  of  the  concrete  to  obtain  the  neoessary  compression  in  the  ocmcrete. 
This  is  not  generaDy  necessary  when  the  live  load  of  the  floor  is  light,  say  x  20  lb 
per  sq  ft  and  the  span  is  not  excessive.  To  determine  d  and  tfi  deduct  frcm  the 
total  thickness  of  the  slab  i  in  to  the  center  of  the  sted  when  the  rods  are  H  >& 
or  less  in  diameter;  if  over  %  in  deduct  x  H  in;  and  multiply  the  result  by  0.9. 
The  result  will  be  the  distance  from  the  center  of  the  sted  to  the  center  of  action 
of  the  compressive  stresses  in  the  concrete. 

The  depth  k  is  the  distance  from  the  top  of  the  slab  to  the  center  of  the  sted 
and  is  used  in  finding  the  thickness  of  the  slab.  Appljring  the  above  formulas 
to  the  example  considered,  using  a  floor-load  of  120  lb  per  sq  ft  as  in  the  previous 
example,  and  assuming  an  average  slab-thickness  of  8  in  with  a  i-in  top  finish- 
coat  of  cement,  the  dead  load  is  100  lb  +  13  lb  >-  x  13  lb,  which  added  to  the  lixx 
load  s«  233  lb,  total. 

The  arrangement  of  the  bands  is  shown  in  plan.  Fig.  24,  the  width  being  *Mm£, 
or  ^^i  00  the  span  of  20  ft,  which  is  9  ft.  The  diameter  of  the  colunm-head  is  Mo  ^, 
or  4  ft.    The  width  of  the  drop  is  »Moo  I,  or  7  ft  7  m. 
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Fig.  24.    Ammgemeat  of  Bands  in  Girderleat  Floor 

The  total  area  of  the  bay  -  20*  -  400  sq  ft. 

The  area  of  the  capital-head  »  4' «  16  sq  ft.    Then,  by  the  formula,  the  load 

400—  x6 
carried  by  the  straight  bands  ■■ X  233  ■■  44  736  lb 


-If 


^M'' 


44  736  XZ4_  44  736  x16  x1a 

12  12 

44  736XJ^i      44736X16X12 


■■  715  776  in-lb 
-*  357  >^8  in-lb 


24  24 

The  bending-moment  diagram  is  shown  in  Fig.  25. 

It  is  necessary  next  to  find  the  thickness  of  the  concrete  at  the  drop.  The 
formula  used  to  find  the  depth  of  a  beam  when  the  bending  moment,  the  width 
of  the  beam  and  the  allowable  stresses  are  given,  is  as  follows,  in  which  h  equals 
the  total  depth  of  the  slab  from  the  center  of  the  steel  to  the  top  of  the  concrete: 


f, .  i/      g-tf       ^  \/    2  x71s  7 
"  V  0.27  X  65.  *  V  0.27  X  91  X 


776 
600 


ICO  «  10  in 


In  this  formula  b  —  the  width  of  the  drop  and  5«  «>  600  lb  per  sq  in.    The 
depth  of  the  drop  over  all,  therefore,  isio+ii^iiin  (Fig.  26). 

M 
The  steel  over  the  column  at  the  drop ■•  jr -  —  ^^^  _^ in  which  J -■  0.9  A 


or  0.9  X  10  •-  9. 


jt- 


715776 
9X  16000 


dX  16000 


*  4.9  in,  or  about  5  in 
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The  straight  band  will  have  66%  of  5  or  30  sq  in  of  steel.    A  H  round  rod  i^i 


a  cross-sectional  area  of  o.xi  sq  in.    Therefore,  there  will  be 


3-3 
0.11 


30  bars  Gv«r 


tlie  capital-head  in  the  straight  band.  As  the  bars  from  the  adjoining  span  over- 
lap the  column-head,  extending  into  the  next  span  as  far  as  the  edge  of  the  drLfx 
each  straight  band  over  the  column  will  have  *%  or  fifteen  bars.    The  diagocij 


OMiter  line  of  Colnina- 


TopSiufac* 


J*.        TOP  an 


Wi 


Fig.  2o.     Bending-moment  Diagram  for  Girder- 
less  Floor 


Fig.  26.     Capital-head  and  Slab 
in  Gixderiess  Floor 


bands  will  have  43%  of  s  or  2.15  sq  in,  which  will  require  twenty  H-in  round 
rods  over  the  column,  or  ten  on  each  side,  lapped  as  above.  The  thickness  d 
the  slab  at  the  middle  of  the  span  is  found  by  the  formula  given  above,  substi- 
tuting the  proper  values  for  the  letters.    The  formula  becomes 


-V 


2  X  357  888 
0.27  X  108  X  600 


W 


71S  776       ./— 


17496 


»  v^4r  wm  6.4  in 


The  total  depth  is  6.4  -}- 1  in  »  7.4  in,  or  about  7.5  in. 
The  width  of  the  band  -  9  ft  -  108  in. 
For  the  steel  at  the  center  of  the  span 

M 

*i  ■  +  J,  ..    y.  _      in  which  di  ■■  0.9,*  or  0.9  X  6.4  -  5.76  in 


*i- 


di  X  16000 
357888 


5.76  X 16  000 


—  3^9  sq  m 


The  straight  bands  will  have  66%  of  3.9  or  2.57  sq  in  of  steel  which  will  re- 
2.57 


quire 


o.ii 


twenty-three  ^-in  round  bars  or  eight  bars  more  for  the  middle 


of  the  span  than  for  the  band  set  over  the  colunm. 

In  practice  the  rods  are  made  the  full  length  of  the  qpan,  from  column  to 
column,  plus  the  width  of  the  drop,  or  in  this  example  2oft  +  7ft7inM27ft7in 
for  the  fifteen  rods.  Eight  additional  rods.  13  ft  long  or  about  the  distance  from 
the  edge  of  one  drop  to  the  edge  of  the  next  one,  must  be  used  with  the  fifteen  to 
make  the  twenty-three  required  for  the  middle  of  the  span.  The  diagonal  hands 
will  have  in  the  center  43%  of  3.9  sq  in  <■  1.68  sq  in  which  require  fifteen  H-in 
round  rods  or  five  more  than  one  set  of  rods  over  the  column.  These  five,  how- 
ever, are  to  be  added  at  the  middle  of  the  span  between  the  drops.  The  rods 
are  bent  up  over  the  column-head  so  as  to  be  near  the  top  of  the  slab  to  take  care 
of  the  negative  bending  moment,  the  bars  extending  horizontally  near  the  top 
o{  the  slab  the  full  width  of  the  drop.  It  b  necessary  to  provide  bent  radial  rods 
extending  down  into  the  column  and  outwards  as  far  as  the  outer  ring  with  two 
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or  more  rings  as  reiitforcements  of  the  column-head.  The  size  and  number  of 
these  varies  with  the  Spain  and  load;  but  for  the  floor  under  consideration  there 
should  be  eight  i-in  radial  rods  as  near  the  top  of  the  slab  as  practicable,  the 
diameter  of  the  outer  one  being  equal  to  the  width  of  the  band  and  that  of  the 
inner  one  being  equal  to  the  capital-head.  It  will  be  noticed  in  the  above  analysis 
that  before  any  oilculations  could  be  made  certain  assumptions  were  necessary, 
such  as  the  thickness  of  the  slab,  which  was  assumed  as  S  in,  in  order  to  obtain 
the  dead  load;  whereas  in  the  finished  design  the  thicknessof  the  slab  is  7.5  in  and 
the  drop  11  in,  which,  however,  does  not  affect  the  practical  results  materially. 
It  is  for  this  reason  that  the  design  of  flat  slabs  should  be  intrusted  only  to  those 
who  have  wide  experience  in  the  design  of  reinforced  concrete,  as  good  judgment 
enters  into  the  making  up  of  a  successful  design;  and  one  who  is  inexperienced 
should  consult  a  specialist  in  this  particular  system  of  construction,  if  a  design 
is  to  be  put  into  execution. 

Among  the  best  methods  of  determining  gisobkless  floors  is  that  embodied 
in  the  Chicaoo  Rulimos  Governing  the  Design  and  Construction  of 
Concrete  Flat  Slabs,  which  went  into  effect  March  1,1918.  The  following 
are  some  of  these  rulings:  The  least  dimensbns  of  concrete  columns  shall  be 
not  less  than  Ms  the  panel-length,  nor  less  than  Ms  the  clear  height  of  the 
column.  The  minimum  total  thickness  of  the  slab,  in  inches,  shall  be  deter- 
mined by  the  formula,  /  ■■  V^/44>  ^  which  /  is  the  total  thickness  of  the 
slab  in  inches,  and  W  the  total  live  and  dead  load,  in  pounds,  on  the  panel, 
measured  center  to  center  of  columns;  but  in  no  case  shall  the  thickness  be 
less  than  L/32  (L  is  the  panel  length,  center  to  center  of  columns)  for  floors, 
nor  less  than  L/40  for  roofs,  nor  shall  a  less  thickness  than  6  in  be  used.  The 
allowable  unit  punching  shear  on  the  perimeter  of  the  column-capital  shall 
be  Ho  of  the  ultimate  compressive  strength  of  the  concrete.  The  allowable 
unit  shear  on  the  perimeter  of  the  drop>panel  shall  be  ^00  of  the  ultimate 
compressive  strength  of  the  concrete. 

"  For  the  purpose  of  establishing  the  bending  moments  and  the  resisting 
moments  of  a  square  panel,  the  panel  shall  be  divided  into  strips  known  as 
strip  A  and  strip  B,  Strip  A  shall  include  the  reinforcement  and  slab  in  a 
width  extending  from  the  center  line  of  the  columns  for  a  distance  each  side 
of  this  center  line  equal  to  one-quarter  of  the  panel-length.  Strip  B  shall  include 
the  reinforcement  and  slab  in  the  half  width  remaining  in  the  center  of  the 
panel.  At  right  angles  to  these  strips,  the  panel  shall  be  divided  into  similar 
strips  A  and  B,  having  the  same  widths  and  relations  to  the  center  line  of  the 
columns  as  the  above  strips.  These  strips  shall  be  for  designing  purposes  only, 
and  are  not  intended  as  the  boundary  lines  of  any  bands  of  steel  used." 

Bending-Moment  Coefficients  for  interior  panels  for  two-way  and  four- 
way  systems,  wall  panels  and  panels  without  drops  or  capitals,  are  given  in 
detail.  Wlien  the  length  of  panel  does  not  exceed  the  breadth  by  more  than 
5  per  cent,  all  computarions  shall  be  based  on  a  square  panel  whose  side  equals 
the  mean  of  the  length  and  breadth.  In  no  rectangular  panel  shall  the  length 
exceed  the  breadth  by  more  than  one-third  of  the  latter.  Wall  columns  in 
skeleton  construction  shall  be  designed  to  resist  a  bending-moment  of  WL/^a 
at  the  floor  and  WL/30  at  the  roof.  Interior  columns  must  be  analsrzed  for 
the  worst  condition  of  unbalanced  loading.  The  Point  of  Inflection;  Tensile 
Stress  in  Steel  and  Compressive  Stress  in  Concrete;  Rectangular  Panels, 
Four-way  System;  Reclangular  Panels,  Two-way  System;  Placing  of  Steel; 
are  considered  under  their  respective  headings. 
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CHAPTER  XXVI 

TYPES  OF  BOOF-TRUSSES 

By 
MALVERD  A.  HOWE 

FROnSSSOS  KMBUTUS  OP  CIVIL  BMGtNXBUlTO,  ftOSS  FOLYTECBNTC  IKSTIIUIIL 

1.    Definitloai 

TTse  of  Trusses.  Whenever  the  distance  between  the  side  walls  of  a  build- 
ing exceeds  about  thirty  feet,  and  there  are  no  intermediate  walls  or  columns,  it 
is  usually  neoessaiy  to  support  the  roof  on  trusses.  The  ceilings  of  large  looms, 
aasembb^-halls,  etc,  also,  require  trusses  for  their  support.  In  many  cases  the 
roof  and  a  ceiling  are  carried  by  the  same  trusses. 

A  Trass  is  a  framework,  composed  of  straight,  or  sometimes  curved,  mem- 
bers  or  pieces  so  arranged  that  the  structure  as  a  whole  acts  as  a  beam.  Since 
a  triangle  is  the  only  figure  which  cannot  be  changed  in  shape  without  changing 
the  length  of  one  or  more  of  its  sides,  it  follows  that  the  pieces  forming  a  truss 
must  be  arranged  so  as  to  form  triangles.  The  members  of  a  truss  are  usually 
subjected  to  longitudinal  stresses  only,  either  compressive  or  tensile.  Cur\'ed 
members  and  members  which  act  as  beams  supporting  loads  are  subjected  to 
additional  bending  stresses.    Each  member  of  a  truss  is  either  a  tie  or  a  strut. 

A  Tie  is  a  member  which  has  developed  in  it  a  longitudinal  tensile  stress. 

A  Strut  is  a  member  which  has  developed  in  it  a  longitudiDal  compresaive 
stress.    When  vertical,  struts  are  sometimes  called  fOSXb  or  coLdifMS. 

The  Top  Chord  of  a  truss  is  composed  of  the  upper  outside  members.  In 
some  forms  of  roof-trusses  top  chords  are  called  rafters  (Fig.  2). 

The  Bottom  Chord  of  a  truss  is  composed  of  the  lower  outside  members 
(Fig.  2).    In  roof-trusses  the  bottom  chord  is  commonly  caUed  the  tze-beah. 

The  Web-Members  are  those  connecting  the  chords  (Fig.  2). 

A  Joint  is  the  point  of  intersection  of  two  or  more  members  of  a  truss  (Fig.  2). 

A  Panel  is  the  distance  between  two  adjacent  jonrrs  in  either  the  upper  or 
lower  chords  (Fig.  2). 

Purlins.  Whenever  posable  all  roof-loads  and  ceiling-loads  should  be  trans- 
ferred to  trusses  at  the  joints.  This  usually  requires  beams  spanning  the  space 
between  trusses  at  corresponding  joints.  These  beams,  when  supporting  the 
roof,  are  called  purlins  (Fig.  2). 

2.  Types  of  Wooden  Trusses 

The  Simplest  Truss  that  can  be  built  is  that  shown  m  Fig.  1.  It  oonsisU 
of  three  members  forming  a  triangle.  As  the  unsupported  length  of  a  strut, 
for  economical  reasons,  should  not  exceed  12  feet,  such  a  truss  is  not  suitable 
for  spans  exceeding  from  20  to  24  ft;  and  even  for  a  span  of  20  ft  there  should 
be  a  center  rod,  as  shown  by  the  dotted  line  R^  to  support  the  tie-beam.  To 
utilize  this  truss  for  spans  greater  than  24  ft,  it  is  necessary  to  brace  the  laften 
from  the  foot  of  the  center  rod,  as  shown  in  Fig.  2.  This  gives  us  the  king-rod 
XRUSs.  the  modem  type  of  the  old-fashioned  king-post  truss  which  is  shows 
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in  Fig.  3  and  whkh  was  built  wholly  of  wood  «zc8pt  for  the  iron  slraps  at  S 
And  P. 

Rods  and  Braces.    When  the  tie-beam  supports  a  ceilmg  or  attic-floor,  rods 
should  be  inserted  at  RR^  Figs.  2  and  4,  to  support  the  load  on  the  tie-beam. 
By  increasing  the  number  of  rods  and  braces,  as  in  Figs.  4  and  6,  this  type  of 
truss  may  be  used  for  spans  up 
to   64  ft,  and  even  for  greater 
spans;    but   on  account   of   the 
increased   length   of    the    center 
struts   and    rods   it   is   not    an 
economical  type  when  the  span 
exceeds  60  ft.    When  there  is  no 
load   on   the  tie-beam  the  rods 
JIR,  Figs.  4  and  5,  merely  sup- 
port the  tie-beam  and  are  often 
omitted. 

TrianguUr    Hows    Treasss.   '^    ^     Smplert  Threei)iece  Tru«L    Spans  up 
The  trusses  shown  m  Figs.  4  and  ^  Twenty-four  Feet 

&    are    sometimes   called  Howe 

TRUSSES  as  the  character  of  the  stresses  in  the  web-members  corresponds  with 
that  of  the  stresses  in  the  web  in  the  standard  form  of  Howe  truss.  They  are 
also  called  tkiangular  Howe  trusses  to  distinguish  them  from  the  standard 
Howe  truss  with  parallel  chords. 


Principal  oa 
Rafter 


Parlin 


Fig.  2.    King-rod  Truss.    Spaas  up  to  Thirty-six  Feet 

Qitsen-Rod  Truss.  The  rise  of  the  rafter  in  any  of  the  trusses,  Figs.  1  to 
5,  should  never  be  less  than  6  in  in  i  a  in  or  26%°;  a  Vi  pitch,  or  a  rise  of  8  in 
in  12  in,  is  generally  the  most  economical.  When  the  span  exceeds  36  ft,  it  is 
more  econunical  to  cut  off  the  top  of  the  truss  as  in  Fig.  6,  which  shows  the 
modem  type  of  the  andent  queen-post  truss.  This  truss  is  frequently  used 
for  the  support  of  deck  roofs,  although  it  may  also  be  used  for  a  pitched  roof 
with  a  ridge.  When  the  top  chord  is  more  than  12  ft  long,  the  size  d  the 
member  may  be  considerably  reduced  by  using  a  center  rod  and  a  pair  of  struts 
as  shown  in  Fig.  7.  The  center  rod  will  be  especially  needed  if  the  bottom 
chord  or  tie-beam  Is  subject  to  a  bending  stress.  The  center  rod  should  never 
be  used,  however,  without  the  braces. 
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Couaters.    The  truss  shown  in  Fig.  6  differs  from  those  shown  in 
to  5.  in  not  being  composed  entirely  of  triangles  and  in  having  a  rectangle  is. 
the  middle.    Assuming  the  joints  to  be  pin-connected  and  without  friction,  ii 


Ftg.  3.    Modem  Kfag-post  Truss 


Ftg.  4.    Six-panel  Ttiangular  Howe  Truss.    Spans  from  Thizty-six  to  Fifty  Feet 


FSg.  5.    Eigbt-pand  Triangular  Howe  Tniss.    Spans  from  Forty-eight  to  Sixty  Feet 

IS  evident  that  a  very  small  inequality  in  the  position  or  magnitude  of  the  load- 
ing will  cause  the  failure  of  the  truss  since  the  rectangle  will  not  retain  its  shape. 
This  is  easily  verified  by  means  of  a  cardboard  model  fastened  at  the  joints 
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th  oidinaiy  relets.    When  the  joints  at  the  comeis  of  the  rectangle  are  not 
perfectly  f lee  to  turn  they  have  a  tendency  to  prevent  distortion.    When  the 


Ftg.  6.    Quees-rod  Trun.    Spans  from  Thirty  to  Forty-five  Feet 

loading  is  entirely  upon  the  left  of  the  center  the  truss  itself  tends  to  assume  a 
form  similar  to  that  shown  in  Fig.  8.  T^e  distortion  of  the  rectangle  may  be 
prevented  by  the  introduction  of  a  diagonal  member  as  shown  in  Fig.  9.    For 


^Top 


Chord 


Fig.  7.    Qoeen-iod  T^ois.    Spans  frcni  Forty  to  Fifty-two  Feet 

the  loading  shown,  the  diagonal  is  in  compression  and  is  usually  called  a 
couNTERBRACK.    If  the  piece  were  in  tension  it  would  be  called  a  countertie. 

Uttajmimetrical  Loads.    Although  roof-trussses  of  the  type  shown  in  Fig.  9, 
supporting  symmetrical  loads,  do  not  theoretically  require  counters,  it  b  never- 


Flg.  8.    Distorted  Queen-rod  Truss 

theless  advisable  to  brace  the  rectangle  along  both  diagonals  to  insure  stability 
under  accidental,  unsymmetrical  loading  and  to  relieve  the  joints  from  any 
■tresses  due  to  the  latter,  which  is  usually  caused  by  wind,  snow  and  floor-loada» 
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RererMl  of  Stresses.  In  some  trusses  subjected  to  different  loadings 
different  times»  the  diagonal  web>memben  near  the  center  may  be  sabjectc«^ 
tension  for  one  loading  and  oomptession  for  another  loading.    In  such  czse^ 


Fig.  9.    CoonteibrKed  Queen-fod  Tnm 

is  advisable  to  introduce  a  member  following  the  other  diagonal  of  the  quadri- 
lateral containing  the  member  subjected  to  the  two  kinds  of  stress,  to  assist  tbe 
main  member.  This  piece,  also,  is  called  a  counterbrace  or  countektte 
according  to  the  kind  of  stress  it  has  to  resist.    If  this  is  not  done,  the  member 


Span  IS  4,  Pitch  of  Rafter  9K  in  1  foot 


'a 

Fig.  10.    Queen-post  Tniss.    Massachusetts  Charitable  Medianics'  Association  Build- 
ing, Boston.  Mass. 

which  is  subjected  to  two  kinds  of  stress  must  be  designed  for  both  tension  and 
compression  and  the  ends  connected  at  the  joints  to  meet  the  same  conditions. 

An  Ornamental  Queen-Post  Truss,  supporting  a  portion  of  the  roof  of  the 
Maasschusetts  Charitable  Mechanics'  Association  building  in  Boston,  Mass.,  and 
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dcdsned  bj>  Mr.  wnilun  G.  Prerton,  ii  titawn  in  Fig.  10.  TIk  truw-nH9>)b>n, 
whidi  MC  of  looa-kaf  yellow  lune,  were  WDiked  Irom  timben  of  the  Him>n«imn 
given.  Id  this  tru»  wooden  membera  instead  ot  rods  ate  used  lot  the  veitital 
ties,  sod  ue  boltad  sad  tenooad  to  the  tic'^irain  snd  •ecared  to  the  nften  br 
inm  stnpa.    The  curved  libi  take  the  place  of  countetbracea. 


A  QoMn-Rod  TruM  from  the  Museum  of  Fine  Arts,  St.  Louis,  Mo., 
deslgMd  by  Peabody  ft  Steams,  is  shown  in  Fig.  II.  It  supports  the  floor 
below  by  means  <Jthne  rods.  The  tttiss-rodi  have  nuts  and  wasbeis  below  the 
tie-beam,  and  the  threads  oa  the  rods  are  long  enough  to  receive  tumbuckles 
whidi  connect  the  suspen^oti-tods  with  the  truss.  This  is  generally  the  beat 
method  of  suspending  a  Qoor  from  a  truss. 
Fig.  llA  ibowi  a  detail  of  Joint  ^  ot  the 
truss  in  Fig.  11. 

OnmtBrm  Omitted  for  Special  Rsaiona. 
Fig.l2shawsatnus.  sometiDics  used  when  [t 
is  desired  to  keep  the  middle  part  of  an  attic 
free  fnnn  obstructions.  In  building  this 
truss  It  Is  advisable  to  construct  the  lower 
part  of  the  ladera  ol  two  timben,  thoioughly 
bolted  together,  as  shown.  What  has  been 
Slid  in  regard  to  counterbracea  in  queen-rod 
trusses  applies  also  to  this  truss,  although  in 
the  latter  the  continuous  nJter  aids  very 
naleriatly  in  resisting  distortion  from  wind- 
pressure;  so  that  for  ordinary  construction 

and  for  spans  not  ciceeding  40  ft  it  is  sale  to    rig.  11a.    Det»ilotJoint,<,Fig.lI. 
omit  counterbraces. 

Haiuai  of  Supportiiic  Common  lUftera.  Before  descntung  other  types 
of  trusses,  it  may  be  well  to  consider  the  manner  of  supporting  the  common 
raften  by  the  tiunes.  Occasionally  it  is  desirable  to  span  the  oonunon  rafters 
from  tniia  to  truss,  but  as  a  general  rule  it  Is  belter  construction  to  support 
them  by  means  of  Urge  beams  or  fdiilins  which  themselves  span  from  truaa 
to  truss,  as  shown  in  Fig.  13. 

PoiUm.  The  truiaes  on  be  designed  so  that  the  purlis*  need  not  be  more 
than  10  ft  apart,  and  very  often  not  more  than  6  or  8  ft  apart;  so  that  the 
common  laf  ters  need  not  be  more  than  2by4oriby6inia  cross-section,  while 
the  tnuKi  may  be  qmced  11,  14,  or  16  ft  on  centers.    As  a  nile  a  spacing  of 
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about  14  ft  for  the  (nisses  and  of  9  ft  6  !□  for  the  puiUiu  ii  found  to  be  tlic 
most  eajDomical  airaDgemeat.  Another  advantage  in  the  uk  of  purin 
that  where  they  are  placed  at  the  truss-jamts  no  bending  strCMea  are  developrd 
in  the  tnus-ralters  or  ducdai  and  heoce  the  latter  may  be  made  lifter  tliui  ii 


I ^ 


Fi«.  12.    Queen-rod  Tnai  irlth  Middle  Put  Onif.    Sp»j»  np  10  Fortj-two  Feet 
they  supported  the  common  rafters.    For  wooden  trusses  of  60  it  or  greata 
span,  purlins  should  always  be  used. 

Supports  for  Ptulini.  Puilins  may  be  placed  with  their  sidesdtber  vertical 
or  at  right-angles' to  the  plane  of  the  roof,  as  shown  in  Figs.  2  and  13.  The 
ends  of  the  purlins  miT 
be  supported  by  meaot 
of  Ijeam-hangera,  drs- 
cribed  in  Chapter  XXI; 
by  double  stimips;  by 
3-in  planks  bolted  aoi) 
spited  to  the  adcs  of 
the   trusses;    or   they 

chords  themselves.  The 
ctiling-joisU  or   Aoot- 
joisti  arc  usually  sup- 
ported at  the  sides  (A 
the  tie-besma,  as  at  .4, 
Fig.  13.  or  simply  reit 
Fig,  13.    Mumer  of  Supporting Conunon  Rafters  and  Purlins    onlhem.asatR  When 
they  support  an  attic 
floor  it  is  belter  to  use  the  latter  construction.    In  the  case  of  acissoss  ncssts 
it  is  sometimes  more  economical  to  support  the  ceiling-joists  by  purlins;   but 
when  the  tie-beams  are  horiiontal  it  is  more  economical  to  use  them  for  the 
direct  support  of  the  ceiling-joists  or  floor-joists.     All  diords  which  support 
tafters,  ceiling-joists  or  floor-joists  must  be  designed  for  beading  strcsMs  as 
well  BSfoi  longitudinal  stresses. 

Tmsses  with  HoriionUU  Chords.    For  the  support  of  flat  roofs,  with  or 
without  a  ceiling  below,  and  foi  cunditiuns  such  that  horiiontal  truisei  are 
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practicable,  the  types  shown  m  Figs.  14  to  17  are  undoubtedly  the  most  satis- 
factofy  for  wooden  constructioQ,  when  the  span  does  not  exceed  So  ft;  and 
except  in  localities  where  the  cost  of  iron  rods  is  relatively  great,  it  is  as  econom- 
ical  as  any.  In  this  work  the  name  Howe  txoss  is  given  to  this  type,  as  it  t-^ 
an  adaptation  of  the  Howe  bridge-truss  to  buUding-construction;  and  th« 
term  horuonial  truss  is  also  sometimes  used.    Trusses  of  this  type  can  b^ 


•ParilM 


Bottom  Chord 
Fig.  14.    Five-panel  Howe  Thias 

Coanter  BimoM, 


Fig.  15.    Suc-ponel  Bavrt  Truss 


Fig.  16.    Ten-panel  Howe  Truss 


Fig.  17.    Six-panel  Howe  Truss  with  Top  Chord  lodlned 

made  strong  enough  for  spans  up  to  150  ft;  but  when  the  span  exceeds  100  ft 
it  b  generally  cheaper  to  use  a  steel  truss  of  the  Pratt  type  in  which  the  verti- 
cals are  in  compression  and  the  diagonals  in  tension.  When  a  Howe  truss  is 
placed  in  the  longitudinal  direction  of  a  flat  roof,  the  top  chord  may  be  given 
the  inclination  of  the  roof  itself,  so  as  to  support  the  rafters  without  the  blocking 
as  shown  in  fig.  17.  For  deck  roofs  the  top  chord  may  be  inclined  upwards 
toward  the  center  or  deck-ridge,  to  conform  to  the  shape  of  the  roof,  as  shown  in 
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Fig.  18.  For  deck  loofs  and  mansard  roolis  the  middle  panels  should  havv 
oounterbraceSi  as  shown  in  Fig.  18,  to  resist  the  wind-pressure  again^  t^ 
sides  of  the  roof  and  any  imequal  distribution  of  snow. 

Height  of  a  Howa  Tmas.  The  height  of  the  truss,  measured  from  center 
to  center  of  the  chords,  should  never  be  less  than  one-ninth  the  span  for 
spans  up  to  36  ft,  nor  less  than  one-tenth  the  span  for  q3ans  from  36  to  80  ft. 


Fig.  18.    Howe  TnuB  for  Deck  Roofs 

As  a  general  rule  a  height  of  from  one-seventh  to  one-sixth  the  span  will  be 
most  economical.  When  the  top  chord  is  inclined,  as  in  Fig.  17,  the  height  at 
X,  that  is,  at  the  shortest  rod,  should  not  be  less  than  the  limit  given  above. 

Number  of  Panels  in  a  Howe  Truss.  In  this  type  of  truss  a  panel  is 
the  ^>ace  between  two  adjacent  rods  or  between  an  outer  rod  and  the  end- 
joint  (Fig.  14).  As  a  rule,  the  number  of  panels  should  be  sudi  that  the  diag- 
onals will  have  an  inclination  of  from  36^  to  60',  an  inclination  of  about  4s* 
being  the  most  economical.  It  is  not  material  whether  there  is  an  even  or  an 
odd  niunber  of  panels.  If  the  position  of  one  or  more  of  the  purlins  is  fixed 
by  some  special  requirement,  then  the  panels  should  be  so  arranged  that  the 
upper  joints  come  under  the  purlins,  and  the  inclination  of  eone  of  the  diagonals 
is  less  than  36"*.  .Although  it  is  generally  better  to  have  the  truss  symmetrical 
about  the  center,  it  is  not  absolutely  necessary;  nor  is  it  necessary  to  make  the 
panels  of  uniform  width.  When  the  truss  is  not  symmetrically  loaded,  however, 
it  may  be  necessary  to  reverse  the  brace  in  one  of  the  center  panels.  This  point 
is  considered  in  Chapter  XXVII,  page  1103,  under  the  subject  of  unsyioietiu- 

CALLY  LOADED  TRUSSES. 

Counterbraces  in  a  Howe  Truss.  If  there  is  any  chance  of  the  truss 
being  more  heavily  loaded  on  one  side  of  the  center  than  on  the  other,  coytnier- 
BRACES,  that  is,  braces  inclined  in  the  opposite  direction  from  that  of  the  regular 
\)races,  should  be  placed  in  the  center  panels,  as  shown  by  the  dotted  lines  in 
Fig.  15.  If  the  truss  is  deep  and  the  diagonals  long  it  is  economical  to  counter- 
b'i*ace  each  panel  as  shown  in  Fig.  18.  If  the  niunber  of  panels  is  odd,  as  shown 
in  Fig.  14,  no  diagonals  are  required  in  the  middle  panel  when  the  braces  and  the 
loading  are  symmetrical;  but  it  is  good  practice  to  cross-brace  this  panel  to 
provide  for  any  accidental  unsjnnmetrical  loading. 

Spacing  of  Trusses.    The  most  economical  spadng,  center  to  center,  of  the 

trusses,  all  things  considered,  is  usually  from  12  to  16  ft  for  spans  up  to  60  ft, 
and  from  14  to  20  ft  for  greater  spans. 

Spacing  of  Purlins.  Purlins  should  always  be  placed  as  near  the  truss- 
joints  as  possible;  they  should  also  be  spaced  so  as  to  effect  the  greatest  eoooomy 
in  rafter>construction.  Their  spacing,  therefore,  determines,  to  a  large  extent, 
the  niunber  of  panels.  When  the  height  of  the  truss  is  not  more  than  one-ninth 
or  one-tenth  the  span,  it  is  often  more  economical  to  place  a  purlin  over  eveiy 
other  ioint  as  in  Fig.  16. 
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Timber,  Norway  pine,  Doogjat  fir,  or  eastern  spruce.    (See  Fig.  15) 


Span 


ft 


A2 


Dis- 
tance 
apart 
ctoc 


4S. 


54 


60 


70 


80 


ft 

13 

15 
l8 

13 

IS 
X8 

13 

15 
Z8 

X3 

IS 
i8 

X3 

IS 
I8 

13 
IS 

x8 

13 

IS 
l8 


Total 
height 


ft 


6 

5 

6 

S 

6 

5 

7 
S 
7 
S 
7 
6 


8 
6 
8 
6 

9 
7 
9 
7 
9 
7 


u 
7 

3 

8 

3 

8 

3 

7 
II 

8 
II 

8 

X 


8     & 
6      8 


8 

10 

8 

10 

8 
6 
8 

7 
lo 

7 


10  9 

8  4 

10  10 

8  4 

10  10 

8  4 

13  6 

9  7 
13  6 

9  -9 

13  6 

9  9 

14  2 

10  10 
14  3 

11  o 

14  4 

XI  I 


Top 
chord 


in 
6X  6 
6X  8 
6X  8 
8X  8 
6X8 
8X8 

8X6 

8X  8 
8X  8 
8X8 
8X  8 
8X10 

»X8 
8X8 
8X8 
8X10 
8X8 
8XIO 

8X8 
8X  8 
8X8 
8Xio 
8Xio 
loXxo 

8X8 

8X10 

8Xio 

loXio 

loXio 

loXio 

8X10 
loXio 
loXio 
ioXi3 
loXio 

I0XI3 

loXio 
loXio 
loXio 

IOXl3 
XOXl3 
I0XI3 


Bottom 
chonl 


8 
8 


in 
6X  8 
6X 
6X 
8X  8 
6X8 
8X8 

8X8 
8X8 
8X  8 
8X  8 
8X  8 
8X10 

8X8 
8X  8 
8X8 
8X10 
8X8 
8XIO 

8X8 

8X10 
8X  8 
8X10 
8X10 
loXlo 

8X10 

8X10 

8X10 

loXio 

loXio 

loXio 

8X10 
loXio 
loXio 
ioXi3 
loXio 

I0XI3 

loXio 
loXio 
loXzo 

I0XI3 
IOXl3 

10X14 


Braces 


in 
6X6 
6X6 
6X6 
8X6 
6X8 
8X8 

8X6 
8X6 
8X  6 
8X8 
8X  8 
8X8 

8X8 
8X  8 
8X8 
8X8 
8X  8 
8X10 

8X8 

8X  8 
8X  8 
8X  8 
8X10 
X0X8 

8X8 

8X10 

8XX0 

loX  8 

loX  8 

10X10 

8X10 
10X8 
10X8 
10X10 
10X10 

10X13 

10X10 
10X10 
loXio 
10X10 
I0XI3 
loXia 


B 


in 

6X4 
6X6 

6X4 
6X6 
6X6 
6X6 

8X4 
8XS 
8XS 
8X6 
8X6 
8X6 

8X6 
8X6 
8X« 
8X6 
8X6 
8X6 

8X6 
8X6 
8X6 
8X6 
8X8 
8X8 

8X6 
8X6 

8X6 
10X6 
X0X6 
10X6 

8X6 

10X6 
10X6 
10X8 
ioX6 
10X8 

10X6 
10X6 
10X8 
10X8 
10X8 
X0X8 


in 
6X3 
6X4 
6X3 
6X4 
6X4 
6X4 

6X4 
8X4 
6X4 
8X4 
8X4 
8X4 

8X4 
8X4 
8X4 
8X4 
8X4 
8X4 

8X4 
8X4 
8X4 
8X4 
8X6 

8X4 

6X6 
8X4 
6X6 
8X4 
8X6 
8X6 

6X6 
8X6 
8X6 

10X6 
8X6 

10X6 

8X6 
8X6 
8X6 

10X6 
8X6 

10X6 


Rods 
not  opset 


an 

m 

m 

1% 

% 

% 

}i)4 

% 

% 

}iV* 

H 

^ 

iVk 

% 

% 

1% 

% 

% 

}.H 

I 

% 

1% 

% 

% 

}l9^ 

I 

% 

}l^ 

I 

% 

}x% 

Vs 

% 

I^ 

1 

% 

1% 

1% 

% 

}l% 

z 

% 

jiVa 

iVi 

% 

1% 

iH 

n 

i^ 

I 

% 

XV4 

z^ 

% 

1% 

lU 

% 

1% 

iH 

% 

|l% 

1% 

% 

}' 

iH 

I 

1008 


Types  of  Roof-Truases 


2t. 


BMBing  on  Wall  itr  Post.    The  point  idiere  the  udal  iincs  of  the  &.i 

brace  and  of  the  tie-beam  intersect  should  always  come  over  the  support,  as: 
if  possible  over  the  axis  of  the  supporting  wall  or  post. 

Stresses  in  s  Howe  Trfiss.  The  stresses  in  the  chords  are  always  spates; 
at  the  middle  of  a  truss,  diminishing  towards  the  supports,  while  the  stresses  L 
the  rods  and  diagonals  are  greatest  at  the  ends  of  a  truss. 

Table  of  Dimensions  for  a  Howe  Truss.  In  syuketsicai:.  tkvss5 
having  panels  of  uniform  width  and  tmiformly  loaded,  the  stresses  in  the  differ- 
ent members  are  proportional  to  the  span,  number  of  panels,  height  of  tm^ 
spacing  of  trusses  and  load  per  square  foot.  It  is  therefore  possible  to  preporv 
tables  giving  the  proper  dimensions  of  the  members  of  such  trusses.  Table  I 
gives  the  dimensions  for  six-panel  trusses  for  heights  of  one-sixth  and  one-eigh:L 
the  span  and  for  three  different  spadngs.  These  dimensions  are  for  n  5a: 
roof  covered  with  tin,  sheet  iron,  or  composition;  a  snow-load  of  i6  lb  per  aq  ft, 
equivalent  to  about  24  in  of  lijht,  dry  snow;  also  for  a  lath-and-plaster  ceiling 
supported  by  the  bottom  chord.  The  chords  and  braces  are  of  Norway  pine 
and  the  rods  of  wrought  iron.    These  dimensions  apply  only  when  the  nften 


,^vV  \/^  w  w  w 

11.B01I 

Span 


Fig.  19.    Lattice  Truss 


are  supported  on  purlins  placed  at  the  upper  joints,  as  in  Figs.  15  and  16. 
When  the  rafters  rest  on  the  top  chord,  as  in  Fig.  17,  the  dimensions  of 
the  latter  must  be  increased  and  special  calculations  made  for  i(.  The  dimen- 
sions given  in  the  table  may  be  used  for  trusses  of  greater  height  than  that 
given,  but  not  for  trusses  of  less  height,  as  the  less  the  height  the  greater  the 
stresses  in  the  chords  and  braces.  When  the  conditions  of  load,  span,  height 
and  spacing  are  not  exactly  as  given  above  and  in  the  table,  the  stresses  should 
be  determined  and  the  members  of  the  truss  proportioned  accordingly;  but 
even  in  such  cases  the  table  will  serve  somewhat  as  a  check  on  the  com- 
putations. 

Lattice  Trusses.  In  localities  where  timber  is  not  expensive  the  lattice 
TRUSS  (Fig.  19)  is  crften  found  economical  for  supporting  flat  roofs.  This  type 
of  truss  was  invented  for  bridges  by  Ithiel  Towne  in  1820  and  a  large  number  of 
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railroad  bridges  have  been  constructed  witb  trusses  of  this  typei,  some  of  which 
are  in  service  now  (1915)  in  New  England.  The  principal  objections  to  the 
truss  are  its  tendency  to  twist  sidewise,  like  a  thin  board  on  edge»  its  flezibiUty 
in  a  vertical  plane  and  the  difficulty  of  getting  sufficient  bearing  material  at 
tlie  supports.  As  indicated  in  Fig.  19,  the  truss  is  composed  of  top  and  bottom 
chords,  usually  parallel,  connected  by  lattice  bracing.  The  chords  are  com- 
posed of  four  planks,  two  being  on  one  side  and  two  on  the  opposite  side  of  the 
weh.  For  the  bottom  chord  the  planks  should  be  as  long  as  can  be  obtained 
and  arranged  so  that  no  two  splices  are  near  the  same  point.  The  available 
area  of  the  bottom  chord  to  resist  tension  is  the  area  of  three  planks  less  the  area 
cut  out  at  the  joints  by  the  connecting  pins  or  bolts.  Each  member  of  the  web 
consists  of  a  single  plank  arranged  as  shown  in  Fig.  19.  The  braces  are  inclined 
at  an  angle  of  about  45*  and  usually  three  sets  are  sufficient,  as  shown  in  the 
figure.  The  connections  are  best  made  with  American-locust  pins,  which  give 
large  bearing  areas  without  much  extra  weight.  Modem  construction  employs 
bolts,  which  are  expensive  and  add  considerable  weight.    There  should  be  at 


2'Treenallt 
or  Bolts 


r 


Bottom  Obord 

I 


^Jobt 


Fig.  20.    Vertical  Section  of 
ttum  Shown  in  Fig.  19 


Fig.  21.    Lower  Joint  5  of  Tnias  ^own  in 
Fig.  19 


least  two  pins  at  each  connection,  if  the  planks  are  wide  enough  to  permit,  and 
three,  at  least,  at  the  chord-joints.  Since  about  one-half  the  web  planks  resist 
tensile  stresses,  the  web  projects  beyond  the  chord  at  least  4  in  to  provide 
sufficient  longitudinal  shearing  area.  The  ends  are  reinforced  by  vertical  tim- 
bers cut  in  between  the  chords  and  each  set  of  diagonals  is  thoroughly  fastened 
to  these  timbers.  In  some  cases  it  b  necessary  to  add  timbers  on  the  outside 
of  this  and  extend  them  down  to  the  lower  face  of  the  bottom  chords  to  relieve 
them  of  excessive  bearing-stresses  where  they  rest  on  the  supports.  The  methods 
of  determining  the  stresses  in  this  truss  are  considered  in  Chapter  XXVII, 
pages  1089  to  1091.    Figs.  20  and  21  show  detaib  of  this  lattice  truss. 

Wooden  Trusses  with  Raised  Bottom  Chords.  All  of  the  trusses  thus 
far  described  have  horizontal  bottom  chords;  and  this  construction  is  the  most 
desirable  as  well  as  the  most  economical  and  should  be  used  whenever  condi- 
tions do  not  necessitate  a  greater  height  of  ceiling.  In  roofing  churches,  public 
halls,  etc,  raised  ceilings  are  often  desirable  as  they  increase  the  general  height 
of  a  room  without  increasing  the  height  of  its  side  walls. 
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Tftlile  IL    Dimoialoiis  for  L«tclee  Tmcet,  Uoifofmly  Loadad 

Timber,  Norway  pine.  Doug^  fu,  and  yellow  pine.    (Fig.  19) 
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Note.     AU  joints  should  be  thoroughly  spiked  and  packing  bkxJts  used 
saxy.     When  treenails  aie  used  each  chord-joint  riiould  have  in  addition 
bolt  as  shown  in  Fig.  21. 
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ScissorB  Trusses.  For  the  roofs  described  in  the  preceding  paragraph  some 
form  of  the  scissors  truss,  so  named  from  its  resemblance  to  a  pair  of  scis- 
sors, is  most  often  used.  When  correctly  designed,  with  members  of  the  proper 
size,  and  with  joints  carefully  proportioned  to  the  stresses,  it  is  a  veiy  gocKi 
truss  for  supporting  roofs  over  halls  and  churches,  up  to  a  span  of  48  ft;  but 
for  greater  spans  it  should  be  used  with  caution,  as  the  stresses  become  vrrr 
great  and  the  joints  d^cuH  to  make.  Figs.  22  to  27  show  different  fonns  of 
this  truss  and  modifications  of  it  adapted  to  diflferent  spans  and  roof-pitcher 
None  of  these  trusses  exerts  a  large  horizontal  thrust  if  the  members  are  of 
ample  size  and  the  joints  properly  made.    The  members  having  a  plus  sign  oa 


Ell.  23.    amplo  Sdwon  Truw.    Spwu  w  to 'Hiiny  Feet 


Tig.  23.    Sdaon  Tiuu.    Spui  Exceedim  Thirtr  Fact 


Tk-ii-    SciuonTniu.    Far  St«p  Roofi.     (S«  Clupto  XXVIII, Fin.  IS  nad  IB] 
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or  dose  to  tbem  arc  in  coutbession.  while  those  having  ■  mii 
TENSION.  The  delenniaatioQ  of  the  sctual  hokizontal  thro 
on  pifct  ioS5-ioS7>  The  meoibeli  iodicaCed  by  a  single  line  ibouM  be  ludi. 


eicepi  in  the  ctx  irf  bottom  chaids.  Fig.  22  shows  the  umplnC  form  of  th; 
SCISSORS  TRUSS,  whidi  is  suitable  for  span;  up  to  30  ft.  When  Ihe  span  exceeili 
3a  (t,  it  is  more  eamomical  to  use  two  purlins  on  each  side  to  uipport  the  cooi- 


Tif ,  as.    Finbhcd  Cunbend  Ttim.    (See,  ibo,  Chifiter  XXVUI,  Fin-  IS  ud  IE 


tnon  raiters;  and  additional  supports  from  the  bottom  chords  are  geMTilly 
required,  calling  for  additional  rods  and  braces,  as  shown  in  Fig.  23.  For  a 
•^eep  roof  the  arrangement  shown  in  Fig  24  is  generally  the  best,  and  for  • 
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flatter  roof  that  ihown  in  Fig  25,  in  which  the  idsun  ineces  do  not  aces  nor 
nin  through.  Fig.  26  elions  a  Knished  tiun,  built  on  somewhat  the  ume  lines 
as  tbe  one  sbovD  in  Fig.  25  but  with  ody  ooe  puiUo.  This  tiuis  can  hardly 
be  clasa£ed  aa  a  sciason  tnua  but  ia  shown  here  (or  coavenieace.  It  is  really 
Ibc  Bune  type  as  that  of  the  truss  shown  In  Fig.  33.  The  truss  shown  in  Fig. 
27  is  amilar  to  thM  shown  in  Fig.  24,  with  the  peak  cut  <^,  but  for  tftat 


eiceeding  3G  ft,  h  more  econ(»aiciil.  It  can  also  be  used  where  the  roof  is 
hipped.  With  this  farm  it  is  lietlei  (o  use  cdling-puriins  to  nuppocl  the  ceiling- 
joists  than  to  span  tbe  latter  from  truss  to  tniss. 

Htnuner-BMm  Tniiaas.  Two  of  the  principal  characteriitics  of  the  Gothic 
style  ol  ardiifecture  are  the  relatively  elaborate  omamenCation  of  structural 
parts  and  the  exposure  to  view  of  tbe  constmctioa  of  a  building  u  a  whole. 
As  the  pointed  arch  and  sleep  roof  were  developed  the  nmf-lniss  became  an 
important  feature  in  the  omamectatioa  as  well  as  in  the  construction  of  Gothic 
halls  >nd  churches.  The  trusses  of  this  period  were  built  almost  entirely  of 
wood  and  generally  of  very  heavy  timbers,  to  give  the  appearance  of  great 
strength.  One  of  the  most  common  types  of  these  Gothic  trusses,  and  also 
the  most  ornamental,  was  the  bahheb-beaji  truss,  still  often  used  in  churches 
deigned  in  the  Gothic  style.  Figs.  2S  and  29  show  early  English  forms  of  this 
truss,  which  takes  its  name  from  the  horizontal  beam  B,  called  the  Sahher- 
BEiUi.  at  the  loot  of  the  principal  rafter.  In  the  more  ornamental  trusses  this 
hammer-beam  was  usually  carved  to  represent  royal  personages  or  angels. 
These  trusses  differ  in  principle  from  those  thus  far  described,  in  having  no 
bottom  chord  and  no  substitute  for  one.  In  fact  the  trusses  shown  in  Figs. 
28  and  39  do  not  come  within  the  sctqie  of  the  definition  ol  a  tkijss  given  at  the 
bt^nning  of  this  chapter.  Although  the  rafters  or  principals  are  connected 
nrar  tbe  lop  of  tbe  tniss  by  a  short  coliae-beak.  this  offers  but  littte  resistance 
to  the  ta>dency  of  the  raften  to  spread  at  their  lower  ends;  and  hence  tbe 
MUM  depends  dther  upon  the  transverse  strength  of  the  rafters  or  upon  the 
lesislaace  of  the  walls  to  keep  it  intact  and.  generally,  upon  both.  This  form  of 
truia  is  actually  that  of  an  abcb.  as  vertical  loads  produce  inclined  reactions  at  tbe 
support).     In  the  halls  and  churches  of  the  Gothic  period  the  walla  were  generally 
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veiy  lUdi  uu)  usiulty  reinforced  od  the  oulsde  by  strmusBS  built  aeuost 
them  and  directly  opposite  the  roof-tniues.  In  most  cases  ludi  >  mli  iwuBfun 
sufficient  stability  to  withstand  the  tatvar  of  the  truss,  and  hence  the  battom 
diord  may  be  dispensed  with;  but  in  »  wooden  building  the  walls,  unless  lied 
at  the  top,  offer  oa  tcsislance  whaterer  to  being  thrust  out  ind  Iwace.  in  such 
bunding  no  titui  which  exerts  ta  outwaid  tbtuM  oa  the  walla  ihonld  be  used. 


P%.  2S.    Hamnerbeaa  Tnac    Euly  Eoaliifa  Pom 

It  is  therefore  senoalty  impractitzbk  to  ux  a  hammcr-lxain  truss  ia  a  woodm 
building.  Where  these  tniaaes  are  used,  the  CEiLiHa  is  gsienily  formed  of  matched 
sheslhing,  nailed  to  the  under  ade  of  the  JACK-BATtEU  betweui  the  purlins, 
thus  allowing  the  latter  to  be  seen.  The  pmiina  are  generally  decorated,  and 
>ALSE  aies  are  often  placed  vertically  between  them,  to  iSvide  Che  caUng  into 
)>ANiLs.  The  main  raftera  should  be  made  vciy  Isige  to  prevent  Umu  Irca 
l>Rakin(  at  the  poiat  A,  Figs.  38  and  29, 


TVpc*  of  Woodsn  Tnaies  lOU 

TnM  tor  Tint  Chvrch,  Boston,  Hui.  An  exceHent  cnmpic  of  a 
hanuncT'bcun  trms  ulapted  to  modeni  conditiotu  ii  nfaowo  in  Fig.  30,  vhidi 
represents  one-lulf  ol  one  of  the  tnisiei  designed  by  Waie  &  Vin  Brunt,  for 


Flf.  29.    IIainiHi4nni  Tnus.    Eiriy  En^iib  Fonn 

tbe  Fint  Church.  Boston,  Mass.  The  truss  is  finished  ia  black  nalnut  and  has 
the  effect  ol  being  veiy  strong  and  heavy.  Fig.  31  shows  the  framing  of  the 
same  tiusi  without  the  casing  and  rAi.$EWORE.  It  ihouid  be  noticed  that 
Inside  the  tunwd  column  in  the  upper  part  of  the  tnis>.  Fig.  30,  there  is  an  iron 
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Fit-  30.    H*niiiHr-baiii  Tnw.    Pint  Cbucli,  Bnrtoo,  Uui. 
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rod.  Fig.  31.  whidi  tidata  the  leoale  Ureas.  In  thia  fimn  of  tnua  the  Hue  cf 
outwud  thnut  of  tbe  &rch  enters  the  viH  just  above  the  coebel,  K;  and,  u 
its  directian  U  inclined  only  about  ^°  fnim  tbe  vertical,  ils  tendency  to  over- 
tbiow  tbe  wall  ia  not  veiy  great,  and  nuy  be  resisted,  in  this  particular  cas^ 


Fl«.  81.    FtamtojofTiTBjShDwninFig.  30 

bjf  a  naH  JO  m  or  J  ft  thick,  tlioroughly  rdnforced  by  a  ._   ._  ,_.,„ 

dimeDsions  built  on  the  outiide.  In  trusses  of  this  kind,  the  various  memben 
ahould  be  securely  fastened  togetber  wberever  tbey  crosi  or  toucb  each  other, 
aid  tbe  atructucc  as  a  whole  made  as  rigid  as  possible.  Mo  dependence  should 
be  placed  upon  the  caainga  and  panel-work  for  any  extra  strenfth. 


Tnu  (or  BmBUBBri  Chnreh,  SiMlbnna  FiUi,  MaM.    Fix.  33  riion 

•Dother  (onu  cj  tniu  dcsgned  by  Van  Bmot  &  Howe,  fix  Emniainirf  CburdL 
ebdbiune  Ftllt,  Hut.    It  is  probably  ■ 


Fif.  U.    TruB  f n  EnuDUiKl  Oiiiich,  Sbribuiu  FiUi,  Uau 


7i(.  33.    Woollen  Tniu  with  Inn  TEa.    S[iaiu  up  to  Thiity-*!  Feet 

form  and  when  secunly  boiled  togeClicr  at  all  the  Jirinls  can  be  desigiieil »  u 
to  exert  very  little  thnut  on  the  walls.  The  nflen  and  croM-tle  are  eidi 
formed  of  two  i^ecea  of  limber,  sepatated  but  boiled  tofrether,  the  mtll 
upright  msoben  pasnng  between  these  isecea.     Hip  banuner-bcami  are  ciivd 
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to  repccsent  angels.    The  action  of  the  stresses  in  hammer-beam  trusses  is 
cxplainfid  in  Chapter  XXVII,  pages  1087  to  1089. 

Wooden  Trutsea  with  Iron  Tiet.    Where  there  is  no  ceiling  beneath  the 
roof  and  it  is  desirable  to  make  the  trusses  as  light  in  appearance  as  possible. 


BodD 


rfBrfi 


RodO 


Fig.  33a.    Detail  of  Joint  B, 
Fig.  33 


Fig.  891ft.    Alternate  Detail  of  Joint  at 
Ridge,  Fig.  33 


wTought-iron  or  steel  rods  may  be  used  for  the  ties,  and  the  wooden  rafter- 
pieces  and  stmts  retained.  For  moderate  spans  such  trusses  are  cheaper  than 
steel  trusses;  and  where  the  rafters  and  purlins  are  of  wood  they  are  about  as 
good.  ¥1gs.  33  and  34  show  forms  of  trusses  well  adapted  to  many  roofs.  The 
dimensions  given  in  Fig.  34  axe  for  yellow-pine  or  Douglas-fir  timber  and  wrought- 


Vlg.  M.    Woodan  Tni«  with  Iztia  Ties 


iron  rods,  and  are  ample  for  a  slate  roof,  the  trusses  being  spaced  from  13  to 
14  ft  on  centers.  Tirusses  of  the  form  shown  in  Fig.  33  are  sometimes  made 
widi  the  rods  C  and  D  oontinuous.  They  should  not  be  made  in  this  way, 
however,  unless  the  entire  rod  is  proportioned  for  the  stress  in  C,  as  this  stress 
b  greater  than  that  in  D.    The  best  construction  for  the  joint  B  is  illustrated 
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in  Fig.  33a,  which  showa  a  cast-isqn  shoe  fitted  to  the  end  of  the  itrut  to 
receive  the  pin.  For  the  truB  shown  m  Fig.  34,  a  shoe  made  as  shown  in  the 
detail  drawing  makes  a  better  connection  for  the  rodSk  two  of  the  latter  being 
placed  outside  of  the  brackets  and  three  between  them.  For  a  truss  with  i 
single  strut,  a  turnbuckle  on  the  rod  E  serves  to  tighten  the  rods.     Whea 

there  are  three  struts,  that 
should  be  five  tuznbuckJes,  zs 
in  Fig.  34.  A  cast4roD  shor 
should  be  made  to  receive  the 
foot  of  the  rafter  and  the  rods 
secured  to  a  pin  passed  through 
shoe  ancL  rafter.  At  the  apex, 
also,  of  the  truss  shown  in  Fig. 
34,  there  should  be  castings  to 
receive  the  ends  of  the  rafters, 
and  pins  for  the  tie-bars.  The 
apex-joint  of  the  truss  (Fig. 
33)  may  be  made  either  b>* 
crossing  the  rods  through  a 
CAST  WASBE2,  or  as  shown  in 
Fig.  33b.  The  pins  at  the 
Fig.  35.  Hanuner-beam  Truss  for  Grace  Qiapel,  joints  should  be  computed  for 
New  Yoik  City  shear,    bearing    and    flexure. 

More  modem  construction  re- 
places the  cast  iron  shown  with  steel  plates  and  pins.  Wlien  a  hammer- 
beam  truss  is  to  be  supported  on  a  dercstoiy-wall  which  is  not  very  thick 
nor  braced  from  the  outside,  a  truss  of  the  form  shown  in  Fig.  35  may  be 
used  to  advantage.  It  has  the  appearance  of  a  hammer-beam  truss  and  when 
pUced  over  a  high  nave  the  effect  of  the  rods  is  not  objectionable.  These 
tie-rods  should  extend 
through  the  hanuner- 
beams  to  their  outer 
ends. 

Truss  for  Gfspe 
Chapel,  New  York 
City.  The  cukved  ribs 
a,  a,  Fig.  35,  have  a  ten- 
dency to  bend  at  their 
smallest  section  and 
BRACES  under  the  ham- 
mer-beams are  necessary 
to  prevent  vertical  deflec- 
tion in  the  latter.  A 
truss  similar  to  this  was 
used  in  Grace  Chapel, 
New  York  City 


Fig.  36.    Truss  for  Metropolitan  Concert  Hall,  New  Yock 

City 


Truss  for  Metropolitan  Concert-Hall,  New  Toik  City.  Fig.  36  shows 
a  form  of  truss  used  to  support  the  roof  of  the  Metropolitan  Concert*Hall,  New 
York  City,  George  B.  Post,  architect.  The  span  is  about  54  ft  and  the  propor- 
tions are  about  as  shown.  The  arch  between  rafters  and  raised  fib  is  orna- 
mented with  sawed  work  and  the  truss  has  a  very  light  and  airy  appearance. 
The  tie-rod  is  kept  from  sagging  by  a  vertical  rod  from  the  crown  of  the 
arch. 
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Vooden  Ardied  Kiba  with  Iroa  oi  Sttel  Tlet.  For  roo&ag  large  balk 
or  roomi  a  seouehtai.  tihbei  abcb.  with  an  inm  or  Med  tie  to  tak«  up  the 
boriiontal  thrust,  a  about  the  cheapest  construction,  especially  where  there  ii 
no  ceUing  to  be  Mpported.    Figs.  37  and  3S  are  good  examples  o[  this  (ona  of 


Fit.  37.    SccmcDlal  Timber  Arch 

tniUi  tlie  ASCBED  UBB  supporting  all  the  load  and  the  tie-bOds  preventing  Iba 
ends  of  the  ardi  from  the  spreadhig  which  would  tesult  without  tliem. 

TrvH  for  U.  C>  H.  A.  Bnildiiii,  Boaton,  Hau.  This  turn  is  shown  ia 
Fig.  37  and  the  framework  shown  above  the  arch  is  simply  to  support  the  pur- 
lins and  raitets  and  cany  the  load  directly  to  the  arch.  It  does  not  asust  the 
truss  m  any  way  m  carrying  the  load. 


Fg.  38.    SegmeDlal  Timber  Aieb 


Tnii«e«  tor  lb«  Fifth  ArBdne  Bifing-School,  Hew  Tork  City.    The 

method  of  supporting  the  roof  of  the  Fifth  Avenue  Riding-School.*  New  Yort 
Gty,  was  rather  unuwal  and  very  ingenious;  and  as  it  is  an  excellent  example 
d  the  advantage  of  (he  arched  (onn  of  truss,  a  brief  description  is  added.  The 
plan  of  the  riding-room,  whidi  is  io6  it  6  in  long  by  7i  (t  wide,  is  shown  in  Fig.  39. 
This  space  is  kept  free  from  columns,  the  entire  roof  being  supported  by  two 
large  trusses,  one  of  which  is  shown  in  Fig.  38.  The  entire  roofing  is  supported 
by  nnaller  truian  resting  on  theae  two  large  ones,  each  ol  the  latter,  however, 

*  RoKidclcd  in  190s.    The  aid  tnuaa  Here  used  ia  the  altered  itnictun. 


Typcf  of  Roof-TniMca 


Fia.39.    Fluol 


of  nftb  Avcauc  Khluig-gchool.  N*ir  York  City  . 


Fi|  40.    Ditii!  at  Iiw  ^ 


i  ud  Foat  of  T^ub  SIwwd  In  Fl(.  18 
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eventually  carrying  a  roof-«rea,  equal  to  about  2  930  aq  ft,  and  a  great  amount 
of  extra  framework.  The  method  employed  to  resist  the  thrust  of  these  large 
arches  without  the  use  of  rods  showing  in  the  room  is  very  ingenious.  Opposite 
the  upper  ends  of  the  iron  posts  which  receive  the  arched  ribs  are  oak  strata 


Fig.  41.    Arched  Wooden  Truss.    City  Armory,  Qevcland,  Ohio.    Span  79  feet 

held  in  place  by  iron  tie-bars  and  heavy  iron  beams  and  together  forming  a 
horizontal  truss  at  each  end.  These  two  trusses  are  prevented  from  being  pushed 
out  by  two  3  by  x-in  iron  tie-bars  in  each  side  wall,  as  shown  in  the  plan  (Fig.  39). 
The  lower  ends  of  the  two  iron  posts  are  tied  together  by  iron  rods  running  under 


— lOAo'spani- 


'POflt 


Fig.  42.    Arched  Wooden  Truss,  Sanger  Hall,  Philadelpllia,  Pa. 

the  floor  the  whole  length  of  the  room.  Altogether  this  gives  for  the  tie-rods 
of  each  truss  two  3  by  z-in  iron  bars  and  one  i  H-in-diam  iron  rod,  equivalent 
to  two  3H  by  I -in  tie-bars.  Enlarged  sections  of  the  ribs,  uprights  and  braces 
are  shown  in  Fig.  38.  It  should  be  noticed  that  the  uprights  have  iron  rods 
through  their  axes^  hokiing  the  two  ribs  together.    Fig.  40  shows  a  detail,  or 


1024  Typa  of  Roof-TniNcs  Cbsp.  at 

enlarged  view,  of  the  icon  sxewsack  ind  pcet  at  each  end  of  the  truss  sbowc  a 
Fig.  38, 

TmM  tor  CIt;  Aimorj,  CloTsUnd,  Ohio.*  Fig.  41  ibowi  the  mcihcd 
adopted  (or  HippoitiDg  the  roof  uul  gBUery,  the  irch  being  of  wood. 

TruH  for  ^infi  Ball,  PMladalpbiB.  t  Fig-  i2  shows  ooe-balf  o(  la 
ABCRED  WOODEN  IBUSS  whjch,  with  Beveutecn  olhcra.  wu  designed  to  suppcn 
the  roof  ovei  the  central  bay  of  Sikaga  Hall,  Philadelphia,  Haielhurst  &  Bucket, 


Fig.  43.    TbRt-centered  Curved  Wooden  Trux,    O.  N.  C.  Aramy,  CiDdnoati,  Obis 

■rdiitects.  This  building  wai  erected  in  1E97  Sol  the  use  of  the  Eightcoiih 
National  Sangerlcst,  and  was  inlenilcd  only  for  temporary  use  \Vilh  the 
dimension)  slightly  increased,  however,  these  trusses  would  be  suitable  fir 
permanent  use.  They  were  spaced  20  ft  center  to  center.  A  description  <i 
the  buildhig  and  trusses  was  published  in  the  Engineering  Record  of  Januaiy  a. 

TruH  for  th«  O.  B.  G.  Amory,  Cincinnati,  Oliio.  Fig.  43  shows  a  (niNS 
used  in  this  building.  The  curve  of  Ihe  aiia!  line  of  the  arch.lruss  is  a  three- 
centered  edipse.  Uannafotd  k  Sons  were  the  architects  of  the  buildmg  and 
Ci.  Bouscaren  was  the  deagner  of  the  trusses.  (See  the  Engineering  and  Build- 
ing Record,  December  7.  1889.) 

•  Tlie  buildini  has  been  remodeled  and  is  BOw  UKd  for 
T  Tlui  buUdiog  was  torn  down  immcdiatcty  aftei  the  d 
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t.  Types  el  Steel  Trasses 

Trasses  for  Pitched  Roofs.  For  ordinary  conditions  and  for  spans  under 
ft,  some  one  of  the  types  shown  in  Figs.  44  to  65  will  generally  meet  the 
reciuirements  of  strength  and  economy.  Trusses  of  these  types  are  composed 
of     rolled  plates  and  angles  _ 

and  have  riveted  joints.  This  ° 

is  not  only  a  dieaper  con- 
st.ruction  than  a  combination 
of  shapes  and  rods  with  pin- 

5oints  but  is  also  much  more 

ri^d.    Where  one  dimension 

of  the  trusses  does  not  etceed 

a.bout    xo  ft   they   can   be 

completely  riveted  up  in  the 

shops,     id    case    they    are 

large  a  little  judgment  will 

divide  them  into  parts  which 

can  be  shipped  by  rail,  leaving 


Fig.  44.    Thiss  for  a  Narrow  Shed  or  Shop' 


but  few  joints  to  be  riveted  at  the  building;  but  entire  trusses  having  spans  even 
of  xoo  ft  can  be  raised  from  the  ground  and  put  in  place.  Occasionally  a  struc- 
ture is  of  such  magnitude  that  this  is  not  feasible,  in  which  case  the  trusses 
must  be  raised  in  parts  and  riveted  afterwards.    For  a  narrow  shed  or  shop  a 


Fig.  45.    Simple  Fink  Tru».    Spans  from  Twenty  to  Thirty-siz  Feet 

truss  of  the  shape  shown  in  Fig.  44  is  the  most  economical,  the  truss  proper 
being  that  portion  enclosed  within  the  points  A,  B,  C.  This  truss  is  practically 
the  same  as  that  shown  in  Fig.  45.  For  spans  of  from  24  to  48  ft,  and  inclina- 
tions not  exceeding  6  in  to  the  foot,  the  types  shown  in  Figs.  46  and  47  are  the 
most  suitable.    Trusses  of  the  types  represented  by  these  two  figures  are  called 


Fig.  46.    Fan  Truss.    Spans  from  Thirty-siz  to  Fifty  Feet 

TAN  TRUSSES.  The  truss  shown  in  Fig.  45  is  known  as  a  simple  Fink  truss. 
The  truss  shown  in  Fig.  47  is  supported  on  columns,  the  knee-braces  B  and  the 
pieces  A  being  stressed  only  when  the  building  is  subjected  to  wind-pressure. 
A  SAG-TIE,  shown  by  the  middle  dotted  line,  Fig.  46,  is  generally  inserted. 
When  the  roof-construction  demands  three  purlins  on  each  side  of  the  truss^ 
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one  of  the  forms  shown  in  Figs.  48,  49,  50,  or  51  should  be  used.  The  U:= 
FsKNCH  appears  to  be  generally  given  to  those  trusses  in  which  the  tie>beain  i 
raised  or  cambered  in  the  middle.    The  truss  shown  in  Fig.  51  may  be  caJk-i 


F!g.  47.    Fan  Truss  with  Knee-braces.    Spans  from  Forty  to  Sixty  Feet 

a  TRIANGULAR  Pratt  TRUSS  as  the  web  is  composed  oi  verticals  in  aMnpresfixKi 
sod  diagonals  in  tension.  This  truss  is  not  as  economical  as  the  Fikk  tri  ^x 
CKZpt  when  the  inclination  of  the  rafter  is  less  than  M  pitch.  This  is  or 
account  of  the  great  length  of  the  web-noembers  in  oompresaion.    In  dcsagnisi 


Fig.  48.    Fink  Trust.    Spans  from  Forty  to  Eighty  Feet 

steel  trusses  it  is  desirable  to  have  as  many  members,  and  especially  as  many 
long  members,  in  tension  as  possible,  as  a  given  weight  of  steel  resists  a  much 
greater  stress  when  in  tension  than  when  in  compression.  The  great  economy 
of  Fink  trusses  and  fan  trusses  lies  in  the  fact  that  most  of  the  membcrrs 


Fig.  49.    French  Truss.    Spans  from  Forty  to  Eighty  Feet . 

are  in  tension  and  the  struts  are  short.  By  comparing  Figs.  50  and  51,  it  is 
seen  that  the  inner  strut  in  Fig.  50  is  only  one>haU  as  long  as  the  strut  in  Fig. 
61.  If  the  roof  is  hipped  it  is  desirable  to  have  vertical  members  in  the  hip- 
trusaes  to  receive  the  short  trusses  or  trussed  puruns. 
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Fig.  50.    Fink  Truss  with  Vertical  StruU 


Deptii  of  Fiak  and  Fan  Trusses.  The  d£ptb  of  these  tniaaes  at  the 
middle  is  usually  detennined  by  ^  roofing-material.  Thus  slate  ahouM  not  be 
used  on  a  roof  in  which  the  rise  is  not  equal  to  one-third  the  span.  For  wooden 
shinglfts  the  rise  should  be  not  lesa  than  one-fourth  and  for  corrugated  iron  not 
less  than  one-fifth  the  span.  Steel-roU  roofing  may  be  used  where  the  rise  is 
but  one-twelfth  the  span.  There  are  many  kinds  of  so-called  ready  koofimq 
put  up  in  rolls  which  may 
be  used  for  any  slope  ex- 
ceeding %  in  to  the  foot. 
Tar-and-gravel  roofing 
should  never  be  used  on  a 
slope  exceeding  %  in  to  the 
foot.  Considering  the  con- 
struction  of  the   roof  and 

the  weight  of  the  trusses,  the  most  economical  pitch  for  a  roof  is  about  one- 
fourth  the  span,  or  what  is  commonly  called  a  quarter-pitch,  the  rise  of  the 
rafters  being  6  in  for  each  12  in  of  ran,  or  26**  34'.  When  the  rise  b  less 
than  one-sixth  the  span  some  other  type  of  truss  is  generally  required. 
When  the  inclination  of  the  roof  is  determined  almost  entirely  by  the  question 
of  economy  the  rise  is  generally  made  from  6  to  7  in  in  12  in.    With  Fink 

TRUSSES     or     FAN     TRUSSES 

having  inclinations  for  the 
rafters  not  exceeding  30**,  it 
is  more  economical  to  employ 
a  horizontal  chord  or  tie.  A 
truss  whose  bottom  chord 
has  a  rise  of  2  or  3  ft,  as  ui 
Fig.  49,  presents  a  better 
appearance,  however,  than  one  with  a  horizontal  chord.  Raising  the  bottom 
chord  also  materially  increases  the  stresses  in  the  truss-members  and  hence 
increases  the  cost.  For  steep  roofs,  however,  it  is  generally  as  economical  to 
raise  the  bottom  chord,  because  of  the  shortening  of  the  members. 

Number  of  Panels.    The  number  of  panels  that  should  be  used  in  each 
half  of  the  truss  is  determined  in  great  measure  by  the  construction  of  the  roof. 


Fig.  51.    Triangular  Pratt  Truss 


Fig.  52.    Fink  Truss  with  Knee-biaces.    Span  Sixty-eight  Feet 


If  jack-rafters  and  purlins  are  used  the  length  of  a  panel  may  be  as  great  as  12  ft; 
if  there  are  no  jack-rafters  and  the  planking  of  the  roof  is  nailed  directly  to  the 
purlins^  the  latter  are  placed  not  more  than  8  ft  apart;  and  if  the  roof  is  covered 
with  corrugated  iron  secured  to  the  purlins,  the  purlins  should  be  not  more  than 
5  ft  on  centers.  Whenever  the  purlins  are  more  than  4  ft  apart  they  should 
be  placed  at  the  truss- joints  to  prevent  large  bending-stresses  in  the  top  chord. 
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The  spacing  of  the  purlins,  therefore,  generally  detennines  the  number  of  pi:>  I 
in  each  half  of  the  truss.  For  this  reason  alsQ,  the  same  form  of  truss  may  \ 
required  for  spans  of  40  and  80  ft;  but  of  course  the  members  wiU  not  be  .j 
heavy  in  the  40-ft  truss  as  in  the  one  with  greater  span.  Most  of  the  tras^i 
shown  in  P'igs.  45  to  55  are  drawn  from  executed  designs  and  give  a  p-**! 
idea  of  the  most  economical  division  for  different  spans. 

Truss  over  Car-Bam,  Newark,  N.  J.    When  stresses  due  to  flexure  ^^ 
developed  in  the  truss-rafters»  that  is,  when  they  are  loaded  between  the  yjc-:i 


Fig.  53.    Fink  Truss.    Span  Fifty-one  Feet  Six  Inches 

the  distance  between  the  latter  should  not  exceed  9  ft,  and  preferably  7  or  S  r. 
depending  somewhat  upon  the  distance  between  the  trusses  themselves.  Tbe 
diagram  shown  in  Fig.  55  represents  one-half  of  one  of  the  steel  trusses  used  ' 
roofing  a  car-bam  for  the  North  Jersey  Railway  Company.  Newark,  N.  J.  Tbcr« 
are  13  of  these  trusses  spaced  19  ft  3%  in  on  centers,  each  having  a  span  i' 
98Vi  ft  between  the  centers  of  the  supporting  columns,  to  which  they  are  rivete-:. 
by  splice-plates  engaging  the  end  connection-plates  and  the  webs  of  the  columns. 
The  dimensions  of  the  principal  members  of  these  trusses  are  indicated  in  ccc- 


Fig.  54.    Fink  Truss  with  Vertical  Struts,  for  Drill-hall.    Span  Eighty  Feet 

nection  with  Fig.  55.  There  is  a  more  complete  description  in  the  Engineerinjr 
Record  of  June  22,  1901.  These  trusses  were  shipped  in  four  sections,  whiJ) 
were  assembled  on  the  ground  in  a  horizontal  plane  and  riveted  up  complete. 
The  bottom  chord  was  stiffened  by  rails  lashed  on  each  side  of  its  entire 
length,  and  a  sling  being  attached  to  the  apex  of  the  top  chord,  the  truss  was 
lifted  and  set  on  top  of  the  columns  by  a  gin-pole,  50  ft  in  length.  The 
roofing  consists  of  corrugated  iron  supported  by  5-in  I-beam  purlins,  weighing 
xo  lb  to  the  foot,  ^Muuiing  from  truss  to  truss  and  bolted  to  the  rafters  with 
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t^ro  bolts  at  each  end.  The  general  spacing  of  the  purlins  is  4  ft  9%  in.  This 
is  a  good  example  of  an  extremely  light  roof,  the  weight  of  each  truss  being  about 
4.  200  lb  and  the  entire  weight  of  truss,  purlins,  bracing  of  lower  chord  and 
cx>iTugated-irQn  roofing  being  on)y  8  lb  for  each  horizontal  foot  of  surface  oov« 
ened. 

Table  m.    List  of  Descriptions  of  Different  Types  of  Roof-Trossss 

Engineering  Record 


Date 

Type 

Number  of 
panels 

March  xo.  x8q2 

Howe 
J  Pink 
I  Faa 
Fink 
Pratt 
Pan 
Fan 
Pink 
Trnss 
Trass 
Pink 

8 
8 
la 
6 
6 

X2 

xa 

8 

X6 

•         la 

x6 

July  ao.  XQox 

Jannary  4,  xooa 

February  22, 1902 

Atutnst  11,  X905 

September  2. 1405 

September  16,  loos 

November  2. 1007 

September  x6.  xqix 

October  7,  xoxx 

Trass  OTsr  Diill-bsU.  The  truss  shown  in  Fig.  54  was  designed  for  the  roof 
of  a  drill-hall  having  a  span  of  80  ft  and  a  spacing  between  trusses  of  20  ft.  The 
loof  was  to  be  constructed  with  2  by  8-in  rafters  supported  by  purlins  at  the 


-      ••  «L  S^'jt  fii'x  Vm  L»» 
lUflvr.l't.   t-6'x  SyCx^AiVn 
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Fig.  65.    Truss  over  Car-bam,  Newaik.  N.  J.    Span  Ninety-eight  Feet,  Three  Inches. 

(See,  also.  Chapter  XXVIII,  Fig.  25) 

points  A,  B,C,  D,  E  and  P.  Sashes  were  to  be  placed  in  the  rise  CA  to  light 
the  interior  of  the  building.  The  joint  at  X  was  located  with  reference  to  the 
position  of  the  gallery-rod;  but  if  there  had  been  no  gallery  it  would  have  been 
more  economical  to  space  the  vertical  struts  untfoimly,  as  in  Fig.  60.  In  all 
the  trusses  iQustrated  the  plus  sign  adjacent  to  a  member  denotes  that  the. 
member  is  in  compression,  while  the  minus  sign  denotes  that  it  is  in  tension. 
The  members  above  the  main  rafter,  as  CD,  DE  and  £f ,  in  Fig.  54.  and  a  and  h 
in  Fig.  56,  do  not  form  a  part  of  the  truss  proper,  but  are  merely  a  framework  to 
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■ufyport  the  elevated  roof,  and  in  drawing  the  BtreaB-diagram  for  the  'vtxdal 
loads  they  would  be  omitted. 

In  the  issues  of  the  Engineering  Record  given  in  Table  III  may  be  fomid  de> 
fioiptions  and  iUustiations  of  several  types  of  roof-trusses,  including  the  iofxei 
described  above. 

Fink  Truises  with  Pin-Jointa.  The  use  of  pin-joints  in  ordinaxy  nxtf- 
trusses  has  practically  been  abandoned,  even  for  long-span  heavy  trusses.  In 
the  Engineering  Record  of  March  12,  1892,  there  is  a  description  of  a  Fink  tr-jss 
with  pin-joints.  The  truss  is  heavy  and  is  built  entirely  of  rolled  metal.  The 
tension-members  are  5,  6  and  7-in  eye-bars.    The  span  is  about  105  ft. 

Tmates  for  Flat  Roofs.  For  supporting  flat  roofs  or  roofs  having  a  fall 
not  exceeding  i  in  to  the  foot,  one  of  the  types  shown  in  Figs.  56  to  60  will 


Fig.  56.    Vftmn  Truss  mth  Verticals.    Span  Fifty-«ix  Feet 

erally  be  found  ficnnomiral,  the  choice  of  the  particular  type  depending  somewhat 
on  the  span  and  on  whether  the  truss  is  supported  by  columns  or  by  brick  cr 
stone  wadls.  For  spans  up  to  about  50  ft,  either  of  the  forms  shown  in  Figs.  56 
or  57  answer  all  practical  requirements.  The  truss  shown  in  Fig.  56  is  intendtfd 
to  be  used  where  the  slope  of  the  roof  is  at  right-angles  to  the  truss.  It  can  be 
built,  however,  with  the  top  chord  inclined  as  in  Fig.  57.  The  end-diagonal? 
in  Fig.  56  are  in  tension,  while  in  Fig.  57  they  are  in  compression.  The  portions 
of  the  lower  chord  between  the  end- joints  and  the  walls  (Fig.  56)  have  no  stress 


Fig.  57.    WaRcn  Truss  with  Verticals  and  Knee-hraoes. 

Fifty  Feet 


Spans  from  Thirty  to 


from  the  roof-load,  but  are  put  in  to  add  rigidity  to  the  construction  as  a  whole. 
In  trusses  supported  by  brick  walls  this  type  is  preferable  to  that  shown  in  Fig.  57, 
while  the  latter  is  more  suitable  when  the  roof  is  supported  by  columns.  The 
vertical  A,  Fig.  57,  is  inserted  to  receive  the  tension  or  compression  from  brace 
B,  and  has  no  stress  from  the  roof-loads. 

Double  Warren  Truss.  The  truss  shown  in  Fig.  58  is  known  as  a  DorsLS 
Wakken  truss,  and  is  desirable  where  it  is  important  to  make  the  trusses  as 
shallow  as  practicable.    It  can  be  built  with  light  mcmbent  and  is  a  voy  still 
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tvttfls,  being  eipecully  suitable  for  roofs  supported  by  steel  oohimns.  Fig.  68 
is  drawn  from  a  truss  in  actual  use.  The  member  in  the  middle  indicated  by  the 
clotted  line  should  never  be  omitted,  although  examples  may  be  found  where  it 
has  not  been  included.  Fig.  59^  also^  represents  a  roof-truss  which  was  con- 
structed with  a  span  of  57  ft  and  supported  by  steel  columns.  The  entire  load 
on  the  truss  is  transmitted  to  the  oolunms  at  the  intersection  of  the  diagonals 


Raflcn, 


Fig.  58.    Double  Waixcn  Trass 

BB  and  the  top  chord.  Fig.  60  shows  a  truss  of  96-ft  span  over  a  pier-shed. 
New  York  City,  the  trusses  being  spaced  20  ft  apart.  They  are  about  10  ft 
high  and  wei^  i  300  lb  each.  They  were  delivered  frdn  the  shops  completely 
assembled  and  riveted,  and  were  raised  and  set  in  position  by  falls  suspended 
from  two  masts.  The  dimensions  of  these  trusses  are  given  in  the  Engineering 
Record  of  January  18,  1896. 


Fig.  59.    Pntt-tniss  Type.    Span  Fifty-seven  Feet 

The  Pint  and  Minna  Signs  in  these  illustrations,  as  has  been  mentioned 
before,  indicate  coicpression  and  tension,  re8i)ectiveiy,  under  a  imiformly  dis- 
tributed dead  load.  The  plus  and  minus  signs  used  together  indicate  that 
the  member  may  be  subject  to  EiTHsa  tension  or  compression  according 
to  the  direction  of  the  wind  or  to  the  manner  of  distribution  of  the  snow.  In 
most  of  these  trusses  un^ynometrical  loads  may  change  the  stresses  in  the 


Pig.  00.   Wanen-tms  T^rpe.    PScr«hed,  New  York  Qty.    $DMfi  Ninety-siz  Feet 


diagonals  near  the  middle  of  the  truss.  This  changing  of  stresses  due  to 
unequal  loading  is  considered  on  pages  1096  to  1104.  The  trusses  shown  in 
Figs.  56  to  60  are  almost  invariably  built  with  riveted  connections  and  with 
angle  or  channel-shapes  for  all  members. 

The  Pratt  Tratt,  shown  in  Figs.  61  and  62,  is  the  form  of  steel  truss 
bfst  adapted  to-  support  floor-loads,  the  members  indicated  by  double  lines 
bHaf  in  compression  and  those  indicated  by  single  lines  in  tension.    When 
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supporting  floofs  ai€  subject  to  moving  loads,  cottnierties  should  be  inserted 
where  indicated  by  dotted  lines.  For  trusses  of  this  type  pin-connectiohs  are 
generally  employed  and  are  preferable  to  riveted  coNNBcnoNS. 

The  QoedrengttUr  Truss.    The  truss  shown  in  Fig.  &3  is  known  as  a  quad- 
KANGULAR  TRUSS,  and  has  the  proportions  of  the  truss  over  the  amphitheater 


Itg.  61.    Pratt  Truss 

of  the  Madison  Square  Garden,  New  York.  Figs.  64  and  06,  also,  show  variatkss 
of  this  type,  differing,  however,  from  the  latter  in  having  all  the  diagonab  in 
each  half-truss  inclined  in  the  same  direction.  In  the  typical  truss  their  directioD 
is  usually  reversed  at  about  the  middle  of  each  haif-si>an  in  order  to  keep  them 
in  tensbn.    The  plus  ^md  minus  signs  indicate  the  kind  of  stress  produced  in 


Fig.  62.    Suspended  Pratt  Truss 

a  member  by  a  uniformly  distributed  dead  load.  It  should  be  noticed  that  the 
middle  diagonals  of  trusses  64  and  66  are  in  compression.  These  trusses  are 
well  adapted  to  steel  construction  and  to  spans  up  to  180  ft.  When  the  span 
exceeds  zoo  ft  one  end  of  the  truss  should  be  supported  on  rollers  to  allow  for 
the  EXFiU«(siON  or  contraction  in  the  steel.    In  these  trusses  the  load  is  trans- 


Fig.  63.    Quadmngular  Truss.    Amphitheater,  Madison  Square  Garden,  New  Yofk 

City 


rait  ted  to  the  top  of  the  column-support,  the  truss  proper  being  included  within 
the  points  i4,  B,  C,  D  and  E,  Figs.  64  and  65.  The  continuation  of  the  bottom 
chord  to  the  columns  is  for  the  purpose  of  bracing  the  roof  from  the  latter,  there 
bcini?  no  stresses  in  these  end-chord  members  due  to  vertical  loads.  This  mem- 
ber B,  Fig.  63,  and  the  corresponding  member  in  Figs.  64  and  65  should  be  con- 
structed to  resist  both  tension  and  compression.    For  short  spans  the  lover 
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fit.  06.    DliinmitilTruBain  Auriilorhiiti.  KanvnCity.  Mo.    Plu  of  Tno  TniiK* 
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chord  may  be  made  in  the  shape  of  a  semicircle  or  half-ellipse  so  as  to  pve 
more  of  an  arch-effect.    There  are  numerous  examples  in  this  ooimtiy  of  qiiad- 


afwiels  9V-78'0 -8p«a 


Fig.  67.    Riwted  Truss  with  Broken  Top  Chord.    Power-house,  Interborough  Rapid 

Transit  Company,  New  York  City 


Fig.  68.    Pin-connected  Truss  Over  Drill-hall,  71st  Regiment  Annory,  New  Yoik  City 

rangular  trusses  having  spans  of  from  loo  to  i8o  ft.  For  the  wider  spans  it  is 
customary  to  build  the  trusses  with  pin-conmectxons,  cyc-baks  being  used  for 
the  ties.    When  this  is  done  it  is  usually  necessary  to  insert  cottmtsrbraces 


Arch«d  Trusses 


1035 


in  two  panels  o£  each  half  of  the  tnus  as  shown  by  the  dotted  lines,  Fig.  63, 
as  under  an  un^ymmetrical  or  wind-load  the  streaaes  in  the  diagonah  are  gener- 
ally reversed.  For  spans  leas  than  zoo  ft,  the  trusses  may  be  built  with  riviteo 
CONNECTIONS.  In  this  case  the  diagonals  are  generally  made  of  angles  capable 
of  resisting  both  tension  and  compression,  the  counterbraces,  therefore,  not 
being  required.  For  this  type  of  truss  the  stresses  due  to  wind  and  anow  should 
be  computed  independently  of  the  dead  load  and  the  members  computed  for 
the  mBTimum  stresses  produced  by  every  possible  oombhiation  of  loading. 

Trasses  for  the  Aoditorivm,  Ksases  City,  Mo.  A  description,  with 
illustrations,  of  the  tnns  shown  in  Fig.  66,  which  is  a  diagram  of  one  of  the  trusses 
over  the  Kansas  City  Auditorium,  may  be  found  in  the  Engineering  Record  for 
July  22,  i399,  and  in  the  Engineering  News  of  November  2, 1899. 

RiTOted  Truss  with  Broken  Top  Chord.  A  description  is  given  in  the 
Engineering  Record  of  October  15,  1904.  The  span  is  78  ft  between  centers 
of  the  supporting  columns  (Fig.  67). 

Trass  for  Drffl-HsU,  Hew  Tork  City.  A  pin-connected  truss,  over  the 
drill-hall  of  the  71st  Regiment  Armory,  New  York  City,  has  a  span  of  190  ft 
4  in  and  full  descriptions  of  it  are  given  in  the  Engineering  News  of  June  z6, 
1904,  and  in  the  Engineering  Record  of  July  2, 1904  (Fig.  68). 


Fig.  69.    Bowstiiog  Truss 


4.  Arched  Trasses 

Difference  Between  an  Arched  Truss  and  t  Trassed  Arch.  For  sup- 
porting the  roof  of  very  large  spaces  such  as  driH-halls,  riding-halls,  railway 
train-^cds,  etc.,  trusses  in  the  form  of  arches  or  arches  composed  of  trussed 
members  are  often  employed .  The  essential  difference  between  an  arched  truss 
and  a  tsussed  aecb  n  that  under  vertical  loads  the  supporting  forces  of  an  arched 
truss  are  vertical,  while  jor 
a  trussed  arch  they  are 
inclined. 

Bowstring  Trasses.  Pre- 
vious to  the  year  z88o  most 
of  the  wrought-iron  trusses 
of  wide  span  were  built  in 
the  form  of  a  bow,  from 
which  the  term  bowstring 
was  derived.  Trusses  of  this  type  were  built  with  spans  of  from  88  to  2x1 
ft  and  with  a  rise  at  the  middle  of  from  ^  to  Vi  the  span.     At  that  time  this 

type  was  considered  the  most 
economical  for  spans  exceed- 
ing 120  ft,  but  in  recent 
years  they  have  been  com- 
paratively little  used.  Fig. 
69  is  the  diagram  of  a  bow- 
string truss  with  a  span  of 
153  ft  6  in.  The  trusses  in 
this  particular  case  are 
spaced  21  ft  6  in  apart. 
The  arched  top  chord  consists  of  a  wrought-iron  deck-beam  9  in  deep,  with 
a  xo  by  i%-in  plate,  riveted  to  its  upper  flange.  Towards  the  springing 
this  rib  b  strengthened  with  7  by  %-in  plates  riveted  on  each  side  of  the 
deck-beam.  The  struts  are  wrought-iron  I  beams  7  in  deep.  The  bottom 
chord  has  a  sectional  area  of  6^  sq  in  and  each  diagonal  tension-rod  a 


Fig.  70.    Bowstring  Truss 
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diameter  of  i^  in.  Each  truss  is  fixed  at  one  end  and  rests  on  uoluh 
at  the  other,  allowing  free  expansion  and  contraction  due  to  chaoses  of  tf- 
perature  in  the  metal.  Fig.  70  shows  a  similar  truss  having  a  span  of  211  '. 
It  consists  of  BOWSTRIKG  PRINCIPALS  spaced  24  ft  apart.  The  rise  is  one^ari 
the  span,  the  middle  of  the  bottom  chord  rising  17  ft,  and  of  the  top  chord  40^  ;1 
above  the  springing.  The  top  chord  is  a  15-in  wrought-iron  X  beam  and  xk 
bottom  chord  a  round  rod  in  short  lengths,  4  in  in  diameter  and  thickened  '3 
the  joints.  The  ties  <^  the  bracing  are  of  plate  iron  from  5  to  3  in  in  ^ridth.  z*"  i 
%  in  thick.  The  struts  are  formed  of  bars  having  the  form  of  a  cross.  Ihtri .; 
the  last  ten  or  twelve  years  a  number  of  roofs  have  been  supported  on  trusscM 
which  can  hardly  be  classed  as  sucple  ikussss;  and  yet  it  is  qucstionabte  :: 
they  are  true  archc^s.  Probably  the  frames  act  partially  as  simple  tmx^ 
and  partially  as  arches. 

Trusses  for  the  ConMrratory  Building,  Gaifleld  Park,  Chicmso,  IL 

Engineering  News,  August  27,  1908.  The  roof  is  supported  by  pointed  tkusse^ 
spaced  12  ft  6  in  on  centers.  The  truss-span  is  80  ft  6  in,  omter  to  center  > 
end-supports.  The  chords  of  the  trusses  are  parallel  and  connected  by  Wammi  ^ 
BRACING.  Both  ends  of  the  trusses  are  bolted  to  the  supports  and  consequent..* 
there  must  be  some  horizontal  thrust  under  certain  conditions.  The  trus«:cs 
arc  riveted  at  all  joints  and  have  no  hinges  or  pins. 

Trusses  for  the  Chicago  and  North  Western  Railway  Station,  Chicafs, 
111.  Engineering  Record,  June  iS,  19 10.  The  roof  over  the  main  waiting-rocc: 
is  carried  by  trusses  each  having  a  span  of  90  ft  4  iu  and  a  rise  of  31  ft  and  beii:-' 
riveted  to  columns  about  27  ft  6  in  apart.  All  connections  are  riveted.  Th. 
clear  height  of  the  bottom  chords  at  the  middle  is  84  ft. 

Trusses  for  the  Peoria  and  Pekin  Union  Railway  Trains»Shod,  Peoria. 

HI.  Engineering  Record,  December  8,  1900.  The  trusses  are  riveted  t^ 
columns  about  30  ft  above  the  floor  and  spaced  20  ft  apart.  The  truss^span  ii 
109  ft  4  in,  center  to  center  of  end-supports,  with  a  clear  rise  of  about  ic  ft 
The  depth  at  the  middle  is  18  ft  and  at  the  end  6  ft.   All  connections  are  riveteU. 

Trusses  for  the  If  ew  Union  Station,  Washington,  D.  C.  Engineeriri? 
Record,  February  6,  1904.  The  concourse-roof  is  supported  by  c»escent 
TRUSSES,  each  having  a  span  of  132  ft  5^  in  and  a  clear  rise  of  22  ft  5^  in.  Tkcj* 
are  spaced  about  39  ft  4  in  apart.  One  end  of  each  truss  rests  upon  masocn' 
and  the  other  is  riveted  to  a  heax^y  plate  girder.  AH  connections  are  riveted. 
The  bottom  chord  at  the  middle  is  45  ft  above  the  floor.  The  trusses  o\'er  xht 
waiting-room  of  the  same  station  have  a  span  of  137  ft  8  in  and  a  rise  <^  45  ft 
5  in.  The  chords  are  parallel  and  the  ends  are  anchored  with  bolts  to  the 
masonry. 

Trusses  for  the  Riding-Hall,  Armory  for  Squadron  C,  National  Guard, 
Brooklyn,  N.  Y.  Engineering  News,  August  29,  1907.  The  main  trusses  have 
a  span  of  179  ft  2  in  and  a  rise  of  about  66  ft  in  the  dear.  The  total  depth  of 
the  truss  at  the  middle  is  14  ft,  while  at  the  ends,  where  the  diords  approach 
each  other  and  finally  become  vertical,  it  is  3  ft  3  in.  One  end  is  anchored  to 
the  masonry  and  the  other  is  on  rollers.  The  trusses  are  in  pairs  10  ft  iiH  in 
on  centers  and  the  pairs  are  spaced  38  ft  8H  in  on  centers.  All  connections  are 
riveted. 

Trusses  for  the  New  Rock  Island  Terminal  Station  Train-Shed,  Chicago, 
ni.  Engineering  Record.  September  12,  1903.  Engineering  News,  August  6, 
1903.  The  trusses  over  the  tracks  have  a  span  of  221  ft  i  in  center  to  center  of 
the  end-[Mns,  a  rise  of  28  ft  and  a  depth  at  the  middle  of  25  ft  6  in.    They  are 
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supported  l^  columns  and  are  spaced  from  lo  ft  3  in  to  19  ft  6  in  apart.    AU 
principeU  connections  are  made  with  pins. 

Cttsrad  TrufSM  with  Horizontal  Ties.  Cttrvcd  or  axched  trusses  are 
often  constructed  with  a  horizontal  member  connecting  the  ends  at  the  supports. 
This  makes  the  structure  as  a  whole,  including  the  horizontal  member,  usually 
called  the  tie-kod,  a  sdcple  truss  requiring  only  vertical  supporting  forces 
for  vertical  loads,  provided  one  end  is  free  to  move,  as  it  is  when  placed  on 
rollers.  When  the  trusses  are  supported  by  long  columns  it  may  be  assumed 
that  the  ends  have  freedom.  A  few  examples  are  given,  some  of  which  are 
commonly  classed  as  trus  arches. 

Tmuei  for  the  SnUiTtn  Square  Station,  Elerated  RaUway,  Boston, 
iMlass.    Engineering  Record,  June  15,  1901.    Fig.  71.    These  arches  spring 


Fig.  71.    Arched  Truss  for  Sullivan  Square  Station,  Elevated  Railway,  Boston,  Mass. 

from  steel  columns  and  are  provided  with  tension-rods  which  take  up  the  thrust. 
The  arch  proper  rests  on  two  4Vi-in  pins  at  each  end,  as  indicated  in  the  diagram, 
the  tie-rods  being  connected  to  them.  The  bradng  below  each  pin  is  riveted 
to  the  column  and  the  arch  itself  is  built  of  angles  and  plates  with  riveted  con- 
nections. Fig.  71a  shows  the  joint  at  A  where  the  tie-rods  are  connected  and 
held  up  by  a  i-in  suspension-rod  from  the  crown  of  the  arch.  This  construc- 
tion is  the  same  in  principle  as  that  of  the  wooden  arch  shown  by  Fig.  42. 

United  States  Express  Company's  Receiving  Station,  New  York  City. 
Engineering  Record,  October  23,  1904.  The  roof-trusses  in  this  building  are 
supported  on  34-in  brick  walls  at  the  level  of  the  second-story  floor  and  have 
their  ends  connected  by  X  beams  which  form  a  part  of  the  floor-framing  of  the 
second  story.  Each  truss  has  a  span  of  74  ft  4  in  and  a  dear  rise  of  27  ft.  They 
are  spaced  about  24  ft  5  in  apart  and  have  all  connections  riveted.    Since  the 


1038 


lypes  of  Roof-Tnisaes 


2( 


ties  aie  veiy  heavy  one  might  be  led  to  classify  these  trusses  with  ikitx 
fixed  at  the  ends;  but  as  the  condition  of  nxxD  ehds  rarely  obtains  in 
it  is  better  to  consider  this  type  of  structiare  as  an  argeeo  teuss  with  a  tie-rw!, 
or  possibly  as  similar  to  the  type  shown  in  tig.  75. 

Tahto  IV.    General  Dimensions  of  a  Few  Three-EQAged  Arclies 


Location 


Syracoae  University 

Lawsoo  RidingrAoademy 

Machinery  Hall,  Chicago  Exp 

33nd  Reg.  Armory,  New  York 

Coliseum.  Chicago  (new) 

Newark.  N.  J.,  Armory 

Govcmmeat  Bldg..  St.  Louis  Expu. 

Coliaeum,  St.  Louis 

Hartford,  Coon.,  Armory 

Frankfort,  Germany,  Train-Shed... 
69th  Reg.  Drill-HaU.  New  York,.. 
5th  Reg.  Armory.  Baltimore,  Md. . . 
47th  Reg.  Armory,  Brooklyn,  N.  Y. 

Coliseum,  Chicago  (old) 

74th  Reg.  Armory,  BufTalo.  N.  Y.. 

Coal-Shed.  Wende,  N.  J 

Jersey  City  Train-Shed 

PhiUdelphia  Train-Shed 

Bxoad  Street  Sution.  Fhila 

Manufactures    and    Liberal   Arts 
Bldg..  Clucago  Exp 


Span 

ft 

in 

xoz 

4 

106 

0 

131 

xo 

134 

0 

149 

9 

163 

6 

173 

0 

178 

6 

x8i 

0 

184 

0 

189 

8 

190 

4 

191 

4 

21s 

0 

327 

0 

330 

0 

253 

8 

259 

0 

300 

8 

368 

0 

Rise 

ft       in 


55  2Vi 

96  3 

33  6 

66  6 

73  5% 

69  9% 

80  o 

90  3V^ 

94  (about) 

103  4Vi 

88  ot 
84  o 
73  0 
94  o 

•  ■  •  •  •  • 

89  9^ 
88  3V^ 

xoo  4 

306  4 


Tie 


Notio 
tTwoi%XiTs 

t2^  X  Ai 

fTwo  3%  round  rods 

9^Xbeam 

No  tie 

No  tie 

No  tie 
fTwo  i%4n  round  rods 

Two  channels 
fTwo  4  X  Ti-in  plates 


t9X%e-inpUte 
Two  i>in  X  beams 


Location 

Distance,  center  to 
center* 

Syracuse  University 

17  ft    11^^  in 
33  ft     0  in 
50  ft     8  in 
XX  and  52  ft 
2A'a  to  25  ft 
31  and  26^  ft 

35  ft     oin 

36  ft      8  in 

6  and  52^^  ft 
a3  ft     6  in 
6%  and  3894ft 

R.  Aug.  23.  X9a6 

Lawson  Riding-Academy 

R.  Dec.  31,  X9Q4 

Machinery  Hall,  Chicago  Exp 

33nd  Reg.  Armory,  New  York 

Coliseum.  Chicago  (new) 

R.  Dec.  34. 1892 
N.  May    5. 1910 
•  N.  Sspt.  14.  X899 
R.  May  26. 1900 
N.  Sept.  39.  X901 
N.  Aug.  xc,  X899 
R.  Sept.  X3, 1908 
R.  Mar.    5. 1893 
R.  Jnae     3.  I905 
R.  May  14.1904 
JL.  Dec.  23. 1899 
X.  Nov.  12, 1896 
R.  June     9, 1900 
R.  Oct.     3. 1908 
N.  Sept.  2S.  X899 
R.Jnly   X6.X892 
R.  June  10,  X893 

N.  Sept.   X,  1893 

Newark,  N.  J.,  Armory 

Government  Bldg.,  St.  Louis  Exp. . 
Coliseum.  St.  Louis 

Hartford,  Conn.,  Armory 

Frankfort,  Germany.  Train-Shed. . . 
69th  Reg.  Drill-HaU,  New  York  . . 
Sth  Res.  Armc»y.  Baltimore.  Md.. 

47th  Reg.  Armory,  Brooklyn,  N.  Y. 
Coliseum,  Chicago  (old) 

34  ft      4  in 
46  ft      8  in 

74th  Reg.  Armory,  Buffalo,  N.  Y. . 

Coal-Shed.  Wende,  N.  J 

Jersey  City  Train-Shed 

23  ft    10^4  in 
14^  and  43V^  ft 

Philadelphia  Tr»in-Shed 

Broad  Street  Station.  Phila 

Manufactures    and    Liberal   Arts 
Bldg.,  Chicago  Exp 

*  Center  to  center  of  end.«upports.  f  Dimensions  in  inches. 

t  To  lower  chord.         N.  Engineering  News.         R.  Engineering  Reooid. 
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Fif.7lA.    DetaHatil,  Fig.  71. 


Truisas  lor  DriU-Han*  i3<li  Rei^ont  Mxmorf,  Seruiton,  Pa.  Engi- 
leering  Recoid,  August  24,  1901.  These  roof-trusses  are  about  5  ft  deep  and 
ire  spaced  about  12  ft  on  centers.  The  tnissspan  is  156  ft*  over  all,  with  a  rise 
>f  47  ft  in  the  dear.  The  ends  rest  on 
lat  plates  and  are  connected  by  a  tie 
ronsisting  61  two  i%-in  round  rods. 
Freedom  of  motion  is  provided  at  one 
snd  by  slotting  the  holes  for  the  anchor- 
bolts. 

Tmssea  for  Armory  Drlll-Hall, 
Providence,  R.  L  Engineering 
Record,  April  13,  1907.  The  type  of 
roof-truss  used  in  this  building  is  com- 
monly called  a  thr£E-hingeo  akch, 
there  being  a  pin  at  each  support  and 
one  at  the  crown;  but  the  two  end-pins 
are  connected  by  a  tie  and  one  end-shoe 
is  provided  with  rollers  and  hence  the 
structure  is  a  simple  tbuss  composed  of  three  members,  two  of  which  are 
trusses  in  themselves.  The  truss-span  is  166  ft  8  in  and  the  rise  about  61  ft. 
The  trusses  are  riveted  and  spaced  about  26  ft  i  in  on  centers. 

Tmases  for  the  Pennsylvania  Railway  Train-Shed,  Pittaburgh,  Pa. 
Engineering  Record,  August  23,  1902.  The  trusses  have  three  hinges  and  a 
TIE  and  a  roller-beaking  at  one  end.  The  truss-span  is  255  ft  %  in  between 
end-pin  centers,  the  rise  93  ft  between  pin-centers  and  the  depth  at  the  center 
7  ft.  The  trusses  are  riveted  and  stand  in  pairs  9  ft  on  centers  and  the  pairs 
are  spaced  49  ft  6  in  on  centers. 

The  Three-hinged  Arch  as  employed  for  supporting  the  roofs  over  large 
rooms,  train-sheds,  drill-halls,,  etc.,  is  composed  of  two  curved  trusses,  usually 
of  the  same  form  and  dimensions,  resting  upon  pins  at  the  supports  and  con- 
nected by  a  PIN  over  the  middle  of  the  span.    The  supports  are  asstmied  to  be 
FIXED  in  position  and  are  often  connected  by  a  tie  to  insure  stability  and  take 
up  the  horizontal  thrust  of  the  arch.    While  a  metal  tie  between  masonry  sup- 
ports does  not  make  these  supports  fixed  in  position  under  all  or  any  conditions 
of  loading,  yet  for  all  practical  purposes  they  may  be  so  considered;  and  these 
THREE-HINGED  STRUCTURES  which  have  ties,  provided  there  is  no  arrangement 
for  horizontal  end-movement  due  to  roller-bearings,  etc.,  may  be  classified  with 
those  whose  supports  must  resist  all  horizontal  as  well  as  all  vertical  forces. 
The  bottom  pins  are  usually  placed  below  the  floor-level  so  that  the  tie-rods, 
when  used,  may  be  concealed  by  the  floor  or  even  made  a  part  of  its  framing. 
Under  certain  conditions  the  arches  can  be  so  designed  that  the  horizontal  thrust 
will  be  quite  small  and  the  supports  designed  without  the  use  of  the  horizontal 
tie.    The  special  advantages  of  the  trree-hinced  arch  for  the  class  of  build- 
ings above  mentioned  are  economy  and  a  maximum  amount  of  clear  space 
beneath  the  truss.    Much  of  the  economy  results  from  the  omission  of  support- 
ing columns.    The  base  of  the  arch  being  very  near  the  ground-level,  it  is  also 
well  designed  to  resist  wind-pressure.    Another  advantage  of  this  type  is  the 
free  movement  allowed  under  temperature-changes  without  causing  additional 
stresses  in  the  members  of  the  structure,  the  middle  part  rising  or  falling  freely 
with  a  slight  rotation  of  the  half-trusses  about  the  pivots.    In  the  case  of  the 
arches  of  the  buildings  of  the  Paris  Exposition,  it  was  estimated  that  a  range  of 
temperature  of  100^  F.  would  produce  a  change  in  level  of  7%  in  at  the  center 
pivot.    The  arched  ribs  are  usually  built  of  plates,  angles,  or  ^*"«^»,  with 
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riveted  ooanectbns  aad  frequently  with  a  lolid-pUte  web  at  the  bottom.  Ti- 
determimng  of  the  stiesses  and  detailing  of  the  members  and  joints  requirv  il- 
services  of  a  competent  structural  engineer;  but  the  illustrations  siven  «-. 
enable  the  architect  to  dedde  on  the  general  shape  of  the  trusses  for  the  purpcw 
of  making  preliminary  drawings  and  the  computations  and  detail  drawioss  ai 
be  made  later. 


m'o'^ 


Fig.  72.    Half  Truss.    Throe-hinged  Arch.    Manufactures  and  Ubecal  Arts  BuOdiiig, 

Chicago  Expositioa 

Trusses  for  Railway  Station,  Frankfort-on-the-Main,  Germany.    The 

first  suggestion  for  hinging  the  ribs  ax  the  crown  was  made  by  M.  Mantoo. 
a  French  engineer.  The  writer  believes  that  the  first  application  of  this  principle 
to  roof-trusses,  at  least  on  a  large  scale,  was  made  in  the  train-sheds  of  the  Unioa 
Railway  Station  completed  in  the  year  i8SS  at  Fraokfort-on-the-Main,  Germany. 
These  trusses  have  a  span  of  about  184  ft.  Engineering  Reoord  of  September 
12,  1891,  and  March  5,  1892. 

Tniaaea  for  Machinery  Hall,  Paris  Exposition.    The  large  roof  of  the 
Machinery  Hall  of  the  Paris  Expositioa  of  1899  was  supported  by  trusses  ot 
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this  type,  the  span  being  j68  ft  and  eicecding  anything  hilberto  attempted  id 
roof-tnisses.  Since  then  trusKS  of  tliis  liiad  have  been  frequently  used  for 
roofing  Large  eibibition -balls,  train-sheds,  annories,  and  similar  buildings. 

TruMe>  tor  HaDoJacturei  uid  Liberal  Aita  Building,  Chicago  Eipad- 
tion.  Fig.  72  shows  the  half-lniss  of  one  of  the  thkef.-uinced  akchEs  sup- 
porting the  roof  of  the  Manufactures  and  Liberal  Arts  Building  ol  the  Chicago 
£.xpoutioQ.    Engineering  News,  September  i.  iSgi. 

TmiMB  for  Drill-Hal],  BrooUrn,  H-T.  Fig.  73,  in  a  smilar  manner, 
shows  the  balf-tnua  of  one  of  the  tHREE^iHOED  akches  over  the  drill-hall  ot 


fl|.  73.    Halt  Truu,  Three-hinged  Arch.  DriU-hal],BR»Uyn.N.¥. 

the  47lb  Regiment  Armory,  Brooklyn.  N.  Y.  Engineering  Record.  December 
>.'•  1^99-  A  description  of  the  arch  shown  in  Fig.  74  is  given  in  the  Engineering 
Record  of  November  19  and  December  14,  189a.  The  horiiontal  thrust  due  to 
the  dead  load  is  small. 

Two-bloged  Areboi.  When  there  are  only  two  pins,  usually  at  the  sup- 
porti.  the  trusses  become  twd-uingeo  ARCHES.  As  in  the  case  of  three-hinged 
■rdiet,  there  may  be  a  tie  or  Che  supports  may  be  entirely  depended  upon  to 
resist  the  boriionCal  thrust, 

Tmiaea  for  Lire-Stock  PariUoD,  CUcaio,  til.  In  ilie  Engineering  News 
of  June  iS,  1906,  there  is  ■  description  ol  the  tivo-binged  akches  supporting 
the  roof  of  this  building.  The  arch  span  is  198  ft,  the  rise  S4  ft  and  the  trusg- 
spadng  »a  (t.     Each  truss  has  a  tie  consisting  of  one  iMs-in  round  rod. 

TmMea  for  RiUway  Station,  Colagoe.  Qermin;.  This  station,  owned 
by  the  IMissian  Railways,  has  two-hinged  arches  supporting  the  roof  of  the 
train-shed.  The  arch-span  is  109  ft  6  in  and  the  rise  79  ft.  There  is  a  brief 
mention  of  it  in  the  Engineering  News,  October  6,  1893.    A  number  of  roofs 
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FiflE.  74.    Three-hinged  Arch.  Blachinery  Hail,  Chicago  Expoutloo 


Fig.  75.    Two-hinged  Aich,  RTpoiition  Hallt  Piarideiice.  R.  L 
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JoresappoitedbystractuRSsiimlartothatahowiimFig.TS.  While  such  a  frune 
is  not  Btiic^y  a  two*]iinoed  aiich,  owing  to  the  bck  of  freedom  at  the  supports, 
it  may,  however,  for  all  practical  purposes^  be  so  consdeied. 

Table  V.    List  of  Buildiaca  with  Tmasee  of  the  Two-Hhiged-Arch  Type 


Name 

Spaa 

Spadag 

ATtoxjtTfm  Pawtocketa  Ra  !•. •...••• 

ft 
Sa 

93 

96 

100 
104 
zi8 

ISO 

zaa 

176 
196 

ft 

34 

as 

34 

34 

2S 

345 

33  to  as 

30 

345 

as 

Armory,  Portland.  Mea 

Phoenix  Hall.  Brockton.  Mass. 

Palace  Rink.  Hartford,  Conn 

ExDOBitton  Hall.  Providence,  R.  I 

Armorv.  Clevdand.  Ohio 

Armory.  Boston,  lliass 

Armory,  aad  Reg..  New  York  City 

Armory.  Brooklyn.  N.  Y 

These  structures  are  described  in  Building  Construction  and  Superintendence,  Part 
III,  by  F.  £.  Kidder  and  are  similar  to  the  type  shown  in  Fig.  76. 

Fixed  Arcfcet,  or  arches  without  hinges,  are  seldom  employed  in  buildings. 
In  a  number  of  examples  cited  above  the  structures  have  the  appearance  of  being 
fixed  at  the  ends,  but  a  closer  inspection  indicates  that  they  are  not  sufficiently 
anchored  to  wairant  their  being  chissed  as  fixed  axchss. 


ff.  Cantileyer  Trasses 

Oenenl  Principles.    A  cantilever  beam  or  cantilever  truss  is  that 
portion  of  a  larger  beam  or  truss  which  extends  beyond  one  of  the  supports,  as 
B  in  Figs.  70  to  79  and  A  in  Fig.  80.    The  overhanging  portion  B  is  called  the 
CANTILEVER-ARH  and  the  portion  C  the  anchor-span.    The  cantilever-arm  may 
support  at  its  end  another  beam  or  truss.    The  term  cantilever  was  originally 
used  to  designate  a  projecting  beam  which  served  as  a  bracket;  in  engineering 
it  is  used  to  denote  a  beam  or  girder  fixed  at  one  end,  by  being  either  built  into 
a  wall,  or,  as  is  more  commonly  the  case,  extended  a  sufficient  distance  beyond 
its  support  to  form  an  anchorage.    Thus  in  Fig.  76,  which  shows  a  beam  resting 
on  two  supports,  B  is  the  cantilever  or  cantilever-arm  and  C  the  anchor-q>an  or 
anchorage.    It  is  obvious  that  if  this  entire  beam  were  uniformly  loaded  the 
support  P  would  cany  the  greater  part  of  the  total  load;  and  also,  that  an 
additional  load  W,  at  the  end  of  the  cantilever,  might  cause  a  negative  reaction 
or  upward  puQ  at  the  support  D,  in  which  case  the  reaction  at  P  would  exceed 
the  load  on  the  beam,  unless  the  negative  reaction  at  D  is  considered  as  an 
additional  ioad.    Although  both  conditions  of  loading  occur  in  practice,  the 
cantilever  end  of  the  truss  usually  requires  an  anchorage  rather  than  a  support 
at  the  inner  end.    As  applied  to  roof-construction  some  such  arrangement  as 
is  shown  in  Fig.  77  is  generaUy  required  to  make  this  method  of  support  prac- 
ticable; that  is,  a  wide  middle  span,  with  shorter  spans  or  aisles  on  each  side  of 
it.   Each  cantilever-arm  is  usually  made  from  %  to  %  the  middle  span  and  a 
simple  MiDDLB  TRUSS,  represented  by  5,  supported  by  the  arms  of  the  canti- 
levers, is  used  to  support  the  rest  of  the  roof.    In  all  sudi  cases,  therefore,  can- 
tilever trusses  must  be  used  in  pairs,  one  on  each  side  of  the  building;  and  there 
must  be  room  or  passages  outside  oif  the  prindpal  span  to  permit  the  use  of  the 
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Chap.  26 


outer  or  andior-^pans.    This  unngement  is  generally  found  in 
armories,  exhibition-balls  and  "miiar  buildings^  and  is  swnetimes  cm 
adapted  also  to  other  clasMs  of  structures.    Of  course*  in  a  large  buiUias  a 
consisting  of  a  single  member  such  as  is  shown  in  Fig.  77  could  not  be 


tk 


^ 


fig.  77 


Fig.  79 
Figs.  76  to  80. 


Tig.  80 
Cantileven  and  Cantilever  Trusses 


but  the  principle  of  construction  is  the  same  whether  the  cantilever  b  a  sin^^ 
member  or  a  large  truss.  Fig.  78  is  the  diagram  of  a  truss  which  takes  the  place 
of  the  beam  CB  in  Fig.  77,  the  single  lines  representing  the  tension-members 
and  the  double  lines  the  compression-members.  Fig.  81  shows  the  complete 
arrangement  of  two  of  these  trusses  with  the  accompanying  middle  truss^  for  aa 


Fig.  81.    Suggestion  for  Wooden  Cantilever  Truia 

entire  roof.  The  truss-principle  shown  in  these  figures  may  be  developed  to 
almost  any  extent.  The  lower  chord  may  be  curved,  but  the  general  oatUne 
of  the  truss  is  best  adapted  to  those  roofs  in  which  a  wide  middle  part  is  to 
be  supported  by  cantilevers.  For  bridge-trusses  or  floors  the  form  shown  in 
Fig.  79  may  be  used;  while  for  shed  and  platform-roofs,  open  on  one  sidet  trusses 
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of  the  form  shown  in  Fig.  80  are  about  the  only  ones  practicable.  In  this  latter 
t.Tuss  the  proportions  of  the  arms  are  such  that  only  a  slight  support  is  required 
a.t  W,  and  a  consequent  compressive  stress  developed  in  the  lower  portion  of  the 
rafter. 

AdTantages  and  Disadvantages  of  the  Cantilever  Truss.    The  cantilever 
-truss  possesses  some  special  advantages.    The  clear  height  in  the  middle  is  greater 
t.han  can  be  obtained  with  any  other  t3rpe  excepting  the  three-hinged  arch;  its 
appearance  is  light  and  graceful,  and  there  is  no  horizontal  thrust  and  conse- 
Quently  no  necessity  for  tie-rods.    The  particular  advantage  of  this  truss  for  very 
great  spans  is  that  it  can  be  erected  without  scafifdding  under  the  middle  part, 
and  in  bridge-work  this  is  considered  as  its  only  advantage.    It  is  claimed  by 
some  prominent  engineers  that  the  CANTiixvxa  type  or  truss  b  not  an  economi- 
cal one  and  not  as  desirable  for  spans  of  150  ft  or  more  as  the  ihxee-himged 
ARCH.    It  does  not  as  readily  lend  itself  to  methods  of  allowing  for  expansion 
and  contraction  as  the  three-hinged  arch,  the  bowstring  truss,  or  the  quad- 
KANGUIAR  TRUSS.    For  Certain  classes  of  buildings,  however,  and  especially 
where  the  middle  span  does  not  exceed  150  ft,  it  can  perhaps  be  used  with 
better  architectural  effect  than  is  possible  with  other  types,  the  cost  remaining 
about  the  same.    For  roofing  platforms,  grand-stands,  etc.,  where  an  outer 
support  is  not  desired,  it  is  the  only  type  available. 

Truss  for  Grand-Stand,  Monmouth  Park,  If.  J.    Fig.  82  is  a  diagram  of 
one  of  the  cantilever  trusses  supporting  the  roof  of  the  grand-stand  at  this 


Fig.  82.    Cantilever  Truss,  Grand-stand,  Monmouth  Park,  N.  J. 

radng-track,  the  details  of  which  were  published  in  Architecture  and  Building, 
in  February,  1890.  This  is  an  instance  in  which  the  cantilever  was  the  only 
Xypt  of  truss  that  could  be  used  and  the  form  adopted  is  both  simple  and  economic 
od.  As  will  be  seen  from  the  drawing,  the  main  supporting  column  extends  to 
the  top  of  the  truss,  as  is  usually  the  case  with  cantilever  trusses,  and  the  truss 
is  riveted  to  each  side  of  it.  The  upper  and  lower  chords  are  made  of  two  angles 
and  a  web-plate.  The  bracing  consists  of  angle-bars  used  in  pairs  and  varying 
from  3  by  2  by  Vi  in  to  3  by  3  by  'Ho  in,  the  whole  frame  being  connected  by 
rivets. 

Trusses  for  the  Fore  River  Ship-building  Shed,  Quincy,  Mass.    In 

the  Engineering  Record,  July  26,  1902,  there  is  a  description  of  the  roof  of  this 
building,  in  which  the  cantilsver  trusses  have  an  overhang  of  60  ft. 

Roof-Trusses  for  Grand-Stand,  Smpire  City  Trotting  Association, 
Yonkers,  N.  T.  These  trusses  have  canth^ver-arms  at  each  end,  25  ft  6  in 
on  one  end  and  15  ft  6  in  on  the  other.  The  intermediate  truss  has  a  span  of 
50  ft.  This  structure  is  described  in  the  Engineering  Record,  February  10^ 
1900.  Other  examples  of  cantilever  roofs  are  given  in  Building  Construction 
and  Superintendence,  Part  III,  by  F.  £.  Kidder. 
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CHAPTER  XXVII 

STRESSES  IN  EOOF-TRUSSES 

By 
MALVERD  A.  HOWE 

nOFKSSOS  EMBUTUS  OV  CIVIL  EliOIMBEXIllQ,  SOSB  POLTTBCHNIC  IHSTTTUTE 

h  Roof-Loftds.    Data»  Weights,  Matezisls,  Methods 

Data  for  Roof-Trusses.  Before  the  stresses  in  a  roof-truss  can  be  deter- 
mined it  is  necessary  to  dedde  upon  the  character  of  the  roof-coveriiig,  the 
method  of  supporting  it  between  the  trusses,  the  geometrical  shape  and  span 
of  the  trusses  and  the  spacing  of  the  trusses. 

Roofing  Materials  for  Pitched  Roofs.  The  materials  suitable  for  covering 
pitched  roofs  are  slate,  burnt-day  tiles,  metal  tiles  or  shingks,  wooden  shingles, 
corrugated  iron,  tin  with  standing  seams,  standing«seam  steel  roofing  and 
various  kinds  of  ready  roofing.  The  least  slope  to  which  these  materials  ma}- 
be  laid  without  danger  of  leaks,  the  weight  per  square  foot  of  roof  and  the  com- 
parative cost  are  indicated  in  Table  I.  The  cost,  however,  can  only  be  coosiden^i 
as  approximate,  as  it  varies  for  different  materials,  localities  and  the  scales  d 
wages. 

Table  L    Covering  Materials  for  Pitched  Roofs 


Material 


Slates,  black 

Slates,  green 

Slates,  red 

Burnt-clay  tiles,  interiocking  pattern 

Tin  shingles,  painted 

Galvanized-iron  tile,  painted 

Cedar  shingles,  stained  or  painted . . . 

Corrugated  iron,  painted 

Staading'Seam  steel  roofing,  painted. 
Ready  roofing 


Least  rise 

Comparative 

of  rafter 

cost  per 

inula 

square 

8 

$7.00  to  1X2.00 

8 

7-00  to    zo.oo 

8 

la.ooto   17.00 

7 

15-00 to   25.00 

6 

8.00  to     10. 3C 

6 

13.00  to   15  00 

6 

3.8oto     7.30 

3 

4.ooto     4.50 

2 

4-00  to    4.50 

I 

3.50  to     4.50 

Roofing  Materials  for  Flat  Roofs.  Flat  roofs  or  roofs  having  a  fall  of 
from  H  to  %  in  to  the  foot  are  usually  covered  with  tar  and  gravel,  asphalt, 
ready  roofing,  or  tin  with  lock-and-solder  joints.  A  good  tin  roof  costs  about 
$S.oo  a  square,  not  including  the  painting.  The  other  kinds  vary  from  $3.50 
to  $4.50  a  square. 

Manner  of  Supporting  the  Roof  from  the  Trasses.  Wooden  roofs,  sup- 
ported by  wooden  trusses,  require  common  or  jack-rafters  to  support  the  sheath* 
ing  or  slate,  and  generally  purlins  to  support  the  rafters,  althoxigh  in  some  cases  it 
may  be  more  economical  to  span  the  rafters  from  truss  to  truss  (Fig.  17,  Chapter 
XXVI).  When  slates  or  burnt-clay  tiles  are  used  on  steel  roofs,  they  are  usually 
secured  to  steel  angles,  running  parallel  with  the  walls  and  spaced  from  S  to 
loV^  in  apart,  as  may  be  necessary  to  accommodate  the  size  of  the  slates  or 
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lies.  If  the  spftn  is  not  more  thsn  6  or  7  ft,  the  angles  may  be  fastened  to  the 
rus»-raf  teis.  As  a  rule,  however,  when  slates  or  tiles  are  to  be  used,  it  is  cheaper 
o  space  the  trusses  from  z6  to  20  ft  apart,  and  to  use  purlins  and  jack-rafters  to 
upport  the  smaller  angles.  Quite  often,  wooden  rafters  and  ■^estHng  are 
ised  with  steel  trusses.  This  is  more  eoonomical,  but  of  course  increases  the 
ire-risk.  Unprotected  steel  is  little  if  any  better  than  wood.  If  corrugated 
ron  is  to  be  used  for  roofing,  the  most  economical  construction  for  steel  roofs  is 
o  space  the  trusses  from  16  to  20  ft  apart,  and  to  use  light  I  beams  for  purlins, 
paced  about  4%  ft  on  centers,  as  in  Fig.  62,  Chapter  XXVI,  the  corrugated 
ron  being  secured  to  the  purlins  by  straps.  If  warm  air  comes  in  contact  with 
Jie  imderside  of  a  corrugated  roof,  either  the  roofing  should  be  laid  on  boards, 
>r  some  kind  of  anticondensation  lining  should  be  provided,  as  otherwise  the 
noisture  in  the  air  will  condense  and  fall  on  the  floor  or  objects  below.  Flat 
roofs  always  require  rafters  and  sheathing,  or  fire^proof  filling  between  the 
rafters. 

Spacing  of  Trusses.  From  the  above  it  is  seen  that  the  economical  spacing 
>f  the  trusses  depends  to  a  great  extent  upon  the  kind  of  roofing  that  is  used, 
uid  also  upon  the  span.  As  a  general  rule,  however,  the  most  economical 
spacing  is  about  as  follows: 

For  WOODEN  raussES  under  8o>ft  span,  from  12  to  z6  ft  on  centers. 

For  WOODEN  TRUSSES  over  So^ft  span,  from  16  to  24  ft  on  centers. 

For  STEEL  TRUSSES  tmder  8o-ft  span,  from  16  to  20  ft  on  centers. 

For  STEEL  TKUSSEs  over  80-ft  span,  from  20  to  40  ft  on  centers. 

The  SPACING  of  a  number  of  steel  trusses  of  wide  span  is  given  in  Chap- 
ter XXVI.  When  the  distance  between  the  trusses  exceeds  16  ft  for  wooden 
roofs  or  20  ft  for  sted  roofs,  it  is  generally  necessary  to  use  trussed  purlins. 
Having  dedded  upon  the  kind  of  truss  to  be  used,  the  spacing  of  the  trusses  and 
the  roof-construction,  a  section-drawing  of  the  roof  should  be  made,  showing 
an  elevation  of  the  truss,  the  points  at  which  the  purlins  are  to  be  supported, 
the  manner  of  supporting  the  ceiling,  if  there  is  one,  and  any  other  loads  that 
are  to  be  supported  by  the  trusses.  The  section  and  truss-drawing,  with  the 
tables  of  the  weights  of  roofing-materials,  will  furnish  the  necessary  data  for 
computing  the  k>ads  at  each  joint.  Until  the  stresses  have  been  determined, 
the  sizes  of  the  members  computed,  and  the  joints  detailed,  an  exact  drawing 
of  the  truss  cannot,  of  course,  be  made;  but  in  order  to  compute  the  loads  and 
stresses,  it  is  necessary  to  know  the  positions  of  the  joints,  and  these  can  be 
indicated  with  sufficient  accuracy  before  the  exact  sizes  of  the  members  are 
determined.  Chapter  XXVI  gives  sufficient  information  regarding  the  various 
types  of  trusses  to  enable  one  to  dedde  upon  the  height  and  the  number  and 
arrangement  of  the  struts  and  ties;  and  the  sizes  of  the  members  can  be  approx- 
imated for  the  preliminary  drawings. 

Roof  and  Ceiling-Area  Supported  at  Any  Joint.  Calculations  for  the 
stresses  in  a  truss  are  always  based  on  the  assumption  that  the  loads  are  trans- 
ferred to  the  joints,  and  that  the  members  are  free  to  move  at  the  joints  as  if 
hinged,  although  the  actual  joints  may  be  made  with  riveted  or  other  cormec- 
tions.  The  loads  at  the  joints  are,  of  course,  equal  to  the  reactions  of  the  pur- 
lins, or  of  the  tie-beams  or  principals,  if  these  receive  the  ceiling-joists  or  rafters. 
VMien  the  load  on  the  roof  or  ceiling  is  uniformly  distributed,  as  is  usually  the 
case,  the  simplest  method  of  computing  the  joint-loads  is  to  determine  the  roof 
or  ceiling-area  contributory  to  the  joint,  and  to  multiply  this  area  by  the  weight  or 
load  per  square  foot.  The  area  contributory  to  any  joint  is  equal  to  the  product 
of  the  distance  measured  half-way  to  the  next  joint,  on  each  side,  by  the  dis- 
tance measured  half-way  to  the  next  truss  or  wall,  on  each  side.    Thus  if  Fig.  1 
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xepresents  tnus  x,  of  Fig.  2,  the  coof-creA  oontributoiy  to  joixit  2  is^  in  square  iesi 

X  «•    For  truss  2,  the  area  supported  by  the  same  joint  is  >  i 


or,  if  we  let  Z>  represent  the  length  in  feet  of  roof  or  ceiiing  supported  at  od 
joint,  the  area  in  square  feet  supported  by  joint  iIb  aXD,  and  the  axea  s^- 


I 


— ^ — J — 4^ — 4 


j^ e- -t dr "i 

Baften  and  OsUiag  Jolsti  S  z  S 
M'oo  oentera 
Fig.  1.    King-rod  Truss 


ported  by  joint  3  is  abxD.  In  the  same  way.  the  cdling-area  supported  it 
joint  6  iscxD,  the  arrow-heads  being  half-way  between  the  joints.  It  raa'^r: 
no  material  difference  in  the  joint-loads  whether  the  common  rafters  are  5u;» 
ported  on  purlins  or  whether  they  rest  on  the  top  chord  of  the  truss,  pro\'i«~ii: : 

the  purlins  come  at  or  close  to  the  ji^ir/.- 
and   the   load  is  uniformly  distributer: 
Thus  the  width  of  the  ceiling  contrib- 
utory to  joint  7  (Fig.  3)  is  equal  to  t. 
just  the  same  as  in  Fig.  1.    The  arraiur- 
mcnt   in   Fig.  1  produces  cross-bendiiv 
stresses  in  the  tie-beam,  while  that  in 
Fig.  3  does  not.    When  the  trusses  are 
spaced  a  uniform  distance  apart,  D,  Fij:. 
2,   is,   of  course,   equal  to  the  di^tance 
between   centers  of  trusses.    When   the 
trusses  are  not  spaced  imiformly,   D  Is 
equal  to  one-half  the  distance  from  the 
center  of  the  truss  on  the  left  to  the 
center  of  the  truss  on  the  right.    \\T>€n  1 
purlin  is  more  than  12  in  from  a  joint.  <ir 
the  roof-area  is  not  symmetrical,  as  is 
often  the  case  at  hips  and  valleys,  the 
joint-load  is  determined  by  the  {Mindple 
of  the  REACTION  OF  BEAMS,  as  exf^aincd  in 
Chapter  IX.    Examples  showing  the  computation  of  joint-loads  are  given  a 
little  farther  on. 

Roof-Load  per  Square  Foot.  By  the  term  rcx)p-load  is  meant  the  weight  of 
the  materials  composing  the  roof,  trusses  and  purlins,  an  ample  allowance  for 


Fig.2.    PlanofWaUandTruucs 
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w  and'  also  an  allowance,  for  wind-preaiuce.  The  weight  of  the  niaterials 
:alled  the  dead  load.  Snow  is  generally  considered^ a  uve  load,  acting 
tically.  The  pressure  due  to  the  wind  is  always  assumed  to  act  normal  to, 
It  right-angles  to,  the  surface  of  the  roof;  but  for  trusses  of  less  than  loo-ft 


ic'o.o. 


FTg.  3.    Queen  Truv.    (See.  aho.  Figs.  12,  53  and  54  and  Chapter  XXVm.  Fig.  1) 

pan  it  is  usuaUy  combined  with  the  dead  load  and  snow-load  and  treated 
A  one  vertical  load.  This  does  not  apply  to  the  Fink  and  fan  types.  (See 
nge  X109.) 

Data  lor  Compiitiiig  Daad  Loads.    The  dead  load  of  any  roof  may  be 
stimated  with  sufficient  accuracy  from  the  following  data: 

Table  n.    Weights  per  Square  Foot  ef  Roof-Surface 


Shingles,  common,  a%  lb;  x8  in,  3  lb 

Slates.  He  in  thick.  7^  lb;  )4  ia  thick,  9.6  lb  (the  common  thickness  is  9ia  in  for 

sizes  up  to  10  by  20  in) 
Plain  tiles  or  clay  shingles,  it  to  14  lb 

Roman  tiles,  old  style,  two  parts,  xa  lb;  new  style,  one  part,  8  lb 
Spanish  tiles,  old  style,  two  parts,  19  lb;  new  style,  one  part,  8  lb 
Improved  Oriental  tiles,  11  lb 
Ludowici  tiles,  8  lb 

For  tiles  laid  in  mortar  add  xo  lb  per  sq  ft 
Copper  roofing,  sheets.  iH  lb;  tiles,  iH  lb 
Tin  roofing,  sheets  or  shingles,  including  one  thickness  of  felt,  x  lb 
Corrugated  iron,  painted  or  galvanized.  No.  a6.  i  lb;  No.  34t  x.3  lb;  No.  aa,  1.6  lb; 

No.  20, 1.9  lb;  No.  x8.  2.6  lb;  and  No.  x6, 3.3  lb 
Standing^eam  steel  roofing,  I  lb 
Five-ply  felt  and  gravel  roof,  6  lb 
Pour-ply  felt  and  gravel  roof,  5^^  lb 

Three-ply  ready  roofing  (elaterite.  ruberoid.  asphalt,  etc.) .  from  0.6  to  x  lb 
Skylights  with  galvanised-iron  frame,  H-in  glass,  4V«  lb;   'Ks-in,  s  lb;  %4n,  6  lb' 
Sheathing,  i  in  thick,  3  lb  per  sq  ft  for  white  pine,  spruce,  or  hemlock;  4  lb  for  yel- 
low or  pitch  pine 


1050 


Stieases  in  Itoof-Ttuaaes 


TIftbto  HL    Weights  of  Raftafs  par  Square  Foot  af 


Siseo! 

rafter  ia 

inches 

• 

Spnioe,  hemlock,  white  pine. 

Spacing  ia  inches,  center 

to  center 

Hard  pine.    Spacing  in  aache. 
center  to  center 

i6 

ao 

34 

x6 

ao 

24 

ax  4 
ax  6 
ax  7 
aX  8 
aXio 

lb 

aV4 
a% 
3 

lb 
I. a 
Z.8 
a. I 
a.4 
3 

lb 

1 

!<»& 

a 
a^ 

lb 

a 

3 

3H 

4 
S 

lb 
1.6 

a.4 
a.8 
3.a 

4 

lb 

a 

2^ 

Wooden  purlins  weigh  about  a  lb  per  sq  ft  of  roof  •surface  when  the  span 
53  and  i6  ft. 

For  steel  roofs  the  siaes  and  weights  of  the  purlins  and  rafters  should  be 
each  particular  case. 


Weight  of  TruM.  To  the  weight  of  the  roof-construction  proper  shcu^. 
be  added  an  allowance  for  the  weight  of  the  truss.  If  trusses  could  be  bd^ 
in  exact  accordance  with  the  theoretical  requirements  their  weight  would  be 
directly  proportional  to  the  roof-load  and  span;  but  as  there  is  alway-s  star 
extra  material,  it  is  impossible  to  determine  the  weight  of  the  truss  ezactfy  uo: 
it  is  completely  designed.  Several  tables  for  the  weights  of  wooden  truiise 
and  formulas  for  steel  trusses  have  been  published,  but  hardly  any  two  of  thtc 
are  alike.    The  following  are  some  of  the  formulas  in  use: 


W  —  0.04  L  +  0.000167  L* 
W  "  0.50  +  0.075L 


For  Wooden  Traaaea 

(  N.  C.  Ricker,  for  tnisses  like 
I     and  5,  Chapter  XXVI. 
H.  S.  Jacoby. 


For  Steel  Trassea 


W^  0.75  +  0.075  ^  Manafield  Merrimaa  and  Jacoby. 

IT  —  0.6  -f  0.06  L,  for  heavy  loads  I  r*  t^  t?     i      /     "ci.^ 

nr  r  t     V  u/i    A       f  C.  E.  Fowler,  for  Fmk  trusses. 

ly  —  0.4  +  0.04  L,  for  ught  loads     J  '  ^^ 

{M.  S.  Ketchum,  for  steel  miO-buiki- 
ing  trusses. 
H.  G.TyrrelL 


ir  —  0.4  +  0.04  L,  lo! 


In  the  above  formulas,  W  •■  weight  of  truss  in  pounds  per  square  foot  of  hori- 
zontal projection  of  the  roof  supported,  L  i*  span  in  feet,  A  •-  distance  between 
trusses,  and  P  »  capacity  of  truss  in  pounds  per  square  foot  of  horixontal  pro- 
jection. 

Tables  IV  and  V,  compiled  from  a  comparison  of  other  tables  and  formulas, 
and  from  the  weights  of  actual  trusses,  are  su£EidentIy  accurate  for  the  purpose 
of  determining  stresses.  The  weights  given  are  probably  slightly  in  excess  of 
the  actual  weights  of  average  trusses,  as  it  is  preferable  to  have  the  error,  if  aay, 
on  the  safe  side.  It  should  be  noted  that  the  weights  are  for  each  square  foot 
of  roof-surface,  and  not  for  the  horizontal  area.  Table  VI  gives  the  actual 
Weights  of  a  number  of  large  steel  roofs. 
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TaU«  IT.    Wtjfhti  d  Woo4«a  TldUMS  pm  Stvara  Foot  of  Roof-8ttiface* 


Span 


ft 

Up  to  36. 

36  to  50 

50  to  60 

60  to  70 
70  to  80 
Soto  90 

90  to  ICO 

100  to  xxo 
no  to  120 


V^  pitch 


lb 
3 

aU 

3Va 
3^4 
4% 
5 

5"^ 
6^ 

7 


H  pitch 


lb 

3Vi 

3% 

4 

4% 

5 

6 

6V1 

7^ 

8^ 


^  pitch 


lb 

3% 

4 

4% 

4% 

6V^ 

7 
8 

9 


put 


lb 

4 

4V4 

4% 

sV* 

6 

7 
8 

9 
xo 


Table  V.    Weights  U.  Steel  Thuset  per  Square  Foot  of  Roof-Soxface 


Spaa 


ft 
Up  to  40. 
40  to  50 
5Dto  60 
6oto  70 
TOto  80 
Soto  ICO 

100  to  I90 

xaotox40 


%  pitch 


lb 
5  25 
S  75 
6.75 
7.2s 
7.75 
8.5 
95 
xo.o 


%  pitch 


lb 

6.3 
6.6 
8.0 

8.5 

9.0 

10. o 

XI. o 

XX.6 


Vi,  pitch 


lb 
6.8 
7.2 
8.6 
9.2 

9  7 
10.8 

13. 0 
12.6 


Plat 


lb 
7.6 
8.0 
96 
10.2 
X0.8 

X2.0 
13.2 
14.0 


TaMo  VI.    Woifllits  and  Spad^ 


of  Soma  Steal  Boofa  of  Wide  Spaa.  Including 
Braoea,  bat  aot  Roof-Corecinc  or  Baftara 


Name  of  building 

Type  of 

tress 

Span 
ft 

Spacing, 

center  to 

center  of 

tresses, 

ft 

Weight 

persqft 

sloping 

surface. 

lb 

Weight 
of  one 
trass, 

tOBS 

Araory,  Pawtucket,  R.  I.. . 

Armory,  Portland,  Me 

Phoenix    Hall,    Brockton. 
Mass 

Pig.  7St 
<• 

«• 

«i 

•f 
•« 
•t 
t< 
II 
«i 

82 
92 

96 

ICO 

104 
iiS 
120 

123 
176 
196 

24 
35 

34 

24 

9S 

24V6 

23-25 

30 

24V2 

35 

8.7 
9.7 

8.6 

8.0 

XX. 8 
95 

«  •  ■  ■ 

12.4 

•  •  •  • 

•  0  J  • 

6.7 
9 

xo 
8.5 
XI. 5 

X3.S 

•  •   •   • 

21 

•  •    •  • 

•  •  •  • 

Armory,    Northampton, 
Mam 

pRlarr     Rink.     Hartford. 
Confl 

Ex.  Hall,  Providence,  R. I.. 
Clevelaad,  Ohio,  Armory. . 

Armory,  Boston.  Mass 

Armory,  22d  Regt.,  N.  Y.  . . 
Armory.  Brooklyn.  N.  Y.... 

*  For  scissoRt  trusses,  increase  one-third, 
t  Chapter  XXVI. 
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The  data  for  the  first  seven  buiUings  in  Table  VT  were  compiled  by  H  • 
Tyrrell,  who  states  that  all  of  the  seveo  rooU  were  proportioned  for  s- 'i 
and  plank  roofing  resting  on  wide  rafters  2  ft  apart,  supported  by  steel  pur&r  i 
about  10  ft  apart.  The  spans  given  are  measured  from  center  to.  center  of  >  .- 
bearings.  Stresses  were  computed  for  a  dead  load  of  2$  lb  per  sq  ft,  a  snow-kjt^i 
of  10  lb  per  sq  ft  of  sloping  surface,  and  a  horizontal  wind>load  of  40  lb  per  sq  ft  - 
a  28-lb-per-sq-ft  normal  pressure.  Data  for  computing  the  weights  of  floors  ^r . 
floor-loads  supported  by  trusses,  and  for  fire-proof  construction,  may  be  Ioudc  u 
Chapters  XXI  and  XXIII. 

Snow-I<oad8.  As  a  basis  for  making  an  allowance  for  snow.  Table  \TI  1^ 
perhaps  as  good  a  guide  as  any  that  can  be  given.  When  snow-guards  2jt 
placed  on  a  roof,  the  same  allowance  is  made  for  a  half-[Htch  as  for  a  one-thi^i 
pitch. 

Table  VII.    Allowance  for  Snow  In  Ponnds  per  Square  Foot  of  Roof-Saiface 


Location 


Southern  states  and  Pacific  slope 

Central  states 

Rocky  Mountain  states 

New  England  states 

Northwest  states 


Pitch  of  roof 


1 


H 


•  t 
o-  0 
o-  s 
c-10 

O-IO 
0-12 


¥i 


•      t 

o-  5 
7-10 

lo-is 

lO-IS 

12-18 


M 


*    t 

o-  S 
iS-ao 

20-25 
2C-2S 

25-30 


^i 


5 
» 

27 

35 
.37 


%  <»•  kssi 


5 

JO 

35 
40 
45 


Columns  headed  by  an  asterisk  (*)  are  for  slate,  tOe.  or  metal;   those  headed  b>  x 
dagger  (t)  are  for  shingles. 

Wind-Pressure.*  For  roofs  havhig  a  pitch  of  5  in  or  more  to  the  foot  aa 
allowance  must  be  made  for  wind-pressure.  For  trusses  of  the  Fink,  van,  king. 
or  QOBEN  TYpfis,  the  usual  practice  is  to  inchide  the  wmd-pressure  with  the 
vertical  loads,  and  to  make  a  single  allowance  for  both  wind  and  snow,  as  during 
a  gale  snow  is  not  likely  to  stay  on  a  steep  roof.  When  the  wind-pressure  is 
added  to  the  vertical  loads,  the  allowance  for  wind  and  snow  combined  shouM 
not  be  less  than  indicated  in  Table  VIII. 


Table  VIII.    Allowance  for  Wind  and  Snow  Combined  in  Pounds  per 

Square  Foot  of  Roof-Sorface 


Location 

Pitch  0!  roof 

fio* 

45' 

Vt 

Vi 

% 

H 

Northwest  states 

JO 

30 
30 
30 
30 

30 
30 
30 
30 
30 

25 
25 
25 

25 
25 

30 

25 

25 
25 
25 

37 
35 
27 
22 
22 

45 
40 
35 

30 

New  England  states 

Rocky  Mountain  states 

Central  states 

Southern  and  Pacific  states. . 

No  roof-truss  should  be  proportioned  for  a  total  load  of  less  than  40  lb  per  sq  ft 
of  roof-surface  except  flat  roofs  in  warm  climates.  For  trusses  having  spans 
exceeding  xoo  ft  (except  trusses  for  flat  roofs)  and  for  trusses  in  which  a  partul 

*  (See,  also.  Chapter  XXX,  page  1x99,  and  pages  1394  and  Z7X7-) 
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load  may  produce  maximum  stresses*  or  call  for  counterbeacxng,  as  Is  the  case 
in  QUADKiL4TEaAL  TRUSSES,  and  trusses  with  curved  chords,  the  stresses  for' all 
the  different  loadings  should  be  found  separately  and  each  member  of  the  truss 
proportioned  for  the  maximum  stress  to  which  it  may  be  subject  under  any 
possible  combination  of  loads.  For  determining  the  stresses  due  to  wind-pres- 
sure alone  the  force  of  the  wind  is  usually  assumed  to  act  in  a  direction  normal, 
that  iSy  at  right-angles,  to  the  slope  of  the  roof.  This  force  is  commonly  based  on 
a  horiaontal  wind,  producing  a  pressure  of  30  lb  against  a  vertical  surface.  This 
corresponds  to  a  wind-velodty  of  nearly  zoo  miles  per  hour.  According  to 
Marvin's  formula, 

P- 0.0032  V« 

where  P  -  the  pressure  in  lb  per  sq  ft  against  a  surface  normal  to  the  direction 
of  the  wind  and  V  -  the  velocity  in  miles  per  hour.  For  P  -  30  lb,  K  -  96.3 
miles.  The  normal  pressure  per  square  foot  of  roof-surface  corresponding  to 
pressures  of  20  and  30  lb  per  sq  ft  against  a  vertical  surface  is  given  in  Table  IX. 

Table  XL,    Wind-Loads  ia  Pooads  per  Square  Foot  of  Rool-Soifaca* 


Inclination  of  tocA 


5" 

lO* 

15* 

2i*'48'-%-iritch 
a6*  34'-U-pitch 

30* 

33*4i'-%-pitch 

40* 

IS*  o*-H  pitch. 
60*  and  above . . 


Normal  jyreasnre  P„, 

pounds  per  square  foot 

P-3olb 

P-2olb 

S.I 

35 

10. z 

6.8 

14.6 

9.6 

19. 8 

I3'Z 

22.4 

14-0 

24.0 

z6.o 

25. S 

17. 0 

26.7 

Z8.2 

28.3 

18.9 

30.0 

20.0 

The  values  in  Table  IX  are  based  on  Duchemin's  formula, 

«       _    2sin9 


i  +  sin>tf 


in  which  P  is  the  pressure  per  square  foot  on  a  vertical  surface,  Pn  the  normal 
component  of  pressure  and  9  the  angle  of  inclination  of  the  roof  with  the  hori- 
zontal. The  wind  not  only  produces  a  pressure  upon  the  windward  side  of  the 
roof  but  a  suction  upon  the  leeward  side;  therefore  all  roof-covering  should  be 
securely  fastened,  all  joints  in  the  trusses  so  constructed  that  they  will  resist 
tension  and  compression,  and  the  trusses  themselves  securely  anchored  to  the 
supports. 

Variations  in  Loading  for  which  Stresses  should  be  Found.  To  deter- 
mine the  maximum  stresses  under  any  possible  condition  of  loading,  stresses 
should  be  found  for  the  following  cases: 

(i)  Stresses  due  to  permanent  dead  loads, 

(2)  Snow  covering  only  one  side  of  roof, 

(3)  Snow  covering  entire  roof, 

(4)  Wind  on  side  of  truss  nearer  the  expansion-end, 

(5)  Wind  on  side  of  truss  nearer  the  fixed  end. 

*  (See,  also.  Chapter  XXX,  page  ii99>  and  pages  1394  and  17x7.) 
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It  is  generally  atiiimfH  that  the  mminwm  wiiid*pct8iure  and  the 
cannot  act  on  the  same  half  of  the  truai  at  the  same  time;  henoe  tJie 
uons  for  maiimum  stress  will  be  either  cases  i  and  3  or  cases  i,  2,  and  4  or  5 
If  the  trusses  are  supported  on  iron  folumns  instead  of  on  walb  the  wind-lor.'*- 
is  transferred  to  the  foundations  through  the  colomns,  producing  m  htacs^ 
moment  in  the  columns.  The  stresses  in  the  oolumns»  trusses  and  knee-brace* 
should  therefore  be  determined  for  the  wind-pressures  against  the  aide  of  the 
building  and  roof.  These  pressures  are  obtained  by  multiplying  the  area  <i 
the  vertical  surfaces  by  the  full  pressure  per  square  foot  and  the  area  ot  tht 
roof  by  the  normal  component,  given  in  Tabic  IX. 

ganaai  City  Auditoxium.  For  the  truasea  supporting  the  roof  of  the  Xa-*- 
sas  City  Auditorium  (Fig.  66,  Chapter  XXVI)  stresses  were  computed  for  tbr 
following  conditions:  First,  full  dead  and  live  load  on  both  galleries  and  i^ 
roof-garden,  and  wind-pressure  due  to  a  velocity  of  45  miles  an  hour;  secoQ^i 
full  dead  load,  snow-load,  and  gallery  live  load,  wind-pressure  10  lb  and  c> 
load  on  roof-garden  floor;  third,  full  dead  load  and  50  lb  wind-pressure;  fourtb. 
full  dead  load  and  wind-presnue  at  45  mtks  an  hour,  and  full  live  loads  oa 
gaUeiy  and  roof-garden  on  one  aide  only.  Snow-loada  throughout  were  ukcc 
at  one-third  of  the  dead  load.  Examples  showing  manner  of  combining  tbe 
stresses  due  to  di£ferent  conditions  of  loading  are  given  on  pages  i  x  14  and  z  1 23-^ 

2.  Ezamplet  of  the  Computation  of  Roof-Loada* 

King-Rod  Tmaa.  Bzample  i.  The  first  example  considers  the  roof  ani 
truss  shown  in  Fig.  1,  page  1043.  which  it  is  assumed  represents  truss  2  of  Fig.  2. 
It  is  assumed  that  the  timber  is  to  be  common  white  pine  and  that  the  root  i> 
to  be  covered  with  9i6-in  slate  of  medium  size  on  %-in  sheathing.  The  cciiiiu 
is  to  consist  of  lath  and  plaster.  The  dead  load  of  roof  and  truss  per  aquarv 
foot  of  roof-surface  is  made  up  as  follows: 

lb  per  sq  ft 

For  slate yV^ 

For  sheathing 3 

For  rafters 3 

For  purlins t 

For  truss 3 

Total 18U 

For  wind  and  snow^load  combined  there  should  be  allowed  about  aS  lb  (the 
pitch  being  about  40^),  which  makes  a  total  roof -load  of  46Vi  lb.    To  avoid 
fractions,  however,  the  load  is  assumed  to  be  4S  lb  per  sq  ft.    As  the  distance 
to  truss  I,  Fig.  2,  is  14  ft  and  to  truss  3,  12  ft,  the  length  of  roof  supported  by 
the  truss  is  13  ft.    The  roof-area  supported  by  the  purlins  at  joint  2  is  equal  to 
the  distance  a  multiplied  by  13  ft;  and  a  is  one-half  the  distance  from  the  wali- 
plate  to  the  ridge-purlin,  or  22  ft  8  in  divided  by  2,  or  ix  ft  4  in,  or  xiVa  ft. 
Hence  the  roof-area  supported  at  joint  2  is  iiVi  by  13  ft,  or  i47Vi  sq  ft.    The 
roof -area  supported  by  the  purlins  at  joint  3  is  2  ft  by  13  ft,  or  i2V4  by  13  ft.  or 
160^  sq  ft.     Multiplying  the  roof-areas  by  the  toad  per  square  foot,  4S  lb,  there 
results  7  072  lb  fur  the  load  at  joint  2;  and  7  696  lb  for  the  load  at  joint  3.    The 
load  at  joint  4  is  equal  to  that  at  2,  as  the  truss  is  symmetrical.    The  ceiling- 
loads  at  joints  6  and  7  are  computed  next.    The  ceiling-area  supported  at  joint 
6  is  c  X  13  ft,  or  8>4  by  13  ft,  or  iojVa  sq  ft.    The  area  supported  at  joint  7  is  6*« 
by  13  ft,  or  114%  sq  ft.    The  actual  weight  of  the  ceiling  per  square  foot  is 

*  In  the  foUomng  five  examples  all  loads  are  considered  as  acting  vectkaQy. 
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%  lb  for  the  joista  and  lo  lb  for  the  lath  and  plaster;  but  where  theze  is  a  large 
ittic-space  liable  to  be  used  for  storage  it  b  well  to  make  a  small  allowance, 
iay  5  lb  per  sq  ft,  for  any  extra  attic-load.  Therefore,  i8  lb  per  sq  ft  is 
illowed  for  the  weight  of  the  ceiling*  which  makes  the  wdght  at  joints  6  and 
B,  loyVi  sq  ft  by  i8  lb  per  sq  ft,  or  i  930  lb;  and  the  weight  at  joint  7,  114%  sq 
ft  by  18  lb  per  sq  f t,  or  2  067  lb.  As  soon  as  computed,  the  roof  and  ceiling- 
toads  should  be  marked  on  a  truss-diagram,  as  in  Fig.  10.  The  roof  and  cdling- 
loads  at  joint  i  are  transmitted  directly  to  the  wall  and  need  not  be  taken  into 
account  in  determining  the  stresses  in  the  truss. 

Queen  Trnas.  Bzample  a.  It  is  required  to  compute  the  joint-loads  for 
the  truas  shown  in  Fig.  3,  page  1049.  AH  timber  is  to  be  of  spruce  and  the  roof 
is  to  be  covered  with  shingles  on  z-in  sheathing.  The  ceiling  is  to  be  of  lath 
and  plaster.    The  dead  load  is: 

lb  per  sq  ft 

Weight  of  shingles 2\^ 

Weight  of  sheathing 3 

Weight  of  rafters 2\i 

Weight  of  purlins 2 

Weight  of  truss 3 

Total  dead  load  per  sq  f t 12% 

Allowance  for  wind  and  snow 30 

Total  roof-load  in  pounds  per  square  foot 42% 

For  the  weight  of  the  ceiling  it  is  well,  for  a  truss  of  this  kind,  to  allow  at  least 
30  lb  per  sq  ft.  It  will  be  assumed  that  the  trusses  are  to  be  spaced  uniformly 
IS  ft  on  centers.  Then  the  roof-area  supported  at  joint  3  is  9%  by  15  ft,  or 
147  ^  sq  ft,  and  the  load  at  this  joint  is  6  306  lb.  The  purlin  at  joint  3  supports 
the  roof,  from  a  point  midway  to  joint  2,  to  the  ridge,  or  6  -  4  ft  i  z  in  -f-  8  ft  5  in, 
or  13  ft  4  in.  The  roof-area  supported  at  this  joint  is  13^  by  15  ft,  or  200  sq 
ft,  and  the  load  is  8  550  lb:  The  loads  at  joints  4  and  5  are  equal  respectively 
to  those  at  3  and  2.  For  the  ceiling-loads  at  joints  7  and  8  there  is  an  area  to  be 
supported  equal  to  12^^  by  15  ft,  or  182H  sq  ft,  which,  multiplied  by  20,  gives 
3  650  lb. 

Scissors  Truss.  Example  3.  For  this  example  the  church-roof  shown  in 
section  in  Fig.  4  is  considered.  In  this  roof  the  trusses  take  the  place  of  the 
raften  and  ceiling-beams,  the  sheathing  spanm'ng  from  truss  to  truss  and  the 
laths  for  the  ceiling  being  nailed  to  i^  by  2H-in  furring  strips,  spaced  12  or  16  in 
on  centers.  Assuming  that  the  parts  of  the  trusses  have  the  dimensions  indi- 
cated in  the  figure,  and  that  the  wood  is  white  pine,  the  actual  weight  of  one 
truss  is  about  i  200  lb.  The  roof -area  supported  by  one  truss  is  170  sq  ft,  and 
hence  the  weight  of  the  trusses  is  about  7  lb  per  sq  ft  of  roof-surface.  This 
weight  is  more  than  twice  that  given  in  Table  IV,  owing  principally  to  the  close 
spacing  of  the  trusses  and  also  to  the  small  dimensions  of  their  members.  The 
weight  of  the  sheathing  and  shingles  is  about  5^  lb  and  30  lb  is  allowed  for  wind- 
pressure.  The  roof  is  too  steep  for  snow  to  lodge  on  it.  This  gives  a  total  roof- 
load  of  42%  lb  per  sq  ft  of  sloping  surface.  For  the  weight  of  the  ceiling  12  lb 
per  sq  ft  is  ample,  as  no  load  other  than  its  own  weight  is  likely  to  come  upon  it. 
The  roof -area  supported  at  joint  2  is  10^^  by  2^  ft,  or  27  sq  ft.  The  area  sup- 
ported at  joints  4  and  s  is  equal  to  12%  by  2%  ft,  or  31  sq  ft  for  each.  The 
ceiling-area  supported  at  joint  3  is  14%  by  2H  ft,  or  35%  sq  ft.  Multiplying 
each  joint-area  by  the  corresponding  loads  per  square  footi  there  results  x  148  lb 
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for  tbe  toftd  at  jtrint  z,  1 31S  lb  for  each  load  at  joints  4  and  5,  and  436  lb  Ij 
the  load  at  joiat  j. 

TroM  over  Car-Bam.  Bnmjto  4.  Id  this  eumple  tbe  roof  is  of  earn- 
gated  iron,  supported  by  a  iteel  irusa  of  the  ^ape  shown  in  Fig.  55,  Chap:« 
XXVI.  This  truss  supports  nothing  but  tbe  corrugated  iron,  the  purlins  ic: 
the  pressure  due  to  wiod  and  snow,  the  use  of  the  building  not  requirfoi  tti 
uispending  of  any  load  from  the  trusses.  In  figuring  the  dead  loads  for  s;:.^ 
ft  roof,  the  sizes  of  the  purUos  and  the  gauge  of  the  iron  ^uld  Erst  be  definitdr 


Fii.  4.    SdMon  TruH.    (See,  ika,  fig.  24  and  Cbapts  XXVUI.  Fig.  2) 

filed,  so  that  the  weight  per  square  tool  of  roof  may  be  accurately  detenniocd. 
In  this  instance  the  purlins  are  j-in  I  beams  spaced  4  (t  s  in  on  centers,  and 
weighing  10  lb  per  linear  foot.  The  weight  of  the  purlins  pei  square  foot  of 
roof  is  therefore  equal  Co  10  lb  divided  by  a%.  or  i.i  lb.  For  a  spin  of  4  ft  o  in 
the  corrugated  iron  should  be  No.  18  gauge  (sec  Corrugated  Iron,  Part  m,  page 
i63r)  weighing!  lb  per  sq  It.  For  the  weight  of  the  truss  and  bradng  the  weight 
taken  is  that  given  in  Tabk  V  for  a  span  oi  loo  ft  and  Vi-pilcb,  10.8  lb.*  This 
gives  a  total  dead  load  of  14.9  lb  per  sq  ft  of  sloping  surface. 

For  wind  and  snon  we  should  allow  11  lb  per  sq  ft  if  the  building  is  situated 
in  the  Cenlral  states,  making  the  total  root-load  36.9  lb  per  sq  ft.  It  is  quite 
generally  recommended,  however,  that  no  roof  should  be  designed  for  a  load 
less,  all  told,  than  40  lb  per  sq  (t;  the  joint-loads,  therefore,  should  be  computrd 
on  that  basis.  The  only  loaded  joints  in  this  truss  are  those  under  the  purlini 
The  trusses  are  spaced  19  ft  s'i  in  and  the  purlins  4  ft  9  in  on  centers,  the  rml- 
area  supported  at  each  upper  jmnt  being  91  sq  ft.  The  joinl-loads.  Ihmfort, 
aLi,iuld  b«  figured  at  3  640  lb.    Even  for  the  locality  in  which  it  was  built,  this 

nd  tn-adug  was  4  lb  per  sq  ft  ol  stoping  niiaca. 
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is  a  very  light  roof;  and  it  would  hardly  be  oxuidered  safe  for  states  further 
north  or  west. 

Truss  for  Flat  Roof.  Examftle  s*  This  truss  is  for  a  flat  roof  (Fig.  5). 
The  timber  is  of  spruce  and  there  is  a  five-ply  gravel  roof  and  a  plastered  ceiling. 
For  the  dead  load  we  have, 

lb  per  sq  ft 

Weight  of  roofing 6 

Weight  of  sheathing 3 

Weight  of  rafters 2% 

Weight  of  purlins 2 

Weight  of  truss,  about 4% 

Total  dead  load  in  pounds  per  square  foot  .  > 17^^ 

No  allowance  is  required  for  wind-pressure,  but  the  snow-load  is  a  large  per 
centage  of  the  total  load  in  any  of  the  Northern  states,  as  indicated  in  Table  VU. 


-^  >.t*x  8  Rafters 


Fig.  5.    Howe  Tnin 


Assuming  that  the  building  is  located  in  one  of  the  Central  states,  30  lb  per  sq 
ft  should  be  allowed  for  snow,  making  the  total  roof -load  47  V^  lb.  The  plaster 
ceiling  and  the  ceiling- joists  weigh  about  i2V4  lb  and  as  the  roof -space  is  not 
likely  to  be  used  for  storage,  13  lb  per  sq  f t  is  a  sufficient  allowance  for  the  ceil- 
ing. Assuming  that  the  trusses  are  to  be  uniformly  spaced,  14  ft  on  centers, 
the  roof-area  supported  at  joint  2  is  9H  by  14  ft,  or  133  sq  ft,  and  the  area  sup- 
ported at  joint  4,  9%  by  14  ft,  or  135%  sq  ft.  The  ceiling-area  supported  at 
joint  3  is  9%  by  14  ft,  or  130%  sq  ft  and  at  joint  5,  9  by  14  ft,  or  1 26  sq  ft.  Mul- 
tiplying each  of  these  areas  by  the  corresponding  load  per  square  foot,  we  have 
6  317  lb  for  the  load  at  joint  2, 6  428  lb  at  joint  4,  i  699  lb  at  joint  3,  and  i  638  lb 
at  joint  5.  In  practice  it  is  hardly  worth  while  to  compute  the  stresses  closer 
than  xoo  lb,  so  that  the  loads  may  as  well  be  put  down  at  an  even  50  or  100  lb 
above  the  loads  obtained  by  computation.  When  the  roof  is  supported  by 
purlins,  there  are  often  some  joints  of  the  truss  which  have  no  load.  Thus  for 
the  truss  shown  in  Fig.  16,  Chapter  XXVI,  there  are  no  loads  on  joints  2,  6  and 
10.  The  roof-^rea  supported  at  joint  4  (Fig.  16)  is  equal  to  one-half  the  distance 
OB  multiplied  by  the  distance  halfway  to  the  truss  on  each  side.  If  the  lower 
chord  supports  ceiling-joists,  there  is  a  load  at  each  of  the  joints  3,  5,  7,  9,  etc. 
Stress-diagraics  can  be  drawn  for  any  arrangement  of  loads,  the  important 
point  being  to  compute  the  loads  exac^tly  as  they  are  placed  on  the  truss. 

These  five  examples  illustrate  fairly  well  the  method  of  computing  the  loads 
on  different  types  of  trusses.  Other  special  cases  of  loading  should  be  com- 
puted on  the  same  principles. 
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StresMS  IB  Roof'Tnisscs 
I.  Petemriiiiticn  of  Stresses  by  Computttioii 


27 


Stresses.  To  detennine  the  stresses,  a  diagram  of  the  truss,  composed 
of  single  lines  representing  the  central  axial  or  median  lines  of  the  tmss-noembc^. 
should  first  be  carefully  drawn  to  a  scale  and  the  loads  at  the  different  joic:^ 
indicated  by  arrows  and  numbers  as  in  Figs.  10  and  12.  If  the  center  lines  ct 
the  members,  as  they  are  actually  placed,  do  not  intersect  at  oommon  pointi. 
they  must  be  made  to  do  so  in  the  diagram,  as  the  stresses  can  be  coifprnzD  c^? 
on  the  assumption  that  the  center  lines  of  all  members  meeting  at  any  joifit 
intersect  at  a  common  point.  In  wooden  trusses  it  is  not  always  practkabk !  j 
place  the  members  so  that  their  center  lines  meet  in  a  oommon  point  at  cacs 
joint;  but  this  condition  should  obtain  as  nearly  as  practicable,  and  in  ste& 
trusses  the  joint-connections  should  be  made  so  that  the  lines  passing  throogk 
the  centers  of  gravity  of  the  cross^sections  of  the  members  meeting  at  a  join: 
intersect  in  the  same  point. 

Table  X.    CoeOdents  for  BeCenniiiiBK  the  StTMsea  ia  Simple  Vlnk 

Fan  Tnuses 

WREN  PANEL-LOADS  ARE  ALL  EQUAL 


Simple  Fink  TniM 


Simple  Fan  Tkun 


To  find  the  stress  in  any  member,  multiply  its  factor  by  the  panel-lo&d.  P 

SIMPLE  FINK  TRUSS 


Member 


A 
B 
D 
F. 
G, 
K 

A 

B. 

C. 

D 

E. 

P. 

G. 

K 


Kind  of  stress 


Compression 
Tension 


//A-3 


2.70 
2.15 
0.83 
2.25 
I  50 
0.75 


l/k' 


•3.464 

-.10' 


3.00 
2.50 
0.87 
2.60 

1.73 
0.87 


//ik-4 


3-35 
2.91 
0.89 
3  00 
2  00 
I  00 


J/*-5 


404 
3.67 
093 

3-75 
2.50 

I. as 


SniPLE  FAN  TRUSS 


Compression 


Tension 


•I 


4  51 
3-54 
3-40 
0.93 
0.93 
3-75 
2.25 

I. SO 


5.00 
4.00 
400 
1. 00 
1. 00 

4  33 
2.60 

1.73 


5 
4 
4 

I, 
I, 
5 
3 


59 
55 
70 
08 
g8 
00 
00 


2.00 


6.73 
5-59 
5.99 

1.2X 
X.2I 

6.25 

3  75 
2.50 
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Comptitatioa  of  Strtues.  As  a  general  ruk,  the  stresses  in  a  nxif-tntss  can 
:  determined  much  more  readily  by  the  oraphic  method  than  by  mathemati- 
lL  computations  and  with  as  close  a  degree  of  accuracy  as  is  necessary.  There 
e  a  few  forms  of  trusses,  however,  for  which  the  stresses  can  be  more  easily 
^tcrmined  by  coicputation.  Such  trusses  must  be  S3rmmetrical  in  shape 
id  the  joint-loads  all  alike,  as  is  quite  frequently  the  case  with  simple  steel  roofs 
iving  no  ceiling-load. 

Tables  X  to  XIII  give  constants  by  which  the  stresses  in  Fink  and  fan 
-usses  may  be  readily  compitted  simply  by  multiplying  the  constant  by  the 
anel  or  joint-load.  These  tables  apply,  however,  only  when  the  rafter  is 
ivided  by  the  struts  into  equal  spaces,  giving  equal  panel-loads.  For  any 
ther  conditions  the  stresses  should  be  determined  by  the  graphic  method. 


Table  XL    Coeffldeats  for  Detefmining  die  Stresses  in  an  Bigfat-Panel 

Fink  Truss 

WHEN  PANEL-LOADS  AXE  ALL  EQUAL 


7 -span 


Eight-panel  Fink  Truss 
To  find  the  streM  in  any  member,  multiply  its  factor  by  the  panel-load,  P 


Member 


A. 

B. 

C. 

D. 

E. 

P. 

G. 

/., 

K 

L. 

M 

N 

0. 

P 


Kind  of  stress 


Compression 


Tension 


i/A-3 


6. 31 
576 
sac 
4.6s 
0.83 
X  66 
0.83 
0.7s 
0.7S 
l.SO 
3. as 
5. as 
4S0 
3.00 


//*-3.464 
-30* 


7.00 
6.50 
6.00 
S  SO 
0.87 


I 
o 

o, 
o, 
I 

3 

6 
5 


73 
»7 
87 
87 
73 
60 
06 
19 


3.46 


//A-4 


7.83 
7.38 
6.93 
6.48 
0.89 

I  79 
0.89 
1. 00 
1. 00 
2.00 
3  00 
7.00 
6.00 
4.00 


l/k'S 


9.4a 
9  OS 
8.68 

8.31 
0.93 
1.86 
0.93 
i.as 

1.2$ 

2. so 
3  75 
8.75 
7. SO 
S.oo 


1060 


Stresses  in  Roof-Trusses 


Chap.  27 


TftUe  Xn.    Co«llkiMita  for  DeterminiAg  the  StreMM  in  Cambered 

and  Fan  Tmsses 

WHEN  PANEL-LOADS  ARE  ALL  EQUAL  AND  THE  CAMBER  EQUALS   ONE- 

SIXTH  THE  RISE 


•Zstpan 


4 1  s  span 

R,=  1.6P  pj^,^  Ri=2.BP  Yig.B 

To  find  the  stress  in  any  memba,  multiply  its  factor  by  the  panel-load,  P 


TRUSS  LIKE  PIG.   A 


Member 


.  D. 
IF. 

G. 

K. 


Kind  of  stress 


Compression 


14 


Tension 


//A -3 


3.64 
3.09 
0.83 
3.07 
X.80 

X.43 


i/A' 


•3  4t>4 
•30* 


4  13 
3.63 
0.87 
3.63 
2.08 
1.69 


//A-4 


//*-S 


4.70 

4  25 
0,89 

4-34 
a.  40 

1.98 


57S 
5  4X 
093 
5.40 
3  00 
2.52 


TRUSS  UKE  no.   B 


.4 
B 
C 
D 
E 
F 
G 
K 


Compression 


Tension 


<( 


6.09 
4.89 
496 
1.04 
1.04 

5  12 
2.70 
3.66 


6 
5 
5 

I. 
X. 

6 


88 

63 
83 

15 
IS 
03 


3.12 
3. 13 


7.83 

9  64 

6.48 

8.10 

6  93 

8  89 

X.26 

I  49 

X.26 

I  49 

7.07 

9.01 

3.60 

4-50 

367 

4.69 

Table  XIV  gives  coefficients  which  are  general  for  any  span  and  depth  for 
eight-panel  roof-trusses  with  the  Howe  and  Pratt  types  of  bracing.  Tables  XV 
and  XVI  give  formulas  for  cobiputing  the  stresses  in  symmetrical  Howe  and 
Pratt  trusses  which  are  symmetrically  loaded.  The  coefficients  are  given  for 
trusses  having  an  odd  number  of  panels.  For  the  Howe  truss  with  an  even 
nuraoer  of  panels  the  coefficients  for  the  center  load  on  the  top  chord  are  each 
divxued  by  two.  For  the  center  load  on  the  bottom  chord  the  coefficients  are 
also  divided  by  two,  except  that  for  the  center  vertical,  which  remains  unity. 
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r  the  Pratt  truss  with  an  even  number  of  panels  the  ooeffidents  are  divided 
two  for  the  center  loads  for  all  pieces,  except  that  for  the  center  vertical 
loads  on  the  top  chord,  the  coefficient  remains  unity.    For  the  young  architect 

engineer  these  tables  will  be  fo\md  useful  in  furnishing  a  check  upon  stresses 

tcrmined  by  graphic  methods. 


Table  Xm.    Coeflldents  for  Determiniag  the  Strwsee  in  an  Bi^t-Panel 

Cambered  Fink  Treat 

WHEN  PANEL-LOAX>S  ARE  ALL  EQUAL  AND  CABCBER  EQUALS  ONE-SIXTH  THE 

TOTAL  RISE 


I "  span 
To  find  the  stress  in  any  member,  multiply  its  factor  by  the  panel-load.  P 


Member 


A. 

B. 

C. 

D. 

E. 

F. 

G, 

/., 

K 

L. 

M 

N 

0. 

P 


Kind  of  stress 


Compression 


Teosiott 


//*-3 


8.49 
794 
7. 39 
6.83 
0.83 
X.G6 
0.83 

1.02 

i.oa 
2.87 
3.89 
7. 17 
6.15 
3.60 


//A-.3.464 
-30- 


9  63 
9x3 
8.63 
8.13 
0.87 

1.73 
0.87 
I. ax 
I. ax 

3.37 
4. 58 
8.44 
7-33 
4.x6 


//*-4 


XO.96 

10.51 

10.06 

9.61 

0.89 

I  79 
0.89 

1. 41 
X.4X 
3.96 
537 
9.90 
8.48 
4.80 


l/h'S 


13. 49 
X3.XI 

12.74 

xa.37 

0.93 

X.86 

0.93 
1.80 
X.80 
S  04 
6.85 
xa.6x 
lO.Sx 
6.00 


StreiKi  in  Root-Tnuwe 


lUto  nr.  c 

MflciMMfM 

HlUnari  BOT(.TraM 

M 

_«.-iEr  nu.u« 

KmtaH      [|              _W««rt«IW 

ft— 

H 

< 

! 

»r 

.eRs  L,  ip  L.  ip L,  1 

, 

1 

R«i(--.a>di, 
P 

"SSr 

La^hol      Roo(-U»d.. 

UerliBf- 

Lenclhid 

' 

V, 
V, 
V 
V 

I.TSV'll"+* 
■  .SoVS+i 

..sovV+i 

o..«iv;?+; 

1.75%^;?+; 
,.75v;?+i 

o.i»S*V'S+"i 

L, 

1.75" 

LTIK 

o.i««k 

I.7S* 

I.TS« 

o.iasat 

u 

1.75  ■• 

I.TS- 

" 

LJeH 

i^« 

" 

u 

I^ll 

1.50  « 

I.iS" 

I.I5I 

! 

u 

US" 

LIS. 

■■ 

!.<«> 

I.<»» 

•• 

V 

0 

1.0 

CIS* 

i.g 

0 

o.>5l          1 

V 

w 

J.O 

o.75<k 

J.O 

0.5 

0.7S1          1 

D, 

o..sV:?+i 

.J^. 

o.«s»V^ 

.JST. 

o.isVS+S 

O.IIS*Vl*+ID| 

D, 

O.JsVii'+i6 
o.»5v'iS+* 

=..5V^?+5 

e.i;V..'+64 

um  -  coefficient  XPor  f. 

For  •  hJi-tnm  wppoited 
ntaiia  ittKiaattd. 

tAu^B.  rrduce  .11  lop  chord  coefficieii 
nU  by  *.     The  cocSdcnu  ior  Ihc  web 

uiw  v.;^! 
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fable  ZV.    CMflldeBli  for  How*  ttnaam  wWch.  m  OymmetriGil  About 
Am  C«at6r  ol  tte  8p«n  cad  SfmawtrkBllj  Loadad 


Member 


7panels 


Pi 


Li  and  C/s    a-i-h 
Lt  and  27|    a^t-A 

I^ a+A 

Di V^H-**-*-* 


V,. 

V,. 
V,. 


0 

o 

0 

o 
o 

0 


Pi 


V,. 
V,. 
V,. 


i.o 
o 

o 


Pi 


a-s-A 

(a+6)-^jb 
(<l+6)-^A 

o 
o 

1.0 
0 

o 


Pt 


I.o 

1.0 

o 


p. 


a-3-A 
VaH-A«+* 


0 

I.o 

I.o 

o 


5  panels 


Pi 


a-i-A 


Pz 


I.o 

I  0 

I.o 


0 

0 

0 

o 

I.o 

0 

0 

Pi 

Pi 

I.o 

I.o 

0 

1.0 

3  panels 


Pi 


a'f'A 


VaH-*"** 


^i 


I.o 


For  KmuIb  Pt*  ^t  etc.,  the  ooefBdents  for  the  chords  and  dia#onala  are  the  same  as 
I  given  for  the  loadb  P\,  P3,  etc.  The  coefficients  for  the  verticals  for  loads  P\,  Pt,  etc.. 
I  are  given  in  the  8ttpplementar3r  table  below  the  general  table.  Tension  is  indicated 
I  in  the  truss  diasram  by  light  lines. 
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T«U«  XWl.    CoeOdMits  for  Pimtt  Ttomm  whkh  ar«  SynmetricBl' 
tk«  C«&t«r  ol  tiM  Spin  mod  SymiMtricaUj  Lotd«d 


Member 


L%  and  U^ 
Li  and  Ut 

A 

Dt 

D^ 

D. 

Vi 

Vt 

Va 


V,. 
V,. 

r,. 


7  panels 


a+Jb 
a-t-Jk 
a+h 


•  •  ■  ■  ' 


Va«+*«+* 


o 

0 

o 

0 

o 

0 


Pi 


x.o 

0 

o 


a+h 

(«+6)+* 

(a+fr)-i-A 


Pt 


a-rA 

(0+6) +ik 
(fl-|-6+c)+» 


o 

0 

0 

x.o 

0 


Pz 


0 
0 

o 


V^TA'-s-* 

0 

o 
x.o 

1.0 


5  panels 


a+* 
a+h 


Pz 


V«mT*+a 

o 

0 
0 

o 
Pi 


0 

x.o 
o 


x.o 

0 


Pt 


3  paaels 


P.      ! 


(a+ft)-4-A 


a-s-ib 


V<l«-h*»-^i 


o 

1.0 


Pi 


0 

o 


x.o 


For  loads  Pi,  Pt,  etc.  the  coefficients  for  the  chords  and  diagonals  are  the  sanac  a^ 
given  for  the  loads  Pi,  Pt,  etc.  The  coefficients  for  the  verticals  for  loads  pi»  p^.  efc. 
are  given  in  the  supplementary  table  bdow  the  general  table.  Tension  is  indicated 
in  the  truss-diagram  by  light  lines. 
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4.   Ezamplea  Showing  Um  of  Tablet  in  Stress-Computations 


Simple  Fan  Truss.  Example  x.  In  this  example  a  simple  fan  truss  of 
36-ft  span  is  considered.  The  distance  on  centers  of  trusses  is  12  ft.  Ihe 
height  of  truss  is  9  ft,  or  //A  -  4.  The  total  load  per  square  foot  of  roof  is  40  lb. 
The  length  of  rafter  is  20  ft,  nearly.  The  panel-load,  P-'%X  12X40 - 
3  200  lb .     Then  from  Table  X, 

Stress  in  lower  end  of  rafter  i4  *  3  200  X  5.59  *-  17  888  lb 

Stress  in  ends  of  main  tie  F  ■-  3  200  X  5.00  -  16  000  lb 

Stress  in  center  of  main  tie  G  -  3  200  X  3.00  -  9  600  lb 

Stress  in  braces  D  and  £  -  3  200  X  1.08  >>  3  456  lb 

Stress  in  tie  X  »  3  200  x  2  »  6  400  lb 

PtTe-Panel  Howe  Tmss.  Sziunple  a.  (Table  XV.)  A  five-panel  Howe 
truss  is  considered,  for  which  A  «  6  ft,  a  -  9  ft,  6  -  xo  ft  and  <; «  12  ft.  Let  the 
trusses  be  spaced  zo  ft  on  centers,  the  roof-load  be  40  lb  per  sq  ft  and  the  ceiling- 
load  15  lb  per  sq  ft.    The  panel*loads  become: 


Pi  -  H  (  9+  10)  (10X40)  -  3  800  lb  ?       ^  ^^„ 
/K-%(9+io)  (10x15) -I  400  lb  J      ^^'^ 
/•i  -  H  (10  + 12)  (10  X  40)  -  4  400  lb  ^      A  ,«^  IK 
/>.-%(io-|-i2)(ioXis)-i700lbf  -0'«>*»^ 


I^and  £/s-%X5  300-h%\6  100- 170001b 

I«  and  £/s  -  %  X  5  aoo  +  ^^  X  6  100  «  27  100  lb 

D\ «  zo.82/6  (5  200  +  6  100)  -  30  400  lb 

Dk- 11.66/6X6  100-11  900  lb 

Ki  -  4  400-f-  I  400+  I  700-  7  500  lb 

Ki «  X  700  lb 

In  the  above  results  all  values  between  50  and  100  have  been  considered  xoo. 

ft.  Determination  of  Stresses  in  Roof-Trusses  by  Graphic  Methods 

The  Graphic  Method  is  the  simplest  and  in  most  cases  the  quickest  method 
of  determining  the  stresses  in  a  roof-truss;  and  it  has,  besides,  the  additional 
advantage  of  being  applicable  to  any  true  truss>form  or  any  arrangement  of 
loads.  There  is  also  less  chance  of  making  a  mistake  in  the  caAPHic  method 
than  in  the  method  of  NUMEaicAL  comfutation,  as  an  error  in  the  graphical 
analysis  almost  always  becomes  manifest.  When  the  principles  are  under- 
stood, SREss-DiAGRAUS  csu  be  very  quickly  drawn,  without  the  aid  of  books 
or  tables.  For  the  forms  of  trusses  in  common  use,  the  method  of  drawing  the 
stress-diagrams  b  quite  simple;  and  a  careful  study  of  the  following  examples, 
supplemented  by  a  little  practice  in  drawing  the  diagrams,  should  enable  any 
architect,  draughtsman,  or  builder  to  understand  the  principles  involved  in  the 

GRAraiCAL  ANALYSIS  OF  KOOF-TKUSSES. 

Principles  Upon  Which  the  Graphic  Method  is  Based.  To  thoroughly 
understand  this  method,  a  knowledge  of  the  GOifK>smoN  and  szsoLVnoN  of 
FORCES,  as  explained  in  Chapter  VI,  is  essential;  and  before  studying  this 
subject  the  student  should  read  carefully  pages  288  and  289.  The  theorems 
stated  and  explained  on  these  pages  form  the  basis  of  gkapric  statics. 
In  the  GRAPHTC  ncTHOD  all  forces,  including  the  loads,  are  represented 
by  straight  lines,  and  the  directions  of  the  forces  must  be  constantly  kept  in 
mind.  Often  it  is  of  assistance  to  indicate  the  direction  of  a  force  by  an  arrow- 
head, as  explained  on  page  289.  The  direction  in  which  a  force  acts  ik  ith  refer- 
ence to  a  body  indicates,  also,  whether  it  is  a  fushtng  or  a  pvlung  force,  or 
whether  the  member  on  which  the  force  or  in  which  the  stress  acts  is  in  compres- 
siOM  or  nNsiON.  This  is  more  fully  explained  in  the  following  pages,  and  also 
b  coDoection  with  several  of  tlie  stress-diagrams. 
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FoTMfl  And  Stresses  which  Act  On  snd  In  «  Trass.    Eveix 

gram  represents  three  sets  of  forces,  viz.,  the  external  loads,  the  supporting | 
forces  or  keactions,  and  the  stresses  in  the  truss-members. 

Supporting  Forces  or  Reactions.  For  a  truss  to  remain  in  place^  tvc>  i\ 
the  conditions  for  equilibrium  are  that  the  algebraic  sums  of  the  vertical  srdi 
horizontal  components  of  all  the  forces  acting  upon  the  truss  must  respectivtJv 
equal  zero.  Then  the  horizontal  and  vertical  components  of  the  auppoctL-jt 
forces  or  reactions,  taken  together,  must  respectively  equaU  the  horisontal  a^d 
vertical  components  of  the  loads.  The  loads  and  reactions  are  cxiosidavi 
as  the  EXTERNAL  forces  acting  on  the  truss  and  form  part  of  the  stress-iu^grax 

Symmetrical  Leads.  When  the  loads  or  vertical  foroes  are  symmetrica] ;  i 
each  side  of  the  middle  of  the  span,  the  supporting  foroes  are  eqml,  aod  each  ^ 
equal  to  one-half  the  total  load  on  the  truss. 

Unsymmetrical  Loads.  When  the  loads  are  not  symmetrical  about  tb 
middle,  either  in  regard  to  point  of  appUcation  or  to  magnitude,  the  supportinc 

forces  are  imequal  and  in  most  cases  must  be  determined  before  the  stxess-iii^- 
gram  can  be  drawn.  The  supporting  forces  for  unsymmetrically  loaded  trusses 
may  be  computed  by  the  method  of  the  moments  of  forces,  ezplaiaed  cs. 
pages  323  to  324. 

Stress-Diagrams  for  Vertical  Loads.  Before  the  stress-diagram  for  a  tms 
can  be  drawn,  it  is  necessary  to  make  a  skeleton  drawing  of  the  truss,  repreeentiiu 
the  central  or  median  lines  of  the  members  as  ezplaiaed  on  page  1058.  Tnls 
diagram,  called  the  truss-diagram,  should  be  drawn  on  the  same  sheet  of 
paper  as  the  stress-diagram,  for  convenience  in  drawing  the  latter.  The 
truss-diagram  should  also  have  all  of  the  loads  which  come  on  the  truss  indicated 
by  arrows  and  figures,  as  in  the  following  examples. 

Supporting  Forces*  The  supporting  forces^  abo,  should  be  indicated  on 
the  truss-diagram  as  in  Fig.  10.  These  forces  are  determined  as  ezplained 
on  pages  322  to  324. 

Lettering  the  Truss-Diagram.  After  the  truss-diagram  is  drawn,  it  is  00a- 
venient  to  letter  it  according  to  the  method  known  as  Bow's  Notation,  which 
allows  a  ready  oomparison  of  the  truss-diagram  and  the  stress-diagram, 
and  also  enables  the  student  to  readily  draw  the  stress-diagram  and  to  immedi- 
ately determine  the  character  as  well  as  the  magnitlde  of  the  stresses.  The 
essential  principle  of  this  method  is  the  lettering  of  each  space  on  each  side 
of  every  external  force  and  of  every  member  of  the  truss,  so  that  on  the  truss- 
diagram  a  truss-member  or  external  force  is  denoted  by  the  letters  on  each 
side  of  it.  When  the  stress-diagram  is  drawn.  It  will  be  found  that  the  same 
letters  come  at  the  ends  of  the  lines  representing  the  external  forces  and  the 
stresses  in  the  truss-members. 

The  Simple  Triangular  Frame  is  much  used  in  building  construction,  and 
most  forms  of  roof-trusses  are  combinations  of  such  triangles.  It  is,  therefore, 
worth  while  to  show  how  easily  the  above  principles  may  be  used  to  dcteraaine 
the  stresses  in  such  a  frame.  Diagram  x,  Fig.  6,  represents  the  truss-diagram 
of  a  triangular  frame  properly  lettered.  A  load  of  loo  lb  is  applied  at  the  apex. 
The  weight  of  the  frame  is  disregarded.  In  diagram  3,  a  verticd  line  ab  is  drawn, 
z  in  long  (say  to  a  scale  of  xoo  lb  to  the  inch),  representing  the  force  AB. 
From  b,  bd  is  drawn  equal  to  Rt  and  from  J,  da  equal  to  R\.  These  three  fines 
represent  the  external  forces  acting  on  the  truss,  and  the  polygon  oMa,  called 
the  force-polygon,  is  always  a  closed  figure  if  the  foroes  are  in  eqchisiium. 
Since  the  force  ^4^  is  vertical  and  Ri  and  R%  are  parallel  to  A  B,  the  figure  Ma  iok 
a  straight  line,  hd  and  da  coinciding  with  ab.    If  the  external  foroes  form  a  CXMID 
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x»oi.YGOif  when  laid  off  to  scale,  usually  in  order,  the  frame  or  truss  upon  which 
tliey  act  will  not  be  moved  either  veitically  or  horizontally  by  the  forces.  The 
roRCB-FOLYOON  sbould  always  be  drawn  and  dosed  before  any  attempt  is  made 
to  determine  the  stresses  in  the  members  of  the  truss.  The  stresses  in  the 
members  of  the  truss  will  now  be  found,  beginning  with  those  meeting  at  joint  i. 
Pieces  A  C  and  CD  meet  at  this  joint.  The  stres$es  in  these  two  pieces  and  Rt  are 
in  EQUiLXBUUM  and,  consequently,  if  laid  off  in  order  will  form  a  closed  figtjre 
as  shown  in  Chapter  VI.  In  diagram  s,  da  represents  Ri  in  magnitude  and 
DXRXCiiON.    From  a  draw  a  line  parallel  to  i4C  and  from  d  a  line  parallel  to  CD 


O 


Rr^ni 


L  Tnm-dlagnua 

Fig.  6.    Triangular  Frame 


2.  Stress-diagram 


and  prolong  them  until  they  intersect  at  c.    ac  is  the  stress  in  AC,  and  cd  that 
in  CD.    ac,  cd  and  da,  or  Ri,  are  in  equilibrium  since  th^r  form  a  closed  fig- 
ure.   Taking  the  forces  in  order,  da,  or  Ri,  is  known  to  act  towards  the  joint. 
The  direction  ac  is  also  towards  the  joint  and  hence  the  stress  is  of  the  same 
character  as  the  force  Ri  and  the  piece  ilC  Is  in  compression.    AC  pushes 
against  the  joint  as  Rx  does.    G>ntinuing  around  the  stress-polygon  dac,  in  the 
same  direction,  cd  acts  away  from  the  joint  and  the  stress  in  CD  Is  opposite  in 
character  to  the  force  Ri,  or  CD  is  in  tension.    CD  pulls  away  from  joint  i. 
At  joint  2,  the  stresses  in  the  pieces  BC  and  CA  and  the  force  AB  ue  in  equi- 
UBRIUM.    The  sides  of  the  stress-polygon  axtab,bc  and  ca  (diagram  2).    The 
force  ab  whith  represents  the  load  of  100  lb  acts  down  and  towards  the  joint, 
be  and  ca  also  act  towards  this  joint,  showing  that  the  stresses  in  BC  and  CA 
are  of  the  same  character  as  the  force  AB,  or  that  the  pieces  push  against  the 
joint  and  that  each  is  in  compression.    At  joint  3,  the  two  pieces  meeting  are 
DC  and  CB.    The  stress-polygon  is  bdc.    Here  bd  acts  towards  the  joint,  dc 
away  from  the  joint,  and  cb  towards  the  joint.    As  found  before,  the  stress  in 
DC  is  tension  and  that  in  CB,  compression.    Diagram  2  is  made  up  of  three 
stress-polygons,  one  for  each  of  the  joints  shown  in  diagram  i.    Each  of  these 
polygons  is  considered  independently  when  determining  the  magnitude  and 
character  of  the  stresses  or  forces.    This  is  important  to  remember  when  the 
stress-polygons  are  combined  as  in  diagram  2.    In  determining  the  character 
of  the  stress  in  AC,  for  example,  from  the  stress-polygon  dac  for  joint  i,  the 
force  ac  acts  towards  joint  i,  while  from  the  stress-polygon  abc  for  joint  2,  ca 
acts  towards  joint  2.     In  both  cases  the  piece  AC  is  pushing  against  the  joints 
at  its  ends  and  is  in  compression.    If  arrow-heads  are  used  in  indicating  the  di- 
rections of  the  forces  in  the  stress-polygons,  they  should  be  erased  as  soon  as 
the  characters  of  the  stresses  for  the  joint  being  considered  have  been  found; 
otherwise,  where  polygons  are  combined  as  in  diagram  2,  each  line  will  have  two 
arrow-heads  pointing  in  opposite  directions,  leading  to  confusion.    Arrow-heads 
may  be  placed  upon  the  trvss-diaoram.    Each  piece  will  have  two  arrow-heads, 
one  at  eadi  end*  rd^erring  to  the  joint  at  the  end.    When  the  arrow-heads  point 
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away  from  each  other  the  piece  is  in  gohpression,  and  when  they  puji* 
towards  each  other  the  piece  is  in  tension. 

It  is  important  to  keep  in  mind  the  direction  in  which  the  forces  and  atxes^s 
are  considered  in  order,  in  going  around  the  truss  or  around  a  joint.  In  Fiti 
6  and  8  the  curved  arrows  show  that  a  clockwise  direction  has  bees  choec 
This  makes  the  stress>lines  of  the  stressKliagram  come  on  the  left  of  tbe  bad- 
line.     This  direction  has  been  taken  for  all  the  trusses  in  this  chapter,  except 

for  a  few  diagrams  for  wind-loads.  The  strcacc? 
could  have  been  determined  just  as  well  Ij 
taking  a  contrardockwise  direction. 

If  two  men  pull  on  the  two  ends  of  a  ror«. 
exerting  pulung  fokces  of  equal  intensity*,  :^e 
TENSIONAL  STRESS  in  every  cross-section  of  tie 
rope  is  equal  to  the  force  with  which  one  ma£ 
pulls;  and  each  end  of  the  rope  pulls  away  froa 
the  man  holding  it,  with  a  force  equal  in  magnitude  to  that  which  be  excrt!^ 
Thus  if  each  man  exerts  a  fOUce  of  loo  lb  the  stress  in  the  rope  is  loo  lb  ai^ 
each  end  of  the  rope  pulls  away  with  a  forcz  of  loo  lb.  If  the  men  push  agaisft 
the  two  ends  of  a  piece  of  timber  with  a  force  of  xoo  lb,  the  timber  pushes 
against  each  man  with  a  force  of  xoo  lb,  although  the  entire  coMpREssrvc 
STRESS  in  every  cross-section  of  the  timber  is  but  too  lb.  Consequent  iy 
&TRESS-LINES  are  sometimes  drawn  with  arrow-heads  pointing  towards  each 
other,  as  at   A,  Fig.  7,    denoting  tension;  or  with   arrow-heads   pointing 


Plec«  iiiTansloB 

B< — ► 

Pkoe  to  Ooiupmriwi 

Fij.  7.    Indication  of  Character 
of  Stress 


R,««H 


2.  Stress-diagram 


Rf83H 


Rf=fl6» 


8.  Trus»-diagnun 


Fig.  8.    Trussed  Beam 


4.  Stxcsa-dlignun 


in  opposite  directions,  as  at  B,  denoting  compression.  It  is  better,  however. 
to  omit  arrow-heads  on  stress-lines,  putting  them  on  lines  representing 
external  forces  only.  The  stress  in  any  member  of  a  truss  acts  in 
opposite  directions  at  the  two  ends  of  thej^ece.  This  is  an  important  truth 
to  remember  in  drawing  stress-diagrams. 

The  Trussed  Beam.    Fig.  8  shows  a  load  supported  by  a  beam,  post  or  strut 
and  two  ties  instead  of  by  two  struts  and  a  tie.    The  effect  on  the  tod  forming 
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the  two  ties  is  the  same  whether  tlie  load  is  apptied  as  shown  in  diagram  x»  or 
as  shown  in  diagnun  3.  Considering  the  case  shown  in  diagram  i :  The  fohce- 
POLYGON  is  dcod  (diagram  2);  the  sides  of  the  snuESS-poLYGON  for  joint  itatod, 
db  and  bo,  the  stress  in  DB  being  compression,  and  that  in  BO,  tension.  For 
joint  a  the  sides  of  the  stress*polygon  aitdc,ca,ab  and  bd,  the  stress  in  CA  be- 
ing compression;  that  in  AB,  oompressiofi;  and  that  in  BD,  compression.  For 
joint  3  the  sides  of  the  stress-polygon  are  ac,  co  and  oa.  The  stress  in  i4C  is  com- 
pression; and  that  in  OA,  tension.    The.  condition  shown  in  diagnia  s»  where 
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the  load  is  suspended  from  joint  4,  leads  to  a  different  form  of  stress-diagram, 
but  the  method  of  coostruction  remains  the  same.  The  stresses  in  the  pieces 
are  the  same  with  the  exception  that  the  stress  in  the  piece  A  Bis  zero  for  the  case 
shown  in  diagram  3. 

The  Crane  Tross.  Fig.  0,  diagram  z,  shows  the  truss-diagram  of  a  crane 
carrying  a  vertical  load  at  joint  2.  The  external  forces  acting  on  the  frame 
are,  the  load  at  joint  2,  the  supporting  force  at  joint  3f  and  the  stress  in  the 
guy  CA .  Since  the  frame  is  in  equilibrium  under  the  action  of  these  three  forces, 
they  meet  in  a  point. 
This  provides  a  ready 
method  for  detennining 
the  direction  and  magni- 
tude of  the  supporting 
force  at  joint  3*  Prolong 
the  line  CA  and  draw  a 
vertical  line  through 
joint  3  until  it  intersects 
the  Hne  CA ,  prolonged,  at 
O;  then,  since  the  sup> 
porting  force  most  pass 
through  joint  3,  36  is 
the  direction  of  this 
force.  The  force-poly- 
gon is  now  drawn.  The  sides  of  this  polygon  are  be,  ca  and  ab,  ca  is  the  stress 
in  the  guy  CA  which  is  in  tension.  The  stress-polygons  for  each  joint  can  now 
be  readily  drawn  and  the  stresses  in  the  members  of  the  frame  determined 
(diagram  2). 

The  following  examples,  worked  out  in  detail  and  with  considerable  repeti* 
tion,  will  enable  the  student  to  grasp  the  principles  of  the  graphic  method 
for  determining  strssiibs  in  framed  structures. 

King-Rod  Tntss.  Bsample  i.  Fig.  10  shows  the  truss-diagram  of  the 
trass  rapnsttted  in  Fig.  1,  properly  drawn,  lettered  and  figured,  ready  for 


Fig.  10.    King-rad  Thos.    Trass-diagram 
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drawing  the  stsess-diagkam .  The  supporting  force  at  the  left  is  SM,  the  la»d 
at  joint  I  is  MA,  the  bottom  of  the  rafter  is  AE^  the  left  portion  of  the  tie-beaa 
or  bottom  chord  is  ES,  etc.  The  loads  acting  at  joints  z,  3,  3,  4  and  5  are 
designated  as  MA,  AB,  BC,  CD  and  DN  respectively,  and  those  at  joints  ^  7 
and  6  as  OP,  PQ  and  QS  respectively.  It  makes  no  difference  what  lettcn 
are  used,  except  that  it  is  better  to  first  letter  the  outside  spaces  oonsecpsdvc^ 
and  then  the  inside  spaces. 

Poroe-Piolygoii.    The  tokce-foltsok  is  now  constructed  by  laying  off  to 
scale  (Fig.  10a)  the  external  forces  in  order,  beginning  with  the  force  MA,  aad 

following  with  AB,  BC,  CD,  DN  bud  <£ 
downward,  NO  laid  off  upward,  OP,  PQ, 
QS  hud  off  downward,  and  SM  laid  odf 
upward.  If  the  work  is  correct.  thaA 
forces  form  a  closed  vigubs. 

Stress-Diagrams.  The  szsess^u- 
GSAic  is  drawn  by  taking  the  forces  acting 
on  the  joints  in  consecudva  order,  cxxn- 
mendng  at  one  of  the  supports.  It  is 
convenient  to  staxt  with  the  suppMt  at 
the  left,  or  at  joint  i.  In  actual  com- 
putations it  is  not  necessaiy  to  number 
the  joints,  but  in  order  to  refer  to  them 
in  the  description  it  is  necessary  to  num- 
ber them  in  the  iUastrations.  Commenc- 
ing at  joint  I,  the  first  step  in  drawing 
the  STBESS-DiAdtAM  IS  to  draw  a  vertical 
line  to  a  scale  of  FOtTin>s-TO-iHE-xiscB  to 
represent  the  supporting  force  SM,  This 
line  is  the  line  sm  already  drawn  in  con- 
structing the  FOBCE-POLTGON  (Fig.  10a) 
of  x6  000  lb  to  the  inch.    It  is  best  to 


Ftg.   10a. 


King-rod  Truss, 
diagram 


StrcM- 


which  might  be  drawn  to  the  scale 
use  a  scale  as  large  as  convenient  in  order  to  have  a  relative^  small  stress- 
diagram.    An  engineer's  scale,  one  divided  to  zoths,  soths,  joths,  etc,  of  an 
inch,  is  found  most  convenient  for  these  drawings.    The  small  letter  s  is  pUced 
at  the  bottom  of  the  line  sm,  and  the  letter  m  at  the  top.    From  m  is  kid  off  ma 
representing  the  load  MA.    A  line  is  then  drawn  from  a,  parallel  to  the  rafter 
AE,  and  a  line  from  s  parallel  to  the  tie-beam  ES.    The  two  lines  meet  at  e, 
and  ae  represents  the  stress  in  AE  and  es  the  stress  in  ES.    The  supporting  foroe, 
represented  by  s^t  acts  upward,  and  the  others  follow  in  rotation,  showing  that 
<ie  acts  towards  joint  i  and  that  the  member  AE  is  in  compression,  and  sbov- 
ing  that  es  acts  from  joint  i  and  that  the  member  £5  is  in  tension.    Consider 
next  the  stresses  at  joint  6.    Commencing  at  the  bottom  of  the  joint  and  gomg 
around  to  the  left,  the  first  force  that  is  known  is  the  load  QS,  or  i  930  lb,  which 
is  measured  to  the  scale  used  from  q  to  s,  downward,  as  the  loads  act  downward. 
Tlie  point  s  was  located  in  drawing  the  stress-polygon  for  joint  x,  and  q  and  s 
in  constructing  the  force-polygon  for  the  external  forces.    The  next  stress 
that  is  known  is  the  stress  se  which  has  just  been  determined.    As  tfab  sties 
acts  to  the  right  from  joint  i,  it  will  act  to  the  left  from  joint  6,  as  the  stresses 
in  the  two  ends  of  a  strut  or  a  tie  act  in  opposite  directions,  as  explained  on  pa^ 
1068.    The  stresses  in  EE'  and  E*Q  are  not  known,  so  from  e  a  line  is  drawn 
parallel  to  EE'  and  extended  so  that  a  line  drawn  from  its  extremity  ^  and 
pamliel  to  E*Q  closes  on  4.    The  lines  ee'  and  e*q  are  thus  found,  which  reprt* 
smt  the  stresses  in  ££'  and  E'Q  respectively.    Starting  with  s€,  the  stieai  is 
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SE,  kzK>w&  to  be  TXHSnos  and  acting  from  joint  6,  and  going  around  the  diagram 
in  rotation,  EE*  and  E*Q  are  found  to  be  in  tension.  At  joint  2  the  stresses 
in  E'E  and  EA  and  the  foroe  or  load  AB  are  known,  leaving  the  stresses  in  BP 
and  FE*  to  be  determined.  From  a  lay  off  downward  ab  equal  to  the  force  or 
load  AB.  From  b  draw  a  line  parallel  to  BF,  and  from  «'  a  line  parallel  to 
FE'.  Prolong  these  lines  until  they  intersect  at  /;  then  6/  is  the  stress  in  BF 
and  /e'  that  in  FE\  Both  members  are-in  coicfkessiok.  At  joint  s,  the  un- 
known forces  or  stresses  are  the  stresses  in  CG  and  GF,  From  c  draw  a  line 
parallel  to  CG,  and  from/ a  line  parallel  to  GF,  The  two  lines  intersect  at  g» 
and  eg  is  the  stress  in 
CG  and  ^  that  in  GF. 
CG  is  in  compbession 
and  GF  in  tension. 
Since  the  truss  is  sym- 
metrical and  symmetri- 
cally loaded,  the  stresses 
in  the  members  on  the 
right  of  the  middle  are 
the  same  as  in  those  on 
the  left.  The  stresses  in 
the  members  on  the  left 
of  the  middle  have  been     Rx-"786       *^  •'■''  *--•  R,-U78i 

determined  so  that  it  is  ^«'  "•    ^^""^  ^^^^    ^'"^ 

not  necessary  to  draw  the  stkess-polygons  for  joints  4,  5,  8  and  7.  It 
is  good  practice  to  complete  the  btrxss-oiaQKam  including  the  stresses  for 
every  joint  in  the  truss.  A  closed  symmetrical  figure  will  result,  unless  some 
error  is  made  in  the  construction,  thus  checking  the  work.  The  scale  is  now 
applied  to  the  different  lines  of  the  strcss-diaosam  and  the  MAONirtTDEs  of 
THE  stresses  obtained  as  indicated  on  the  corresponding  lines  of  the  truss-dia- 
gram (Fig.  11).    In  practice  the  diagrams  of  Figs.  10  and  11  are  combined  in 


Fig.  12.    Queen  Truss.     IVuss-dlagnnL     (See,  aho,  Figs.  8,  53  and  54  and  Chapter 

XXVin.  Fig.  1) 

one  drawing.    They  are  shown  separately  here  merely  to  indicate  the  succes- 
sive steps  in  the  drawing  of  the  diagrams  and  in  the  determination  of  the  stresses. 

The  Queen  Truss.  Example  2,  The  diagram  in  Fig.  12  represents  the 
center  lines  of  the  members  of  the  queen  truss  shown  in  Fig.  3;  and  the 
loads  indicated  are  those  found  in  example  2,  page  1055.  The  middle  braces  in 
the  middle  panel  are  indicated  by  dotted  lines  in  the  truss-diagram,  because 
under  a  symmetrical  load  there  are  no  stresses  in  these  members,  and  they  are 
therefore  not  represented  by  lines  in  the  stress-diagram.    As  the  truss  is  syr^- 
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metrically  loaded,  eadi  supporting  force  or  reaction  is  equal  to  one-half  the  t*^' 
load,  or  x8  500  lb.  There  are  no  purlins  at  joints  x  and  6  to  cany  raft 
ceiling-joists,  which  are  supported  by  the  walls  of  the  building,  so  there 
external  loads  at  these  joints  as  in  the  previous  example.  The  very  smaJl  dei 
load  due  to  the  truss  itself  is  neglected.  To  draw  the  force-polygon,  first  dni 
the  vertical  line  qa  (Fig.  12a)  equal  in  length,  to  some  scale,  to  the  xna^zun:  :t 
of  the  left  supporting  force;  then  in  rotation  and  at  the  same  scale  lay  off  tr.^ 
distances  ab,  be,  cd  and  dg,  downward;  go,  equal  to  the  right  supporting  for..- 
upward;  and  op  and*^  downward,  dosing  the  figure  at  q.  To  construct  it- 
combined  stress-diagram  using  the  force-polygon  just  drawn,  as  a  foundati  1, 
first  consider  joint  i.    From  a  draw  a  line  parallel  to  AE  and  from  q  a  Llc 

parallel  to  EQ.     The   triangle  qae  represents   iht 
three  forces  in  equilibrium,  meeting  in  a  point  arJ 
acting  at  joint   i.    As  the  supporting    forces  a*: 
upward,  the  arrow-head  on  qa  points  upwaitl.     F.> 
bwing  the  sides  of  the  stress-polygon  qae  in  rotatic^, 
oeacts  towards  the  joint  and  eq  from   the   ynzi, 
showing  that  ae  is  in  compression  and  eq  in  tension 
Next  determine  the  stresses  acting  at  joint  a.     Tb: 
stress  in  EA  is  now  known  and  represented  by  tbt: 
line  ea,  and  as  the  stress  at  joint  2  acts  in  a  direct:- 1= 
opposite  to  that  at  joint  i,  it  now  acts  upwi^ri 
towards  joint  2.    The  next  force  b  the  load,  6  .?oo 
lb,  which  acts  downward.     The  point  b  has  alreacr 
been  foimd  by  measuring  from  a  a  distance  equal  to 
6300  lb  at  the  same  scale  as  used  in  drawing  v»- 
There  now  remain  two  stresses  to  be  found  for  joic: 
a,  those  in  BP  and  PE.    Draw  6/  parallel  to  BF,  acd 
fe  parallel  to  PE,  the  two  lines  intersecting  at  /. 
Then  the  sides  of  the  polygon  abfe  represent  respectively   the  magnitudes 
of   the  four  forces  acting  at  joint  2;   and   the  character  of  the  stresses  is 
determined  by  the  directions  in  which  the  stress-lines  are  drawn,  in  order, 
in   going  around  the  joint.    In  this  case  they  all  act  toward  the  join:, 
and  EA,  BF  and  FE  are  in  compression.    The  stresses  acting  at  joint  3  or  7 
may  be  determined  next,  as  only  two  of  them  are  unknown  at  either  joint. 
Considering  the  external  force  and  the  three  stresses  acting  at  joint  3,  the  stress 
in  FB  has  been  determined  and  is  represented  by  the  line  /&,  which  is  drawn  ui>- 
ward  for  this  joint.    The  load  or  force  BC,  8  550  lb,  is  known  and  is  represented 
by  be.    ch  is  drawn  parallel  to  CH,  and  hf  parallel  to  HP,  closing  the  polygon. 
The  length  of  ch  determines  the  magnitude  of  the  stress  in  CH  and  hf  the  stress 
in  HF.    The  stresses  in  all  the  truss-members  but  HP  are  now  determined. 
TMs  stress  is  found  by  considering  the  force  and  stresses  acting  at  joint  7.    At 
this  joint  the  force  PQ,  or  3  650  lb,  and  the  stresses  in  QE,  EF  and  FH,  represented 
respectively  by  pq,  qe,  ef  and  fli,  have  been  determined.    The  line  hp,  represent* 
ing  the  stress  in  HP,  completes  the  polygon  for  joint  7.    Hence  hp  determines 
the  stress  in  HP,  and  as  A0  is  drawn  from  left  to  right,  from  the  joint,  HP  is  is 
tension.    With  reference  to  joint  3,  the  line  ch  is  drawn  towards  joint  3  and 
hence  CH  is  in  compression.    Scaling  the  lines  in  the  stress-diagram  (Fig.  12a) 
the  figures  shown  by  the  side  of  the  lines  are  obtained.    They  indicate  the  mag- 
nitude of  each  stress  in  pounds,  the  -f-  sign  denoting  compression,  and  the  -  sign, 
tension.    The  two  foregoing  examples  illustrate  the  method  of  drawing  tlK 
stress-diagrams  for  simple  symmetrical  trusses,  symmetrically  loaded.    The 
tniss-dlagrams  should  be  drawn  in  accordance  with  the  measurements  given. 


Fig. 


12a.     Queen   Truss. 
Suesa-diagram 


Determination  of  Stresses  in  Roof-Trusses  by  Graphic  Methods    1073 

but  to  a  sdle  of  not  less  than  Vfc  in  to  the  foot;  and  the  stress-diagram  should 
be  drawn,  line  by  line,  in  aosordance  with  the  foregoing  directions  and  the 
results  obtained  and  compared  with  those  given  in  the  figures.  A  variation  of 
xoo  or  200  lb  for  small  stresses  and  less  than  i%  for  large  stresses  may  be  ex- 
pected, but  a  greater  variation  indicates  either  that  sufficient  care  has  not  been 
exercised  in  drawing  the  stress-lines  exactly  parallel  to  the  corresponding  lines 
of  the  truss-diagram,  or  that  an  error  has  been  made  in  drawing  the  truss-dia- 
gram, or  in  scaling  the  lines  of  the  stress-diagram.  After  these  two  examples 
have  been  worked,  a  number  of  the  following  examples,  also,  should  be  solved, 
until  the  principles  are  fully  understood. 

Truss  for  Museum  of  Fine  Arts,  St.  Louis,  Mo.    Example  3.    Fig.  13 
represents  the  truss-diagram  of  the  truss  shown  in  Fig.  11,  Chapter  XXVI, 

vata     F      Q       I     isMO 
C      W+54J0S     I  ♦fliaoo 
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(Fig.  13.    Txuss-<iiagxain.    Museum  of  Fine  Arts,  St.  Louis,  Mo. 
Fig.  13a.    Stress-diagTam 


the  loads  indicated  being  approximately  those  due  to  the  roof  and  suspended 
floor  below.  The  loads  being  symmetrically  disposed,  each  supporting  force  is 
equal  to  one-half  the  total  load,  or  41  040  lb.  The  counterbraces  CC,  shown 
in  Chapter  XXVI,  are  omitted  from  the  truss  because  they  have  no  stress  when 
the  truss  is  uniformly  loaded.  To  draw  the  stress-diagram  (Fig.  13a),  first 
draw  to  scale  the  vertical  line  sa,  equal  to  41  040  lb,  equal  to  Ri;  and  then  ab 
and  bs  parallel  respectively  to  AB  and  BS  and  representing  the  stresses  acting 
at  joint  I.  At  joint  2,  the  line  ba  represents  the  stress  in  BA ;  ac,  equal  to  7  200 
lb,  the  load  AC;  cd,  the  stress  in  CD;  and  db  the  stress  in  DB.  The  polygon 
bacdb  represents  the  forces  in  equilibrium  acting  at  joint  2.  At  joint  3  there  are 
three  unknown  forces;  and  as  three  unknown  forces  out  of  five  in  one  polygon 
cannot  be  determined,  joint  4*  where  dc  and  the  load  CF  are  known,  is  considered 
next.  Measuring  off  the  load  cf,  equal  to  12  240  lb,  the  stresses  in  FE  and  ED 
only  are  to  be  determined.  These  are  found  by  drawing  fe  parallel  to  FE,  and 
ed  parallel  to  ED,  the  two  lines  intersecting  at  e.  At  joint  3,  sb,  bd,  de  and  the 
force,  qs  are  known,  and  eg  and  gq  are  drawn  to  close  the  polygon  sbdegs.    At 
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joint  lo  the  force  ft,  equal  to  ii  ooo  lb,  and  m  are  known;  mnd  cc'  uhI  (>  in 
dtiwn  to  dose  the  polygon.  At  joint  J,  f'f,  (I  ud  </"  are  knami  and  ii  and  u 
are  drawn  to  dose  tne  polygon.  Since  then  is  do  knul  at  joiot  5, /and  >  falic 
the  sBDie  point  in  the  itrets-diagiuii.  The  Btieuei  Id  pounds,  in  the  Tariss 
members  of  the  truss,  are  given  in  numben  ra  the  oonespoodinK  lines  in  lit 
ttres»<liagnm  (Fig.  13a). 

Triangular   Howe  Tmaa.    XompU  4.    Consider  the  ikdetan  irian^lr 
Howe  tidss  represented  io  Fig.  14  loaded  as  ifaown  by  the  weixbt  of  ttte  mj 


Fi«.  llA.    Tciugulac  Howe  Tc 


above  and  a  ceiling  Delow.  To  draw  the  stress-diagram.  Grat  draw  to  (rale 
the  lUNiorting  force  gj,  equal  to  46  Gio  lb.  Then  lay  oB  Jk  equal  to  10  jio  It^ 
U  equal  to  10  jzo  lb,  etc  Then  draw  [he  fines  ya  and  ag.  and  the  three  hvns 
at  the  left  support  are  known.  At  joint  i.  p^  and  qa  are  known  and  at  aitd  h 
are  drawn  to  dose  the  polygon.  At  joint  i.  ba,  ^  and  Jk  are  known  utd  ic 
and  cb  ait  drawn  to  dose  the  pidygon.  At  joint  3.  ap,  pb  and  ic  are  known 
and  at  and  ds  are  drawn  to  dose  the  polygon.  At  joint  i,  ic.  ck  and  U  are  knowi 
and  fa  and  «l  are  drawn.    At  joint  4,  i»,«J  and  di  arc  known  and  <f  and  ^aie 
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drawn  to  dose  the  pdygon.  At  jomt  5,  je,  d  and  1m  are  known  and  mg  and  gj 
axe  drawn.  Joint  7  ia  considered  next,  for  at  joint  6  there  are  three  unknown 
stresses;  and  by  the  graphic  method  three  out  of  five  forces,  meeting  in  a  point 
&nd  in  equilibrium,  must  be  known  in  order  to  determine  the  other  two.  At 
joint  7,  gm  and  wm'  are  known  and  w^  and  ^g  are  drawn  to  close  the  polygon. 
This  completes  the  determination  ol  the  stresses  in  all  the  pieces  for  one-half 
of  the  truss  and  of  course  the  stresses  for  each  half  are  the  same  as  the  loading 
is  symmetrical. 

Eight-Panel  Howe  Truss.    Bzample  5.    For  the  next  example  a  Howe 
IKUSS  is  oonsidered,  whose  center  lines  give  the  diagram  shown  in  Fig.  15. 
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Fig.  15.    Howe  TniBS. 

This  truss  is  used  for  a  span  of  64  ft,  and  it  supports,  in  addition  to  a  flat  roof, 
a  plaster  ceiling  below  the  bottom  chord  and  a  gallery  on  eadi  side.  The  loads 
at  the  different  joints  are  about  as  indicated  in  Fig.  15.  To  draw  the  stress- 
diagram  (Fig.  15a),  first  construct  the  foroe-polygon  by  laying  off  to  scale  in 
rotation  the  external  forces,  commencing  with  the  left  reaction  34  200  lb.  Next, 
commencing  at  joint  o^  the  supporting  force  ta  is  known,  the  stress  in  the  rafter 
is  a^,  and  the  stress  in  the  tie  pi,  dosing  the  polygon.    At  joint  i,  pa  and  ah 
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Ty^  15a.    Howe  Thiss.    Streas-diagiam 

are  known  and  hn  and  n^are  drawn,  closing  the  polygon.  At  joint  3,  ;5,  sp  and 
pn  are  known  and  nm  and  m%  are  drawn.  At  joint  3,  mn,  nb  and  be  are  known 
and  d  and  /m  are  drawn.  The  stresses  at  the  remaining  joints  are  found  in  the 
same  way  as  those  at  3  and  4.  The  stresses  in  pounds  in  the  various  members 
of  the  truss  are  noted  in  figures  in  the  stress-diagram  (Fig.  15a). 

Howe  Tmss  Loeded  at  Attemate  Joints.    Bsample  6.    (Fig.  16.)    This 
example  of  a  Howe  truss  b  selected  to  show  how  to  proceed  when  there  is  no 
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load  at  one  or  more  of  the  joints.  Fig.  16  represents  the  center  tines  of  a  tr^- 
50  ft  in  span  and  only  5  ft  in  height.  In  order  to  give  the  braces  an 
approximating  45^,  the  truss  is  divided  into  ten  panels;  but  purlins 
3ver  every  other  joint,  as  in  Fig.  16,  Chapter  XXVI.  The  loads  frocn  tbes. 
purlins  are  about  5  000  lb.  The  stresses  at  joint  x  are  found  in  the  same  manaer 
as  in  the  previous  example,  always  starting  with  the  supporting  force.  .X: 
joint  2  the  stress-line  da  is  already  drawn;  and  as  there  is  no  load  at  tlus  jon^t 
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Fig.  16.    Howe  Truss.    Truss-diagram 


a  line  is  drawn  from  a  parallel  to  i4£  (^4  covers  the  entire  space  from  joiot  i 
to  joint  4).  and  a  line  from  d  parallel  to  ED,,the  two  lines  intersecting  at  e. 
The  force-lines  and  stress-lines  are  as  follows: 

At  joint  3:  od,d^,  cf  and  fo; 

At  joint  4:  fe,  ea,  ab^  bg  and  gf\ 

At  jcMnt  5:  of,  fg,  gh  and  ho; 

At  joint  6:  kg,  gb,  bi  and  ik; 

At  joint  7:  ok,  ki,  ij  and^o; 

At  joint  8:  ji,  ib,  be  and  ck\ 
the  btter  line  extending  to  the  point  of  beginning,  j,  showing  that  there  is  no 
stress  in  kj.    At  joint  9  the  only  stresses  are  oj  and  lo,  for  as  there  b  no  stress 
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Fig.  16a.    Howe  Truss.    Stress-diagram 

in  JK,  for  equilibrium  there  can  be  nbne  in  KL.  There  is,  also,  no  stress  in  the 
middle  rod.  Although  these  members  have  no  stress,  it  is  advisable  to  insert 
them  in  the  truss  in  order  to  stiffen  the  top  and  bottom  chords.  They  may 
be  made  very  light,  say  %  in  in  diameter  for  the  rods  and  5  by  6  in  in  cross- 
section  for  the  braoes. 
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Howe  Truss  with  Slsnttng  Top  Chord.  Bsunple  7*  In  order  to  give  a 
slope  to  the  roof  it  is  often  desirable  to  incline  the  top  chord  of  a  Howe  tkuss 
as  in  Fig.  17,  Chapter  XXVI.  Fig.  17  shows  the  trusa-diagram  for  such  a  trusSk 
and  Fig.  17a  the  stress-diagram.  The  latter  a  drawn  in  the  same  way  as  the 
stress-diagram  in  Example  5,  but  because  the  top  chord  is  not  level,  the  stress* 
diagram  is  not  symmetrical.  When  the  stress-diagram  is  not  symmetrical  it  is 
necessary  to  complete  the  entire  diagram,  so  as  to  show  the  stress  in  every  mem- 
ber of  the  truss.    The  stress-lines  for  joint  9  are  am,  mn,  nr  and  ro.    This  leaves 
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Fig.  17.    Howe  Truss  with  Slanting  Top  Chord.    Tnus-diagram 


Fig.  17a.    Howe  Truss  with  Slanting  Top  Chord.    Stress-diagram 

only  the  line  rf  to  complete  the  diagrajn;  and  if  the  diagram  has  been  correctly 
drawn,  a  line  joining  r  and  /  will  be  exactly  parallel  to  RP,  There  is  no  stress 
in  the  rod  //. 

ftrttt  Tmss.  Inclined  Tlss.  Bxample  8.  (Fig.  18.)  This  truss  has  the 
same  dimensions  as  the  truss  shown  In  Fig.  14,  but  the  diagonals  incline  in  the 
opposite  direction  and  are  in  tension,  while  the  verticals,  except  the  middle  one, 
£.£',  are  in  compresaon.  This  form  of  truss  is  sometimes  used  in  wooden  coq- 
Btruction  to  avoid  the  long  middle  braces  shown  in  Fig.  14.    Long  ties  are,  as  a 
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tulc,  more  ecwKROical  than  long  strou.  The  cooitntctlan  of  tlu  Mres^-diaeci!? 
requina  no  additional  eiplaoation  after  that  giveo  for  the  stress-diaKiam  c 
Fig.  14a.  The  Wudent  ihould  compare  the  ma^tude  o[  the  stresaes  »cu^ 
and  nuifced  in  Fig.  18a  with  those  in  Fig.  14a,  and  note  the  eSect  erf  Ibe  chj.iL:! 
in  the  directiaa  of  the  braces.  The  truu  i^ireKnted  by  Fig.  14  requires  a  vrr, 
much  larger  rod  in  the  midiUe  than  u  required  for  KL  mad  K'L'  ia  tlie  tno? .  i 
Fig.  IS.    The  middle  lod  for  the  tnm  shown  in  Fig.  18  may  be  made  voy  lig:.:. 


Fio.  !>.    Pnit  TniH.  Inclined  HeL 


This  truss,  howrvei,  requires,  (or  good  construction,  special  cast-iron  va&hrr^ 
for  the  rods. 

Kmpla  Fan  Tru*t.  Bnoiplee.  (Fig.  19.)  This  figure  shows  the  skeloic 
of  a  ^m|>le  fan  tkcss  with  rafters  inclined  jo"  and  divided  into  tbtte  equil 
panels,  making  the  loads  AB,  BC,  CC.  etc.  equal.  The  streswHagrun  u 
drawn  according  to  the  principle  already  eiptaiued  and  requires  no  iprdJ 
trettlment.  As  ibe  loads  are  equal,  the  stresses  in  this  tru&s  may  be  ngdSy 
iicured  by  means  of  Table  X,  and  the  student  should  compare  the  stresses  thu 
determined  with  those  obtained  by  scaling  the  st 
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Cmmbered  Fink  Tnist.  Bzaaiple  lo.  (Fig.  20.)  The  inclination  of  the 
rafters  is  30"  and  the  dbtance  between  the  trusses  20  ft.  The  loads  are  ca!< 
culated  for  a  slate  roof  on  boards  or  on  angle-iron  purlins.  Commence  the 
stress-diagram  by  drawing  a  vertical  line  equal  to  the  supporting  force  Ru  or 
56  350  lb,  and  lettering  the  lower  end  of  the  line  0  and  the  upper  end  a,  as  these 

fiOOO 


R^«|M 


Fig.  19.    Fan  Truss.    Truss-diagram 


are  the  letters  on  each  side  of  the  supporting  force  at  joint  o.  an  and  no  are 
drawn  parallel  to  ^iV  and  NO.  For  joint  i,  na  is  drawn  upward;  ab  is  laid  off 
equal  to  16  100  lb  and  bm  and  mn  are  drawn  parallei  to  BM  and  MN.  At  joint  2 
on  and  mm  are  known,  and  ml  is  drawn  parallel  to  ML,  the  sides  of  the  stress- 
polygon  being  on,  nm,  mi  and  h.  At  joint  3  a  new  condition  is  met,  which  is 
not  found  in  any  of  the  preced- 
ing examples  and  which  b 
peculiar  to  this  form  of  trusSi 
viz.,  three  apparently  unknown 
forces.  From  a  study  of  the 
truss-diagram,  however,  it  is 
seen  that  LM  and  IK  act  as 
parts  of  BELLY-KODs,  taking  up 
the  thrust  from  the  lower  ends 
of  the  struts  at  joints  2  and  5; 
and  as  t^he  loads  at  joints  i  and 
6  are  equal  and  NM  and  IH  are 
the  same  length,  the  stress  in 
IK  is  the  same  as  the  stress  in 
LM,  which  is  already  known. 
This  reduces  the  number  of 
unknown  forces  at  joint  3  to 
two.  The  first  force  known  at 
this  joint  is  Im,  the  next  mb  and 
the  next  be,  equal  to  16  too  lb. 
From  c  a  line  is  drawn  parallel  to  CI  and  from  /,  the  initial  point,  a  line 
Iiarallel  to  KL.  Between  these  two  lines  there  must  be  a  line,  ik,  parallel  to 
IK  and  equal  in  length  to  ml;  and  this  line  is  determined  by  means  of  the 
dividers  and  a  parallel  ruler  and  straight-edge.  If  correctly  drawn,  the  joint  i 
will  fall  in  line  with  nm.  The  sides  of  the  stress-polygon  for  joint  3  are,  then, 
Im,  mb,  be,  ci,  ik  and  kl. 
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Fig.  19a.    Fan  Truss. 
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At  joint  4  the  stress-lines  are  ol,  Ik,  kg  and  go. 

At  joint  5  the  stress-lines  are  gk,  ki,  ih  and  kg. 

At  joint  6  the  stress-lines  are  ki,  ic,  cd  and  dh. 
tf  the  stress-diagram  is  accurately  drawn,  a  line  from  i  parallel  to  the  rafts' 
will  pass  through  the  point  A.    The  vertical  tie  GG'  (Fig.  20)  has  no  stns 
and  its  only  purpose  is  to  prevent  the  horizontal  tie  from  sagging. 


Fig.  20.    Cambered  Fink  Truii.    Truss-diagram 


Fig.  20a.    Cambered  Fink  Truss.    Stress-diagram 

Cambered  Fink  Truss.  Bzimple  ii.  (Fig.  21.)  This  is  the  truss  shown 
in  Fig.  20,  with  two  additional  loads.  Steel  trusses  of  this  shape  are  often 
required  to  support  loads  from  below.  In  Fig.  21  there  are  two  loads  of  4  tons 
each,  supported  at  joints  $  and  9,  in  addition  to  the  roof-loads.  The  stress- 
diagram  is  drawn  in  exactly  the  same  way  as  in  Fig.  20a,  except  that  at  joint  5 
the  first -known  force  ro,  parallel  to  RO,  4  tons,  is  laid  off,  locating  r.  At  this 
joint,  then,  ro,  ol  and  Ik  are  known  and  kg  and  gr  are  drawn  to  dose  the  polygon. 
It  should  be  noticed  that  the  stresses  in  NM,  IH,  ML,  KI  and  LK  are 
not  affected  by  the  ceiling-load.  This  is  endent  by  comparing  Fig.  21a  with 
Fig.  20a.  All  of  the  other  stresses,  however,  are  increased  because  of 
the  increase  in  the  supporting  forces,  the  greatest  increase  being  in  KG  and  HG. 


Deteraamation  of  Stresses  in  Roof-Trusses  by  Graphic  Methods    1081 

8 


HjtSZ 


Fig.  21a.    Camboed  Fink  Truss.    Stfess-diagimm 


Fig.  23.    Sdsson  Truss.    Tniss-diagrmm  Fig.  22a.    Sciaaors  Tnws.    Stres* 

diagram 
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Simple  ScUton  Tmu.  Bnuntis  la.  (Fig.  23.)  Thli  is  the  tro^ 
diogiam  of  the  truss  abown  in  Fig.  22.  Chapter  XXVI.  which  is  the  umplest  to.-n 
of  the  scisaoBS  tbu&s.  The  inus-diagnun  la  drawn  by  commeodng  with  tbc 
line  oa  equal  to  the  supporting  loroe,  9  Goo  lb.  and  then  in  order  the  iorccs  JJ, 
hb',  b'a',  a'r  and  re.  formiog  the  polygon  of  the  extemal  forces.  At  joint  i,  h 
is  luawn  and  ad  and  da  are  diawn,  cloiiug  the  polygoa.  At  jolot  2,  da  mad  a 
are  known  and  ie  and  ti  are  drawn,  dosing  tbe  potygon.  At  joint  i,  tt  and  M' 
are  known  and  t't'  and  e't  are  drawn.  This  detcrroines  tbe  strease*  in  one-hij' 
the  Iniss.  Those  for  the  other  haU  are,  of  coune,  of  tbe  aane  magnitude  aC'l 
character,  but  (he  strese-djagram  should  be  continued  for  the  Kocind  bail  of  Uk 
truss  al  a  checli. 


be  for  a  slate  roof  and  wooden  ceiling  and  for  a  spacing  of  i  a  ft  on  cmten.  T 
■tress-diagram  is  begun  by  drawing  the  line  aa  equal  to  the  supporting  foi 
at  jtHnt  1  (14  Goo  lb).  The  ades  of  the  Etcess-polygons  ior  the  different  joii 
are  as  follows: 


Al  joint  . 

M.oJ,6/and/«; 

At  joint  3 

«.</,/«  and  JiD; 

At  joints 

V./4.Mand*A; 

At  joint  5 

rcdioolb),  dA,  M,  Uandlr; 

At  joint  6 

U.  U.  be  (5  400  lb),  (m  and  mi; 

Al  joint  7 

mt,  ti-'  !s  400  lb),  c'm'  and  fii'm. 

The  itudent  should  notice  bow  much  the  stresses  in  the  principal  members  ot 

in  tbe  middle  rod.     For  tbeK  reasons  this  is  not  an  economical  type  of  tnui  for 

■pans  exceeding  36  ft 

Z>eteimitutioa  of  Stresses  in  Roof-Trunei  by  Graphic  Methods    lOSS 

Sdsaors  Tni«(.  Bumfl*  14.  Fig.  24  is  the  trus9-diagrsm  of  the  truEi 
shown  in  Fig.  i,  page  1056,  and  (or  which  the  n>oI  and  cei ling-loads  aie  computed 
in  ExBinple  3,  pa^  IOS5'  "^^^  tniB3  diown  in  Fig.  4  is  buiJt  of  planks  spiked 
anil  bolted  together,  but  the  stresses  are  found  in  precisely  the  same  way  if  the 
t  ruBs  is  made  of  heavy  timbcra  and  supports  ■  greater  mol-area.  It  shoukl  be 
remembered  that  only  the  shape  of  the  truss  and  the  loads,  including  their  point 
of  acipUcation,  affect  the  stress-diagram.  The  stresses  at  joints  1  and  3  are 
rendlly  found,  commeodnx  with  mi.  equal  to  Ri.  At  each  of  joints  3  and  4. 
however,  there  are  three  unknown  forces.  We  cannot  obtain  the  stresses  at 
joint  4  unti]  those  atting  at  joiiit  j  have  been  detennioed.  The  l:Down  forces 
a.t  3  are  the  load  RO,  equal  to4joIb,aDd  thcstressesactrogtn  OSand  £P;  and 
the  unknown  forces,  those  acting  in  FH.  BK  and  KR.  HK  and  KR  are  in  ten- 
sion and  serve  to  hoM  joint  3  from  falling  down  and  outwards.  Either  one, 
but  not  both,  ntay  be  omitted,  and  the  greater  the  stress  is  in  one  the  less  it  is  in 
the  other.     The  only  way  to  complete  the  stress-polygon  for  joint  3  is  to  fix  the 


Fig-  "H.    Sciuon  Tnu*.    Tiuu-diagram,     (See,  alio,      Fig.    24*.      Scissors    Tnus. 
Fif.  iaod  Chapter  XXVIII,  Fig.  >]  SlR»<)Ueniii 

amount  of  one  of  the  unknown  stresses  arbitrarily.  The  most  satisfactory 
analysis  seeras  to  be  to  make  the  sRm  in  HK  equal  to  that  in  KR.  This  is 
done  as  follovs:  The  first  known  force  at  joint  3  is  the  load  represented  by  n, 
ihe  pmnt  r  being  obtained  by  measuring  upwards  from  d,  430  lb;  neit,  the  lines 
«and  <f  are  known.  From /a  line  i  a  drawn  parallel  taPB  and  from  r.  a  line 
parallel  to  KR-  These  two  lines  must  be  connected  by  a  third  line  parallel  to 
JIK.  This  line  should  be  drawn  so  that  its  length  is  equal  to  kr,  which  can  be 
done  by  means  of  dividers.  Lettering  the  ends  of  this  line  h  and  k  the  sides 
of  the  completed  stress-polygon  for  joint  3  are  re.  k,  tf,!h,  hk  and  kr.  Knowing 
the  stress  in  BF,  tlierc  are  but  two  unknown  forces  at  joint  4,  and  these  are  readily 
found.  The  sides  of  the  stress-polygon  for  joint  3  aitk,  cc\  q'V  and  (7.  Com- 
paring this  stress-diagram  with  that  of  Fig.  23a,  it  is  seen  that  the  stress  in  the 
middle  rod  is  mudi  less  in  proportion  to  Ihe  loads  for  the  truss  shown  in  Fig.  24 
than  for  the  one  shown  in  Fig.  23.  this  reduction  being  due  to  the  horizontal  tie 
SK.  For  light  trusses  built  of  planks,  silked  or  bolted  together,  the  form  of 
truss  shown  in  Fig.  24  is  preferable  to  that  shown  in  Fig.  23. 

Sdssora  TruH.    Baampl*  15.    Fig.  25  is  the  truss-diagram  of  the  scissois 
ntiss  shown  in  Fig.  27  of  Chapter  XXVI.    The  line  £J='  in  Fig.  25  does  not 
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^      +«500      / 
<f^    d  Fig.  25a.    Scissors  Truss.    Stress-diagram 
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coirespond  icith  the  centei  line  of  the  itnit  m  Fig.  27,  because  the  inner  end  of 

this  strut  is  dropped  slightly  on  ftcanint  of  the  detail  of  the  jomt;  but  in  Iniss- 
dias™""  'U  lines  must  go  from  joiiit  lo  joint,  otherwise  the  sties^iagram  cmn 
not  be  dnwn.  There  aie  no  siresaes  in  the  middle  diagonals  under  a  symmetrical 
vertical  load;  hence  they  are  shown  by  dotted  lines  in  Fig.  25.  As  no  compBca- 
tions  arise  in  diswins  the  stre&sKliagTain  of  this  truss,  a  detailed  descriptioa  is 
»iiji      The  sides  of  the  stxess-polyguni  for  the  diflerent  joints  aie  al 

For  joint  >:  no,  oi,  ds; 

For  joint  i:  re.  ad,  de,  tr% 

For  joint  y.  td.da,  oA,  hi,  /«; 

For  joint  4:  (i,  *e,  ch,  hf; 

For  joint  5 :  o.te.^.Sit,  hi. 
ch  and  ks  ctdndde,  showing  that  the  csmpies^on  in  CB  is  equal  to  the  tension 
m  HS.    The  plus  and  minus  ingDs  in  Fig.  25,  >i  in  all  the  other  diagrams, 
denote  comprea^on  and  touion  tcspectively. 


Fig.  29*.    Tni»  withoul  116. 


TrnM  Wthoat  Tie-Beam.  Bnofle  li.  Fig.  26  shows  a  truss  which  is 
neither  a  eCissoks  tbues  nor  a  hamh£K-beah  tiuss,  yet  this  form  can  be  made 
to  appear  similar  to  the  hahher-beau  tkl'ss  by  inserting  a  curved  brace  below 
joint  i.  and  replacing  the  pieces  OH  and  OH'  by  curved  members.  There  is  no 
difficulty  m  drawing  the  stress-diagram  shown  in  Fig.  26*. 

Th«  HoriMntal  Thnut  of  SdMora  TnuM*.  In  the  oamples  just  given 
it  has  been  aMumed  that  the  reactions  are  vertical  and  consequently  that  there 
is  no  HOBizoNTAi.  TBSUST.  This  would  be  ttue  if  the  materials  composing  the 
frames  were  absolutely  rigid.  This  is  not  the  case,  however,  and  all  trusws 
built  along  the  geometrical  lines  of  their  shape  change  in  shape  after  the  full 
losd  is  »M>lied.  In  the  scissoas  tbuss  this  changes  the  length  of  the  span, 
making  it  longer  and  permittfaig  the  rafters  lo  sag.  If  the  trusses  are  con- 
structed with  a  camber  in  the  rafters  and  the  span  made  a  little  short,  thetRatrsi 
against  the  supports  on  be  practically  eliminated  by  fastening  one  end  of  the 
ins!  and  providing  [or  a  movement  at  the  other,  so  that  when  the  Cull  roof  and 
ceiling-loads  have  been  placed  on  the  truss  the  span  will  have  its  correct  length. 
In  order  to  do  this  we  must  know  bow  mucb  ibe  span  will  chance  in  length 
under  the  full  kiul.    This  can  be  determined  in  the  maimer  shown  in  the  follow- 
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ing  example  and  by  referring  to  F$g.  26b.  Let  Diagram  i  represeat  a 
sciaaoKS  tkdss  loaded  as  shown  with  i  coo  pounds  at  each  top-chord  joint 
and  let  the  left  end  be  aasomed  to  rest  upon  roUcrs.  Then  both  reactiQiis  win 
be  vertical  and  the  stresses  in  each  member  can  be  found  from  the  uamal  stress- 
diagram  shown  in  Diagram  a.  Let  5  be  the  stress  in  any  member  as  found 
from  Diagram  a;  tc,  the  stress  in  saay  member  produced  by  one  pouiad  actias 
horiaontaHy  at  K  and  fram  L  aa  fouod  from  Diagram  3;  A,  the  asea  of  aa^ 


Fig.  20b.    Simple  Scissors  Truss  and  Stress-diagrams 

member,  in  square  inches;  /,  the  length  of  any  member,  in  inches;  E,  Young's 
modulus  of  elasticity  of  the  material  composing  any  member  and  D,  the  tot.vl 
CHANGE  IN  LENGTH  OF  SPAN  whcn  the  truss  is  subjected  to  its  full  load.    Then, 

If  i7  is  the  BORizONtAL  roacE  applied  at  K,  which  is  necessary  to  make  the 
value  of  Z>  —  o 


*  Theory  and  Practice  of  Modem  Fkumed  Structures,  Johnson,  Bryan  and  Tferneaim 
(John  WUey  &  Som);  Roob  and  Bridges.  Mcrriman  and  Jaooby  Jofaa  WiUy  9l  Sou). 


determination  of  Stresaet  in  Roof'Trnsaes  1^  Graphic  Metliods    1087 

he  deuUed  alcuUtiaas  for  Fig.  2te  are  givoi  in  Table  XVII,  aasumhig  that 
1  members,  excepting  PG,  are  composed  of  6  by  6-in  white  pine  timbers  with 

at  I  ooo  ooo  lb  per  sq  in,  and  that  FG  is  an  upset  round  iteei  rod 
ci  area  of  0.785  sq  in  with  E  equal  to  30  000  000  *  lb  per  sq  in  for  steel. 


Table  ZVH,    Computations  for  D  and  H  Uit  •.  Particalar  Scissors  Tmss 


(I) 

Member 

(2) 
5. 

Dia. 
gram  3 

(3) 
A 

(4) 

5+A 

N. 

Diagram  3 

(6) 

I 

(7) 
AB 

(8) 
AE 

AB 

BF 

CG 

DH 

EM 

HM 

EF 

FG 

GH 

-♦-3160 

+2100 
+2100 
+3160 

—  2360 

—  2360 
+  800 
-1980 

+  8P0 

36 
36 
36 
36 
36 
36 
36 
0.785 
J6 

87.8 
58.3 
58.3 
87.8 

65.5 

65.  S 

22.2 

3522.0 

32.2 

+0.71 
+0.71 
+0.71 
+0.71 
-1  58 
-1.58 

0 
—1. 00 

0 

84.8 
84.8 
848 
84.8 
126. 5 
X26.5 
63.2 
80.0 
63.3 

0.0QS28 

0.0Q3SI 

0.00351 

0.00538 

0.01316 

0.01316 

0.0 

0.00672 

0.0 

0.05062 

0. 000001x8 

0.000001x8 

0.00000x18 

o.oooooxxS 

0. 00000975 

0.00000675 

0.0 

0.00000340 

0.0 

0.00002562 

D  »  0.05062  in  and  U  *  0.05062  4-  0.00003562  «  1975,  or,  approximately, 
2  000  lb.  This  shows  that  the  span  would  lengthen  about  %o  iUi  if  allowed  free 
movement  at  one  end;  or,  if  fixed,  there  would  be  a  horizontal  fokce  of 
2  000  lb  tending  to  push  the  supports  out.  In  column  4  it  is  seen  that  the 
stresses  per  square  inch  are  only  about  one-tenth  of  those  permissible.  Assum- 
ing that  the  loads  become  10  000  lb  at  each  apex-joint,  the  horizontal  deflec- 
nos  becomes  about  Vi  in,  and  the  horizontal  ikrust  becomes  20000  lb. 
This  shows  conclusively  that  a  large  excess  of  material  must  be  employed  in  the 
scissors  truss,  {>articularly  in  the  members  £U  and  hm  which  contribute  over 
ane-half  the  value  of  Z>  as  shown  in  column  7,  if  the  horizontal  deflection  is 
to  be  made  so  small  that  its  e£fect  may  be  neglected.  As  stated  before,  if  the 
truss  b  permitted  to  deflect  horizontally  tmtil  fully  loaded,  the  walls  or  supports 
will  have  sensibly  no  horizontal  thritst  to  resist. 

The  Hcfiunef-Beam  Tmss.  As  usually  constructed  the  bammebl-beam 
TRUSS  is  expected  to  exert  more  or  less  horizontal  pressure  at  the  supports; 
and  this  is  provided  for  by  heavy  walls  and  buttresses.  The  diagram  of  such 
a  truss  is  shown  in  Fig.  27,  in  which  the  curved  braces  usually  built  in  the 
middle  part  of  the  truss  are  not  shown,  as  they  are  considered  to  be  pure^  oznar 
mental  and  for  vertical  loading  have  no  stresses.  The  brace  OM  is  drawn  as 
though  it  were  straight;  but  a  curved  brace  may  be  used  instead,  without  alter- 
ing the  diagram.  The  stress  in  the  curved  piece  is  that  found  from  the  stress- 
diagram,  increased  by  the  bending  stress  due  to  its  curvature.  To  determine 
stresses  in  the  members  of  this  truss  it  is  necessary  to  first  find  the  horizontal 
thrust  of  the  truss  against  the  wall.  To  do  this  all  the  truss-memben  from 
jomt  o  to  joint  4  are  considered  to  form  a  framed  brace,  or  assemblage  of 
PIECES  supporting  the  upper  portion  of  the  truss  at  joint  4,  or  a  single  brace, 
shown  by  the  broken  line  04,  Fig.  27,  is  assumed  to  have  the  same  effect  on  the 
wall  as  all  the  pieces  put  together  in  the  framed  strut;  that  is,  the  truss  is 

*  If  39000000  lb  per  sq  In  is  used  for  the  value  of  R  for  sted  the  raloes  of  D  and 
tf  will  be  lUghtiy  changed.     See  Table  I,  page  664. 
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considered  to  have  the  same  hokizontal  thkust  as  the  truss  diown  in  F%.  27  ^ 
The  load  at  joint  4  is  evidently:  xa  000  lb,  plus  the  load  at  joint  5,  plus  hi^ 
the  load  at  joint  6,  plus  half  the  load  at  joint  2;  making  in  aU,  36  000  lb,    T 

find     the    bobzzc^- 

****  TAL  THM7ST  acd  ti' 

stresses  the  prooe* 
dure  b  as  foik>7< 
ah  (Hg.  27b)  is  b^i 
off  equal  to  the  k-^ 
at  joint  2,  he  equal  t-. 
the  load  at  joint  i. 
cd  equal  to  the  \^ 
at  joint  5,  and  ii 
equal  to  the  load  it 
joint  6.  Then  :*■. 
load  at  joint  4  'Fic 
27a)  -  V4  fl*  +  hi' 
di+Vi  id'-,  and  if  ^ 
faoriamtal  line  i^ 
drawn  horn  x  to  t^-. 
left,  and  from  th: 
center  of  o^  a  !b-e 
parallel  to  the  a*^^ 
4-0  (Fig.  27a)  thc« 
two  lines  will  intersect  at  i»,  and  mx  is  the  magnitude  ov  the  HORizosrTAL 
THRUST  exerted  on  the  wall  at  the  joint  o.  Having  obtained  this  thrust,  k 
is  ea^  to  determine  the  stresses  in  the  pieces.    At  joint  o  the  four  forces  in 


H-*iaoM 

N' 
Rf«2000 
Fig.  27.    Hammer-beam  Tnias.    Tiiim  iliitum 


Fig.  27a.    Bammer-beam  Truss.    Tniss-diagnkm 


Ftg.  27b.    Hammer4ieam 
Tnns.    StTCM-diagiam 


equilibrium  are  the  resistance  to  the  thrust,  mx,  the  vertical  supporting  force 
mn  and  the  stresses  ao  and  om^  closing  the  polygon.  At  joint  t,  m,  aj  and  jo  are 
the  stresses  in  OA,  AF  and  FO.  At  joint  3  the  stresses  are  m«,  of,  fg  and  |m; 
at  joint  2  they  are /a,  ab,  bg  and  gf\  at  joint  4  the  stresses  are  mg,  gb,  be  and  ci, 
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closing  the  polygon.  It  will  be  noticed  that  the  polygon  cijOSES  without  allow* 
ins  any  line  to  be  drawn  parallel  to  IM\  hence  there  is  no  stress  in  /!/,  with 
vertical  loading.  When  there  are  wind-loads  there  is  some  compieasion  in  IM, 
and  this  member  is  a  necessary  part  of  the  truss.  At  joint  5  there  are  the  stresses 
ic,  cd,  dk  and  kt,  and  at  joint  6.  kd^  dd'td'k'  and  k'k,  which  complete  the  stresses  for 
one-half  the  truss,  which  are  all  that  are  needed.    Gamparing,  now,  the  diagram 


R  « 10  tong 


S|NID 

Fig.  28.    Suspended  Pratt  Tmas.    Truss-diagram 


of  stresses,  Fig.  27b,  with  Fig.  26a,  it  is  seen  that,  in  general,  the  icAGNiruDES 
OF  THE  STRESSES  in  the  truss,  Fig.  27,  are  much  less  than  those  of  the  stresses 
in  the  truss,  Fig.  26;  while,  on  the  other  hand,  the  latter  truss  may  be  so  con- 
structed as  not  to  exert  the  outwasd  thkust  on  the  walls,  exerted  by  the  truss 
shown  in  Fig.  27.  If  curved  members  are  introduced  between  joints  3  and 
X  2  and  1 1  and  12,  they  should  be  lightly  secured  at  the  ends  or  the  stresses  deter- 
mined   in   the    manner 

oTT 


outlined  for  the  scissors 

TRUSS. 

Suspended  Pratt 
Truss.  Example  17- 
Let  Fig.  28  be  the 
truss-diagram  of  a  sus- 
pended Pratt  truss, 
uniformly  loaded  at  top 
and  bottom,  with  2  tons 
at  each  joint.  The 
stress-diagram  is  drawn 
in  exactly  the  same  way 
as  for  a  Ho^'E  truss, 
except  that  the  diagonals 
run  in  the  opposite  direc- 
tion. The  stresses  should  be  drawn  for  the  joints  in  the  order  in  which  they 
are  numbered.  In  this  truss  the  verticals  are  in  compression  and  the  diagonals 
in  tension. 

Warren  Truss.  Example  x8.  Fig.  29  is  the  truss-diagram  of  a  light  iron 
Warren  truss  of  32-ft  span,  intended  to  support  a  tar-and-giavel  roof,  the 
slope  being  at  right-angles  to  the  line  of  the  trusses.  The  stress-diagram  is 
drawn  as  in  the  previous  examples,  taking  the  joints  in  the  order  in  which  they 
are  numbered. 

Double  Warren  Truss,  or  Lattiee  Truss.  Example  19.  The  truss-dia- 
gram shown  by  Fig.  30  is  best  analyzed  by  considering  it  as  built  up  of  two 


Fig.  28a.    Suspended  Pratt  Truss.    Stress-diagram 
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Fig.  29a.    Warren  Truss.    StreasKliagram 
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Fig.  31.    Warren  I^uis.    'Dnias^iiaiEain 
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Varren  trusses,  laid  one  over  the  other,  the  full  luies  indicating  a  truss  such 

ls  is  shown  in  Fig.  31,  atfd  the  dotted  lines  a  truss  as  shown  in  Fig.  32.    Three 

>l  the  seven  loads  would  come  on  the  first  truss  and  four  on  the  second.    The 

»tresses  are  found  for  each  truss  separately 

Lnd  then  combined  for  the  top  and  bottom 

ihords.    Thus  the  stress  in  the  top  chord 

from  I  to  Si  Fig.  30,  would  be  that  in  AD, 

Kig.  31,  or  3  tons;  from  3  to  5  it  would  be 

EK^ual  to  the  stress  in  AD,  Fig.  31,  plus  that 

in  BE,  Fijg.  32,  or  9  tons;  from  S  to  7  it 

wrould  be  equal  to  the  stress  in  BF,  Fig.  31, 

p1u<t  the  stress  in  BE,  Fig.  32,  or  13  tons, 

and  so  on^  the  stress  in  the  bottom  chord    jig.SU.     Warren  Truss.    Stress. 

being  found  m  the  same  way.    The  diagonal  diagnun 

struts   and  ties  act  independently  of  each 

other,  and  the  stresses  are  those  indicated  on  the  stress-diagrams.    The  plus 

signs  denote  compces^on  and  the  minus  signs  tension.    In  Fig.  32  the  sides 

of  the  stress-pob^n  for  jomt  7  are  fe,  eb,  he,  and  ««,  which  doses  without 

any  room  for  a  line  parallel  to  GP^  showing  that  there  is  no  stress  in  the  two 


Fig.  32.    Warren  Tnus.    Ttuas-diagram 

inner  diagonals  except  that  due  to  the  weight  of  the  bottom  chord.  This  truss 
is  usually  constniaed  of  steel  angles.  When  wood  is  employed,  three  or  four 
Warreft  trusses  are  combined  forming  the  lattice  truss  shown  in  Fig. 
19,  page  X008.     It   is  entirely  imnecessary   to  use  graphical  methods  fai 

detenniniBg  the  stresses,  as  the  chords 
and  web-members  are  respectively  uni- 
form in  size.  For  the  chords  the  maxi- 
mum bending  moment  divided  by  the 
distance,  center  to  center,  of  the  chords 
gives  the  designing-stress  for  the  chords. 
The  maximum  vertical  shear,  usually  the 
reaction,  divided  by  the  number  of 
simple  Warren  trusses  combined  gives 
the  vertical  component  for  which  the 
web-planks  are  designed.  This,  of  course, 
leads  to  a  waste  of  material  as  far  as 
resisting  stresses  is  concerned,  but  for 
stiffness  and  economy  in  labor,  the  extra 
material  is  well  used.  This  truss  can  be  extended  indefinitely  by  giving  it 
sufficient  height  for  the  span.    (See,  also,  pages  xoo8  and  Z009.) 

Quadrangular  Truss.  Example  30.  Fig.  33  is  the  truss-diagram  of  a  truss 
similar  to  that  shown  in  Fig.  59,  Chapter  XXVI,  the  panel-loads  being  taken  at 
2  toos  each,  and  the  analysis  being  the  same  for  any  other  bads.    The  stress- 
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Fig.  33a.    QuAdranguIar  Truss. 
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Fig.  34a.    Quadrangular  Truss.    Stress-dlagiam 
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diagram  is  drawn  exactly  as  in  the  previous  examples,  commencing  with  the 
supporting  force  oa  and  considering  the  joints  in  the  order  in  whidi  they  ate 
numbered.  In  this  truss  the  diagonal  web-members  are  all  ia  tension  and  the 
verticals  in  compression.  It  will  be  noticed  that  the  inclination  of  the  diagonals 
in  the  two  panels  nearest  the  middle  of  the  truss  is  opposite  to  that  of  the  diagonals 
in  the  outer  panels.  This  is  due  to  the  inclination  of  the  top  choxd,  which  causes 
compressive  stresses  in  the  inner  diagonals  when  they  incline  the  other  way. 
The  stress  in  LM»  however,  is  so  small  that  a  single  steel  angle  resists  either  a  oom- 


Fig.  85.    Quadnngukr  T^uss.    Tniss^liagrun 

pressive  or  tensile  stress.  The  truss  shown  in  Fig.  34  is  very  simUar  to  that  shown 

in  Fig.  33,  the  principal  difference  being  that  the  slope  of  the  top  chord  is  less 

in  the  former  than  in  the  latter.    In  Fig.  34.  the  diagonals  in  the  two  middle 

panels  only  incline  from  the  top  of  the  middle  .vertical,  and  the  stress  in  these 

diagonals  is  very  small.    With  a  still  less  inclination  to  the  top  chord,  the  stress 

in  NR  becomes  zero;  and  with  a  horizontal  top  chord  the  character  of  the  stress 

in  NR  is  reversed.    To  keep  it  in  tension,  its  direction  should  be  changed,  as  in 

the  Prati  truss,  Fig.  28.    Comparing  the  stresses  in  these  two  trusses,  it  is 

seen  that  while  the  stresses  in  the 

end-panels  are  less  in  Fig.  34a  than  in 

Fig.  33a.  the  stresses  in  the  chords  at 

the  middle  are  considerably  greater. 

As  a  rule,  the  less  the  height  of  a 

truss  in  proportion  to  the  span,  the 

greater   the    stresses  in   the  chords, 

especially  at  the  middle  of  the  truss. 

Quadrangular  Truss.  Bxamplo 
az.  Fig.  35  is  a  truss-diagram 
similar  to  the  truss  shown  in  Fig.  66, 
Chapter  XXVI.  The  trus&-diagram 
is  drawn  as  in  the  previous  examples, 
except  that  in  this  case,  as  the 
bottom  chord  has  different  indina* 
tions  in  the  different  panels,  the  stress-lines  do  not  lie  over  each  other,  but 
radiate  from  0,  the  lines  in  the  stress-diagram  being  parallel  to  the  corresponding 
lines  in  the  truss-diagram.  In  this  truss  the  character  of  the  stresses  in  the 
diagonal  web-members  is  reversed  in  the  two  panels  nearest  the  middle.  Thus 
the  sides  of  the  stress-polygon  for  joint  4  are  Ik,  kb,  be,  cm  and  ml,  the  stress  ml 
acting  from  the  joint  and  hence  denoting  tension.  At  joint  8  the  sides  of  the 
stress-polygon  are  rp,  pd,  de,  er  and  sr,  the  latter  line  acting  towards  the  joint, 
and  hence  denoting  compression.  Under  irregular  loading,  the  character  ol 
the  stxess  in  SR  would  probably  be  reversed,  so  that  the  pieoe  would  be  in  ten- 
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aon  intead  of  in  comprtanon.  The  stieaws  in  members  of  truaeB  tflr^  "Figs,  33. 
34  and  35  fhoiUd,  therefore,  always  be  fDmputed  for  snow  on  aoe-haJf  of  tbe 
UuES  only  and  alao  Cor  wmd-pfetstire. 

Qvndrtncnlnr  Trasa.  Bnmple  aa.  In  Fig.  36  is  shown  the  dncram  d 
&e  tniss  iOustrated  in  Fig.  66,  Chapter  XXVI.  This  truss  is  similar  to  tiaf 
shown  in  Fig.  34,  except  for  the  secondary  bradng  in  the  panels  and  lor  lis 


am 


■S-T 


«Vn' 


Fig.  36.    Quadiaagular  Thus.    Tniss-diagram 

curved  bottom  chord.  The  stresB-diaigfam  presents  no  difficulties.  In  drawing 
the  Ifaies  from  o  parallel  to  the  members  of  the  bottom  clioid  the  htter  should 
be  considered  as  made  up  of  straight  lines  connecting  the  joints.  Thus  om  is 
drawn  pafallel  to  an  imaginary  straight  line  connecting  joints  S  and  4.  As  there 
is  no  load  over  the  center  of  the  two  panels  next  to  the  middle  of  the  truss,  there 
are  no  stresses  in  the  trus-members  between  X  and  /  and  /  and  //.    H^liefl 

the  bottom  chord  is  stFa%ht, 
as  in  Fig.  34,  there  is  no 
stress  in  Y7';  but  when  the 
chord  is  curved,  a  tensional 
,  stress  develops,  in  YY\  the 
71  magnitude  of  this  sbess  bemg 
indicated  by  yy'  (Fig.  36a). 
When  the  diagram  is  com- 
pleted for  the  entire  trass,  it 
is  symmetrical  about  a  hori- 
sontal  line  drawn  tfan>agh  o. 

Bowstring  Tmas.  Bm&pla 
aj.  The  span  of  this  truss  is 
90  ft;  the  distance  between 
trusses  from  oenters^  20  ft; 
and  the  rise  of  the  arched 
rafter  or  upper  chord,  to  ft. 
The  form  of  truss  represented 
m  Fig.  37  is  one  of  the  most 
economical  for  very  great  spans.  In  trusses  similar  to  the  one  explained  in  this 
example,  the  top  chord  is  curved  and  is  the  only  piece  that  is  in  compressioa. 
All  the  other  members  are  in  tension.  Under  a  steady  bad  only,  such  as  the 
weight  of  the  roof  itself,  the  diagonals  drawn  with  solid  lines  and  placed  as 
shown  in  Fig.  37  are  all  that  are  needed ;  but  when  there  is  a  severe  wind-pres- 
sure on  one  side  of  the  roof  only,  it  is  necessary  to  have  the  additional  set  of 
diaffooals  shown  by  the  dotted  lines.    Hiese  couimBBBACES,  as  they  are 
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Fig.  36a.    Quadrangular  Ttuss.    Stre8B>diagram 
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Unming  the  ttddttioiuU  «t,  are  not  stressed  ^en  there  is  a  vertical  load 
only  And  they  are  omitted  in  dmwmg  the  stress-diagram.  To  draw  the  stress- 
dtatrnun,  the  loads  are  laid  off  on  a  veitioal  fine,  as  in  all  the  previous  eaiamples, 
the  poh&t  «  being  half-way  between  e  and  «'  (Fig.  37a).  m  is  the  supporting 
force  at  joint  i.  In  drawing  the  stresses  at  the  different  joints,  those  at  joint  i 
are  first  drawn  and  then  those  at  joints  2,  3,  4,  s,  etc.,  in  the  order  in  whidi  they 
are  numbered  (Fig.  37).    In  the  stress  diagram,  m,  equal  to  the  supporting 
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Fig.  37.    Bowstzfag  Truss.    Tnass-diagram 


Fig.  37a.    B«ivstring  Truss.    Stxcss-diagram 


force  at  joint  i,  is  known  and  from  a  a  line  is  drawn  parallel  to  AG,  and  from 
0  a  line  parallel  to  GO,  These  two  lines  intersect  at  g.  The  lines  repre- 
senting the  stresses  in  the  cnrved  members  of  the  truss  are  drawn  parallel 
to  stiaigbt  lines  oomecting  the  two  ends  of  each  curved  piece.  Thus  ag  is 
drawn  parallel  to  1-3  and  og  parallel  to  1-2.  At  joint  2,  og  is  known,  gh  is  drawn 
paiallei  to  GU  and  ho  paraUel  to  HO,  At  joint  3,  kg  and  ga  have  been  dmwn, 
the  load  «i  is  known  aiid  bi  and  ih  are  drawn.  At  joint  4,  eh  and  hi  have  been 
drawn,  and  ik  and  ho  are  next  drawn  to  dose  the  polygon.  The  stress-lines  for 
jonts  6  and  S  are  drawn  in  a  similar  way,  and  those  for  5,  7  and  9  similarly  to 
thoie  at  joint  3.  After  drawing  the  stteaa  lines  for  joint  9,  joint  xo  is  next  con» 
sideced;  and  after  the  stress-lines  for  that  joint  are  determined  the  stresses  in 
an  the  members  of  the  trun  are  known.  The  stresses  in  this  particular  example 
are  given  in  pounds  on  the  respective  iiaea  in  the  atresfr-diagram.    It  will  be 
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noticed  that  the  stresses  are  veiy  great  in  the  top  and  bottom  diorda,  but 
small  in  the  bracing.  The  Utter  stresses  are,  in  fact,  so  small  that  it  is  just  .i:s 
well  to  make  all  the  diagonal  braces  the  same  size  and  of  dimensions  suffioBi: 
to  resist  the  stress  in  IH,  which  has  the  greatest  stress;  or  IH  and  KL  may  he 
made  the  same  size  and  MN  and  PR  a  smaller  size.  The  verticals  or  radiating 
pieces  may  all  have  a  sectional  area  sufficiently  large  to  safely  resist  tbe  strcs 
in  NP,  The  great  advantage  of  this  truss  lies  in  the  fact  that  all  its  parts  an 
in  tension  excepting  the  upper  chord,  which,  of  course,  is  in  compression.  Tbr 
manner  in  which  stresses  act  may  be  described  in  general  by  sajing  that  the 
upper  chord  carries  all  the  load,  like  an  arch,  and  is  prevented  from  spreadisf 
out  at  the  ends  by  the  lower  tie;  and  that  the  object  of  the  bracing  and  the 
vertical  pieces  is  only  to  keep  the  bottom  chord  in  its  curved  position. 

Trusseg  Unsymmetrically  Loaded.    Now  that  the  principles  have  bcea 
explained  according  to  which  the  stress-diagrams  may  be  drawn  for  seveoi 


Fig.  38.    UnaynuneCrical  Truss.    Tross-diagnun 


Fig.  38a.    UnsymmeCrical 
IbiM.    FeBce-fwlygoB 


forms  of  trusses  symmetrically  loaded,  it  may  be  well  to  consider  the  subject 
in  a  more  general  manner.  It  will  now  be  assumed  that  there  are  no  restrictioas 
as  to  SYMMETRY  in  the  form  of  the  truss  and  its  loading;  and,  furthermore,  it 
will  not  be  assumed  that  all  of  the  loads  act  as  vertical  forces  as  in  the  problems 
just  solved.  Fig.  38  shows  an  unsymmetrical  truss  vnsymmetiicauy 
LOADED  and  with  loads  or  forces  which  are  not  parallel.  In  the  previous  pcx)blems 
the  supporting  forces  or  reactions  have  been  equal  and  each  equal  to  one-half 
thek>ad.  In  this  problem  such  is  not  the  case.  The  first  step,  thent  is  the  OBzn* 
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^ci  NATION  OF  THE  REACTIONS.    If  the  truss  remains  in  position  it  follows  that 
slII  the  forces  acting  upon  the  truss,  such  as  the  loads  and  reactions,  must  be 
in  equilibrium;  also  since  by  de^tion  a  truss  must  act  as  a  beam,  the  truss 
may  be  replaced  by  a  beam  in  considering  the  outside  forces.    In  Fig.  38, 
prolong  the  lines  representing  the  direction  of  the  forces,  as  shown,  until  they 
cut  the  line  ST  and  assume  ST  to  be  a  simple  beam  loaded  with  the  forces  AB, 
BC,  etc.     Beginning  with  AB^  to  some  convenient  scale  lay  off  the  forces  in 
order  as  shown  in  Fig.  3Sa.   The  broken  line  VU  represents  the  forces  in  magni- 
tude and  direction.    For  equilibrium,  forces  equivalent  to  UV  are  required. 
This  is  evident  when  we  remember  that  the  algebraic  sum  of  the  vertical  and 
horizontal  components  of  all  the  forces  acting  must  respectively  equal  zero. 
Assuming  that  the  supports  at  S  and  T,  Fig.  38  are  similar  in  every  respect  we 
may  assume  that  the  reactions  Rx  and  Rt  act  in  the  same  direction  and  that  they 
are  parallel  to  U  V,   This  does  not  determine  the  magnitudes  of  R\  and  Rt.  These 
may  be  found  as  follows:  In  Fig.  38A,  assume  any  point  W  and  draw  the  lines  i, 
2,  3,  etc.    In  Fig.  38,  starting  at  any  point  on  R\  draw  the  line  x  parallel  to  the 
line  I  in  Fig.  38a,  and  extend  it  until  it  cuts  the  direction  or  line  of  action  of  the 
force  il  B  as  shown ;  from  this  point  draw  a  line  parallel  to  2  in  Fig.  38a,  and  extend 
it  until  it  cuts  the  direction  of  BC  as  shown,  and  so  continue  until  line  6  is  diaw^ 


Fig.  38b.    Unsymmetrical  Truss.    Truss-diagram 

cutting  ^2.    Draw  line  7  in  Fig.  38  and  then  in  Fig.  38a  draw  a  line  paraPel  to 
this  from  W  until  it  cuts  UV,    This  point  divides  UV  into  two  parts,  the  upper 
being  the  magnitude  of  Ri  and  the  lower  the  magnitude  of  R%,    No  trouble  will 
be  experienced  in  applying  the  above  method  if  the  following  rule  is  obeyed  to 
the  letter.    In  Fig.  38,  the  parallels  to  any  three  lines  in  Fig.  38a  which  form  a 
triangle  must  meet  in  a  point.    For  example,  in  Fig.  38a  lines  x,  2,  and  Pi, 
or  ab  form  a  triangle,  and  in  Fig.  38,  their  parallels  meet  in  the  point  X.    In 
this  method  it  is  not  necessary  that  the  forces  AB,  BC,  etc.,  be  used  in  order  in 
Fig.  38a,  but  considering  them  in  order,  on  a  simple  beam,  makes  the  graphical 
construction  in  Fig.  38  less  complex  and  avoids  many  chances  of  en-or.    The 
method  outlined  above  is  general  and  can  be  used  for  forces  acting  in  any  direc- 
tion.   If  the  forces  are  parallel  then  the  load-line  ah,  he,  ce,  etc.,  in  Fig.  38a,  and 
the  line  UV  will  coincide;   but  the  method  of  procedure  remains  unchanged. 
Now  that  all  the  forces  acting  upon  the  truss  have  been  determined,  for  con- 
venience, they  will  be  shown  in  character,  in  Fig.  38b,  and  the  stresses  in  the 
members  composing  the  truss  will  be  found.    First  lay  off  the  forces  in  exact 
order  to  see  that  they  form  a  closed  figure,  which  must  be  the  case  if  they  are 
in  equilibrium.    The  lines  with  arrow-heads  m  Fig.  38c  show  this  construction- 
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which  chedcs  the  valaes  of  Ri  and  Rt  obtained  above.  This  figare  remam*  t'-* 
same  regardless  of  the  interior  arrangement  of  the  trass.  The  oonstructioo  d 
the  stress-diagram  follows  the  methods  given  in  thie  previous  examples  unri 
point  3  is  reached.  Here  there  are  three  unknowns,  CM,  ML  and  LK,  ai^  r 
cannot  be  assumed  that  ML  is  the  same  as  JK,  as  was  done  in  examples  zo  a^. 
XI.  Let  the  truss  be  cut  as  shown  in  Fig.  3Sd,  and  the  actual  stresses  in  tlie  c.: 
pieces  assumed  to  act  against  the  cut  ends,  then  the  frame  shown  in  Fig.  3>^ 
and  the  forces  R^  AB,  BC,  CB,  EN,  NO,  OG  and  Off  will  be  m  equflajrios 


Fig.  38c.    Uosymnietrical  Tnias.    Stress-diagram 


Fig.  38d.    Unsymmetrical  Tna^ 
Tmas-daagrams 


The  frame  may  be  of  any  form  as  long  as  K  is  rigid  so  the  bracing  may  be  chajisre«l 
as  shown  in.  Fig.  38o  and  the  stresfipdiagram  proceeded  with  as  in  Fig.  3s., 
until  the  stresses  in  EN,  NO  and  OG  have  bean  found.  This  will  locate  the 
point  0.  Returning  to  Fig.  38b,  it  is  found  that  at  joint  4  all  the  stresses  but 
KL  and  LO  are  known;  hence  these  can  be  found  in  the  u«ial  manner.  Joint  3 
is  next  considered  and  so  on  until  the  diagram  is  complete.  The  line  qf  in  Fig. 
38c  win  p>ass  through  /  if  the  work  is  correct.  Although  the  method  for  deter- 
mining the  CHARACTER  OF  THE  STRESSES  has  been  explained,  it  will  be  repeated 
here  in  a  more  general  manner.    Take,  for  example,  joint  8,  in  Fig.  38b,  which 

is  in  equilibrium  luder  the 
action  of  the  stresses  go,  ^ 

op,  pq  and  qg,  as  indicated 
Fig.  38e.    The  stress- 
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Flg.^38x.    Unsymmetrfcal   ^l^^^'^,  ^^I,  ^^  io"»^  »    Fig.    38f.    UnsyrometriaJ 
Truss.    Foica  at  Joint  8     shown  m  Fig.  38r,  sepa-       Tnus.    Stiea^iwlygoa 

rated  from  Fig.  38c.    It  is 
assumed  that  the  stress  In  GO  is  tension.    Then  in  Fig.  38f,  starting  at  g  we  lay 
ofi  go,  op,  Pq  and  qg,  placing  the  arrow-heads  as  shown.     Transfeiring  these 
arrow-heads  to  the  ends  of  the  cut  pieces  in  Fig.  38c  indicates  at  once  the 
lUND  OF  STRESS.    The  following  examples  illustrate  the  above  methods. 

UnsymmetiicsllT-loadsd  Tkvss.  Biample  24.  Fig.  30  represents  the  dia- 
gram of  a  truss  similar  to  that  shown  in  Fig.  1,  but  of  a  greater  span  and  faavinj; 
a  gallery  supported  from  it  at  one  side  only.  The  approximate  roof  and  ceiling- 
loads  are  indicated  by  the  figures  near  the  arrows,  and  the  weight  ooniog  on 
one  truss  from  the  gallery  wouki  be  about  9  000  lb.  The  first  step  towaids 
drawing  the  stress-diagram  is  to  determine  the  reactioiis  at  the  two  ends  of  the 
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truss,  which  will  give  the  supporting  forces.  This  is  readily  done  in  this  example 
by  the  keihod  of  moments  ezplaiiied  on  pages  322  to  394.  Moments  are  fiirst 
talcen  about  joint  x.  As  the  loads  at  joints  2  and  3  have  the  same  arm»  they 
added  toother  before  multiplying  by  the  arm.    The  loads  at  joints  4  and  5 


8000 


Fig.  39.    King-rod  Truss.    Tnias-diagram  and  Equilibrium-polygoa 

h 


Fig.  39a, 


TVuas^    Stnn^dlagiam 


ftnd  at  joints  6  and  7  are  treated  the  same  way*  The  moments  about  joint  i  will 
then  be: 


[(8  000  +  4  500+  9  ooo)  »  21  500)  lb  X  12%  ft  - 
{(8000+4500)  -z2  5oo]lbX25     ft- 

1(8  000+ 4  500)  -  12  sooj  lb  X  37%  ft  - 


268  750  ft-lb 
312  5ooft-Ib 
468  750  ft-tt) 


The  sum  of  the  moments 


-»   1 050  000  ft-lb 


The  sum  of  these  clockwisk  moments  about  jomt  z  must  be  balanced  by  the 
coNTRA'CijOCKWise  MOMENT  of  R$^  the  LEVEE-JLRM  of  which,  with  reference  to 
joint  X,  is  50  ft.  Knowing  the  arm,  50  ft,  the  force  Rt  is  obtained  by  dividing 
the  sum  of  the  moments  of  the  loads  by  the  spaa.    Dividing  x  050  000  ft-lb  by 
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50  ft,  the  result  is  3x  000  lb,  which  is  the  reaction  or  supporting  force  at  jc«3t  v 
and  Ri  must  equal  the  difference  between  the  sum  of  the  loads  and  A.  Ti; 
sum  of  the  loads  is  46  500  lb  and  subtracting  from  this  ai  000  lb,  the  rcmauKkr, 
25  500  lb,  is  the  value  of  Ri.  The  stress-diagram  (Fig.  39a)  may  now  be  dnt«:=. 
First  draw  a  vertical  line  oa  equal  to  Ru  ^S  500  lb.  From  a  and  o  draw  lu:;< 
parallel  respectively  to  AE  and  £0,  locaiting  the  point  e.  For  the  stresB-line 
at  joint  2  measure  up  from  0  a  distance  equal  to  the  load  at  that  joint,  13  500  tz.. 
which  gives  the  point  r,  and  from  e  and  r  draw  lines  parallel  to  Ei^  and  Ff, 
which  intersect  at  /.  At  joint  3,  the  sides  of  the  stress-polygon  are  fe,  ea,  ;*. 
hg  and  gj.    Draw  the  stress-polygons  for  joints  4,  $,  and  6  in  the  order  in  whki 
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Fig.  40.    Unsynunetxical  Truss.    Thiss*diagrBni  and  Equilibrium-polygan 


they  are  numberwl.  At  joint  6  the  sidrs  of  the  stress-polygon  are  »*,  Ac,  «/,  ^j 
and  jf.  If  the  diagram  has  been  correctly  dra^^n,  the  Une  ij  will  be  just  equal 
to  the  load  at  joint  7.  The  sides  of  the  stress-polygon  for  joint  7  are  to  equal  to 
4  500  lb,  si,  ij  andj/,  the  only  line  to  be  drawn  being  jl,  which  must  be  parallel 
to  JT.  Consequently  i  must  be  exactly  opposite  /,  or  the  polygon  will  not  dose. 
The  distance  dt  should  be  equal  to  Rt. 

TJnsymmetrically-loaded  Truss.  Bzamiile  25*  I^ig-  40  is  the  diagram  cf 
a  wooden  roof-truss.  The  actual  loads  were  about  as  given  on  the  diagram. 
There  were  purlins  at  joints  3  and  5  only,  and  the  ceiling  below  was  suspradcd 
by  rods  from  joints  4  and  7,  joint  4  being  fixed  by  the  framing  of  the  oetfine. 
The  moments  of  the  loads  about  joint  x  are: 
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3  20olbx  8%  ft 
5  50olbXx5V^ft 

4  lOO  lb  X  19     ft 

5  500lbX34     ft 


37  300  ft-Ib 

85  350  ft-lb 

77  900  ft -lb 

133  000  ft-lb 


Sum  of  moments    ""332  350  ft-lb 

Dmding  the  sum  of  the  moments  by  the  distance  between  the  supporting  forces 
there  results  9  768  lb  as  the  value  of  Ri. 
The  sum  of  the  loads  is  x8  300  lb.  Sub- 
tracting 9  768  lb,  8  533  remains  as  the 
value  of  Ru  To  draw  the  stress-diagram, 
start  with  o"a  equal  to  8  533  lb  equal 
to  J^i  and  draw  ae  and  eo'\  The  sides  of 
the  stress-polygon  for  joint  3  are  ea,  ab,  bf, 
fe'  and  ee^.  At  joint  s,fb  is  known,  and 
be  is  measured  down  and  made  equal  to 
5  500  lb.  eg  and  gf  are  then  drawn.  At 
joint  4,  start  by  measuring  upwards  from 
0,  4  100  lb,  locating  point  0'  and  draw  gh 
and  ho'.  At  joint  5,  kg  and  ge  are  now 
known,  cd  equals  s  500  lb  and  a  line  from  d 
is  drawn  parallel  to  Dff.  This  should  pass  through  k,  completing  the  diagram. 
The  stress  in  rod  3-7  is  the  load  at  joint  7. 


Fig. 


40a.      Unsynunetrical 
Stress-diagram 


Truss. 
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fig.  4U    Unsymmetrical  Trun.    Tnos-diagram  and  EquHibrium-polygon 

UnsymmetcicaUy-loaded  Trust.  Bxample  36.  Fig.  41  is  the  truss-diagram 
of  another  truss  in  the  same  buikiing  in  which  the  truss  shown  in  Fig.  40  was 
Used.    Taking  momenta  about  joint  i,  there  results*  for  the  sum  of  the  moments. 
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406  050  ft-lb;  and  dividing  this  by  33  ft  gives  z  2  504  ib  ss  the  value  ofC  its.  i  1 
sum  of  the  loads  is  28  600  lb,  which  leaves  x6  296  lb  for  the  value  of  Rt.  T-^ 
stiesa-diagram  Fig.  41a,  is  diawn  in  the  same  manner  as  in  Fig.  40.  Stan  - 
with  o'^a  equal  to  Ri,  ab  is  drawn  eqval  to  the  bad  at  joint  2,  and  the  acn^ 
stress  in  EF  is  6  000  Ib,  or  the  length  of  the  line  ef.  If  the  stress-diagrac 
correctly  drawn,  a  line  through  d  pacallel  to  KD  will  pass  through  the  poini  * 
previously  detenBined.    The  GBAEACiEa  of  the  stresses  as  indicated  b>  *.' 

PLUS  AKD  MINUS   SIGNS  in    F|s.    Al.  ^ 

denoting  compression.  If  the  slressi^- 
grams  in  the  last  three  ^*»«»*pi*x  tr. 
compared  with  those  for  symmetikal: 
loaded  trusses  oi  similar  shape  it  is  luini: 
that  while  the  stress-diagnuns*  Figs.  3ifx 
40a  and  41a,  are  iiBs>'mmetrica],  the^ 
are  of  the  same  general  character,  2X 
the  stresses  are  all  of  the  sanae  kind  a 
when  the  supporting  forces  are  equi 
This  condition  holds  true  for  most  tiias- 
gulir  trussei^  but  for  trusses  with  )k>n- 
sontal  or  curved  chonds,  uA^-nunetnai 
loading  usually  causes  a  reversal  of  the  stress  in  kind  in  oae  or  more  of  i^« 
diagonals  or  verticals;  and  if  the  truss  contains  sny  four-sided  pen<'J%  an  addi* 
tional  diagonal  is  generally  required.  This  is  particularly  true  of  the  Ho^n 
truss;  and  as  this  truss  is  very  extensively  used  by  architects  and  builden-.  it 
will  now  be  considered  at  some  length  with  special  reference  to  the  effect  U 
unsymmetrical  loading. 

Howe  Tniseet,  Unsymmetrically  Loaded.  When  a  Howe  trxtss  is  loaded 
symmetrically  on  each  side  of  the  middle,  all  of  the  braces  incline  downward 
from  the  center,  as  in  Figs.  14  to  17,  Cbapter  XXVI;  and  if  there  is  an  odd 
NUMBER  OF  PANELS,  the  middle  panel  needs  no  brace.  When  a  load  of  much 
magnitude  is  placed  on  one  side  of  a  truss  having  an  odd  nuvbes  or  panfis 
without  a  corresponding  load  on  the  other  side,  a  brace  is  always  required  in 
the  middle  panel  and  the  brace 
should  incline  downward  from  the 
side  which  is  most  heavily  loaded. 

Howe  Truss  with  Even  Num- 
ber of  Panels.  When  the  truss 
has  an  even  NtTUBER  or  panels, 
an  un^ymmetrical  load  causes  a 
greater  stress  in  the  braces  on 
one  side  of  the  truss  than  on  the 
other;  and  if  there  is  a  sufficient 
difference  in  the  loads  on  the  two  sides  of  the  truss,  it  causes  compressive  stresses 
in  one  or  more  of  the  txkIs  and  tensile  stresses  in  one  or  more  of  the  braces.  As 
this  truss  is  especially  designed  with  the  idea  of  having  the  braces  in  com- 
pression and  the  verticals  in  tension,  whei*ever  the  loading  causes  tension 
in  a  brace,  or  compression  in  a  rod,  the  direction  of  the  brace  should  be  revcrved. 
causing  it  to  be  in  compression  again.  Consider,  for  example,  the  truss  shown 
in  Fig.  42,  divided  into  6  paneb  of  eqaal  width  and  loaded  with  4  tons  at  each 
of  the  upper  joints  and  9  tons  at  the  second  lower  joint  from  the  left.  With* 
<nit  the  bottom  load  of  9  tons,  the  brace  in  the  thiid  panel  Aoiid  ancHne  doftn- 
-ward  frOTi  the  middle  joint,  as  shown  by  dotted  Une  at  B;  bat  when  the  lead  of 
^  topsisadded,  itcatta8satinnoilrstreisiBJ?andaoo«>pieirifeitrwaia&   Xb 


•JjLJjLt 


^.42.    HoweTruBB.    Tnas-diagnHa 
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Fig.  43.    HoweTrusg.    TruMHliagnuii^ 


aATokl  this»  the  DntxcnON  of  the  bxace  is  revebsed,  as  Bhown  by  the  full  line. 
It  is  then  in  oompresaoD  and  the  vertical  R  has  no  stress  except  that  caused  by 
tlie  direct  load  of  9  tons.  There  are  the  same  results  when  the  kxid  of  9  tons 
is  applied  at  the  joint  directly  above,  instead  of  at  the  lower  joint,  although  in 
this  case  there  is  no  stress  at  all  in  R  except  that  due  to  the  weight  of  the  tie-beam. 
'When  the  load  of  9  tons  is  reduced  to  6  tons»  no  brace  is  required  in  the  third 
panel;  and  when  the  bottom  load 
is  less  than  6  tons,  a  brace  in  the 
normal  direction  is  required,  as 
shown  in  Fig.  43.    (See  page  1006.) 

Howe  Trass  with  Uneven 
Number  of  Panels.  In  the  five- 
pkanel  truss,  shown  in  Fig.  44,  a 
load  of  7.5  tons  at  A  requires 
the  arrangement  of  braces  shown 
by  the  full  lines,  and  when  the  load  at  A  is  increased  to  more  than  15  tons, 
the  brace  R  needs  to  be  reversed,  as  shown  by  the  dotted  line.  The  stress- 
diagram  always  shows  in  which  direction  any  brace  should  be  placed  to  be  in 
compression;  but  this  may  be  determined  also  by  the  following  rule.  When  the 
sum  of  the  loads  to  the  left  of  any  section,  taken  between  Rx  and  the  middle,  is 
greater  than  the  reaction  Rx,  the  direction  of  the  brace  cut  by  that  section  must 
be  reversed  from  its  normal  direction.  When  the  sum  of  the  bads  is  less  than 
Rx  the  brace  should  be  in  its  normal  position.  When  the  sum  of  the  bads,  to 
the  left  of  the  section,  is  just  equal  to  Rx,  no  brace  is  required.    For  example, 

consider  a  section  at  x.  Fig.  44.  Here 
the  sum  of  the  loads  to  the  left  is  10.5 
tons,  which  sum  is  less  than  ^1; 
hence  the  brace  should  be  in  its 
normal  direction.  If  the  sectbn  is 
at  y,  the  sum  of  the  loads  to  the 
left  is  13.5  tons,  which  sum  is  greater 
than  R\\  hence  a  brace  is  required, 
slanting  downward  from  the  more 
heavily  loaded  side.    When  the  sec- 


Fig.  44.    Howe  Truss.    Tnus-dlBgram 


tion  is  at  x,  Fig.  42,  the  load  to  the  left  is  4  tons,  an  amount  less  than  R\\ 
hence  the  brace  in  that  panel  should  be  in  its  normal  position.  When  the  sec- 
tion is  at  y,  the  sum  of  the  bads  is  greater  than  Rx\  hence  the  brace  in  that 
panel  must  be  reversed.  When  the  sectbn  is  at  y,  Fig.  43,  the  sum  of  the 
loads  to  the  left  is  less  than  Rx\  hence  the  brace  should  be  in  its  normal  posi- 
tion. By  this  rule  the  proper  direction  of  the  brace  in  any  panel  is  indicated, 
regardless  of  the  oomplicatbn  of  the  bading  and  of  the  width  of  the  panels;  but 
in  appl3ring  the  rule,  it  is  first  necessary  to  determine  the  supporting  forces, 
whidi  can  be  found  either  by  the  method  of  moments,  as  explained  in 
Example  24,  or  by  the  graphical  method. 

Unsymmetrical  Howe  Truss.  Bxample  37.  As  an  example  of  an  unsym- 
metrical  Howe  truss  unsymmetrically  baded,  the  truss  represented  in  Fig.  45 
is  considered.  This  truss  is  supposed  to  support  a  fiat  roof  and  a  wooden  tower 
located  as  shown.  The  position  of  the  tower  necessitates  a  division  of  the  panels 
as  indicated,  so  that  the  truss  is  quite  unsymmetrical.  It  is  assumed  that  the 
weight  of  the  roof,  snow,  and  tower  constitute  the  loads  in  pounds  at  the  upper 
joints,  indicated  by  the  figures.  The  graphical  determination  of  the  reactions 
and  stresses  is  clearly  shown  in  Figs.  45  and  45a.  The  only  panels  of  this  truss 
in  which  there  is  any  question  as  to  the  direction  of  the  braces  are  the  third  and 
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fourth.  Taking  a  section  at  x,  the  sum  of  the  toads  to  the  left  is  greater  tfau 
Ri;  hence  the  brace  should  be  placed  as  dxawn.  A  section  taken  thiousia  C 
makes  the  sum  of  the  toads  to  the  left  less  than  Ri;  and  hence  the  brace  sboeli 
be  in  its  normal  positton.  The  stress-diagram  of  this  truss  is  readily  drawn. 
starting  with  wa  equal  to  Ru  and  going  from  joint  to  joint  as  in  previous 
pics.    The  completed  stres»<iiagram  is  shown  in  Fig.  46a. 


TOWPT ^ 
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Fig.  45.    Howe  Truss.    Truss-diagram 


Fig.  4Sa.    Howe  Truss.    Stress-diagram 


Counterbracea.  These  are  extra  braces  that  are  put  in  a  truss  when 
stresses  are  reversed  in  character  by  a  load  which  may  be  applied  for  a  time 
and  then  removed.  For  illustration,  consider  the  truss  represented  in  Figs.  42 
and  43.  Here  it  has  already  been  shown  that  when  the  load  at  A  is  less  than  6, 
the  brace  in  the  third  panel  should  be  in  the  position  shown  in  Fig.  43;  while, 
when  the  load  is  greater  than  6,  the  brace  should  be  in  the  positton  shown  by 
the  full  line.  Fig.  42.  Now,  if  the  load  at  A  represents  the  weight  of  a  crowded 
gallerj'  or  a  hoist  raising  a  heavy  load,  or  in  fact  if  it  represents  any  live  load, 
it  is  evident  that  when  this  live  load  is  absent  the  brace  in  the  third  panel  should 
be  in  its  normal  positton;  and  that  when  this  maximum  load  is  present  a  brace 
is  needed  in  the  opposite  direction.  As  it  is  not  practicable  to  move  the  brace 
to  suit  the  changing  conditions  of  the  loading,  it  is  necessary  to  put  in  two 
braces,  only  one  of  which,  however,  is  in  action  at  a  time.  The  stresses 
in  a  Howe  truss,  therefore,  which  is  subject  to  a  variable  and  unsymmetncal 
loading,  should  be  computed  for  at  least  two  conditions  or  loading:  6rst, 
for  the  condition  resulting  from  the  appucahon  or  iHft  vaxi>kum  toad:  and 
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secondly,  for  the  condition  resulting  from  the  semoval  of  the  variable  load. 
The  truss  should  be  designed  to  resist  both  conditions.  Snow  is  a  variable 
load,  to  which  such  trusses  are  often  subjected;  but  as  it  is  nearly  uniformly 
distributed  over  the  roof,  it  does  not  change  the  character  of  the  stresses 
in  any  of  the  members.  If  a  truss,  therefore,  is  designed  for  a  maximum  snow- 
load,  it  is  more  than  strong  enough  when  there  is  no  snow.  Moreover,  the 
transverse  strength  of  the  chords  is  usually  sufficient  to  resist  any  slight  inequality 
in  the  loading.  The  principal  variable  vertical  loads,  therefore,  to  which 
a  roof-truss  may  be  subjected  and  which  require  counterbraces,  are  those  due 
to  the  weight  of  people,  merchandise,  etc.,  these  loads  being  either  suspended 
from  the  truss  by  rods  or  brought  upon  the  truss  by  a  floor  supported  by  the 
bottom  chord.  The  truss  shown  in  Fig.  45,  also,  is  an  instance  of  such  loading. 
The  weights  given  by  the  6gures  indicate  merely  the  combined  dead  loads  and 
snow- loads.  During  a  high  wind  the  weight  on  the  leeward  side  of  the  tower 
is  much  increased  and  on  the  windward  side  decreased,  so  that  when  the  wind 
blows  from  the  right,  the  load  at  4  is  greater  and  at  8  less  than  indicated;  while 
when  the  wind  blows  from  the  left  the  load  is  increased  at  8  and  decreased  at  4. 
This  requires  counterbraces  in  both  the  third  and  fourth  panels.  As  counter- 
braces  do  no  harm,  even  if  never  brought  into  action,  it  is  alwasrs  well  to  use 
them  in  the  middle  panels  wherever  the  loads  are  at  all  variable. 

Cantflever  Trusses.  These  trusses  may  be  considered  as  unsymmetrically 
loaded  trusses,  for  although  the  loads  may  be  symmetrical  in  relation  to  the 
truss,  they  are  usually  unsymmetrical  in  relation  to  the  supports.  The  method 
of  computing  the  supporting  forces  and  drawing  the  stress-diagrams  is  shown 
by  the  following  examples: 
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Fig.  46.    Cantilever  Truss.    Tniss-diagram 
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CantileTer  Truss.  Example  a8.  Fig.  46  is  the  diagram  of  a  cantilever 
TRUSS  such  as  might  be  used  to  support  the  roof  over  a  grand  stand  or  railway- 
station  platform  and  may  be  constructed  either  of  wood  or  steel,  steel  being 
preferable.  The  first  step  towards  determining  the  stresses  is  to  find  the  sup- 
porting forces.  For  this  purpose  the  panel-loads  have  been  made  i  000  lb  each, 
all  panels  being  of  equal  width.  These  assumed  loads  simplify  the  problem  and 
serve  as  well  as  the  actual  loads  to  explain  the  method  of  procedure.  In  canti- 
llver  trusses  the  loads  at  the  ends  of  the  trusses,  as  well  as  the  intermediate 
loads,  should  be  taken  into  account.  These  end-loads  are  each  equal  to  one-half 
of  the  panel-loads.  To  find  the  supporting  forces  moments  are  taken  about 
joint  13.  The  sum  of  the  moments  of  the  external  vertical  forces  is  147  000  ft -lb. 
These  moments  must  be  resisted  by  the  moment  of  the  force  Ri,  which  acts  in 
a  contrary  direction  with  reference  to  the  same  point  and  with  a  lever-arm  of 
34  ft.    Dividing  147  000  ft-lb  by  34  ft,  there  results  6  125  lb  as  the  value  of  Rii 
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aod  as  the  total  load  is  7  000  lb,  J^  mist  be  875  lb.  The  streas-dia^razn  may  he 
cnmmenced  either  with  the  forces  at  joint  i  or  with  those  at  joint  13 ;  but  2> 
the  external  loads  were  laid  off  from  left  to  right  in  the  precedinir  examipiles,  th« 

same  order  is  used  here.    Camsnencing  tbes. 
with  joint  x,  lay  off  on  a  vertical  line  the  los^ 
oa  equal  to  500  lb,  which  acts  doim,  xai 
draw  ai  and  m  parallel  respectively  to  A* 
and  10,    The  forces  act  from  o  to  a,  irota  s 
to  i  (from  the  joint)  and  from  ito&  (towar "« 
the  joint),  showing  that  AJ  is  in  tensicyn  zyi 
JO  m   compression,   a  bevessal    of    the 
CHASACTER  OF  THE  8TUBSSES  developed  h 
the  corresponding  members  of  a  truss  9ijy 
ported  at  both  ends.    Next,  at  joint  2.  tbr 
stress  ia  is  now  known,  and  ab  equal  to  x  000 
lb  is  laid  off;  then  bj  and  ji  are  drawn,  SJ 
being  in   tension   and  //   in   compressioc 
The  forces  at  joint  3  are  next   drawn  a^i 
then  those  for  the  remaining  joints,  in  thr 
order  in  which  they  are  numbered.    At  joist 
6,  the  first  force  known  is  the  supportn^  force 
^1.  represented  by  o'o  laid  off  equal  to  6  i.:5 
lb  and  acting  t;q;>ward.    The  sides   of   the 
polygon  of  forces  for  joint  6  are  0*0,  mk,  mm 
and  «m'.    The  stress  in  if  A'  is  equal  to  the 
supporting  force  o'o,  which  is  evident  from 
the  tnisadiagram.    In   practice,   J^i    would 
probably  be  a  column   continued    to    tbe 
apex  of  the  truss.     At  joint  12  the  stresses 
already  detenntned  are  vm,  si/,  and  fg  cqu;tl 
to  I  000  lb.  gv  must  close  the  polygon.    It  will  be  noticed  that  g9  acts  toward  joint 
12;  hence  the  rafter  in  the  end-panel  is  in  compression.    If  a  line  drawn  from  (, 
parallel  to  the  rafter,  passes  throu^  v,  tbe  stress-diagram  is  correct;   if  it  doe» 
not  pass  through  v,  then  either  the  stress-diagram  has  not  been  drawn  with 
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Cantilever  Truss, 
diagram 


Streas- 
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Fig.  47.    Caittilever  Trass.    Truss-diagram 

stiffident  accuracy  or  an  error  has  been  made  in  computing  the  supporting  iorce^ 
In  drawing  the  stress-diagram  for  cantilever  trusses,  it  is  important  to  keep 
in  mind  the  direction  in  which  the  forces  act,  in  order  to  determine  which 
members  arc  in  compression  and  which  in  tension. 
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Cantaorar  TnsM.  Bample  99.  Fig.  47  ii  the  diagram  of  a  truss  similar 
in  outline  to  that  shown  in  Fig.  46^  but  with  the  maoohal  braces  inclined 
IN  THE  OPPOSITE  DiRECTiOK,  SO  as  to  causc  them  to  be  in  compression  and  the 
verticals  in  tension.  The  supporting  forces  are  found  by  the  same  methods 
used  in  Example  28,  and  the 
stress-tdiagram,  also,  is  drawn  by 
the  methods  used  for  Fig.  46a. 
In  this  truss,  however,  the  stress 
in  the  vertical  post  MN  is  con- 
siderably less  than  the  reaction 

Ri  because   a  large  portion  of 

the  loads  is  transmitted  to  joint 

6  by  the  struts  LM  and  SR. 

In   this  truss  three  sections  of 

the  rafter  on  the  right  side  am 

in   compression  and   three  sec- 
tions of  the  bottom  chord  are 

in  tension.    This  is  because  in 

this  truss  the,  projection  of  the 

overhang  in  proportion  to  the 

anchor-span  is  less  than  it  is  in 

Fig.  46.    When  the  stress-lines 

pass  to  the  left  of  the  load-line 

(Fig.   47a),  the  stresses  aes 

REVERSED  IN   KIND.     TMs   truSS 

is  better  adapted  to  wooden 
construction  with  vertical  rods 
than  is  the  truss  shown  in 
Fig.  46. 

Anchored  CAntiltYer  Trust. 
Example  30.  In  this  example, 
Fig.  48,  is  shown  a  truss  with 
an  anchorage  at  the  outer  end 
to  hold  it  down,  so  that  Ri  acts 
downward.  To  determine  the 
magnitude  and  character  of  the  supporting  forces  moments  are  taken  about 
joint  6  as  follows: 

Sum  of  moments  of  loads  to  the  ri';ht  of  joint  7.  the  figures  on  the  force-am>ws 
of  the  truss-dtagram  indicating  thousands  of  pounds: 

<S  X  8)  -I-  (5  X  16)  +  (s  X  24)  +  (12.S  X  32)  -  640  000  ft-lb 

Sum  of  moments  of  loads  to  the  left  of  joint  7 : 

(2.5  X  24)  +  (S  X  16)  +  (s  X  8)  -  180  000  ft-lb 

As  these  moments  act  in  opposite  direction  with  reference  to  the  center  of 
moments,  joint  6,  the  smaller  sum,  is  subtracted  from  the  larger,  leavmg  an 
unbalanced  moment  of  640000  ft-lb  —  180000  ft-lb  >■  460000  ft-ib,  tending 
to  turn  the  truss  down  on  the  right  of  Rx  at  joint  6  and  to  lift  it  up  on  the  left. 
This  moment  must  be  resisted  by  the  moment  of  the  reaction  Ru  which  has  an 
arm  of  34  ft.  Dividing  460  000  ft-lb  by  24  ft,  xg  250  lb  malts  as  the  reaction 
R\.  That  is,  it  requires  a  downward  force  of  this  magnitude  to  maintain  the 
trua  m  equilibrium.  As  the  support  at  6  must  resist  this  downward  poll  as 
well  as  the  loads,  R%  will  equal  the  sum  of  the  loads  plus  the  pull  l?i,  or  45  000  lb 


Fig.  47a.    Cantilever  Tnus.    Stress-diagram 
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+  19  250  lb  ■•  64  250  lb.    Having  obtained  the  value  of  the  supporting  Ikccs 
the  3tres9-diagram  is  drawn  by  laying  o£F  on  a  vertical  line  oa  downwani,  eqiUi 
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Ri^-iMM 


'"~^^^'~'^"~'W^~~^Q~  "yK^^o""^! 


Rf  s64|IM 

Fig.  48.    Cantilever  Truss.    Truss-diagram 


to  19  250  lb  equal  to  ^1.    The  next  force  is  the  load  of  2  500  lb,  which  also  acts 

down,  and  which  locates  the  point  b.    From  b  a  line  parallel  to  Bl  is  drawn  aod 

from  0  a  line  parallel  to  lu. 
locating  the  point  1.    bi  acts 
from  joint  i  and  io  towards 
it,    showing    that    BI    is    m 
tension  and  10  in  comprcssioa. 
The  remainder  of  the  strrs>- 
diagram  is  drawn  by  the  same 
methods    employed    for     the 
diagrams   of   Figs.    46a    and 
47a.    At   joint   6   the  force- 
polygon    is    begun    with    the 
force   Ri  or  o'o,   which   acis 
upward,  and  the   upper  end 
of  which  must  be  at  tf.    Con- 
sequently   o'    is    located    by 
measuring  downward  from  o, 
64  250  lb.    The  sides  of  the 
stress-polygon   for   this  joint 
are    o'o,    om,    mn    and   w\ 
After  gh,  the  load  at  jomt  ij 
is  laid  off,  the  remaining  dis- 
tance ko*  should  be  just  equal 
Fig.  48a.    Cantilever  Truss.    Stress-diagram         to  the  load  at  joint    14.   or 

12  500  lb.    If  Ri  and  Rt  ha\e 

been  oorrectly  computed  and  the  stress-diagram  accurately  drawn,  the  pomts 

s,  u  and  vf  will  fall  in  the  line  tM\ 
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€.  Deteniiiiuitio&  of  Wind-Load  Stroasoa 

Wind-Loads.  Thus  far  the  stresses  due  to  vertical  loads  only  have  been 
ronsidered,  the  pressure  of  the  wind  being  combined  with  the  dead  load  and 
ronsidered  as  acting  vertically.  For  triangular  and  Fink  trusses  this 
nethod  is  sufficiently  accurate,  as  the  wind-pressure  never  causes  a  maximum 
stress  in  excess  of  that  obtained  by  the  method  explained  in  connection  with  the 
foregoing  examples.  For  trusses  with  cur\'ed  chords  and  in  fact  for  almost 
ill  forms  of  steel  trusses  except  those  of  the  Fink  and  fan  types,  it  is  not 
safe  to  consider  wind-pressure  as  acting  vertically,  because  the  wind  acts  gen- 
erally in  a  direction  at  right-angles  to  the  roof-surface,  and  upon  but  one  side  of 
the  roof  at  a  given  time,  thus  loading  the  truss  unsymmetrically  and  often  caus« 
bg  stresses  of  an  opposite  kind  from  those  produced  by  a  vertical  loading. 
Braces  which  are  inactive  under  a  vertical  load  may  therefore  be  necessary  to 
resist  the  force  of  the  wind,  or  the  total  stress  due  to  wind  and  vertical  load 
combined  may  be  greater  than  it  would  be  if  the  wind-pressure  were  considered 
as  a  vertical  load.  To  design  a  roof-truss  correctly,  therefore,  it  is  necessary 
to  determine  the  stresses  due  to  vertical  loads  and  wind-loads  separately 
and  then  combine  them  so  as  to  get  the  greatest  stress  that  may  be  produced 
under  any  probable  conditions.    (See  statement  on  page  1049.) 

Curved  Chords.  In  the  calculation  of  trusses  with  cxtrved  chords  it  is 
the  usual  practice  to  find  the  stresses  for  the  following  different  loadings  and 
then  combine  them  to  obtain  the  maximum  stress:  Stresses  due  to  the  wind  on 
the  side  of  the  truss  nearer  the  expansion-end;  stresses  due  to  the  wind  on  the 
side  of  the  truss  nearer  the  fixed  end;  stresses  due  to  the  permanent  dead  loads; 
stresses  due  to  snow  covering  the  entire  roof  or  only  cme-half  of  the  roof;  and,  in 
special  cases,  stresses  due  to  snow  covering  only  a  small  area  of  the  roof  on  one 
side. 

Wind  and  Snow.  It  is  generally  assumed  that  the  maximum  wind-pressure 
and  the  snow-load  can  not  act  on  the  same  half  of  the  truss  at  the  same  time. 
For  trusses  with  straight  rafters  it  will  generally  be  sufficient  to  find  the  stresses 
due  to  the  permanent  dead  load,  and  to  the  wind  from  both  directions,  disregard- 
ing the  snow-load  when  the  pitch  of  the  roof  is  45**  or  greater.  For  the  Northern 
states,  when  the  pitch  is  less  than  30^  it  is  well  to  consider  that  a  heavy  sleet 
may  be  on  both  sides  of  the  roof  at  the  time  of  a  heavy  wind  and  to  add  about 
10  lb  per  sq  ft  of  roof -surface  to  the  dead  load  to  allow  for  it.  In  localities  where 
heax'y  snowfalls  may  be  expected,  the  stresses  due  to  the  full  snow-load  should 
also  be  found,  as  these  combined  with  the  permanent  dead  load  may  exceed 
those  due  to  dead  load,  sleet  and  wind-pressure. 

Wind  Strasa-Diagrams.  These  are  affected  by  the  manner  in  which  the  truss 
is  supported.  If  both  ends  of  the  truss  are  fixed,  the  wind-reactions  are  paral- 
lel to  the  resultant  wind-load;  if  one  end  is  free  to  move  horizontally,  that  is» 
on  rollers  or  supported  on  a  rocker,  the  reaction  at  the  roller-end  is  vertical 
and  that  at  the  fixed  end  inclined.  "  If  one  end  be  fixed  and  the  other  merely 
supported  upon  a  smooth  iron  plate,  the  reaction  at  the  free  end  may  have  a 
horizontal  component  equal  to  the  vertical  component  multiplied  by  the  coeffi- 
cient or  raiCTioN,  which  is  about  one-third." 

Fixed  and  Free  Enda  of  Truaaes.  Wooden  trasses  may  be  considered  as 
fixed  at  the  ends.  Steel  trusses,  when  supported  on  masonry  walls,  should 
have  one  end  fixed  and  the  other  free  to  move;  and  when  the  span  exceeds 
70  ft  the  free  end  should  be  supported  on  rollers  to  permit  of  expansion  or 
contraction.  When  steel  trusses  are  supported  by  steel  columns,  as  in  steel  mill- 
buildings,  the  trusses  are  rigxdly  attached  to  the  columns  and  no  provision 
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is  made  for  expanrioa.    In  wch  bidldliigB  tibe  wind-pECBiure  Okuaes  a  benddc 
STRESS  in  the  oolumns,  which  must  be  provided  for. 

TruBS  with  Fixed  Ends.  Example  31.  Wind-pressure  is  usua^y  aasnc-rv 
to  be  applied  uniformly  over  one  side  of  the  roof  and  to  act  at  right ^ac^ks  t. 
the  surface  of  the  roof.  The  joint-loads  or  panel-loads,  therefore,  are  proportigr^ 
to  the  roof-areas  supported.  When  the  joints  divide  the  ra  fter  into  panels  of  equ. 
length,  the  joint-loads  are  uniform,  except  for  the  joints  at  the  edges  of  the  rc« : 
The  actual  wmd-pressure  is  obtained  by  multiplying  the  roof  surface  by  ihr 
values  given  in  Table  IX,  page  1053.  For  this  example  the  triangular  truss  ^ovi 
in  outline  by  Fig.  49  b  considered  and  it  is  assumed  that  the  spaa  and  spacb; 
of  the  truss  are  such  as  will  give  a  load  of  i  000  lb  at  joints  a  and  4.  The  lose- 
at  joints  i  and  5  are  Dniy  one-half  of  those  at  2  or  4.  To  find  the  supponi:::/ 
forces  or  reactions,  draw  a  line  representing  the  resultant  of  the  loads,  cuttb^ 
the  bottom  chord  at  X.  As  the  loads  are  symmetrical  the  resultant  acts  at  th- 
middle  of  the  rafter  and  at  right-angles  to  it.  The  reactions  ^1  aad  Ri  arr 
inversely  proportional  to  the  two  segments  into  which  a  horizontal  line  joiniv 
the  points  of  support  is  divided  by  the  resultant,  or  in  this  case  to  X~7  and  i-A', 


aooo 

V  R  1000 


Fig.  49.    Triangular  Truss.    Truas-diagtaun 


Fig.  49a.    Triangular 
Stress-diagram 


the  greater  reaction  being  at  joint  i.    The  sum  of  the  reactions  are  equal  to  the 
sum  of  the  loads.    To  find  the  reactions  graphically,  draw  a  line  from  joint  i. 
at  any  angle,  say  from  30°  to  45^  and  measure  off  a  distance  equal  to  the  total 
load.    In  Fig.  49  the  line  x-8  represents  3  000  lb.    Jwn  7  and  8,  and  from  A 
draw  a  line  parallel  to  7-8,  intersecting  1-8  at  X\    Then  8-X'  is  the  reaction  at 
joint  1  and  X'-i  the  reaction  at  joint  7.    To  draw  the  stress-diagram.  Fig.  49%. 
first  draw  the  load-line  ae  equal  to  the  sum  of  the  loads,  in  this  case  3  000  lb.  and 
perpendicular  to  the  rafter  1-5,  and  divide  it  so  that  ao  is  equal  to  A"-^.    Then, 
at  joint  I,  oa  is  the  supporting  force,  ah  is  500  lb  and  bf  and  fo  are  drawn  parallel 
respectively  to  BF  and  FO,  intersecting  at  /.    The  external  forces  and  stresses 
act  in  the  direction  oa,  ab,  bf  and  fo,  showing  that  BF  is  in  compression  and  FO 
in  tension.    At  joint  2  the  stress-lines  are  /i,  be  equal  to  i  000  lb,  eg  and  if.    The 
stress-lines  at  joint  3  are  of,  fg,  gk  and  ho;  at  joint  4,  Ag,  gc,  c<f ,  di  and  ik;  and  at 
joint  s>id,  de,  ek  and  ki.    If  the  bad-line  has  been  correctly  divided  at  0,  and 
the  stress*lines  have  been  drawn  exactly  parallel  to  the  lines  of  the  truss,  the  point 
k  will  fall  vertically  above  the  point «.    At  joint  6  the  stress-lines  are  ok^  ki,  ik  and 
ko»  As  the  figure  must  close  by  a  horiaontal  line  through  0,  it  is  evident  that  the 
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line  KK  of  the  truss-diagram  cannot  be  represented,  and  therefore  there  can  be 

no  stress  in  this  member  when  the  whid  b  from  the  ieft.    At  joint  7  the  reaction 

eo  is  known,  acting  up,  and  &k  and  ke  must  close  the  figure,  showing  that  the  fine 

ke  represents  the  stress  in  the  entire  length  of  the  ri^t  rafter,  and  that  there  is 

no  stress  in  the  bracing  on  that  side  of  the  truss  when  the  wind  Is  from  the  left. 

When,  however,  either  the  tower  chord  or  the  rafter  is  not  straight,  some  of  the 

braces  on  that  side  oome  into  action.    By  noting  the  character  of  the  stresses  in 

Fig.  49a,  it  is  seen  that  the  different  members  of  the  truss  have  the  same  kind 

of  stress  as  is  produced  by  vertical  loads.    As  the  wind  may  bbw  from  either 

direction,  it  is  evident  that  both  sides  of  the  truss  must  be  made  alike.    This 

example  illustrates  the  method  of  drawing  the  stress-diagram  for  any  truss  with 

a  straight  rafter  when  both  ends  of  the  truss  are  fixed. 

Truss  on  Rollers.  Example  39.  When  one  end  of  the  truss  is  tree  tc 
MOVE,  the  reaction  at  that  end  must  alwasrs  be  practically  vertical,  and  thif 
condition  gives  a  considerable  variation  of  stress  when  the  wind  is  on  different 
sides  of  the  roof;  so  that  it  is  necessary  to  draw  two  wind-stress  diagrams,  on* 


Fig.  50.    Triangular  Tniss.    Truss-dlagram  and  Stress-diagram,  Wind  Left 

for  WIND  FKOif  THE  LEFT,  marked  W.L,  and  one  for  wind  ntOM  the  sigrt^ 
marked  W.R.  It  is  customary  with  authors  when  writing  on  this  subject  tc 
consider  that  the  rollers  are  always  under  the  right-hand  support,  and  thi? 
custom  is  followed  here.  In  peactice  the  rollebs  may  be  placed  under  either 
end,  as  both  sides  of  the  truss  are  usually  proportioned  to  the  maximum  stresses. 
For  this  example  we  will  take  the  same  truss^Uagram  that  was  used  in  Fig.  49, 
illustrating  it  again  in  Fig.  50,  which  is  drawn  to  show  wind  frov  the  left. 
Lay  off  the  load-line  1-8  and  divide  it  at  X\  as  in  example  31.  Draw  a  line  ae, 
perpendicular  to  the  rafter  and  equal  to  1-8  in  length,  and  divide  it  into  two 
segments  of  the  same  proportions.  Through  x*  on  ae  draw  a  horizontal  line, 
and  through  e  a  vertical  line,  the  two  intersecting  at  0.  Then  eo  represents  the 
vertical  reaction  at  joint  7  and  oa  the  reaction  at  joint  i.  The  stress-lines  at 
joint  I  are:  oa,  ab  equal  to  500  lb,  bf  and/o.  At  joint  2:  /6,  be,  eg  and  gf.  The 
remainder  of  the  diagram  W.L.  is  completed  exactly  as  described  for  Fig.  49a, 
the  only  difference  between  the  two  being  the  location  of  point  0,  which  gives 
increased  stresses  in  the  bottom  chord  for  the  truss  of  Fig.  SO.  Fig.  51  represents 
the  same  trass  with  wind  from  the  right.  To  draw  the  stress-diagram  W.R. 
surt  with  Af,  perpendicuhr  to  the  rafter  and  equal  to  the  total  load,  5  000  lb. 
Divide  the  Hue  at  z^  iatck  two  segments  of  the  same  psoportiooa  as  the  segmenu 
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of  the  line  i~8,  Fig.  50,  the  longer  segment  being  at  the  top.  To  Bini  the  r^z. 
tions  draw  a  horizontal  line  thiough  x'  and  a  vertical  line  through  i,  the  tvo  ir 
intersecting  at  o.  Then  ^  is  the  reaction  at  joint  i,  and  ot  the  reactioo  at  j  . 
xo.  For  this  diagram  it  is  better  to  start  with  joint  lo  and  take  the  forces 
the  reverse  order  from  that  in  which  they  were  takto  before.  The  stxes^-' 
at  joint  zo  are  ol,  ts  equal  to  500  lb,  sn  and  no;  at  joint  9,  ns,  sr,  rtm  and  w 
at  joint  8:  on,  nm,  ml  and  lo;  at  joint  7,  Im,  mr,  re,  ek  and  kl;  and  at  jojit ; 


Fig.  51.    Triangular  Truss.    Truss-dlagnun  and  Stress-diagzmm,  Wind  Right 

he,  ed,  di  and  ik.  If  the  diagrams  have  been  correctly  drawn  the  point  «  « 
fall  vertically  above  the  point  k.  On  comparing  the  two  diagrams  for  \Y  L 
and  W.R.  it  is  seen  that  the  stress-lines  for  the  rafters  and  braces  are  of  the  sa.^.' 
length  and  that  the  stresses  are  of  the  same  character  in  both,  but  that  the  strrss 
in  the  bottom  chord  is  considerably  less  when  the  wind  is  from  the  right.  Th.- 
condition  does  not  apply  to  all  trusses,  however,  so  that  it  is  best  to  draw  the 
two  stress-diagrams  for  wind  from  both  directions. 

Queen  Tmsa.    Siample  u*    Fig.  52  represents  the  outline  of  a  QDEEK-Rt  o 
TRUSS  for  a  roof  having  a  rise  of  14%  in  in  i a  in.    As  the  truss  is  of  wood  tr^ 
supports  are  considered  fixed.    Joint  2  divides  the  rafter  into  two  equal  partv 
consequently  the  wind-load  at  this  joint  is  twice  that  at  joint  i  or  4.    f  !■: 
convenience  it  is  assumed  that  the  wind-load  at  joint  2  is  i  000  lb  and  at  joints : 
and  4,  500  lb.    The  resultant  is  2  000  lb  acting  through  joint  2  and  intersec'5 
the  tie-beam  at  X,    To  find  the  supporting  forces,  draw  the  line  1-8  equal  u 
2  000  lb  and  connect  7  and  8.    From  X  draw  a  line  parallel  to  7-8  intersecting 
x-8  at  X'.    Then  b-X'  is  Ri  or  the  supporting  force  at  joint  x  and  X'-i  or  R: 
the  supporting  force  at  joint  7.    Begin  the  stress-diagram  (Fig.  52a)  by  drawiiu 
the  line  ad  at  right-angles  to  the  rafter  1-4,  and  equal  in  length  to  1-8  or  2  000  (n. 
By  means  of  dividers  locate  the  point  0  so  that  oa  equals  8-X'.    Then  the  stits»- 
lines  for  joint  i  are  oa^  ab,  be  and  eo;  at  joint  2,  eb,  be,  cftnd/e;  at  joint  3,  m, 
ef,  fh  and  ko;  and  at  joint  4,  A/,  fc,  cd,  dk  and  kk.    It  is  seen  that  the  foroe-pob- 
gon  at  joint  4  will  not  close  without  the  brace  KB,  because  the  initial  point  in 
drawing  the  polygon  ia  at  h,  and  a  horisontal  line  thiough  d  does  not  pta 


Detenniiiation  of  Wind-Load  Stresses 


1113 


trough  h.  A  QUEKN-BOD  TRUSS,  therefore,  tequires braces  in  the  middle  panel 
>  resist  the  wind-stress.  With  the  wind  from  the  right,  a  brace  is  required  from 
>int  3  to  joint  6.  At  joint  5  the  stress-lines  are  oA,  hky  kl  and  h.  It  should  be 
oticed_that  h  acts  towards- the  joint,  showing  that  LO  is  in  compression.    At 


/Nt 


Fig.  52.    Queen  Truss.    Truas-diagnm 


Fig.  52a.    Queen  Truss.    Stress* 
diagram.  Wind  Left 


first  it  would  seem  as  though  this  could  not  be  true,  but  if  we  glance  at  joint  7 
we  see  that  Rt  b  thrusting  in  on  the  jomt,  and  that  a  strut  is  required  to  keep 
the  joint  in  position.  This  condition  is  true  only  when  the  inclination  of  the 
rafter  is  greater  thim  45^.    When  the  inclination  of  the  rafter  is  exactly  45% 


Fig.  53.    Queen  Truss.    Truss-diagram.    (See.  also,  Figs.  3,  12  and  54  and  Chapter 

XXVin,  Fig.  1) 

there  is  no  stress  jn  LO,  and  when  the  inclination  is  less  than  45*,  10  is  in  ten- 
sion. The  stress-lines  for  joint  6  are  Ik,  kd  and  dl.  If  no  errors  are  made,  a 
line  through  d  parallel  to  DL  passes  through  the  point  /,  previously  obtained.  A 
veiy  slight  inaccuracy  ^  locating  the  point  X\  or  in  drawing  the  stress-diagram* 


IIH 


SticHes  in  Roo£-Ti 


however,  cauaea  the  Hne  thxtnigh  d  to  past  to  ooe  side  or  the  other  of  pocet .: 
and  if  tfab  happens,  it  shows  that  there  has  been  some  inaccuracy  acHnewhtv 
in  practice,  a  slight  diveigence  does  not  matenafiy  affect  the  stress.  At  jtmi  ? 
the  sides  of  the  stress-polygon  are  ol.  Id  and  io^  Bi,  the  hoes  beias  aha?? 
drawn. 

Combination  of  Strestes.  Biamyle  34.  For  the  purpose  of  shovmg  bi« 
the  stresses  due  to  wind  and  vertical  loads  are  combined,  the  truss-dia^raim .: 
Figs.  53  and  54  are  shown,  being  tbe  same  as  m  Fig.  12,  and  representing  tb: 


Fig.  53a.    Queen  Ttuu.    Stress- 
diagram 


Fig.  54.    Queen  Truss.  Thus-diagram.    (See.  iK' 
Figs.  3, 12  and  53  and  Chapter  XXVIU,  Fig.  1 


trass  shown  in  Fig.  3.  The  stresses  first  determined  are  those  due  to  the  we^: 
of  the  roof  and  cdimg  and  to  an  attowance  of  10  lb  per  sq  ft  lor  sleet.  O. 
page  toss  the  roof-area  supported  At  joint  2  was  found  to  be  147%  sq  ft  and  1: 
joint  3,  200  sq  ft.  On  page  1055  the  weight  of  the  roof  was  estimated  at  12^  !> 
per  sq  ft.  and  allowing  xo  lb  for  sleet,  there  results  12%  lb  as  the  greatest  de^: 
load  under  a  heavy  wind.  This  jpivfis  3  360  ib  for  the  load  at  joint  2  and  4  550  !b 
for  the  load  at  joint  3.  The  ceiling-loads  will,  of  course,  be  the  same  as  in  Fig.  12. 
Fig.  53  shows  the  loads  doe  to  weight  of  materials  and  sleet,  as  computed  abci\r. 
and  the  ceiling-loads.  Fig.  53a  is  the  stress-diagram  for  these  loads,  with  Vx 
stresses  indicated  by  figures.  This  diagram  is  drawn  exactly  ia  the  same  way 
as  tbe  stress-diagram  in  Fig.  12,  page  lOf  i. 

Wind-Streaaes.  The  inclination  of  the  roof  is  very  dose  to  45^*  and  from  Tat!? 
IX,  page  1053,  the  normal  wind-pressure  for  that  angle  is  found  to  be  28  lb.  MuJ:'- 
plyitig  the  roof-area  at  joints  2  and  3  by  28,  the  wind-loads  mdicatcd  in  Fig.  54 
are  obtained.  The  wind-load  at  joint  i,  also,  roust  be  found.  The  rco^ar» 
suppoited  at  this  joint,  allowing  17  In  for  eave-projcction  (Fig.  3)  is  6H  by  15  ft. 
or  95  sq  ft,  which  makes  the  wind-load  2  660  lb.  The  next  step  is  to  find  thi 
point  at  which  the  resultant  of  these  loads  cuts  the  rafter.  As  the  loads  ^re 
not  symmetrical  or  uniform  on  the  rafter,  the  point  through  which  the  resultant 
acts  must  be  determined  by  means  of  moments  about  joint  i.  The  arms  of  the 
loads  at  joints  2  and  4  are  figured  on  the  truss-diagram  (Fig.  54).  Tlie  moments 
are 

4  140  IbX  9%a ft  -    38985  ft-lb 

5  600  Ib  X  z8%  ft  -i  T02  foo  ft-4b 

The  sum  of  the  moments  *-  141  i^i  ft-lb 
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Hie  resultant  is  the  sum  of  all  the  loads,  or  1 3  400  lb,  and  the  distance  of  Its  pokt 
of  application  from  i  is  found  by  dividing  the  sum  of  the  motnents  by  the  result- 
ant force,  or  141 185  ft-lb  divided  by  12  400  lb  •■  11^  ft.  Measuring  off  ZI.4  ft 
OD  the  rafter  fiom  joint  i  and  drawhig  a  line  at  right-angles  to  it  intersecting  the 
tie-beam,  the  point  X  is  determined.  From  x  the  line  x-8  is  drawn  at  any 
angle  and  equal  in  length  to  the  sum  of  the  loads,  12  400  lb,  and  7-8  is  dnwn. 
From  X  a  line  is  drawn  parallel  to  7>8,  intersecting  1-8  «t  X*.  Then  Sr-X'  is 
^1  or  the  supporting  force  at  joint  t  and  X'-i  is  Rt  or  the  supporting  force  at 
joint  7. 

Supporting  Forcat  Computed  by  Moments.  The  supporting  forces  may  also 
be  computed  by  moments.  The  moments  of  the  loads  about  joint  i  tend  to 
rotate  the  truss  from  left  to  right.  To  prevent  this  rotation  there  is  the  moment 
of  the  supporting  force  R%  acting  at  joint  7  to  rotate  the  truss  from  right  to  left. 
To  maintain  equilibrium,  the  moment  of  l^i  about  joint  i  must  just  equal  the  sum 
of  the  moments  of  the  loads  about  the  same  point.  This  sum  was  found  above  to 
be  141  185  ft-lb.  The  arm  of  Rt  is  the  perpendicular  distance  between  its  line 
of  action  and  joint  i.  Continue  R%  to  meet  the  dotted  line  at  P.  The  dis- 
tance from  foTCtRA  to  P  scales,  say  26.5  ft.  (By  trigonometry,  26  ft.)  Knowing 
the  arm,  the  value  of  Ri  is  obtained  by  dividing  the 
sum  of  the  nioments  of  the  loads,  141 185,  by  the 
arm,  or  26.5  ft.  This  gives  5  344  lb.  As  the  sum 
of  Ri  and  Ra  must  equal  the  total  load,  Ri  equals 
12  400  less  5  344  lb,  or  7  056  lb.  The  distance 
8-X'  and  X'-i  diould  scale  reasonably  close  to  these 
figures.  Kttowmg  the  supporting  forces,  the  stress- 
diagram.  Fig.  54a,  is  drawn  exactly  as  described  for 
Fig.  52a.  As  the  inclination  of  the  rafters  is  a 
little  greater  than  45**,  OB'  is  in  compression,  but 
the  stress  is  very  small.  The  figures  on  Fig.  54a 
indicate  the  stresses  in  pounds.  The  stresses  may 
DOW  be  tabulated  and  should  be  arranged  as  in  the  followmg  table.  In 
Ubulating  the  wind-stresses,  it  should  be  remembered  that  the  wind  may  blow 
as^inst  either  side  of  the  truss,  and  the  greatest  stress  liable  to  occur  should  be 
put  in  the  table. 


'V 


•b« 


Hg.    54a.     Queen    Tniss. 
Stress-diagram,  Wind  Left 


Tabto  ZVnL   StretsM  for  th*  TmssM  Sliowa  in  Figs,  xs,  53  and  54 


Members 

Dead  weiphts 
and  sleet 
(Fig.  53^) 

Wind-stresses 
(Fig.  54) 

Totals 

Stresses 
(Fig.  \V) 

AEmA'E^ 

BP  or  B'F' 

CB'otCH 

1  RF 

+16150 
+13800 
+  9600 
+  2350 

0 

-  S400 

— tl  aoo 

—  9  600 

+5  100 

+5"» 

+3600 

+4  100 

+s  100 

-3700 
-5950 
*-t  ISO 

+ai  ijo 
4-18900 
+13  200 
+  6450 
+  5  100 

—  9  too 
-1/  150 

—  12  7SO 

+as6oo 
+21  300 
+14  700 
+  4400 
0 
—  6900 
— X7  6or 
-14  7CJ 

BH' 

FBatrB' 

a? 

ar 

Tie  truss-members  are  lettered  as  in  Fig.  54.  Thus  the  stress  in  the  rafter  fB* 
is  greater  than  in  the  rafter  on  the  other  side,  and  this  stress  acts  through  the 
entire  length  of  the  rafter;  hence  the  stress  for  AE  and  BP  should  be  entered 
as  5  100  lb,  the  stress  m  P*B^,    In  the  same  way  the  stress  in  the  rod  H'F'  is 
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graater  than  in  FB;  hence  the  streai  in  H'F*  should  be  tabulated.  The 
in  OE'  slightly  reduces  the  tension  due  to  the  dead  load,  but  as  the  stress  in  LQ 
increases  it,  the  stresses  in  EQ  and  HP  should  be  tdnilatfid.  Both  sides  of  Vst 
truss  should  of  course  be  made  alike,  and  two  braces  should  be  inserted  in  tke 
middle  panel.  In  the  fifth  coliunn  of  the  table  are  given  the  stresses  due  to  U£ 
ceiling-ioad  and  a  vertical  load  on  the  roof  of  42%  lb  per  sq  f  t,  as  obtained  f  rac 
the  stress-diagram.  Fig.  12.  Comparing  the  stresses  in  the  fourth  and  fift^ 
columns,  it  is  seen  that  except  for  the  brace  EF,  and  for  the  two  rods,  tlie  strease 
obtained  by  combining  snow  and  wind  and  adding  to  the  dead  weight  are  gxtaxjtJ 
than  the  totals  due  to  wind,  dead  weight  axid  sleet.  Vertical  loads,  of  coorst. 
cause  no  stresses  in  the  braces  of  the  middle  panel,  and  unless  the  wind-stresoes 
are  drawn,  it  is  necessary  to  estimate  the  sizes  of  these  braces.  The  stresses  1^ 
these  braces,  however,  are  so  small  that  large  pieces  of  timber  are  not  requirex!. 
The  stresses  given  in  the  fourth  colunm  are  unquestionably  nearer  -vrfaat  the 
real  stresses  are  likely  to  be  than  those  in  the  fifth  column.  If  the  roof  is  erectfd 
in  a  warm  climate  where  there  is  no  sleet,  these  stresses  may  be  further  leduoed 
by  omitting  the  10  lb  per  sq  ft  added  for  sleet.  If,  on  the  other  hand,  the  io- 
dination  of  the  roof  b  less  than  30^  the  stresses  produced  by  a  heavy  fall  <  ( 
snow  without  wind  generally  exceed  the  sum  of  those  due  to  dead  weight,  skrt 
and  wind;  and  for  such  roofs  the  stresses  due  to  the  maximum  snow-load  sboukf 
always  be  computed. 

Reactions.  The  reactions,  or  supporting  forces  of  the  truss  shown  in  Fjg.  5i. 
are  very  much  inclined  from  the  vertical.  As  the  dead  load,  however,  is  alwaj^ 
acting  on  the  truss,  the  indination  of  the  real  reaction  is  never  so  great,  Init 
more  nearly  vertical;  and  when  there  is  no  wind  the  reactions  are  exactly  ver- 
tical. The  theoretical  reaction,  due  to  both  wind-load  and  dead  load,  is  the 
diagonal  of  a  parallelogram,  the  two  adjacent  sides  of  which  are  the  reactions 
for  the  dead  bad  and  wind-k>ad  drawn  to  the  same  scale.  Thus  if  a-7.  Fig.  54, 
represents  the  reaction  due  to  the  wind  and  6-7  the  vertical  reaction,  due  to  the 
dead  load  and  drawn  to  the  same  scale,  then  R\  is  the  resultant  reaction,  naodified 
somewhat,  however,  by  friction.  Kxamplrs  31,  33  and  33  serve  to  show  the 
general  method  of  drawing  wind  sisjbss-diagrams,  and  are  suffident  to  enable 
the  student  to  draw  those  diagrams  for  most  trusses  with  straight  rafters.  For 
trusses  with  curved  rafters  the  diagrams  become  more  complicated,  and  the 
reader  is  referred  to  Graphical  Analysis  of  Roof  Trusses,  by  Diaries  £.  Greene 
and  to  other  standard  handbooks  on  the  subject. 

7.  TruMM  with  Knee-BracM 

Knee-Bxmcss  are  generally  used  to  give  greater  stability  to  the  structure  as  a 
whole  when  roof-trusses  are  supported  by  columns.    Under  the  action  of 
vertical  loads  the  stresses  in  these  members  are  usually  assumed  as  zero,  which 
would  be  true  if  the  materiab  composing  the  truss,  knee-braces  and  columns 
were  rigid.    This  discussion  will  deal,  however,  with  the  effect  of  wind  blowing 
against  one  side  of  the  building  and  roof.    The  actual  stresses  in  the  knee- 
braoes,  columns  and  truss-members  will  probably  never  be  known  ezxictly,  as 
there  are  so  many  variable  factors  entering  into  the  problem.    In  the  usual 
construction,  in  which  columns  are  bolted  to  masonry  pedestals  at  the  bottom, 
either  riveted  or  bolted  to  the  trusses  at  the  top,  and  in  which  the  kneehraccs 
are  riveted  at  both  ends,  the  degree  to  which  these  connections  may  be  considcnd 
FIXED  is  a  question  leading  to  many  arguments  and  differences  of  opinion.   This 
will  not  be  discussed  at  all;  but  it  will  be  shown  how  the  stresses  in  all  members 
of  the  framework  can  be  found  under  given  assumptions.    Assume,  for  ezampi^ 
that  the  bottoms  of  the  ooliunns  are  sufficiently  fdcbd,  so  that  a  poiat  of  no- 
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BCOMSMT  is  nudway  betwem  the  bottom  of  the  knee-bnce  and  the  masonry 
pedestal  (equivaleiit  to  ansiiminc  a  vm  at  this  point),  and  so  that  the  top  attach- 
xnents  sjomI  tho^e  ol  the  knee-bvaoes  may  be  considered  as  pm-coMNEcnONS. 
ITaking  the  truss  and  loading  shown  in  Fig.  56,  it  is  clear  that  the  outside  fotou 
mat  be  m  equilibrium,  and,  unless  the  points  M  and  N  are  unlike  in  some 


Fig.  55.    TViMSwith 


particular,  the  reactions  at  these  points  will  be  parallel  to  the  direction  of  the 
resultant  of  the  wind*forces.  Lay  off  to  any  convenient  scale  the  wind-forces 
in  order,  as  shown  in  Fig.  55a.  Then  XV  is  the  direction  and  magnitude  of  the 
resultant  wind- pressure  and  slso  the  direction  of  Ri  and  Rt.  The  magnitudes 
of  Ri  and  Rm  are  found  by  meansof  the  equilibrium  polygon  explained  on  page  1097. 
Ki  is  equal  to  SX  and  J^t  to  YS.  These 
reactions  are  correct  in  direction  and  mag- 
nitude unless  some  condition  is  imposed  to 
chaitge  them.  If  there  art  no  moments  at 
M  and  N  and  these  points  are  restrained 
from  moving  vertically,  the  vertical  com* 
ponents  of  Ri  and  Ra  must  remain  constant, 
even  in  the  extreme  case  where  M  may  be 
assumed  as  a  pin-connection  and  N  as 
resting  on  ROLLERS.  Any  assumption  may  be 
made  as  to  the  magnitudes  of  the  horizontal 
components  at  these  points  as  long  as  the 
sum  of  the  two  equals  the  sum  of  the 
horixontal  components  of  ^1  and  Rt.  It  is 
customary  to  assume  these  as  equal.    In 

this  case  the  reactions  at  M  and  N  are  TX  and  F7,  respectively.  The  next  step 
is  to  find  the  i^ect  of  these  reactkms  at  the  points  O,  Q,  P  and  R.  The  vertical 
components  Vi  and  Vt  act  as  vertical  forces  at  O  and  P.  The  horisontal  com- 
ponents pfoduce  beddmg  moments  st  O  and  P,  and.  in  effect,  horisontal  forces 
at  O,  P,  Q  and  R*  Taking  the  left  column,  the  S  zoo  lb  acting  towards  the  left 
noufci  move  the  oohinm  to  the  left  if  not  ptcveated  by  the  joints  at  O  and  Q. 


H  i  H       Y, 

N — «i»-— H* — not— ^ 


Fig.   55a. 


Truss  with 
Force-polygon 


Ills 


StttMM  k  Hoof-TnaMB 


If  the  member  MQ  ii  oonnlerad  to  act  as  a  lever  with  a  fulcmin  at  O,  a  hop- 
■ontal  force  of  8  loo  lb  acting  towards  the  left  at  M  will  produce  a  pmusuit,  «* 
k>roe  acting  from  left  to  right  at  Q  which  equals,  by  the  method  of  momeots.  d= 
center  of  moments  being  at  O,  8ioolbX7.5f|-«*  5  ft  -  is  150  lb.  At  O.  ia^ 
manner,  taking  the  center  of  moiBents  at  Q,  8  100  lb  X  xs.5  ft-i-5ft>*ao25ob 


Fig.  56.    Tnns  with  Knee-brsces.    Tnus-disfrsm 


Fig.  57.    Thus  with  Knse  brscss. 


is  produced,  acting  from  right  to  left .  These  forces  are  shown  in  Fig.  56.  When 
combined  with  those  shown  in  Fig.  55  they  give  the  forces  acting  at  O,  Q,  K 
and  F  which  are  used  in  constructing  the  stress-disgram  shown  in  Fig.  67. 


8.  Arched  TrusMt 

An  Archod  TruM  is  one  which  has  the  form  or  an  arch  and  which  is  so 
supported  at  the  ends  that  the  reactions  produced  by  vertical  forces  are  verticaL 
This  is  usually  accomplished  by  placing  pin-connections  at  the  supports  and 
providing  rollers  at  one  end  to  permit  horizontal  movement. 

Stf  Mtet  In  an  Ardiad  TroM.  The  determination  of  the  streaMt  in  the 
members  of  an  arched  truss  is  readily  accomplishfod  by  following  the  methods 
given  in  the  previous  examples. 

Arched  Itiua  with  RoUer-Siqiport.  Bxam^le  as.  In  Fig.  58  Is  shows 
the  left  half  of  an  arched  truss  and  the  roller-support.  This  truss  has  the 
shape  and  dimensbns  of  a  tium  hi  the  Live  Stock  Pavilkm»  Union  Sfeock-Yaid 


Anted  Tnmm  Hit 

1  Tnuwit  CbmpMiy,  CUniD,  in.  TtUdbauKdb  theEaabecdiigNvwtirf 
□e  >S,  190G.  The  Iradins  ihinm  U  lymmctricKl  kbont  the  middk  of  the 
ui  and  hencs  each  mctiua  aqnak  one-half  the  total  load.    Fig.  68a  iliowa 


f 


m.lSl.    lira  Stock 


,  Chkafo,  DL    5tn*fr<liaciam  fc 


for  ooe-haU  of  the  tnas.    He  itmsai  upon  tfie  risht  of  the 
mldiUeir*  the  tame  at  thoie  upon  the  left. 

The  BOimitTAL  Di¥i.iCTiaH  of  ihii  Iran  is  mauurcd  by  the  mavenMOt  of 
the  loLUK'CMD.    llrta  BMVMMnt  ia  compnted  id  the  maaaci  csplained  lor  the 

tciuoij  IBUSS,  paxea  iogj-7,  by  the  formula  C-S(5iif+.4£).     Whcttf^lclha 
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■oanomAL  MOvxMEm.  5  tlic  tticM  to  an  J- memba' u  tjvoi  by  the  rtnas-d  iaen; 

ihown  in  Fig.  68a,  KtheititM  n  uir  mfmbcr  produced  by  the  unit  loul  mpf^iti 

at  the  ndkt  end  of  the  tnas  and  actiiig  io  k  botinot*!  directioii  (Fik-  ^i  ■ 

I  the  length  of  my  member,  A  the  4re&  of  iny  member,  E  Young'i  moduli:.-  i 

elutkdty  for  the  m&terill  campoains  any  membec  and  Z  the  lign  of  sunuiutxc 

and  when  limits  are  not  designated,  the  fannula  mdicates  that  ZiSut*  A£)eK 

be  takm  For  cAdi  mcmbs  of  the  tnus.     For  the  loadi  and  araa  julica.ted  = 

Pig.  58,  the  roUeis  will  move  about  lo  io  vfac 

£  B  JO  ooo  ooo  lb  per  aq  m.    In  orda  tbu  i 

givO]  span  may  obtain  unda  ft  grvoi  kad 

each    tauHHv-member    must   be    omstmcit^ 

shorter   (ban   its   geometrical   kngtfa    by  ^ 

amount  which  it  ia  lengthoied  by  the  tUtM 

must  be  lengthened  in  a  hke  mannet.    .Akj 

Fk.  Mb,    U™  Stock  Psvilion,    <"1"^  badiog  wiU  proluce   a    change    in   tte 

Ckkiv.  lU-    Su^kdugiam       length  of  the  (pan.    To  reduce  the  hokizoktii 

DEfLECnoH  without  changing  the  lengthi  d 
the  mcmben  they  would  have  to  tit  made  excenivety  heavy.^  A  trusa  of  itc 
form  ihown  in  Fig.  S8  is  not  economical  as  an  aicsed  itoia  on  rollcn  b-jl 
may  be  satisfactorily  used  by  connecting  the  two  end-pins  by  a  TU-aoD. 

Arcbad  TroM  with  Ti«-R»d.  When  a  ih-iod  Is  employed  the  menbRi 
beoxne  mudi  lighter  and  can  be  built  according  to  tbelr  geomelrical  ^*Tip>" 
liie  stress  in  the  TiE-aoD  may  be  fouad  from  the  formula 


*H  AE      \^  AE^  A'E- 


In  whidi5t  is  (he  stress  In  the  (ie-rod.  A'  the  area  of  the  tie-rod.  T  (lie  length  d 
(he  lie-rod  and  S  Young's  modulus  of  elaaUdty  lor  the  material  omipoMiu: 
the  tic-rod.  The  other  symbols  have  the  significance  given  above  for  It; 
expression  forD,  Since  the  stress  and  area  of  Ihe  tie-iod  appear  in  the  abmc 
equation  it  is  necessary  to  assume  an  area  aiul  then  compute  the  value  of  ii 
If  this  produces  a  unit  stress  in  the  lie-rod  diSering  greatly  from  the  aUowsMc 
value,  a  new  trial  roust  be  made.  Having  found  the  stress  in  the  tie-rt>d.  th; 
resulting  stresses  in  the  Iruss-membeis  can  be  found  graphically  (ram  a  stns>- 
diagram  which  will  be  ol  the  Form  shown  in  Fig.  5Sb,  which  was  oonstrurtcd  Iv 
a  horisontal  Force  of  i  ooo  lb.  The  stresses  can  be  found,  also,  by  mulliidj-iai; 
the  stccsKS  produced  by  one  pound  by  the  value  of  .Si-  The  stresses  (stxlu.tk 
by  St  Dombined  algebraically  with  those  obtained  from  Fig.  58*  give  (be  hnil 
stresses.  Hiese  sticsses  differ  hut  little  from  those  which  obtain  for  a  tko- 
■tHCeo  AKCH  of  the  form  shown  in  Fig.  5S,  and  such  structures  with  the  Tti- 
BOD  are  often  classed  as  iwo-bihgeo  ahcbes. 

Aatiunption  i>f  Aiam.  Since  the  dbtlecttoh  of  the  truss  shown  in  Fig.  ^ 
depends  upon  the  areas  of  the  members,  it  is  evident  that  they  must  be  dllin 
known  or  assumed  before  the  formulas  for  D  or  5(  can  be  applied.  For  a  new 
■tnicture  the  AaEts  air  of  course  unknown  and  the  problem  of  detemining  (be 
stresses  becomes  one  which  is  sometimes  classed  as  ctrr-AKo-Tav.  For  the  6nt 
trial,  the  areas  may  be  asumed  as  unity  and  the  comspondtng  value  of  5i 
found  and  then  the  combined  stresses.  The  members  may  now  be  designed  as 
to  ana  and  a  new  trial  made  with  these  areas.  Usually  the  Kcond  trial  ii 
sufficient,  as  a  shgfat  change  in  areas  doea  not  materially  affect  the  vahwi 
>dSi. 
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t.  TrdMed. Arches 

Symmetrieal  Tntised  Arehet.  The  trbec-hinoeo  arch  is  the  simpfest 
form  of  TRUSSED  arch,  and,  as  used  in  buildings,  it  is  usually  symmetiiod  in 
form,  consisting  of  two  trusses  connected  by  a  pin  over  the  middle  of  the  span  and 
resting  on  a  pin  at  each  support.  The  stresses  in  the  truss-members  are  found 
by  the  ordinaiy  graphical  methods  after  the  reactions  have  been 


Tig.  50.    Three^daged  Aicb.    Tiuis-diagtua 
Fig.  69a.    Streas-diagfui 


The  SUPPORTTNO  FORCES  are  inclined  and  may  be  resolved  into  two  components, 
one  vertical  and  the  other  horisontal.  For  symmetrical  loading  the  two  reac- 
tions are  equal  in  magnitude.  The  vertical  components  are  each  equal  to  on&- 
balf  the  vertical  loading.  The  horixontal  components  are  equal  in  magnitude 
and  opposite  in  character.  The  following  examples  illustrate  the  methods  to 
be  foilowed  in  the  detcnnination  of  the  stresses. 
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Tmued  Three-hinged  Arch.  Bomple  ^6.  Fig.  59  shows  one-half  of  i 
nussED  IHREE-HINGED  ARcd  with  E  Vertical  bad  of  i  ooo  lb  per  top-ciiord 
jeifit.  Fig.  50a  shows  the  streaeKliagnun  for  thift  bading;  hpt  befece  il  can  be 
drawn,  the  vertical  and  horizontal  reactions  at  the  left  support  must  be  deter- 
mined. The  vertical  reaction  is  (7  X  1 000)  +  500  •  7  500  lb  or  one-half  the  ver- 
tical load.  The  horisontal  component  or  the  eorizontal  msusr  of  tKe  arcb 
may  be  found  by  momenta.    The  center  of  moments  will  be  taken  »t  the  oiddk 


8TRE86  DIAGRAM 
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o 
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Fig.  60.    Liberal  Arts  Buildang,  Chicago,  HI.    Truss-diagram 
Fig.  60a.    Stren-diagram 

pin  at  the  crown  as  at  this  point  the  moment  is  zero.    The  equatbn  of  moments 
Is  Hi  X  72s  +  1 000  (5.25  +  16.25  -♦-  27.25  +  38.25+49-35  +  60.25  +  71.25) 


or 


+  soo  X  82.25  -  7  Soo  X  78.7s  -  o» 
Hi  -  281  750  +  7».S  -  3  886  lb 


Having  determined  V\  and  Hx»  the  stress-diagram  shown  in  Fig.  60a  can  be 
readily  constructed.  Since  the  arch  is  ssrmmetrical.  it  is  necessary  to  draw  but 
one-half  the  stress-diagram.  If  the  right  half  of  the  ardi  ia  removed  and  in  its 
phux  a  horizontal  force  applied  at  the  middle  pm,  the  magnitude  ol  this  force  it 


TraMdAidw  lias 

equki  to  the  bouzontal  lEKun  B^  nace,  lix  cquUibriuni,  the  algebraic  sum 
of  the  hoHmnlal  foTCM  ii  tern. 

TnuMd  Thr>*-hliif  ad  Arch.  Knowt*  37.  Fig.  60  rapiaents  oae-balf  of 
a  TmussEO  imxe-BiNCED  arcb  uied  in  the  Ubcnl  Ant  Building  of  the  Colum- 
biui  Eiposilioo,  Chicago,  111.,  1893.  (See  Engineering  Reand,  July  9,  1891.) 
Fig-  60a  ij  the  stitss.<liagrua  fat  the  loading  shown  in  Fig.  60. 

CtmbiiMtloa  of  StrMtea.  Id  Enmples  35  and  j6  only  the  eSccI  of  vertical 
load*  hu  been  coniitleTtd.  Where  isus-HiNGiD  AJtCHxs  ut  anpliatd  they 
mun  be  designed  to  carry  dead,  mow  and  wind-load^.    The  dead  and  mow- 


loadi  are  vertial  loadi  but  the  mow-load  ii  not  gymmetrical  in  all 
wind-load  is  usually  coosidered  as  acting  nonnal  to  the  rool.  In 
*UK  that  the  nuiimum  stienei  are  obtained,  the  itreaaes  for  the  li 
ditinni  of  loading  must  be  found  and  combined. 

(a)   Fol  DEAD  LOAD  ooty, 

(t)  For  SHOW-LOAD  coveting  left  half  of  roof, 

(c)  For  SHOW-LOAD  tovering  ri^t  half  of  roof, 

(J)  For  wtHD-LOAO  acting  noimil  to  roof  oo  left  of  ceoter, 

if)  For  wiND-UMD  acting  normal  to  too!  on  rl^t  of  ontar. 


StiCMci  in  VMci'Tnua 
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¥/ 


Hi.  aitk    Mb  R^iiBini  Aimoiy,  BiItlDin.  Md^    TrnH-dkcnn 
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Tlie  Btreaes  Cor  the  above  oonditkns  of  loading  are  to  be  iound  for  onelialf 
of  the  ardi.  In  oombining  the  stxeases  those  which  occur  at  the  same  time  are 
to  be  used  in  deteimiDing.  njp^'mnm*     Haay  engineers  do  not  oonaider  snow 

and  wind-loads  acting  on  the  same  portion  of  the  roof  simultaneously. 

Trussed  Three-hinged  Arch.  Bxsmple  38.  Itg.  61  shows  onc4ulf  of  a 
TRUSSED  THKEE-BINGED  ARCH  with  the  dead,  snow  and  wind-loads  indicated  at 
each  of  the  upper-chord  joints.  This  form  of  truss  supports  the  roof  of  the 
5th  Regiment  Armory,  Baltimore,  Md.,  described  in  the  Engineering  Reoord 
of  May  14,  1904.  The  stresses  for  the  loadings  specified  above  will  be  deter- 
mined and  it  wiU  be  shown  how  these  are  to  be  combined. 

Dead-Load  Stresses.  The  reactions  are  obtained  by  the  method  used  in 
Example  35.  Vi  is  77  900  lb  and  Uy  32  000  lb.  Fig.  GIa  is  the  stress-diagram 
for  the  members  shown  in  Fig.  61. 

Snow  on  Left  Half  of  Span.  Assuming  that  the  snow  covers  the  portion  of 
the  arch  shown  in  Fig.  61  and  taking  the  center  of  moments  at  the  mkkUe  pin. 
it  is  found  by  moments  that  Vi  is  equal  to  26  700  lb  and  H%  is  equal  to  15  000  lb. 
Beginning  at  the  support  the  stress-diagram  shown  in  Fig.  61b  is  readi^  drawn. 

Snow  on  Right  Half  of  Span.  With  the  snow  on  the  right  of  the  crown,  the 
portion  of  the  span  shown  in  Fig.  61  is  unloaded.  The  total  snow-load  is 
41  200  lb  and  it  has  just  been  found  that  the  vertical  reaction  at  the  support 
iidjacent  to  the  loading  is  26  700  lb;  hence  the  vertical  reaction  at  the  other 
support  is  41  200  less  26  700  lb  or  14  500  lb  or  Ft  for  the  case  considered.  Since 
the  moment  at  the  middle  pin  is  aero,  Vi  (half  the  span)  less  Hi  (rise  of  the  arch) 
equals  zero,  or  14 500 X 95-x6 ^HiX 92.0 »  o;  and 
Ui  «■  (14  500  X  9S*x6)  -1-92  w  15  000  lb  which  is  the 
same  as  found  above.  As  before,  beginning  at  the 
left  support,  the  stress-diagram  is  constructed  as 
shown  in  Fig.  61c. 

Snow  Covering  Entire  Span.  The  algebraic  sum 
of  the  stresses  found  from  the  two  cases  above  for 
snow-loads  will  give  the  stresses  produced  by  a 
snow-load  covering  the  entire  span. 

Wind-Load  en  Left  of  Crown.  Here  no  two  of 
the  loads  are  parallel.  This  condition  increases  the 
labor  in  finding  the  reactions.  These  may  be  com- 
puted  by  moments,  but  a  graphical  method  is      -    >u»i«w 

found  more  convenient.    The  direction  and  mas-    «    --       •  u  »    • 
nitude  of  the  resultant  of  the  wind-forces  are  first    ^^^^tSmJeliTForcr 
found  by  graphics.     As  shown  in  Fig.  61e,  the  wind-     polygon  ' 

loads  are  laid  off  in  order.  Then  3-13  is  the  direc- 
tion and  magnitude  of  the  resultant.  Next,  from  any  point  O  draw  the  strings 
Su  S%  S»,  etc,  and  construct  the  equilibrium  polygon  ^wn  in  Fig.  61d,  begin- 
ning by  drawing  string  Si  from  A,  and  so  on  until  string  5ii  cuts  the  line  BC 
passing  through  the  middle  pin  and  the  pin  at  the  right  support.  This  is  the 
directbn  of  the  reaction  at  the  right  support.  In  Fig.  61b,  from  13  draw  a  line 
parallel  to  BC  and  from  O  a  line  pacallel  to  ^  in  Fig.  61d,  and  prolong  them  until 
they  meet  at  x.  Then  1-3  is  the  reaction  at  A  and  13-1  that  at  the  right  support. 
Resolving  these  into  vertical  and  horisontal  components,  Vi  equals  23  400  lb, 
Hi  equals  13  200  lb,  Vt  equals  z8  000  lb  and  Ht  equals  18  600  lb.  Fig.  61r  shows 
the  stress-diagram  from  the  left  support  up  to  the  crown. 

Whid-Load  on  Right  ef  Crown.    Smce  the  reaction  at  A,  Fig.  6lD,  produced 
fay  this  load,  must  pass  through  the  binges,  or  pins  A  and  C,  the  stress  diagram 
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«dB  be  ta^Sy  AaHtx  in  i^pe  to  that  ihown  fa  Fig.  61ci  but  tbe  vakm  of  Ti 
and  jBi  will  be  i8  ooo  lb  aud  i8  600  )b  ravecdvely.  Tbe  ttntae*  wOI  bar  1 
direct  ptoportira  to  tbe  itRMei  foond  frgtn  Fis.  Sic,  and  henoe  a  new  dfum 


Tli.  SlI.    6th  Sagiment  Annory,  BiltisKii*,  Md.    Stn3»<Iuciui 

T  be  deteiauDcd 


ComUutioa  o(  BMtiM.    The  maiimum  itn™ 

3  may  now  1 

To  iUuUnte  the  method,  ooaiidei  the  lower  chord  -i 

[-37. 

lb 
+  JJ100 

(o)  Dead-load  itiess. 

(ft)  Show  on  left  of  trown. 

-14300 

(e)  Snow  on  right  of  crown. 

+  37800 

(d)   WlHD-LOAD  on  left  of  CTOWQ. 

-31600 

it)    WlBD-tOAD  on  right  of  dOWD, 

+  46900 

(f)  Snow  over  all, 

+  »3Soo 

Total  stress  without  wind. 

+  59900 

(«)+W, 

+  69000 

(o)+W, 

-    9500 

Ttie  nuilmuin  stresses  are  69  000  lb  cnmpcesioD  and  9  joo  lb  tepjen,  aKiun- 
bg  that  tbe  wind  and  now-losda  ste  not  consideml  to  act  od  the  ame  aide  of 
tbe  aown.  If  no  audi  RStrictiao  a  made,  the  ■"«""-""  iticaaes  are  106  Soo  lb 
compnsBon  and  13  Soo  lb  teosion.  In  a  like  manner  the  nuntinunn  Mies  m 
eadi  monber  of  the  truM  is  determined.  Tildes  XIX  and  XX  give  the  lux- 
linnt  (TBias  for  the  members  sbown  in  Fig.  61. 

StiWM-Dlaeranu  for  Thrsa-hlngBd  Arche*.  Tbe  STUESs-MAatAHs  in  the 
tbove  caM9  are  very  difficult  to  construct  owing  to  the  great  number  of  Gna 
and  the  difficulty  in  drawing  them  eiartly  poralld  to  the  Enes  of  tbe  tmn- 
diagram.  One  or  more  members  should  be  computed  as  a  check  on  die  gnph- 
lad  work. 
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cacdcaltsr  diangBB  the  abcb  lato  a  swfu  zrubs  ooiiipo«d  of  thne  manbeia^ 
«ro  truned  rafters  and  a  honzontal  tie.  Under  vertical,  loading,  the  nipixwt- 
ig  forces  are  vertical,  but  for  wind-loads  the  supporting  force  at  the  end  with- 
out rotters  is  inclined.  The  stresses  in  the  truss^nenibers  are  the  same  ss  found 
hove  for  the  mxEE-BurcCD  asch.  The  stress  in  the  tie-rod  equals  the  hori- 
ontal  thrust  found  above  at  the  roller-end  for  the  given  loading.  The  support 
t  the  roller-end  is  designed  for  vertical  forces  only,  while  the  support  at  the  other 
nd  must  resist  the  vertical  reaction  and  the  total  horizontal  component  of  the 
orces  acting  on  the  structure,  or  for  loofs  the  horizontal  component  of  the  wind- 
orces.  This  is  very  much  smaller  than  the  horixontal  force  which  must  be 
esisted  when  the  structure  is  without  a  tie-rod  or  a  true  iBSES-aiNGED  asch. 


Table  ZDL    Three-hinged  Arch*    Chord-Streiaes 
Thousand  pounds 


Member, 

Pig.  ei 

Dttad 

load. 

Pig.  OlA 

Snow  on 
left  of 
crown, 

Pig.6lB 

Snow  on 
right  of 
crown, 

Pif.eic 

Snow 
overall 
the  roof 

Wind 
on  left 

of 
crown. 

Pig.  OlF 

Wind 
on  right 

of 
ctown,* 
Pig.  «lc 

liax-ttnaMS 

Ten- 
sion 

Com- 
pression 

3-14 

+  25-2 

+  6.1 

—  2.1 

+    4.0 

+2S.6 

-  2.6 

■  •  •  • 

50.8 

3-16 

-    6.3 

-  7.0 

-14.0 

—   2X.O 

+32.8 

-17.4 

30.7 

a6.s 

5-18 

-  18.7 

—13.2 

-21.4 

-34.6 

+42.6 

-26.5 

58.4 

23.9 

3-so 

—  19. 0 

-13.9 

-22.8 

-36.7 

+45.8 

—28.3 

6X.2 

a6.8 

4-22 

-  aa.4 

-XSS 

-2S.0 

-  43.S 

+58.7 

-34.7 

72.6 

36.3 

S-a4 

-  26.8 

—IS. 8 

-35.1 

-  SO.9 

+7.1.8 

-43.5 

86.x 

47.0 

6-26 

*-  26.6 

— n.2 

-41.0 

-  42.2 

+85.3 

-50.8 

88.6 

58.7 

T-« 

—   22. Q 

~  3.9 

-44.6 

-48.S 

+90.7 

-55. 3 

8T.2 

68.7 

8-30 

-  133 

+  7.8 

-44.8 

-  37.0 

+89.6 

-55.6 

68.9 

76.3 

9-32 

-    31 

+20.2 

-4x7 

-  2X.S 

+8x9 

-51  7 

55.4 

78.2 

10-34 

+    6.4 

+30 .0 

-331 

-    3.S 

+67.2 

-41  5 

35.1 

73.6 

11-36 

+  14.3 

+30.0 

-20.6 

+    9.4 

+47.2 

-25.  S 

XI. 2 

61.S 

12-38 

+  18.7. 

+19-3 

-  2.8 

+  16.5 

+23.3 

-  35 

•  •  •  ■ 

42.0 

13-39 

+  2X.8 

+22.6 

-  3.3 

+  19  3 

+27.8 

-  4.x 

•  •  •  • 

49.6 

1-39 

-k- 18.8 

-  54 

+2X.9 

+  16.5 

-  6.7 

+27.2 

•    •    a    • 

46.0 

x-37 

4-  22.1 

-14.3 

+37.8 

+  23.5 

-31.6 

+46.9 

95 

69.0 

X-35 

+  33.3 

-XX. 3 

+S1.9 

+  40.6 

-53. 2 

+66.0 

19.9 

99  3 

x-33 

+  47.7 

+  2.x 

+6X.0 

+  63.1 

-69. 5 

+75.6 

21. 8 

X2S.4 

1-31 

+  63.0 

+I8.I 

+64.8 

+  82.9 

-7«.3 

+80.4 

15.3 

x6x.5 

1-29 

+  18.4 

+31.  S 

+651 

+  96.6 

-80.  X 

+80.7 

6X.7 

130.6 

X-«7 

•f  90-3 

+41.1 

+61.8 

+X02.9 

-75.0 

+76.6 

•  ■  •  « 

20B.O 

i-as 

+  98.7 

+4S.7 

+5S.8 

+XOX.S 

-62.8 

+69.2 

•  •  •  • 

2x3.6 

1-23 

+xoa.6 

+46.0 

+48.S 

+  94.5 

-46.3 

+60.1 

•  •  •  • 

S08.7 

X-3t 

+101.8 

+42.9 

+40.0 

+  82.9 

— a6.o 

+49.6 

•  «  •  • 

1943 

1-19 

+102.3 

+42.3 

+37.9 

+  80.2 

-20.3 

+47.0 

•  •  •  • 

191.6 

1-17 

+  86.7 

+34.8 

+29.3 

+  67.7 

-9.6 

+36.3 

•  •  *  • 

157.8 

x-xs 

+  595 

+22.4 

+16.2 

+  38.6 

+  3.9 

+20.1 

•  •  •  • 

XO8.0 

1-14 

+  77.4 

+29.2 

+3X.0 

+  50.2 

+  5.2 

+26.0 

•  •  ■  • 

X32.6 

*  By  propoctioo,  18  600 :  15  eoo. 

Tie-Rod  and  no  RoIIert.  If  the  aoiusss  are  omitted  and  a  tie-sod  is  \ised, 
the  stress  In  the  tie-rod  and  the  reactions  are  indeterminate.  They  depend  upon 
the  relative  rigidities  of  the  tie-rod  and  the  material  composing  the  supports. 
If  the  tie-rod  is  made  very  heavy  so  that  its  stretch  will  be  very  small  when 
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streaaed,  the  fltreases  in  all  members  of  tbe  structure  may  be  taken 
found  for  the  condition  where  rollers  are  used,  and  the  horizontal 
the  wind-load  equally  divided  between  the  supports. 
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TaUe  ZX. 


Three-hinged  Arch. 

Thousand  pounds 


Web-Streasaa 


Member. 
Pig.  61 

Dead 

load. 

Pig.  OlA 

Snow  on 
left  of 
ciuwn. 

Pig.  6lB 

Snowoo 
right  of 
crown. 
Pig.  61C 

Snow 
over  alt 
the  roof 

• 

Wind 
on  left 

of 

crown. 

Pig.  «lr 

Wind 
on  right 

of 
crown,* 
Pig.  6ic 

Max.stn«s 

Tea- 
saoo 

1    Oim- 
presacc 

39-38 

-  4.9 

-  3.8 

+  2,1 

-  1.7 

-X3.7 

+  2.6 

16.S 

•  >  *  * 

36-37 

+10.4 

+  0.3 

+14.S 

+14.8 

-X8.5 

+X8.0 

S.I 

2S.7 

34-35 

+14.5 

+  8.3 

+X3.0 

+2X.3 

-18.6 

+16. 1 

4.x 

38$ 

32-33 

+17.8 

+12.7 

+X0.6 

+23.3 

-IS. 4 

+X3.X 

•  •  •  • 

43.6 

30-31 

-fx9-7 

+13.8 

+  7.6 

+21.4 

—10.7 

+  9.4 

•  •  •  • 

42.9 

a8-a9 

+20.3 

+12.3 

+  4.7 

+X7.0 

-  4.9 

+  5.8 

•   «   «  « 

3S4 

26-a7 

+18.7 

+  9.3 

+  X.2 

+10.S 

+  3.4 

+  1.5 

•  «  •  • 

29  5 

24-25 

+153 

+  5.4 

-  X.8 

+  3.6 

+10.8 

—  2.2 

•   •  ■  • 

a6.i 

23-23 

+10.2 

+  1. 5 

-  5.1 

-3.6 

+X9.0 

-6.3 

•  •  •  • 

J92 

20-2X 

+  99 

+  3.5 

+  2.0 

+  5-5 

+  2.4 

+  2.5 

•  •  •  • 

159 

18-19 

-  0.7 

-  9-3 

"  2.7 

—  X2.0 

4-6.6 

—  3.3 

13-3 

5-9 

x6-i7 

-13.6 

-  6.8 

-  8.x 

-149 

+X0.9 

— xo.o 

30.4 

I4-XS 

-42.3 

-XS.9 

-XX.4 

-27.3 

+  2.8 

-X4.I 

72.3 

•  •  «  « 

37-38 

-  71 

•fix.  3 

—22.0 

-lo.S 

+29.8 

-27.3 

33.3 

at2.7 

35-36 

—  12  9 

-  3.5 

—  16.3 

-X9.8 

+24.9 

—20.2 

36.6 

u.o 

33-34 

-x6.8 

-15.8 

-X0.4 

-a6.a 

+18.8 

—  12.9 

45. S 

3.0 

31-32 

-17  9 

—19.2 

-  4.2 

-23.4 

■fio.o 

-  5.2 

42.3 

»  •  •  . 

29-30 

-X7  9 

-17.0 

+  0.6 

-16.4 

+  X.4 

+  0.7 

34.9 

•  -  •  •          1 

27-28 

-14.1 

-11.6 

+  5.0 

-  6.6 

-  7.4 

+  6.2 

25-7 

•    >   •  • 

2S-a6 

-  9.4 

-  53 

+  8.7 

+  3.4 

-17.0 

+X0.8 

26.4 

x.4 

23-24 

-  4.7 

+  0.4 

+IX.0 

+1X.4 

-23. 3 

+13.6 

a8.o 

93 

21-23 

+  3.0 

+  5.2 

+13. X 

+18.3 

-29.S 

+16.2 

26.5 

24  4 

19-20 

+  0.8 

+  1.6 

+  3.x 

+  4.7 

-  7.4 

+  3.8 

6.6 

6.3 

17-18 

+18. s 

+  9-2 

+10.9 

+20.  X 

—14.8 

+13.S 

•  «  «  • 

41.2 

15-16 

+36.3 

+X6.8 

+X7.8 

+34.6 

-X9.1 

+22.1 

•  ■  •  • 

73  2 

*  By  proportion,  x8  600 :  15  000. 

Chsnges  in  Tempormturodo  not  seriously  affect  the  stresses  in  the  members 
of  a  TRUE  THBEE-BiNGED  ARCH,  or  onc  with  a  tie<rod  and  rollers  at  one  md, 
1^  the  change  in  geometrical  shape  is  quite  small.  For  the  arch  with  a  tie-rod 
and  no  rollers,  the  effect  of  changes  in  temperature  may  affect  the  supporting 
forces  if  the  tie-rod  is  not  so  protected  that  it  will  change  but  little  from  its 
average  temperature.  In  most  structures  this  is  the  case  as  the  tie-rod  is  in  or 
tmder  the  floor  of  the  building. 

The  Two-hinged  Arch  differs  essentially  in  construction  from  the  tbsee> 
HINGED  ARCH  in  having  only  two  pins  or  hinges  which  are  placed  at  the  supports. 
Fig.  62  shows  the  form  of  truss  which  will  be  used  in  explaiiung  the  method  for 
finding  the  stresses  in  the  members  of  the  truss. 

Supporting  Forces.  The  supporting  forces  are  inclined  but  can  be  re- 
solved into  vertical  and  horizontal  components.  The  vertical  components  are 
readily  found  as  they  are  the  same  as  for  a  simple  truss  on  two  supports.  The 
horizontal  components  depend  upon  the  areas  of  the  members  and  their  moduli 
OF  ELAsncxTY  when  the  dimensions  of  the  truss  and  the  loading  are  known. 


XruaMd  Axditi 
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HofiMotal  Thnttt  for  Vertical  Loads.    This  can  be  found  from  the  fonniib 


SSul     v\  uH 
AE  '^^AE 


where  the  ssnnbob  have  the  rignifioance  givfii  on  page  iod6.  But  this  contains 
the  unknown  area  A  for  each  piece.  For  a  pteliminaiy  trial  the  piocedure  Is  as 
follows:  In  the  truss  shown  in  Fig.  62,  divide  the  span  into  twenty  equal  parts 
and  at  the  centers  of  the  divisions  erect  verticals.  Through  the  points  on  these 
verticals^  midway  between  the  chords  of  the  truss,  draw  a  smooth  curve  as  shown. 
This  line  will  be  designated  the  axis  or  ibk  axcIi.    Number  the  poinU  desig- 


Flg.  02.    Two-Unged  Ardu 


nated  above,  i,  3,  3,  etc.,  as  shown  in  Fig.  62.  and  let  x  and  y  be  their  oodrdi- 
nates  with  the  left  support  as  the  origin.  Scale  the  length  of  the  curve  between 
the  centers  of  the  divisions  so  that  y  is  practically  the  ordinate  of  the  center  of 
the  short  length  of  curve,  and  call  this  length  of  the  curve  Is.  On  a  radial  line 
at  ead)  point  numbered  1,  3,  3,  etc.,  scale  the  distances  between  the  upper  and 
lower  chords,  calling  the  distance  k  and  compute  HA*-/,  which  expiesses* 
approximately,  the  moment  ag  insrtia  of  the  section  when  the  chord-areas 
are  uaity  and  the  web-members  are  neglected.  Let  U  represent  the  bending 
MOMENT  at  any  point  having  the  absdssa  x,  of  the  loads,  considering  the  truss  as 
a  simple  beam  on  two  supports;  or,  for  a  single  load  P,  M^  Rx"  P  {x^  a), 
X  being  greater  than  a,  where  a  is  the  distance  of  the  load  P  from  the  Ml  sup- 
port.' Tbetf  if  5i  -I-  £/  is  represented  by  ^  the  horizontal  thrust  can  be  found 
from  the  formula, 


Ei'-ZMy4>  +  Z^ 
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For  the  verdoal  loading  shown  in  Fig.  62;  tbb  value  ciBiU  to8  ooo  Ib^  and  r^, 

being  one-half  the  total  load,  is  195  000  lb.  The  stresses  in  the  membos  of  t^ 
truss  can  now  be  found  by  the  usual  graphical  method.  The  snow-load,  if  aaj 
must  be  treated  in  a  like  manner.  The  computatbns  are  considerably  slioiter 
since  ZyV  remains  unchanged,  xegardleas  of  the  loacfing. 

^Hnd-Loada.  For  wind-loads  the  process  is  not  dianged  very  mocii.  The 
value  of  if  is  the  moment  of  the  wind-loads,  assuming  the  tnias  as  ringed  r 
the  right  support  and  on  rollers  at  the  left  support.  Tlie  value  of  Vj,  wlu'ch  b 
vertical,  is  found  by  taking  the  sum  of  the  moments  of  the  wind-loads  abcc: 
the  hinge  at  the  right  support  and  dividing  this  by  the  length  of  the  spaa 
The  value  of  Hi  is  found  from  the  formula  given  above,  and  then  the  strcaxs 
are  found  by  the  ordinary  stvess-diagram.  The  maximum  stresses  are  now  found 
and  the  proper  areas  of  the  members  detennined. 

The  True  Horlzostil  Thnitt  The  method  just  given  is  a  close  approxi- 
mation to  determine  the  areas  of  the  pieces  ao  that  tiie  correct  formula  for  St 
can  be  applied.    This  formula  is 

where  the  symbols  have  the  meaning  already  given.  Applying  this  formok 
for  the  dead  k>ad  shown  in  Fig.  62  and  areas  shown  in  Fig.  5S,  the  value  of  Bi 

is  1x0600  Jb,  which  is  but 
tittle  different  from  the  vahje 
found  by  the  approzimatt 
method. 

Dead-Load  Strewes.  Tbe 

stress-diagram  for  the  dead 
LOAD  is  shown  in  Fig.  62a. 
Considerable  care  must  be 
exercised  in  drawing  the  stress- 
diagrams,  and  their  cx>nect- 
ness  should  be  checked  by 
computing  the  stresses  in  one 
or  more  pieces.  Compare  Fif. 
62a  with  Fig.  58a. 

diaages  in  Temperatora. 
Unlike  the  tsree-hinged  arch 

the      TWO-HINGED       ARCH      6 


IMMf . 


Fig.  62a.   Two-biaged  Arch.    Stre»diicnun 


affected  by  changes  in  temperature  and  the  stresses  which  are  produced  by 
such  changes  must  be  provided  for.  Ft  >*  0  and  Bi  is  detennined  from  tbe 
formula 

where  e  is  the  cosmciENT  or  expansion  for  the  material  composmg  die  trass. 
t  the  number  of  degrees  change  in  temperature  and  L  the  span  of  the  truss. 
The  other  symbols  have  the  sij^ificance  already  given.  The  above  fdrmub 
assumes  tiiat  the  truss-members  are  of  the  same  kind  of  material.  After  Bi 
has  been  found,  the  stresses  can  be  detennined  by  constructing  the  stress^ia- 
gram  which  will  be  of  the  shape  shown  in  Fig  58b. 

Tie-Rod.  If  a  tie-rod  connects  the  two  supports  of  a  two-hinged  arch 
the  remarks  made  concerning  such  an  arrangement  for  the  ihreb-binoed 
ARCH  apply  here. 


Thiacd  AidMi 
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The  Filed  Aieh  has  no  Imigcs  and  Is  a  typa  whidi  is  seldom  anpkyed  by 
architects  in  the  truss-fonn.  The  rigid  analysis  oi  a  tkosskd  tzxbd  arch  is 
veiy  looc  and  t€dious»  so  a  lew  foimulas  wfll  be  given,  necessaiy  for  the  solution 

of  AKCHES  WITH  SOLID  WEBS,  SUCh  SS  PIATE-OODEE  AltCHES.     These  foCRluIaS 

may  be  applied  to  truas-forms^  where  the  chords  are  approximately  parallel, 
without  serious  error.  Midway  between  the  top  and  bottom  chords  draw  a 
smooth  curve,  called  the  arch-axis,  and  designate  the  distance  between  its  ends 
as  li  or  the  span  ov  -aa  axis.  Divide  ^he  span  mfo  n  equal  parts  and  at  the 
centecs  of  these  divisions  draw  perpendiculars  until  they  cut  the  ardi-axis. 


Xi        af,        ar,        x^l 
- — 8iianolAzJa«L*ndx| 


Fig.  63.    Find  Aich.    Tnias-diagram 


Number  the  points  i,  a,  3*  etc.,  as  shewn  by  Fig.  03,  wliich  also  indicatea  the 
Domendature  empbytod. 

I>eteariaatise  ol  Hu  V\  and  Hi9u  The  eqQilibrium*poly0on  for  s  snigle 
inclined  load  is  shown  in  Fig.  63,  in  its  true  position  with  reference  to  the  arch- 
axis.  This  locates  the  point  of  application  of  Hi.  The  following  formulas  are 
very  close  appcoximations  for  ardies  having  a  rise  greater  than  one-eighth  the 
span. 

Hi  -  XmtrA"  -t-  lyA" 

lyK 


\ft 


H^ft 


:) 


K 

Biift  -guff 


«i 


{'-S}     "s 


XmtpJC      TmgpK{t  -  n) 


ZK 

+  n 


VI 


n^ZK  -  Zm*K 
'Hi 


} 


_  _  e^ 

Ifi  is  measured  down  from  A  when  Biyi  is  negative.    T  is  the  sum  of  quantities 

it  governs  for  each  point  on  the  arch-axis  numbered  i,  i»  j,  .  .  .  #f.    For 

•  esample 


«-(l),0.*©/- 
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/  is  the  momoit  of  inertia  <d  the  chords  about  an  axb  mldmiy  beti 
The  sections  of  the  chords  are  to  be  taken  on  ndial  lines  passing  through  points  i, 

a,  3,  etc.    s  and  y  are  the  ooOidsoaiei  oi 
the  points  i,  2,  3,  etc,  in  Fig.  63 

6x         L 

Xm  JS—    wmZ 

2         2n 

Mjcy  IS  the  moment  at  the  point  on  tbi 
arch-axis  having  the  coordinates  xy  aaBom 
ing  that  the  given  loading  is  supported  bj 
the  axis  hinged  at  the  right  end  and  « 
rollers  at  the  left  end.  n  is  the  reactioe 
at  the  left  support  under  the  ooiMiitioBS 
specified  for  mxy.  In  the  above  fonnulss 
the  only  terms  which  depend  upon  tbe 
loading  axe  those  containing  mxr  A>>d  f^. 
the  othecs  being  constant  for  any  sivea 
arch.  While  but  one  load  has  been  used, 
any  number  may  be  used  by  oonsidcrii^ 
mxv  and  n  as  the  sum  of  the  respectirt 
quantities  for  each  load. 

StcMses.    The  stsessks  in  the  tnas- 
members  can  be  found  by  the  ordinary 
graphical  methods  when  Hu  Vi  aatd  Bjfi 
are  known.    For   example,  assume  the 
numerical  values  shown  in  Fig .^64.    The 
resultant  of  Vi  and  Hi  is  resolved  into 
two  components  parallel  and  perpendic- 
ular to  the   bottom-chord    member   ai 
the  support.    Then  T  must  act  at  the 
upper-chord  joint  as  shown.    The  two  reactions  parallel  to  the  bottom  chord 
are  found  by  moments.    The  stress-diagram  can  now  be  drawn  beginning  with 
these  forces  and  proceeding  until  the  rifi^t  support  is  reached. 

Syaunetrlcal  Loading. .  When  the  loading  b  ^Fmmfetrical,  H^fx  ^H^    and 
hence  Ki«fi.    Also 

XyK      ^mtvK 


Fig.  64.    Fixed  Arch.    Resctkms 


Hiyi  -  m 


XK 


ZK 


Changea  of  Temperature.    For  temperature-changefli 

Bi  -  «IU  +  lyA" 


yx  - 


ZyK 
ZK 


F, -o 


10.  Arches  with  SoUd  Ribt 

Arches  with  SoUd  Ribs.  VihSlt  this  chapter  considers  mnrSES  only,  it 
may  not  be  out  of  place  to  briefly  consider  arches  having  solid  ubs.  The 
computations  for  Vi,  Hi  and  Hiyv  remain  unchanged,  excepting  that  /  now  is 
the  moment  ot  mertia  of  the  radial  section  of  the  rib  at  points  x,  a,  3,  etc 


Axches  wkh  Solid  Ribs  1133 

Vfb«r-StBMM&  If  s  and  y  uc  the  oodrdmatat  of  any  point  on  thegravity- 
axis  of  the  rib,  which  should  coincide  with  the  arch-axis,  the  bending  moment 
a^  this  point  is,  for  each  load, 

J/»-/iriy»  +  Ki*-JJiy-P(«-a)  ^Q(y  -6) 

fTiyi  is  negative  when  yi  is  measured  below  A  in  Fig.  04. 

_      M-TfiC      rfxy 

<w1iere  e  is  the  distance  from  the  gravity-axis  to  the  outermost  fiber.    For  the 
X'wo  and  three-hinged  akcxes,  tf  lyi  -o. 

Radial  SlMar.  Let  Hx  be  the  algebraic  sum  of  all  the  horizontal  components 
on  the  left  of  the  section,  Vm  the  algebraic  sum  of  all  the  vertical  components 
on  the  left  of  the  section  and  6  the  angle  which  the  radial  section,  upon  which 
t.he  shear  is  wanted,  makes  with  the  vertical.    Then  Tg»  VgCosO—  HgsanB. 

Two-liinged  ParaboHc  Areh.  If  the  center  line  of  the  solid  rib  is  a  fah- 
ABOLA,  when  £/  cos  0  is  a  constant,  the  following  simple  formulas  give  the 
values  of  Vi  and  Hii 

and 

in  which  k"  a  +  L  (Fig.  63),  /  is  the  rise  of  the  axis,  P  is  the  vertical  load  acting 
down,  Q  is  the  horizontal  load  acting  from  left  to  right  and  /o  b  the  moment  of 
inertia  of  the  saction  of  the  rib  at  the  crown. 

Fixed  Parabolic  Arch.  In  like  manner  the  following  formulas  apply  for 
the  arch  without  hinges: 

K-P(i -*)«(!  + 2*) -^Q(*-**)« 

4/ 
£r,y,- jPJKi-ik)«(S*-3)-/(}}»*(i-*)«(2-7ik  +  8*«)} 

4/  2/ 

The  values  of  the  factors  containing  A  in  the  above  formulas  are  given  in  tabukr 
form  in  A  Treatise  on  Arches.* 

Circnlnr  Arches,  with  solid  ribs  of  constant  cross-section  and  the  center  line 
an  arc  of  a  drde,  may  be  considered  by  using  formulas  somewhat  similar  to 
those  given  for  parabouc  arches  but  very  much  longer  and  more  complex. 
Formulas  and  tables  for  their  solution  are  given  in  the  treatise  on  arches  refeixed 
to  above. 

*  A  Tlcatiss  on  Arches,  by  Malverd  A.  Howe,  John  Wiley  &  Sons,  Inc.,  New  York. 
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U.  Iiiflv«ic«-IiaM  for  Sbnpto  BoMiigmd 

An  Influence-Line  is  a  line  showing  the  variation  in  any  function  mi  1=7 
section  of  a  beam  or  for  any  member  of  a  tru9B»  caused  by  a  single  load  obovb^ 
across  the  span.    For  oonveoiencc  the  load  is  usoaUy  cooBideial  as  umitt. 


Fig.  05.    Influence-lines.    Reactions  for  Beans 

Reaction  for  t  Single  Load.  If  the  load  P,  Fig.  65,  moves  from  A  towards 
Bf  the  left  reaction,  when  P  is  distant  x  from  B,  is  expressed  algebraicmUy  br 
Ri"  Px  +  L,  which  is  an  equation  of  a  straight  line.  If  x  -*  o,  J?t  ^  o,  sad 
if  X  "  L,  J?i  -•  P.  If  we  make  ac^  P  and  draw  the  two  straight  lines  ab  and  K.t, 
the  ordinate  i€  iounediately  below  P  is  the  value  of  P\  for  this  position  of  /. 
If  oc  -  unity,  then  l?i «  P  (<2e). 


Fig.  66.    Influence-lines.    Reactions  for  Beans 


Fig.  67.    loflvence-HMS.    Moments  for 


Reaction  for  More  than  One  Load.    The  reaction  for  any  aumbcr  of 

Qoocentrated  loads  can  be  found  as  shown  in  Fig.  66. 

Bending  Moment  for  a  Single  Load.    The  moment  at  C,  Fig.  67»  when  ? 


is  on  the  right  of  C.  is  if  -  J^ia  » 


Pxa 


When  the  load  U  at  C,  if  -  P 


(a)  (&) 
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■and  when  at  £,  Jf  -  o.    For  ^  poatknis  of  P  upon  the  left  of  C,  J/ -  JSift 


-  P 


-P 


L 
(a)  (*) 


When  P  b  at  i4,  AT  -  o,  and  when  at  C,  Af  -  P 


If  in  Fig.  67  the  figure  mn  b  diawn  with  Ji 


L 

,  then  the 


L     ' '^'^' "~^      L 

moment  at  C  for  any  load  in  any  position  is  P  (tfr). 

Bending  Moment  for  Any  Number  of   Concentruted  Loads.    The 
moment  at  the  point  C  for  the  loading  shown  in  Fig.  68  is  if  ■  PiOt+Pio* 


Fig.  6S.    Inflttcnce-UiieB.    Moments  for  Beams 

+  Ptot  +  P4ia4.  This  gives  the  moment  at  C  for  a  given  position  of  the  loads, 
but  this  is  not  necessarily  the  greatest  moment  which  these  loads  may  cause, 
as  some  other  position  may  cause  a  greater  moment.  The  greatest  moment  at 
C  will  obtain  when  some  concentration  is  at  C.    Let  P  be  this  concentration  and 


Fig.  69.    Influence-UiMS.    Moments  for  Trusses 

assume  it  to  be  divided  into  two  parts,  nP  and  mP  so  that  n+rtf  z,  and  n  is 
greater  than  zero  and  less  than  i.    The  maximum  moment  at  C  will  occur  when 

Pt-l-Pt+Pi-f /*«     Pt  +  «Pi 


The  point  in  the  beam  where  any  given  moving  load  causes  the  greatest 
POttnu  MOMENT  is  BO  Situated  tliat  the  middle  of  the  span  is  half-way  between 
it  and  the  center  of  gravity  of  the  load.  Since  a  concentration  will  always  be 
at  the  point,  a  lew  trials  yniX  detenmee  the  peoper  ooacentratioa  to  use.  For 
ciamp^  two  equal  coQcentrated  loads  abould  be  placed  on  the  bean  no  that 


1136 


StnawB  in  Roof-Troflses 


27 


the  middle  of  the  sptok  b  at  the  qutrter-point  between  the  ooncentntiaos.    The 
MAXiMVM  MOMENT  falls  Under  the  concentration  nearer  the  middle  of  the 


Chord-Member  in  Truss  with  One  Set  of  Web-Members  VertftcaL  Ii 
Fig.  69  the  top  chord  member  UtUt  has  its  center  of  moments  at  £«  and  :hc 
bottom  chord  member  LiLa  at  Ut.  The  influence-diagiiam  for  the  momea^ 
at  L»  and  Ut  is  precisely  the  same  as  shown  in  Fig.  67.  The  moment  produce: 
by  any  load  P  is  P  {de).  As  long  as  one  set  of  web-members  is  vertical  Us 
IN7LUENCE-DIAGRAM  Will  be  identical  with  that  shown  in  Fig.  69,  resaidlcB 
of  the  inclination  of  the  diagonals  or  the  chord-members. 

Chord-Members  in  Truss  with  Inclined  Web-Members.    The  momenb 

at  points  in  the  loaded  chord,  Fig.  70»  have  influence-diagbams  identical  vi± 


4 a -^ ft ► 

Fig.  70.    Influence-liiies.    Moments  for  TrusBcs 


Fig.  71.    Influence-lines.    Shear  for  Trusses 

that  shown  by  Fig.  69.  For  the  unloaded  chord  a  slight  modification  must  be 
made.  For  example  let  Uthea  center  of  moments,  then  if  the  loads  wefe  on  a 
beam,  mgn  would  be  the  influence-diagram  (Fig.  70).  For  all  loads  on  the 
left  of  L|  and  on  the  right  of  Lt  the  diagram  is  correct  and  the  moments  at  Vt 
-  FiOi  and  Paoi.  For  loads  between  Li  and  Lt  draw  the  line  rs.  The  moment 
at  Ut  is  PtOft. 

Web-Members  of  Trusses  with  PsraUel  Chords.    Fig.  71.    The  stress 
to  UtU  equals  the  shear  in  the  panel  LtU  multiplied  by  the  secant  of  9.   The 
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ntVLUKiiCE-DiACRAM  wiU  be  drawn  for  the  shear.  For  any  load  between  It 
and  B,  the  sh^ar  in  this  pape)  equate  lit;  hence,  with  o^  aa  a  reference-fine,  haf 
is  the  XNFLUENCE-UNB  for  Rt  and  the  shear  is  P^fl^,  Pt(h,  etc.,  until  the  point  £3 
IS  readied,  in  like  manner  of  is  the  niFtuENCE-LiKE  for  ^1  and  the  shear  for 
loads  on  the  left  of  Ls  is  Piai.  The  shear  for  the  loads  Pt  between  Lt  and  !• 
is  1^1  leas  the  amount  of  Pt  which  is  transferred  to  Lf.  The  intluence-diagkam 
ioT  the  reactions  of  P%  on  a  span  LjLa  is/f'e.  The  shear  in  this  panel  due  to  Pt 
is  Pt{dd')  less  Pt  (ifc)  or  Ptflf.    A  load  at  k  produces  no  shear  in  the  panel 

IS.  Secondary  Stresses  in  Truss-Members  ■* 

Secondary  Stresses.  In  the  determination  of  stresses  in  a  truss  it  is 
usually  assumed  that  they  act  alorig  the  gravity-axis  of  each  member;  that 
the  gravity-axes  of  all  members  at  any  joint  meet  at  a  common  point;  that 
the  members  are  free  to  turn  around  this  point,  the  joints  being  considered 
frictionless;  and  that  all  loads,  including  the  weights  of  the  members,  are 
applied  at  the  joints  only.  The  stresaea  determined  with  these  assumptions. 
are  axial  or  diced  stresses,  sometimes  called  paimasy  stresses  or  main  stresses. 
The  assumptions  made  are  not  realized  in  practice  and  other  stresses,  called 
SECONDARY  STRESSES,  are  induced.  An  eccentricity  causing  bfnd:ng.  moment 
occurs  in  the  common  case  of  the  rivet-line  not  coinciding  with  the  gravity- 
axis  where  angles  connected  with  one  leg  only  are  used  to  resist  direct  stress. 
If  the  gravity-axes  of  members  about  a  joint  do  not  intersect  at  the  same  point 
bending  moments  are  induced.  The  resistance  of  a  joint  to  free  angular  move- 
ment as  the  truss  deflects  also  induces  bending  moments.  The  weights  of 
horizontal  and  incfined  members  add  slight  bending-stresses  to  the  direct 
stresses  in  these  members.  At  the  supports  there  will  be  a  resistance  to  hori- 
zontal DEFORMATION  from  tcmperature-changes  and  the  deflection  of  the  truss. 
The  degree  of  this  resistance  depends  upon  the  coefficient  of  friction  between 
the  truss  and  the  support,  the  vertical  loads  and  the  length  of  span.  Members 
not  straight  and  imperfect  workmanship  are  other  causes  of  secondary  stresses. 
With  care  in  the  design  and  fabrication  secondary  stresses  in  ordinary  roof-trusses 
from  the  above  causet*  need  not  be  considered  seriously.  The  main  causes, 
however,  of  secondary  stresses  are  faulty  details.  The  actual  shearing- 
stress  sometimes  found  in  details  is  much  more  than  the  direct  shearing-stress, 
because  of  ECCENTRiaTY  in  the  lines  of  stress-action.  Eccentric  riveted 
connections  may  not  be  wholly  avoided  but  they  should  be  reduced  to  a  mini- 
mum. The  history  of  bridge  and  building-failures  is  mostly  a  story  of  faulty 
details.  A  structure  has  seldom  given  way  for  lack  of  strength  in  the  main 
members.  But  if  the  strength  of  a  structure  is  measured  by  the  strength  of 
its  weakest  part,  it  can  be  only  as  strong  as  the  weakest  detail.  Because  of 
this,  connections  that  induce  large  secondary  stresses,  insufficient  lacing  of 
compression-members  and  careless  grouping  of  rivets,  have  all  invited  disaster. 
The  importance  of  the  detailer's  work  is  often  underrated.  What  is  usually 
considered  the  iiESiOiNTNG  of  a  structure  may  be  comparatively  easy  while  the 
detailing  may  be  difficult.  A  well-designed  structure  may  be  spoiled  by 
poor  detailing.  The  detailer  should  be  a  designer,  that  is,  a  designer  of  details, 
and  at  the  same  time  the  designer  should  be  thoroughly  familiar  with  detailing. 

*  From  Notes  by  Robins  Fleming. 
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CHAPTER  XXVIII 

DESIGN  AND  CONSTEUCTION  OF  BOOIVrKUSSES 

By 

MALVERD  A.  HOWE 

PROFESSOR  EMERITUS  OF  CIVIL  ENGINSERWG,  ROSE  POLYTECHNIC  QTSllIL  II 

1.  DMign  of  Wooden  Trotsos 

Proportioning  the  Members.  In  Chapter  XXVII  it  has  been  shown  be* 
the  STRESSES  in  the  members  of  a  truss,  supporting  known  IjOaiis,  majr  be  (oas^d. 
The  next  step  is  to  proportion  the  ifEUBERS  for  the  stresses  which  they  hxrt 
to  resist.  The  methods  employed  and  the  allowable  xmrr  stresses  are  grrr* 
in  detail  in  Chapters  XI  to  XVI,  inclusive.  For  example,  tension-members  src 
considered  on  pages  385  to  400;  steel  strut-beams  and  tie-beams  on  pugcs'fT' 
and  572;  and  wooden  strut-beams  and  tie-beams  on  page  633.  As  a  matter 
of  convenience  the  vntt  stresses  used  in  this  chapter  are  given  in  the  foDowir^ 
table  in  a  condensed  form.    Wlute  pine  is  here  used  for  the  wooden  trusses. 


Table  L    ADowable  Uiait  Stresses  ITsed  fai  TmsB-Deeign  * 

Material 

lund  of  stress 

Safe  unit  strcsi. 
Ibper  sq  ia 

White  pine 

Tension  with  the  srain 

TOO 

Tension  across  the  srain 

so 

C/Ompression  on  end-nocrs 

X  too 

Compression  acioss  the  gnin 

aoo 

Compressioa  across  the  train,  round  pins. . 
Columnst  under  is  diam  Joor. 

Z  lOO 

Shear  with  the  nain 

100 

M 

Wrought  iron 

«• 

•  .  a   •    •    ■    a 

•t 

tt 

Rolled  steel 

•( 

«( 

M 

«l 

«                       «* 

Shear  across  the  drain 

500 

Transverse,  fiber-stress 

700| 

13  000 

Rods  in  tension 

Etolts  in  shear 

7500 

Bolts  in  bear4ns 

15000 

Rfilts  in  benrl  insr.  fiber*«t:n!^siii- ..-._,_,.. 

Rods  in  tension 

16000 

Bolts  in  shear 

10  000 

Bolts  in  bearing 

aoooo 

Bolts  in  bcndixiK.  nbcT'^tress 

?4  000 

Beams  in  bendins.  f^ber^tress 

xfi  000            ' 

Beams  In  shear 

10000            1 

i 

*  See  also,  the  tables  on  pages  376, 4(3,  449.  454*  SS7>  647  and  xsoo.  These  Mvst  be 
leedified,  when  necessary,  to  comply  with  building  laws.  White  pine  is  used  for  tiie 
examples  in  this  chapter  because  of  the  difficulties  in  makiiig  the  joints  owing  to  the  id- 
ative  softness  of  the  wood.  If  one  can  design  a  truss  in  white  pine  be  will  have  no  troubfe 
with  the  design  of  trusses  constructed  with  other  kinds  of  wood. 

t  See,  also.  Table  1,  page  449.  and  Table  XVI.  page  647. 

tThe  Borough  of  Manhattaa,  New  York,  Biuldiog  Code  (19x7).  gives  i  soo  for  tkis 
value.    Other  values  are  about  the  same  as  in  tKe  table. 

Inclined  Surfaces  of  Wood.  The  normal  intensity  of  the  stress  on  indioed 
surfaces  may  be  found  from  the  empirical  formula 

r  -  «  +  (^  -  ff)  W9o)« 
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rbere  r  equals  the  permissible  normal  unit  stress  oo  this  induiod.  surfsce,  q 
hat  across  the  fibers,  p  that  on  the  end  oC  the  fibers  and  $  the  angle  the  incliiicd 
kuziace  makes  with  the  direction  ol  the  gram.    For  white  pixie  this  gives 

r-aoo+^/9 

Round  Pins  on  Snd-Fibers.*  For  all  practical  purposes  the  permissible 
anit  stress  may  be  taken  as  the  mean  of  p  and  q;  or,  for  white  pine 

H  (^+  9)  "  650  lb  per  aq  in 

Wooden  Colnnms  over  Vlfteen  Diameters  Long.  The  formula  f  used  m 
this  chapter  and  considered  amply  conservative  by  many  engineers  is  the 
Formula  approved  by  the  American  Railway  Engineering  and  Maintenance  of 
Way  Association  in  X907.    For  white  pine  this  formula  is 

5i  -  5  (x  -//6o<0  -  ixoo  (x  -  l/6od) 

where  St  -  the  permissible  unit  stress,  S  «  the  permissible  compression  on  the 
end-fibers,  /  •  the  length  of  the  column  in  inches  and  d  the  least  dimension  of 
the  cross-section  of  the  column  in  inches. 

Steel  Colittins.  For  the  shapes  used  in  roof -trusses,  the  formula  advocated 
by  C.  £.  Fowler  in  his  specifications  for  ropf-tiusses  is  used  in  this  chapter: 

5i-  xa  500- 500  l/r 

where  Si  ■■  the  permissible  unit  stress,  /  •-  the  length  of  the  ooluxxm  in  feet,  and 
r  -  the  least  radius  of  gyration  of  the  cross-section  of  the  colunm. 

Example  z.  The  truss  shown  in  Fig.  1,  which  is  the  queen  truss  shown  in 
Figs.  3,  12,  53  and  54  in  Chapter  XXVII,  is  considered  for  this  example.  The 
stresses  given  in  the  following  table  are  used.  The  members  RR  are  wrought- 
iron  rouxid  rods,  not  upset  at  the  ends;  and  all  other  members  are  of  white 
pine.  None  of  the  members  in  this  truss  is  subject  to  transverse  stress,  so 
direct  tension  and  compression  only,  have  to  be  considered: 

Table  IL    Streaaea  and  DimeBsioiis  for  the  Truss  Shown  in  Vlgore  1 


Member 

Stress  in  pounds 

Dimensions 

A 

-hax  ISO 
+X890P 
+i3aoo 
+  «4S0 
+  SX0O 

-17x50 
— xa7So 

-  9100 

6  by  6-in  white  pine 

6  by  6-in  white  pine 

6  by  6-in  white  p!ne 

4  by  6-in  white  pine 

4  by  64n  white  pine 
r  6  by  6-in  white  pine  or 
{Three  a  by  8-in  pieces  with  H4n  bolte, 
'  a  ft  on  oentcn 

One  xM-in  round  rod 

B 

C 

D 

£.; 

N 

M 

R 

Vertical  ftoda,  fig.  1.  The  tcnsioa  in  tech  tod  is  9  100  lb.  If  the  permis- 
sible stress  Is  la  000  lb,  the  sectionnuea  of  each  rod  is  9  ioo-*>i  a  000  »  0.76  sq  in. 
The  net  area  of  a  i  H-in  rod  is  0.694  sq  in;  and  of  a  i  H-Sn  rod,  0.893  sq  in.  The 
iVi-ia  xod  would  answer  but  the  iH-ln  rod  is  preferred. 


*  When  the  same  unit  sticaaes  are  osed  for  flat  and  curved  surfaces,  Tablea  VII  and 
VIII,  paies  430  to  43X,  of  Chapter  XII  may  be  used. 
t  For  other  formulas  and  Tables  based  upon  them,  see  Chapter  XIV,  pages  449  te  4SS* 
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lUftora,  FIff.  1.    The  strtte  in  the  rafter  at  .1  is  21  250  lb  and  at  If  iS  90c  *~; 
but  as  it  will  be  made  of  one  frfece,  the  size  is  governed  by  the  grmter  sttr- 
The  unsupported  length  is  about  9  ft,  and  assuming  the  least  dimensioii  of  i*r 

(QX  i2\ 
I  — r- — ^1  ■■  770  lb  per  sq  in.     21  2So/7?c« 

27.6  sq  in  »the  area  of  cross-section  required, which  is  less  than  that  ol  a  6  bjr  fc 
piece.  A  6  by  6-in  timber  is  actually  sH  by  sVf-in,  with  a  croas-sectional  aiet .: 
30.2s  sq  in,  a  little  in  excess  of  the  area  required.  In  general  the  nominal  an: 
8TANDASD  SIMS  of  timbers  differ  by  about  one- half  an  inch  ia  each  ci 


^'«2 --p 


.    'all' 

4 ^12  V- 


Ftg.  1.    Queen  Truss.    (See,  also,  Ftst.  4a,  10,  19  and  16  and  Chapter  XXVII.  Figi. 

3.  12.  53  and  54) 

Member  C9  Fig.  1.  The  stress  in  this  member  is  13  200  lb  and  its  unsupported 
length,  12  ft.  In  this  case  l/d  «  24,  when  i  -  6  in;  5i «  660  lb  per  sq  in.  The 
required  section-area  is  13  200/660  >-  20  sq  in,  and  hence  a  6  by  6-in  timber  l^ 
used.  The  top-chord  should  have  one  dimension  constant  in  oixier  to  fadlitJie 
the  making  of  good  connections  at  the  joints. 

Braces,  Fig.  1.  The  stress  in  the  brace  D  is  6  450  lb  and  its  unsupported 
length  about  9  ft.  A  4  by  6-in  timber  is  6r5t  tried.  Here  l/d»  27  and  5i  -  605 
lb  per  sq  in.  The  required  area,  therefore,  is  10.7  sq  in  and  a  4  by  4-in  timber 
answers  the  purpose;  but  for  additional  stiffness  and  convenience  in  making  ooo- 
nections,  a  4  by  6-in  piece  is  used.  Each  brace,  £,  has  a  stress  of  5  100  lb  and  a 
total  length  of  17  ft.  If  the  braces  are  bolted  where  they  cross  the  unsupportei 
length  may  be  taken  as  8^  ft.  It  is  evident  that  a  4  by  6-in  piece  is  ample  fer 
each  brace. 

Bottom  Chord,  or  Ti*-Beam»  Fig.  1.  The  maximum  tension  ia  the  bottom- 
chord  is  17  150  lb  in  N.  The  permissible  unit  stress  is  700  lb  per  sq  in;  hence 
the  net  section-area  required  is  17  150/700  «•  34.S  sq  in.  A  3  by  is-in  plank,  if 
continuous  from  end  to  end  of  the  truss  and  without  holes  and  notches,  will  take 
care  of  the  stress  alone  but  will  not  permit  of  proper  connections.  A  6  by  6-iQ 
piece  is  selected,  but  it  may  be  necessary  to  substitute  for  it  a  6  by  8-in  piece 
when  the  connections  are  made  and  it  is  spliced  in  the  middle.  If  the  member 
^  built  up  of  phmks,  three  a  by  8-in  pieces  arc  required;  and  they  must  be 
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tuaTQUgUy  bolted  together  br  •  P«it  of  boll*  evet;  9  ft  of  tlvfa  length.  If  34- 
:  and  14-ft'kaEtlu  an  used,  tlie  jolnti  of  tbe  Mimndswill  be  (bout  10  ft  aput. 
Romp)*  1.  For  this  enmple  the  tnua  IDiutrated  in  Fig.  2,  which  It  ibr 
cjsaon  tniis  shown  in  Flgi.  4  uid  34,  Chapter  XXVIl,  Is  considered.  The 
lirect  stresica  for  dead  load,  wind  and  scow  were  fouod  in  Chapter  XXVII  and 
xe  given  b  the  loUowing  table.    The  nlUn  and  the  bottom  chord  support 


Hi.  2.    Sdaon 
loads  between  the 


Tnm.    [See,  abo.  Cha|Ker  XXVII,  Ficl  1  and  S4) 


TahUDL    atreaeaaud  I>i»Bitai 

a  iorthe  Tnaa  Shows  hi  Flpn  1 

Member 

BtnH.lb 

load,  lb 

-UeoD 

44  Coo 
-HSjo 

+     JSO 

-JS30 
-■»7J 
-!409 
-.  »TS 

1  JJO 

Two  t  by  B-in  planka 
Two  I  by  S-in  plankt 
One!  by  imh  plank 
Oneiby.o^nplank 
Two  1  by  S.in  pUnka 
Two  I  by  S-in  planki 
Oneaby  lO-inplank 
Onelbyio-lntitank 
One  3  by  to-in  plank 

B 

3&I 

Rafter  0,  Hg.  1.  The  jM'ece  5  rather  than  the  piece  A  is  considered,  aa  tt  ii 
contdent^  longer.  The  total  vertical  load  on  the  piece  acting  as  a  beam  !■ 
ijMlbandtheborCioatalBianliaboatgtt    The  bending  tnooient  at  the  center 
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is  H  (x  3doX  8 X  19)  •"  15  840  in-lb*  If  the  d^pth  of  the  {neoe  is  aaBomed  » 
be  8  in,  the  proper  thickness  is  fouod  from  the  equstioo,  15  840  »  M-SU^- 
H  (700 X  8X  8X  6),  or  6  »  2.12  ia.  This  neglects  the  componeat  of  the  %r 
ticsl  load  parallel  to  the  rafter.  Considering  now  the  direct  compressias  a 
6  600  lb  and  remembering  that  the  sheathing  is  nailed  to  the  rafter,  the  kii 
dimension  d  of  the  piece  is  its  depth,  which  may  be  taken  the  same  as  thx: 
used  for  the  piece  resisting  the  transverse  stress.  The  unsupported  ies^^ 
of  the  piece  b  about  12  ft.  Then  l/d  »  18,  Si  >-  770  lb  per  sq  in  and  tlie  reqniK: 
area  of  cross^section  is  6  600/770  «  8.8  sq  in.  As  the  depth  is  8  in,  the  thkkac^  .^ 
about  I.I  in.  Combining  the  two  |rfece8»  the  total  thiduess  is  2.12  +  i.i  -  3 :: 
in,  and  a  piece  having  the  nominal  size  of  4  by  8  in  is  required.  Since  the 
sheathing  is  nailed  to  the  rafters,  two  a  by  S-ln  planks  may  be  used  without  dt- 
creasing  the  stiffness  of  the  member.  While  the  above  method  of  designiof  * 
piece  subject  to  tvv'O  kinds  of  strEs^  is  not  correct  for  all  coodltioos  vL.-^ 
occur  in  practice,  the  results  are  on  the  safe  side,  and  the  method  has  the  sc 
vantage  of  being  easily  applied. 

Member  S,  Fig.  1.  Considering  the  transverse  load  first,  the  bendins  moDier' 
at  the  middle  is  found  to  be  H  (470  X  iS-S  X  la) «  10  950  in-lb.  If  the  depth  -^ 
assumed  to  be  10  iiL  the  required  thickness,  found  from  the  equation  10  ;.w 
"  H  (700  X  10  X  zo  X  b),  is  0.94  in;  or,  a  board  i  by  10  in  in  cross-sectional  zm 
will  carry  the  transverse  load  if  prevented  from  twisting  sidewise,  which  it  has  & 
tendency  to  do  in  this  case  where  the  oeiUng  is  attached  directly  to  the  memha 
The  side-stiffness  will  be  further  increased  when  the  additional  material  let 
resisting  the  tension  is  in  place.  The  net  area  for  the  direct  tension  of  i  875  t 
is  2.68  sq  in,  which  requires  a  board  10  in  wide  and  only  a  trifle  over  M  in  thici 
The  total  thickness  becomes  0.94  -t-  0.27  »  1.21  in,  and  it  will  therefore  be  ncc* 
essary  to  use  a  2  by  lo-in  phnk. 

Member  B,  Fig.  fl.  This  is  in  compression,  but  the  stress  is  quite  smsL 
being  only  750  lb.  The  possible  extension  of  the  2  by  lo-in  piece  used  for  i  .3 
next  considered,  to  find  if  it  can  be  extended  and  used  here.  The  unsupportrd 
length  .'s  about  6  ft,  and  the  least  dimension  2  in;  hence  l/d «-  36,  5t  ••  440  lb 
per  sq  in  and  the  required  area  of  the  cross-section  becomes  less  tlian  2  sq  s 
The  a  by  lo-in  piece  is  therefore  ample. 

Membsss  T.  and  Ti,  Fig.  S.  Inspection  shows  that  a  2  by  lo-in  plank  s 
quite  sufficient  for  these  pieces. 

Member  O,  Fig.  1.  The  unsupported  length  is  about  7  ft.  Then,  for  i  - 1 
in,  i/d  »  42,  Si  ■•  330  lb  per  sq  in  and  the  required  section-area  is  iS^sso  • 
5.73  sqin.  A  piece  2  by  10  in  is  more  than  sufficient;  but  as  this  size  allows  01 
a  simi^  prolongation  (^  the  pieces  T  and  Ti,  a  piece  of  this  dimension  is  used 

Members  P  and  H,  Fig.  1.  For  the  piece  F  a  net  area  of  4  350/700  «  6  25 
sq  in  is  required;  or  a  board  x  by  8  in  in  cross-section  may  be  used.  For  con- 
venience in  construction,  two  x  by  8-in  boards  are  chosen.  It  is  evident  that  the 
same  arrangement  can  be  made  for  the  piece  H, 

Cauiioa.  Since  this  tr\iss  is  a  scissors  truss,  the  horizontal  deflection  st 
the  supports  should  be  determined,  and,  if  this  is  an  appreciable  quantity,  the 
members  as  designed  above,  should  be  increased  in  size  or  their  lengths  changed 
in  framing;  this  is  so  that  the  span,  after  the  truss  is  loaded  and  the  deflectioo 
has  taken  place,  becomes  the  distance  between  the  supports.  This  is  *<««mwH 
in  Chemer  XXVII,  pages  1085  to  1087. 

Bxamale  3*  For  this  example  the  Howe  truss  shown  in  Fig.  8  iS'Considcred. 
The  vertical  load  is  assumed  to  be  46Vi  lb  per  sq  ft  on  the  topKJiocd  and  16  ib 
per  sq  ft  on  the  bottom-chord.    For  trusses  spaced  about  15  ft  8  in  oa  ccnteca, 
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the  loads  and  stroses  are  shoim  in  Fig.  4.    The  figuna  praoeded  by  the  letter 
W  indicate  the  transverse  loadfaig  of  the  pieces. 

Vertical  Rods.  Fig.  S.  These  are  assumed  to  be  wrought  Iron  and  not  upset. 
For  the  stress  13  493  lb  (Fig.  4),  using  the  unit  stress  is  000  lb  periq  in,  the  bet 
section-area  required  is  1.16  sq  In,  which  b  provided  by  a  iH-in  rod  (Table  II, 
page  388).  For  the  stress  5  804,  the  net  section-area  required  ^048  sq  in,  which 
is  provided  by  a  x-in  rod.    The  stress  in  the  middle  rod  is  so  amail  that  th»rod 


iTTta'   ao^oneen^ers 


Fig.  8,    Howe  Tnus.    (See.  also,  Flgk  i,  Oa,  Ob,  14, 16  and  17a) 


T        T        T 
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Diagxam.    Stxesaes  tn  Truss  Shown  in  Fig.  3 

would  be  but  a  little  over  ^iu  in  diameter.    This  would  appear  light  so  a  H-in 
rod  is  used. 

Top-Checd,  Fig.  8.  As  this  is  to  be  unifonn  in  size  from  end  to  end,  a 
middle  sectioD  is  considered  in  determining  its  size.  It  is  assumed  that  the 
depth  is  16  in.  For  the  transverse  load  the  center  moment  is  H  (5  704  x  7%  X  x  i) 
-  67  03 2  in-lb.  From  the  equation,  67  oas  •-  H  (700  X  10  X  10  X  b),  the  breadth 
b "-  5.74  in.  For  the  compression,  43  260  lb,  the  least  dimension  may  be 
taken  as  xo  in,  as  the  rafters  prevent  side  buckuno  for  the  unsupported 
length  of  7H  ft.  Then  l/d  >-  9.4,  5i  -  x  100  lb  per  sq  in  (note  that  the  piece  is 
less  tlian  fifteen  diameters  long)  and  the  required  section-area  becomes  39.3  sq  in. 
For  a  depth  of  xo  in,  the  thickness  is  3.93  in.  The  total  thickness  of  the  piece  now 
becomes  5.74  -j-  3.93  *  9.67  in;  and  hence  a  10  by  xo-in  piece  may  be  used.  Since 
the  actual  cross-section  size  of  a  nominal  xo  by  xo-in  piece  is  about  9H  by  ^M  in, 
a  10  by  la-in  tixnber  is  used  and  the  x2-ui  dimension  is  placed  vertical. 

Bottom-Chofd,  Fig.  8.  Considering  the  piece  at  the  middle,  with  a  tensile 
stress  of  48  560  lb,  it  is  found  that  the  net  area  of  the  cross-section  must  be 
69.4  sq  ixi,  and,  if  the  piece  is  12  in  deep,  the  tiuckness  is  5.78  in.  The  bending 
moment  at  the  middle  of  the  piece  produced  by  the  load  i  968  lb,  is  H  (x.968  X 
7H  X  X2)  »  23  224  in-lb.  This  moment  requires  a  piece  X2  in  deep  and  f  .'28  in 
thick.  The  total  thickness  now  becomes  5.78-1-  x .28 »  7.06  in.  To  allow  for  holes 
and  notches  it  is  necessary  to  increase  this  to  at  least  10  in,  making  the  bottom 
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chord  lb  Vy  ta  in.  A  single  piece  of  this  tawt,  nearly  50  ft  lone,  >s  diflkuk  to 
obtain;  so  at  least  one  q>Uce  is  neoeasazy.  If  planks  are  substituted  it  reqnires 
six  a  by  la-in  pieces  to  give  an  equivalent  area. 

Iadln«d  Snd^Poat*  Fig.  t.  The  stress  in  this  post  is  33  450  lb  and  its  uo- 
supported  length  about  9.75  ft.  An  8  by  lo-in  piece  is  tried  first,  the  xo-in 
^dimension  being  the  same  as  one  dimension  of  the  chords.  Then  l/d  •-  14.62, 
Si «  8a5  lb  per  sq  in  and  the  required  area  of  cross-section  becomes  33  450/825  >- 
40.54  sq  in,  which  is  about  one-half  the  cioss-sectional  area  of  an  8  by  zo>m  piece. 
If  ^  *  6  in,  there  results  l/d  *  19.50,  Si «  740  lb  per  sq  in  and  the  required  arem 
■-  45.a  sq  in,  which  is  a  much  smaller  cross-sectional  area  than  that  of  a  6  by 
lo-ln  timber. 

Intennediate  Diagonals,  Fig.  8.  For  the  first  diagonal  a  6  by  6-in  piece  is 
tried.  The  required  section-area  is  19  €30/740  -■  36.5  sq  in,  which  is  well  within 
the  section-area  of  a  6  by  6-in  timber.  A  4  by  4-in  timber  could  be  used  for  the 
next  brace,  but  it  is  better  to  use  either  a  6  by  6-in  timber  or  one  4  by  6  in. 

Porlias,  Figs.  1  and  4a.  While  the  stresses  given  for  the  members  of  the 
truss  shown  in  Fig.  1  are  baaed  upon  a  vertical  loading  covering  the  effect  of 

dead  load,  snow-load  and  wind-load,  the  wind- 
load  is  separated  from  the  others  in  order  to 
illustrate  the  method  to  be  followed  in  design- 
ing a  purlin  when  the  plane  of  the  load  is  not 
parallel  to  one  of  its  sides.  The  trusses  of  the 
t3rpe  illustrated  in  Fig.  1,  are  15  ft  on  centers. 
This  distance,  therefore,  is  the  span  of  the 
purlin.  The  purlin  at  joint  2,  Fig.  1,  has  a 
vertical  loading  of  4  500  lb  and  a  wind-load, 
acting  normal  to  the  roof,  of  2  000  lb.  This 
inclined  loading,  resolved  parallel  to  b  and  ^ 
y  Fig  4a,  and  combined  with  the  vertical  knd, 

A^Jft.! ««^   gives  for  the  total,  parallel  to  rf,  4  soo-l- 1 400 

Fig.  4a.    Purlin-design  for  Joint  2    -  5  9oo  lb;  and  for  that  parallel  to  6,  i  400 
of  Truss  Shown  in  Fig.  1  lb.    If  then,  loads  are  assxmied  to  act  through 

the  center  of  gravity  of  the  purlin-section,  they 
produce  both  tension  in  thie  fiber  at  B  and  compression  diagonally  opposite  B. 
The  bending  moment  at  the  middle  of  the  purlin  due  to  the  vertical  load  is  ^ 
(5  900X  IS  X  13) «  133  750  in-lb;  and  that  due  to  the  horizantal  load  is  U 
(i  400 X  IS  X  13)  •  31  500  in-lb.  It  is  assumed  that  d»  8  in  and  ^-^  10  in. 
Then  the  fiber-stress  at  B,  due  to  the  first  moment  is 

5'  -  6  X  13a  75o/6rf* «  996  lb  per  sq  in 

The  fiber-stress  at  B,  produced  by  the  second  moment  is 

5"  -  6  X  31  Soo/M  -  395  tt)  per  sq  in 

The  total  fiber-stress  is  996  -f-  395  «  i  391  lb  per  sq  in.  This  is  91  lb  in  excess 
of  the  permissible  fiber-stress  in  the  most  conaervative  practice  and  in  some  dty 
building  laws  for  white  oak.  If  a  xo  by  zo-in  timber  is  used  the  fiber-stress 
is  986  lb  per  sq.  in,  and  if  the  piece  is  10  by  12-in,  the  fiber-stress  beocnaes  710 
lb  per  sq  in. 

2.  Detign  of  StMl  Tnmam 

General  Conaiderations.  The  members  of  the  ordinary  sixel  koof 
TRUSSES  are  composed  of  two  rolled  angles  placed  back  to  back  and  at  the 
joints  each  piece  is  connected  to  gusset-plates  by  rivets.    The  siae  of  the 
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aiiAllest  angle  parmiMible  in  good  practice  is  2H  by  s  by  H  in;  and  while  H-in 
rivets  are  often  uicd,  it  is  better  to  use  H-m  rivets,  which  are  the  largest  tliat 
can  be  used  in  a  a  H-in  leg  of  an  angle.  As  in  wooden  trusses,  it  is  economical 
to  use  the  same  siacs  for  all  members  which  are  in  the  same  straight  line,  but 
this  is  not  always  done. 

Baample  4.    Fig.  5  shows  a  fan  truss  of  the  form  and  dimensions  of  a  .truss 
used  for  supporting  the  roof  of  a  machhie-shop.    The  loading  is  light  and  con- 


F%.  S.    Fan-truss  Dfsgram  with  Strases 

sequently  the  stresses  are  quite  small  in  many  of  the  members.  For  conven- 
ience the  stresses,  lengths  of  compression-members  and  final  sections  are  arranged 
in  tabular  form. 


Table  IV.    Oteeasw  aad  DfanenaioM  far  the  Half-Tlraas  Shown  hi  Vlgnre  • 


1 

Member 

StreM. 
lb 

mate 
length,  in 

Net  area 

required, 

sq  in 

Make-up  of  member 

AD 

—16900 
—13800 

-  9a» 

-  4650 

-  7700 

-  3070 

-f-aoaoo 

+  sooo 
+  1900 

72 

144 
7a 

1.06 

• 

Two  sH  by  a  by  %-fai  sag  let 
Net  area—  i  .70  iq  in 

Two  aH  by  aH  by  %-in  angles, 
and  one  10  by  H-in  plate 

Two  aM  by  a  by  H-in  angles 

DF 

FM 

FL 

LK 

DEand  EL... 
AB 

EF 

CD 

Member  AD,  Fig.  f.  This  member  has  the  maximum  stress  of  the  bottom- 
chord  and  its  size  will  be  used  up  to  the  joint  F  and  possibly  for  the  entire  length 
of  the  chord.  The  net  area  required  is  x6  900/16  000  «>  x.o6  sq  in,  or  the  net 
section-area  of  one  angle  is  0.53  sq  in.  One  leg  of  the  angle  is  riveted  to  the 
guset-plate  with  H-in  rivets  which  is  assumed  to  cut  out  a  section  H  i&  by  the 
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tbickn^  of  the  angle.  Fiom  Table  XI,  page  365,  we  find  that  a  aM  by  ^ 
H-in  angle  has  an  area  of  1.06  aq  in.  The  area  to  be  deducted  on  aioocMiai  u 
one  rivet-hole  is  HX  H  «  Hi  *•  aaa  sq  in.  This  leaves  for  the  net  area,  of  tae 
angle  1.06  —  0.22  ■■  o^  sq  in,  which  is  well  above  the  required  aiea.  As  t^ 
is  the  smallest  angle  which  can  be  used  and  as  all  the  other  trnskni-inemben 
have  less  stress  than  AD,  the  tension-members  will  be  made  uniform  tlizougft- 
out.  With  the  exception  of  FK,  many  designers  would  use  but  one  angle  kc 
the  web-members.  While  the  net  area  is  ample  for  the  stresses,  yet  it  is  post 
practice,  as  one  angle  produces  a  one-sideo  pull  on  the  guaset-^l&tes. 

Member  AB,  Fig.  6.  This  piece  has  the  maximum  stress  of  the  top-ciwrl 
a  compression  of  20  200  lb  and  a  transverse  load  of  2  000  lb.  The  coxbenec 
EFFECT  OF  THE  TWO  LOADINGS  in  this  case  must  be  determined  in  a.  nuuuMr 
quite  different  from  that  followed  for  wooden  construction.  The  nxanrnmr- 
fiber-stress  must  not  exceed  that  found  from  some  colunm-formula   as^  ior 

example,  Si»  12  500  ~  500  //r.  The  maximum  fiber- 
stress  «S  may  be  found,  approximately,  from  the  ezpfcs- 
sion  5  -  P/A  +  Mc/I,  In  this  equation,  i*  is  the 
direct  compression,  which  is  20200  lb  in  this  ca^ 
A  the  area  of  the  section  of  the  piece,  /  the  moment 
.of  inertia  of  this  section,  c  the  distance  of  the  outer- 
most fiber  of  the  section  which  is  in  compression  froa 
its  gravity-axis  and  M  the  maximum  bending  moment 
produced  by  the  tranverse  load.  The  peinctpai.  axs 
Fig.  6.  Section  thxtMi^  ^^  ^^  section  must  lie  in  the  plane  of  the  iransvene 
Raiter-irfember  of  Truss  loading,  if  the  above  formula  is  used.  For  sym- 
Sbown  in  Fig.  6.  (Axis  metrical  sections,  as  two  angles  back  to  back,  an  I 
at<fi  from  AB,  through  beam,  or  a  channel,  the  principal  axes  are  axes  or 
c  g.  of  angles;  axis  at  symmetry,  and  the  values  of  /  and  c  are  readily 
C^.  through  eg.  of  sec-  Iq^qJ  fjom  jjjg  properties  of  roUed  shapes  tabulated 
^^'tta^h  c."gr3  ^  Chapter  X.  The  first  trial-section  is  that  shova 
plate.)  ***  ^*«-  ^»  consisting  of  two  2^  by  2Vi  by  H-in  angks 

and  one  10  by  H-in  plate.  To  find  the  moment  U 
inertia,  /,  and  the  radius  .of  gyration,  r,  the  center  of  gravity  of  the  section  is 
found  first.  The  distance  X  of  the  center  of  gravity  from  AB  (Fig.  6)  is  found 
from  Equation  (2),  page  295, 

area  of  plate  X  di\  -(-  area  of  angles  X  di 


i._. 


C-1 T~t 


f 


•2 

4r 


B 


X- 


area  of  entire  section 


From  tl)p  properties  of  angles.  Table  XII,  page  367,  the  distance  from  the  back 
to  the  center  of  gravity  of  the  angle  is  if  *  0.72  in.  /  »  0.7  and  the  area  of  the 
two  angles  ••  a.38  sq  in.  The  plate  does  not  usually  extend  to  the  back  of  the 
angles,  a  clearance  of  from  H  to  H  in  being  allowed.  A  clearance  of  H  in  is 
assumed. 

Then,  di  *  10.25  —  0.72  >  9.53  in,  and  in  «  $  in 


Hence, 


V      2^sX  5  +  2-38x9.53 

X r-^ —  ■■  7.21  m 


2.50+2.38 

The  value  of  the  moment  of  inertia  /,  about  C;  as  an  axis,  is  found  as  foDows 
(Chapter  X): 

rtf     0.2s  X  io> 

12  12 

Eq.  (3)  (page  3^8),      A{X^  dn)*  -  a.5  (a.ai)^  -  ia.ax 


For  the  plate  (page  335), 


20.80 
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For  the  two  an^es  (page  367)  a  X  0.70  •   x.40 

Eq.  (3)  (p««e  338),     A  {di  -  JQ*  -  2.38  (2.32)« -  i2.8r 

For  the  entire  section,  I  -  47.22 

For  any  section,  I  -•  Af*  or  r  '^Vj/A,  hence  for  this  section  r  «  ^47^22/4!^ 

«  3.XZ  in.     (See  Equation  (2),  page  333.)    The  distance  to  the  outermost  fiber 

in  compression  from  the  axis  Cg  is  3.04  in  *  c.    There  is  now  sufficient  data  to 

determine  the  actual  fiber-stresses  due  to  the  loading  and  also  the  permissible 

stress.    The  bending  moment  produced  by  the  transverse  load  is 

JLf-H  (2  000X6.16X12)*-  18  480  in  lb 
5-20  200/4.88+  (18  480X  3-04)/47.a2  -  5  33©  lb  per  sq  in 
5i—  12  soo—  500X6.16/3.1 1—  II  510  lb  per  sqin 

This  shows  that  the  actual  fiber-stress  is  very  much  smaller  than  the  allow- 
able fiber-stress,  but  as  we  have  used  minimum-size  angles  and  a  minimum  thick- 
ness for  the  plate,  the  only  way  to  reduce  this  section  is  to  use  a  smaller  plate. 
This  is  not  feasible  because  of  the  requirements  for  making  proper  connections 
at  the  joints.  The  above  analysis  assumes  that  the  member  is  prevented  from 
bending  sidewise  by  the  roof-covering.  If  such  is  not  the  case,  r  will  have  to 
be  determined  for  a  vertical  axis  through  the  center  of  gravity  of  the  section. 
First,  finding  the  moment  of  inertia. 

For  the  pkte,  kfi/12  -  (10  X  o.2s»)/i2  -  0.026 

For  the  angles,  2  X  0.70  «  1400 

2.38  (0.72  +  o.i2s)»  -  1.699 

For  the  entire  section,  I "  3-i2s 

r   -  V3.1 25/4.88 -0.8  in 

5i  ■■  12  500  —  500  X  6.16/0.8  -  8  650  lb  per  sq  in 

This  is  also  less  than  the  value  of  5i,  and  hence  this  sections  fulfills  all  the 
requirements,  considering  the  unsupported  length  vertically  and  sidewise  as 
6.16  ft. 

MembOT  BP,  Fig.  5.  Taking  two  2H  by  2  by  H-m  angles  with  the  2H-in 
legs,  back  to  back,  the  least  value  of  r  •-  0.78  in  (Table  XVI,  page  371). 

Si  =-  12  500—  500X  12/0.78 -■  4810  lb  per  sq  in 
5  000  -i-  4  8x0  >«  1.04  sq  in,  required. 

The  area  of  the  two  angles'used  is  2  x  1.06  -•  2.12  sq  in  (Table  X\T,  page  371). 

Member  CD,  Fig,  B.  The  stress  in  this  member  is  very  small  and  one  angle 
will  pcobobly  fulfill  the  requirements.  For  one  angle,  2  H  by  2  by  K  in,  the  least 
r  -  0^2  in  (Table  XI,  page  365)  and  5x  •-  5  300  lb  per  sq  in,  indicating  that  this 
angle  gives  a  large  excess  of  strength.  As  pointed  out  above,  it  is  better  to  use 
two  angleSb 

Slenderaess-Satio.  The  best  specifications  limit  the  ratio  of  the  least  dimen- 
sion to  the  unsupported  length  of  a  compression-member  to  50,  unless  the  allow- 
able unit  stress  as  given  by  the  column-formula  is  decreased.  The  member  EF 
is  2H  in  deep  and  about  144  in  long,  so  that  its  length  is  57.6  times  its  least 
dimension.  As  there  is  a  great  excess  of  area,  the  actual  unit  stress  is  much 
below  that  given  by  the  formula. 

Stay^Riveta.  The  compression-members  made  up  of  two  angles  and  designed 
as  described  in  the  preceding  paragraphs,  have  been  considered  as  if  acting  as 
solid  pieces.  It  is  clear  that  the  various  parts  must  be  so  fastened  together  that 
no  individual  piece  w^  buckle.    If  /  is  the  imsupported  length  of  the  member 
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as  a  whole,  r  the  correfipondiiig  least  radius  of  gjrration,  r'  the  least 
gyration  for  any  part  and  /'  the  unsupported  length  of  the  part,  or  the  di^:^*i 
between  stay-rivets,  there  is  the  following  relation: 

r/r'  -  IJT  or  /'  -  Ir'Ir. 
For  the  member  EP         T  ->  144  x  0.42/0.78  -  78  in. 
Practice  reduces  this  to  2  or  3  ft. 

Tenaion-Membera,  also,  should  be  riveted  together  in  a  similar  manscr  1 
make  the  parts  pull  together. 

Ezampto  5.  The  next  truss  considered  is  the  Fink  tkuss  shown  in  Fq:  1 
in  which  two  angles  are  used  for  all  members  and  ^-in  rivets  ^t  the  cos:^ 
tions. 

Member  AC,  Pig.  7.    For  a  unit  stress  of  16  000  lb  per  sq  in,  the  net  irj 
required  is  ax  800/16  000  >-  1.36  sq  in.    Two  24  by  sH  by  W\ti  angles  Ls^^ 
section-area  of  2.38  sq  in  (Tabre  XII,  page  367).    Deducting  2  (f6  X  M^  -  c  j 
gq  in,  the  net  sectiOM  becomes  1.94  sq  in,  while  the  required  area  is  z.36  «,  a 


^^'  .A^' 


Fig.  7.    Fink  Truss.     (See,  also,  Figs.  22,  22a,  22b,  22c,  and  22d) 


Members  CB  and  BH,  fig.  7,  are  composed  of  angles  of  the  same  ^k. 

Members  CD^  DP,  BP  and  PO,  Fig.  7,  are  made  of  two  2\i  by  2  by  U-i: 
angles  with  a  net  area  of  2.12  sq  in.    This  greatly  exceeds  the  required  area- 
Members  BC,  BP  and  DB,  Fig.  7.    From  the  preceding  example  it  is  evidcrt 
that  a  pair  of  minimum-size  angles  will  be  quite  sufficient.    Two  2)^  by  2  i: 
H-io  angles,  having  a  section-area  of  2.12  sq  in,  are  used. 

Member  AB,  Fig.  7.  For  this  member  in  which  there  is  a  direct  compres' 
sion  of  23  500  lb  and  a  transverse  stress  due  to  a  load  of  2  500  lb,  a  iveiimiaar' 
trial  is  made  with  two  5  by  sVi  by  H-in  angles,  with  the  s-in  legs  back  to  back  4-:  i 
separated  by  a  M-iu  gusset-plate.  The  moment  of  inertia  about  an  axis  pas6ir»' 
through  the  center  of  gravity  of  the  two  angles  and  parallel  to  the  shorter  leic* 
is  (Table  XI,  page  363)  7-78 ♦  and  the  corresponding  radius  of  gymtion  is  i.!^ 
in.  About  a  vertical  axis  the  radius  of  gyration  is  (Table  XVI.  p^ge  37: 
1.42  in,  which  is  the  least  radius  to  be  used  in  the  column-formula.     Jiz 

*  It  will  be  noticed  that  some  values  given  for  the  properties  and  the  sijesof  aa«ks  nsri 
is  this  example  differ  slightly  from  those  given  in  the  tables  referred  to,  as  tlie  sectioa-trex 
/,  f ,  X,  etc.  This  chaf;?cs  the  result  very  slightly  and  is  due  to  variations  in  the  dtcinil 
fiicuxes  of  values  in  different  editions  of  manufacturers'  handbooks.        £ditor-ia-dLkl 
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moment  produced  by  the  2  500-Ib  load  *t  the  center  of  the  member  is  H 
(2  sooK  9.a  X  12)  «•  34  500  in  lb.  The  section-area  of  the  two  angles  is  (page 
363)  6.1  sq  in. 

5  *  23  500/6.10+  (34  500 X  x.6x)/7.7S«  X0990  lb  per  sq  in 
Si  *  12  500  •  (sooX  9.2)/i«42  m  9  260  lb  per  sq  in 

Since  Si  is  less  than  S,  it  is  seen  that  the  angles  selected  are  a  little  too  light 
lastead  oC  using  angles  of  greater  thickness  it  will  be  better  to  select  a  larger 
S2e.    If  two  6  by  3  H  by  H-in  angles  are  used  (page  363) 

5-23  Soo/6.86  +  (34  500  X  2xh)/i3.86  «  8  890  lb  per  sq  in 
Si  •  12  500  -  C500  X  9.2)/x.34  -  9  070  lb  per  sq  in 

This  shows  that  there  is  an4)le  strextgth  and  stiffness  and  that  the  area  is  in- 
creased by  0.76  sq  in.  If  two  5  by  3  ^i  by  Mr-fai  Angles  had  been  used,  the  area 
would  have  been  increased  0.96  sq  in  (page  363).  The  least  radius  of  gyration 
used  in  the  expression  for  Si  assumes  that  the  angles  will  be  separated  by  >4-in 
gusset-Qlates.     If  thicker  gusset-plates  are  used,  the  value  of  r  will  increase. 

Practical  Detaili.  The  use  of  UNUORil  sizes  for  members  tn  the  same  straight 
line  is  economical  and  adds  rigidity  to  the  truss.  The  angles  can  be  furnished 
up  to  lengths  of  60  ft  and  over,  thereby  redudng  the  labor  of  cutting  them  and 
decreasing  the  number  of  rivets  and  the  size  of  the  gusset-plates.  The  portion 
of  the  truss  AEG  shown  by  Fig.  7  would  be  completely  riveted  up  in  the  shops, 
leaving  only  three  joints  to  be  riveted  at  the  building.  In  general,  any  truss 
which  has  one  outside  dimension  not  exceeding  10  ft,  can  be  shipped  by  rail. 
This  governs  the  location  of  the  ^>laces. 

3.  Joints  of  Wooden  Tnissss 

The  Joints  of  any  truss  should  be  proportioned  with  as  much  care  as  is  used 
in  determining  the  sizes  of  the  members,  so  that  the  truss  will  be  equally  strong 
in  all  its  parts.  The  general  principles  and  methods  for  designing  joints  are 
explained  in  Chapter  XII  and  illustrated  by  examples.  To  further  explain  the 
subject,  the  methods  of  design  of  some  of  the  joints  for  the  trusses  shown  in 
Figs.  1  and  3  are  added  in  this  chapter. 

Joint  1,  Fig.  1.  This  is  the  most  important  joint  in  the  truss.  There  are 
many  forms  for  this  joint,  but  only  a  few  of  them  are  illustrated.  Fig.  8  shows  a 
siuPLB  BOLTBD  JOINT.  The  rafter  rests  in  a  notch  in  the  bottom  chord  and  is 
held  in  place  by  one  or  more  rolled-steel  bolts.  These  bolts  are  perpendicular 
to  the  axis  off  the  rafter,  and  the  stresses  in  them  are  found  graphically  by  the 
diagram  abc  (Fig.  8)  in  which  ac  is  perpendicular  to  the  scarv-cvt  or  scat  of 
the  rafter.  The  tension  in  the  bolts  is  found  to  be  31  550  lb,  and  with  a  permis- 
sible stress  of  16000  lb  per  sq  in,  the  net  section-area  required  is  1.97  sq  in, 
which  corresponds  to  one  x  H-in  bolt  (Table  II,  page  388).  The  washer,  Itear- 
ing  across  the  grain  of  the  rafter,  will  have  an  area  of  31  550/200  >■  158  sq  in 
(page  1138).  Since  the  top<hord  b  actually  but  5^  in  wide,  the  length  of  the 
plate  is  about  28  in.  Such  a  plate  would  look  out  of  proportion  with  one  bolt, 
so  five  H'in  bolts  are  substituted,  having  a  net  section-area  of  2.10  sq  in  (Table 
II.  page  388).  Two  bolts  are  placed  near  each  end  of  the  plate  and  one  bolt 
is  placed  in  the  middle.  The  bolts  are  spaced  about  9Vi  in  apart.  The  thick- 
ness of  the  plate  may  be  taken  as  one*fifth  the  distance  from  the  end  of  the 
plate  to  the  nuts  of  the  fiurst  pair  of  boHs.  This  distance  is  about  3.4  in;  hence 
the  thickness  is  0.67  in.  A  ?4-in  plate  is  used.  The  lower  end  of  each  pair  of 
bolts  is  provided  with  a  plate-washes  bearing  upon  the  inclined  surface  of  the 
white-oak  BOLf  is%  as  shown.    The  angx£  or  xnclwaiion  approximates  45* 
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■nd  bnm  the  alkiirabte  pmsun  DTI  the  wood  is  500+  (i  400—500)  M  —  rii^ 
per  iq  In.  (Sec  Table  VI,  ptge  454,  Table  XVt,  pagt  647.  «kI  tbe  cqaUioE  -: 
page  1138.)  Tbe  pair  of  bolti  ocry  a  tensian  of  ji  5S0X  H  —  ti  6ao  ■>,  i" 
this  atren  nqoira  a  plate  haviBi  an  ait>  of  ii6m/T35~  ■7'4  aq  in,  Kb.- 
will  be  provided  by  a  pUtc  SH  tiy  ^  by  H  io.  For  tbe  lin^  bolt,  a  4  by  1 
CAST-noti  BEVXLED  WA-iHER  ii  uscd.  having  a  H-in  luE  let  into  tbe  bii.--' 
to  take  tbe  horiiontal  component  of  tbe  pull  In  the  bolt.  To  prevent  tbe  b-k 
slipping  on  the  bottom  chord,  tTro  oae  ke\5  are  employed.  (See  Tabb  ^~ 
page  454,  and  Table  I,  page  113S,  forpenniuibleuTdt  Mmsa.)  Tbe  horib'?^. 
It  ol  Utc  pull  in  tbe  W-ta  is  about  11  300  lb,  and  loi  one  K^.  11  15. 


P[(.  8.    DetailolJcdBt  1,  Fig.  I 

lb,  and  taUog  the  actoal  tbldcnew  of  4  in  to  he  5H  bi,  ead<  inch  fn  bngth  - 
the  key  will  safely  carry  51.I  X  100  -  i  100  lb  in  longitudinal  ihtBi-  (Tabic  1 
page  til).  The  keys  will,  therefore,  be  10  in  long.  Tbe  ends  of  the  keys  pc-; 
against  tike  notch  in  the  while-pine  cboid.  and  lor  eod-beiring  each  inch  .1 
depth  of  tbe  ooljch  cairiei  iHX  i  loo-  6050  lb.  Tbe  depth  of  tlv  ax.-y 
tbetefore,  is  i.S  in  in  tbe  dtord.  In  the  bobtec  ew:h  inch  in  tkptb  of  dmc: 
carries  SHX  i  400 -  7  700  lb  [Tabic  XVI,  yatt  647).  and  the  d^ith  of  aii.-.:. 
is  I4J  in.  This  ntakes  the  total  thickness  of  the  keys  i.S  +  1.4]  •  j.ij  in.  ur. 
say  3»  in.  The  liie  of  tbe  keyi  is  jM  by  Hi  by  10  in.  Tbe  spaaKo  or  m 
£cn  ii  governed  by  the  longitudinal  ahear  of  tbe  white-pine  chonl.  Ejie 
inch  in  kngtb  carrin  5HX100-550  lb  CTable  I.  page  iijB),  aad  the  dei: 
distance  between  keys  is  11  ist/sso—  so  in.  The  various  dimensions  u^ 
above  will  prtibaby  appear  la^  to  many.  Tbe  large  dimcniions  are  due  ij 
the  timber  used.  If  tong-leaf  yellow  pine  had  been  empkiyed.  manj'  d  tlv 
dimensions  would  have  been  materially  smaller.  The  angu-buicz  detail, 
shown  in  fig.  9b,  malces  a  much  better  connectioa  in  this  case.  1^  is 
becomes  il'i  in  and  15  in  becomes  ij  in.  The  net  ana  of  tbe  boUam  cbotl 
ahould  now  be  determined  to  see  if  it  ii  uiffidecit  to  t^te  the  teasioo. 

Wall-Plate.  As  a  rule  It  is  a  good  idea  to  place  the  wali^-pute,  whlib 
receives  the  commoD  rafters,  just  above  the  bottom  chord  as  shown.  The 
aSords  an  opporttinity  to  get  st  tbe  nuts  on  the  bolts  Co  tighten  (bem  as  tte 
wood  ibiinki.    The  sCAaoro  or  isa  Tatns  on  tbe  biidtwotk  tiMtild  be  out- 
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aidered  and  a  stokb  or  metal  flate  pcovided  to  distribute  the  pressure.  (See 
Chapter  XIII.)  In  this  case  a  i6  by  14  by  xH-ia  cast-iron  plate  is  used, 
which  reduces  the  pressure  on  the  brickwork  to  84  H  lb  per  sq  in. 

Joiiit  X,  Fig.  S,  This  joint  might  be  made  in  the  manner  described  above, 
but  the  type  shown  in  Fig.  9  is  used.  The  thickness  oC  the  phite  is  usually 
governed  by  the  thickness  required  at  K  to  give  the  hook  the  proper  strength. 


L 


3r^ 


flKAM 


itzisxiX'o.i.n. 


Fig.  0.    Detail  of  Joint  1,  Ftg.  3 


Fig.  9a.    Alternate  Det^  of  Joint  I,  Fig.  3 


This  hook  practically  takes  one-half  the  horizontal  component  of  the  stress  in 
the  rafter  (which  is  the  stress  in  the  bottom  chord  in  this  case)  as  the  bolts  are 
assumed  merely  to  keep  the  parts  in  place.  The  metal  bears  against  the  end- 
fibers.  For  each  inch  in  depth  of  the  notch,  the  fibers  carry  9  Vi  X  x  i<x>  *  xo  450  lb, 
and  hence  the  notch  b  H  (27  350/  xo  450)  » i  .3  x  in  deep,  say  i H  in.  Considering 
the  HOOK  as  a  wsouGHT-ttON  camtilevsx,  iH  in  long  and  uniformly  loaded 
with  X  100  lb  per  sq  in,  the  thick- 
ness is  found  from  the  expression 
xioo(i.3x)«/a-H(xioooXxX/«), 
or,  / » 0.69  in.  The  nearest 
practical  site  is  a  thicknen  of 
94  in.  The  length  of  the  bot- 
tom chord  noocssary  to  take 
the  pressure  from  the  hook  in 
longitudinal  shear  is  9^  X  100 
-  950  lb  per  in,  or,  13  675/950 
«  144  in  in  all.  The  inclination 
of  the  fibers  at  H  with  the  ver- 
tical cut  is  about  36%  and  the 
allowable  pressure  on  this  surface 
b  aoo+(x  100—  aoo)  (»Ho)'  -  344 
lb.  Then  27  350/(344  X  9H) «  S.3  in,  which  is  the  required  depth  of  the  cut. 
As  these  fibers  are  confined  by  the  plate,  one-half  this  value,  or  4  H  in,  approx- 
imately, is  used.  The  bolts»  Z,  are  two  ^in  bolts.  There  should  be  two 
bolts  at  Y,  carefully  placed  so  that  the  hook  bears  against  them.  There  is  a 
strong  tendency  for  the  hook  to  straighten  and  hence  x-in  bolts  are  used. 
The  net  section  of  the  plate  in  tension  is  evidently  greatly  in  excess  of  that 
required. 

Joiak  I,  Fig.  t.    A  better  detail  at  K,  Fig.  9,  is  shown  in  Fig.  Oa.     It  b 
amuDed  as  before  that  ooe^haif  the  tension  b  taken  by  the  notch  at  K.    The 


Fig.  9b.    Alternate  Detail  of  Joint  1,  Fig.  3 
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through  the  bolts  in  bcoding.    The 


(TaUe  III,  pan  419).  The 
UiickDess  of  the  steel  i^ie 
necetitry  to  give  Miffideut 
beuing  (gainst  the  boltj  is 
W  Ui  67s)  +  aoDooXi.ar(- 
.34  in.     A  W-in  pUte  is  thae- 

Jolnt  I,  He-  >■    An  onfinuy 


be  laed  in  this  . 
■a  shown  in  Fig.  9b. 

Other  DataH*  far  Jolat  i. 
Fig.  3.  Another  design  for 
this  joint,  but  for  UMtbet 
truss,  is  shown  in  Fig.  9c. 
The  rafter  and  bottom  chord 
are  o(  long.leaf  yellow  pine 
and  the  metal  parts  cj  steel. 
The  stresses  are  tnnsmitled 
through  3  by  ^-ln  jiata  in 
bearing  agninst  the  end-Sbers 
E    of  the  wood,  and  fmn  Ilioe 

plats      to      the     SIDE     PLAITS 

dde  plates  shonid  be  diawn  up  agsinsl 
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Wig-  9d  ahoire  a  good  spplioitloa  of  the  caet-hok  ancle-block  used  in  the 
tnmes  of  a  bEacksmitb-shop  of  tbe  Boston  &  Maine  Railroad  Company.  The 
bearing  and  ibomng  veluM  an  provided  (or  principally  by  i  tenon  on  tbe 
back  let  into  the  bottom  chord  u  indicated  by  the  dotted  lines. 

Joint  1,  Wif.  L  Where  a  brace  ibuta  against  a  taflei,  ai  in  this  jtJnt,  one  cut 
on  tbe  end  of  the  brace  should  bisect  Che  angle  made  betirnn  the  brace  and  the 
miter,  and  Ihesecond  cut  should  be  at  right  angles  to  thii.  as  shown  iil  Fig.  10. 
The  (■bA  is  tlien  set  in  a  notch  or  mortise  to  keep  the  brace  in  place  and  to  trans- 
mit  the  pressure  to  the  rafter.    The  purlin  may  be  supported  by  a  yia  plank,  as 


FV-  10-    tMut  of  JolDt  2,  Hg.  1,  trith  Rod  Add:d 


Fi|.  tOs.      Purilc-con         F^.  10c.     PurlinoiaDec- 

DKtioa   with    Sletl-  tion  vilh  Wooden  Bear-  with  Bsam.hanger 

Anglo  ini-block 

shown  in  Fig.  10.  Some  form  of  uetal  bangei,  of  the  Duplex  tvpe  is 
often  preferred.  In  the  truss  shown  in  Fig.  I,  there  is  no  vertical  rod  at  this 
joint;  but  many  trusses  liave  a  rod  there,  and  one  is  therefore  shown  in  Fig.  10. 
The  washer  on  top  of  tbe  rafter  must  have  sufficient  area  to  transmit  the  stress 
in  (he  rod  to  the  raltcr.  Other  forms  of  purlio-conneciioni  are  shown  in  Fi^. 
lOitolOo. 

Ap«s  of  Einc-Bod  Tmu.  Fig.  11  shows  the  joint  at  the  top  of  a  einc- 
■OD  niTss  with  a  Dutlex  bancek  to  support  the  purlin.  The  wrought-iron 
or  steel  |date  for  large  truMcs  should  extend  along  the  top  ol  each  rafter  ■ 
luScieDt  distance  to  permit  iti  baing  fastened  by  lao^crews  or  BOLIS.  Fig  13 
•bows  a  cAiitNc  in  place  ot  the  rolled  flax*. 
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Joint  3,  Fig.  1.    This  should  be  made  ts  shown  in  Fig.  13. 
cuts  bisect  the  angle  made  between  the  two  6  by  6-in  pieces.    In 

CAST-IRON  WASHES  a  WKOUGBT-IRON  OF  STEEL  PLATE  may  be  USOd. 

WVrooght 
Iron  Plate 


pUoe  of  the 


Fig.  11.    Detail  of  Apex  of  King-rod  Truss 


Fig.  13.    Aftern&te  Detail  for 
of  Kiog-nx!  Tnns 


Purlia 


jO^'Mzft^t 


Fig.  13.    Detail  of  Joint  3.  Fig.  1 


Fig.  14.    Detail  of  Jomt  2»  Fig.  3 


Joint  a,  Fig.  9.    One  method  of  making  the  connections  at  this  joint  is  shown 
in  Fig.  14.     The  end-cut  of  the  main  brace  is  made  as  shown,  the  distance  d 


.j^Xf  •'»  *'»  X  "*^ 


ii 
ii 


lO'i  12" 


Z^ 


I  i 


Fig.  15.    Alternate  Detail  of  Joint  2,  Fig.  3 

being  determined  by  the  necessary  area  of  the  incKned  cut  in  the  top  chord. 
The  permissible  unit  pressure  is  about  595  lb  per  sq  in.  Then  33  450  lb  requirts 
64  sq  in,  or  the  distance  J  is  a  little  greater  than  the  depth  of  the  brace. 
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fonn  of  detail  can  only  be  aaed  for  the  end-bimce  by  ""''■''a  two  ooKha  u 

■hown  by  the  dotted  lints.    A  mucK  belter  method  ii  iliowii  in  Fig.  15,  where 

an  ANCLE-BLOCK  is  used.    The  uigle-block  is  nude  of  very  haid  wood  so  that 

the  beating  of  the  brace  is  provided  for,  and  it  is  notched  into  the  chord  a  sulE- 

dent  amount  ti  truisfer  the  boriiontal  component  of  the  Uie»  in  the  brace 

to  the  chord.    A  notch  i  in  deep  carries  i  loo  x  9H  -  lo  410  lb  (Table  I,  page 

iljS):    hence  for  a  horizontal  component  of  17  330  lb  (Fig.  4),  the  notdi  » 

made    7H    in   deep.     This    clearly 

shows  that  braces  should  be  inclined 

■t   least  4s*   with   the  horizoatal,  y 

unless  awkward  or  weak  detail*  ara 

to  be  tolerated.    The  vertical  nxl 

here  has  a  stress  of  13  491  lb.    The 

WA5HEB  on  lop  of  the  chord  traosfen 

this  stress  in  bearing  across  the  Erato. 

At  a  unit  slresG  of  loo  lb  (Table  I, 

page  iijS),  the  area  is  674  iq  in,  r 

requiring    an    8    by    9    by    )l -in 

plale,  .  

Jcba  7,  Fl|.  1.  This  is  shown  in  Fig.  16,  and  the  above  discussions  cover  all 
details  of  its  design. 

SpUcoi.  Since  it  is  D0t  econotoi^  and  often  impossible  to  procure  timbers 
exceeding  is  or  30  ft  in  length,  it  is  necessary  to  make  one  or  more  splices 
in  tlic  chords.  The  [op-choid  of  a  Howe  tbuss  ii  spliced  by  placing  tbe  tim- 
bers end  to  end.  and  by  spiking  or  bolting  on  side  planks  to  keep  them  in  place. 
Tbe  bottom  chord  cannot  tie  treated  in  this  manner,  as  It  Is  in  tension. 

Hook-Splice  or  Tabled  Fish-Hate  of  Wood.  It  is  assumed  that  the 
bottom  chord  of  the  truss  shown  in  Fig.  3  is  lo  be  spliced  at  the  middle  of  the 
span.  Fig.  17a  shows 
this  splice.  It  is  as- 
sumed that  the  «de 
pieces  are  of  white  pine. 
The  toul  depth  of  the 

__       _   _       notches    is    48  560  + 

^"m.  11" -?*""■"  ."'    .IZh-fc  ('  '"X'-'il  ■rf-j84 

"!i         .  I  ■■      1!' ^       in  (Tabic  I.  page  ,1  j8). 

Each  notch,  then,  is 
about  I  in  deep.  The 
length  of  the  table  is 
I-  H  US  560  + (too  X 
Fi(.  17.    Splice  of  Bouom  Cboid  al  Trass  ii'j)) -ii  in.    Thenet 

thicknevi  of  each  side 
piece  is  W  {48  i6o)/(7O0X  iili)  -  3  in,  without  deducting  anything  for  tbe  two 
bolt.holes.  Tile  chord-pieces  have  less  than  the  required  area  because  of  the 
deep  notches  requited;  hence  a  iiX  ii-in  timber  is  required  if  thb  form  of 
splice  is  uHtd.    The  proper  dimensions  are  shown  in  Fig.  17a. 

If  etal  Splice-  Fig.  17  shows  an  old  and  very  efEcient  form  of  splice,  pro- 
portioned to  replace  the  form  shown  in  Fig.  ITa. 

Spllcea  tar  Built-up  Chord.  The  top  chord,  when  BirtLT  UP  oS  3-tn  planks, 
requires  thorough  si)iking  with  two  ?i-in  bolts  at  the  ends  of  each  plank.  The 
bottom  chord,  which  is  in  tension,  should  be  vi  arranged  that  the  ends  ol 
the  planks  in  one  sirard  are  well  removed  from  tbe  ends  in  other  stnuidi.    TIN 


I  4»a-i-^*^lgxl8^ 


HJ  1p 
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middle  strand  of  a  bttilt-up  choxo  is  completely  cut  away  to  pennit  the 
of  the  vertical  rods.  The  strands  should  be  thoroughly  spiked,  and  bolted  every 
3  ft,  care  being  taken  to  see  that  the  bolts  do  not  come  nearer  than  5  ia 
from  the  end  of  any  plank.    While  built-dp  members  are  in  favor  with  boiki- 


*- 


JFT 


.« 


.Table 


12x12 


f — -a^ — **< ai H 


Fig.  17a.    Alternate  Detail  for  Splice  of  Bottom  Chord 

ers  because  the  materials  are  readily  obtained,  yet  for  important  structures  the 
writer  believes  it  is  worth  while  to  use  a  little  more  effort  and  pay  a  little  more 
to  get  SOLID  STICKS  for  truss-members. 

Wall- Joint  of  Scissors  Trusses.    In  sassoRS  trttsses  the  joint  over  the 
wall  formed  by  the  rafter  and  tie-beam  should  alwasrs  be  carefully  proportioned 


\''9'S99^^i>ifSft«K>lMC'' 


l^ 


*— isnNTall— 


W  lonff 


IS,  V*x«3ri^ScrewB 
1>oCtcd1!iiMahovi 


Fig.  18.    Wall-joints  for  Scissors  Trusses,  Figs.  24  to  27.  Chapter  XXVI 

to  the  stresses;  otherwise  the  joint  is  liable  to  open  and  the  wail  to  be  pushed 
out.  Much  greater  strength  is  required  in  this  joint  than  in  the  wall- joint  of  a 
KiNC-ROO  TRUSS  of  the  same  span,  because  the  stresses  in  a  scissors  truss  are 
usually  at  least  twice  and  sometimes  three  or  four  times  as  great  as  in  a  truss 
with  a  horizontal  tie-beam.    For  a  scissors  truss  built  of  planks,  as  in  Fig.  2, 
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a  x-in  bolt  tbrongh  the  center  of  escfa  joint,  with  as  many  tpikes  as  can  be 
driven,  will  ordinarily  give  sufficient  strength.  For  trusses  like  those  shown  in 
Figs.  24  to  27  of  Chapter  XXVI,  one  of  the  best  methods  of  making  the  wall- 
joint,  imless  the  rool  is  quite  flat,  is  that  shown  in  Fig.  18,  which  is  the  detail 
of  an  actual  joint  where  the  stress  in  the  tie-beam  was  25  000  lb.  It  should  be 
noticed  that  the  wrougst-qlon  stkap  is  secured  to  the  tie  by  lag-sckews  in- 
stead  of  bolts.  It  is  practically  impossible  to  bolt  a  strap  to  each  side  of  a 
beam  so  as  to  get  a  good  bearing  for  all  of  the  bolts,  owing  to  the  difficulty  in 
boring  the  holes  straight;  and  if  the  holes  are  bored  a  little  large,  some  tx)lts 
may  bear  on  the  wood  and  some  may  not.  With  lao-screws  each  screw  b 
bound  to  get  a  good  bearing  in  the  wood.  The  holes  in  the  two  sides  of  the 
strap  must,  of  course,  be  staggered,  so  that  they  will  not  come  opposite  each 
other.  The  net  sectional  area  of  the  strap  should  at  least  be  equal  to  the  stress 
in  the  tie-beam  divided  by  2  X  X3  000  (Table  I,  page  xijS).  The  number  of 
LAG-SCREWS,  for  both  sides,  is  found  by  dividing  the  stress  in  the  tie-beam  by 
the  resistance  of  one  screw.  For  the  safe  resistance  of  lag-screws  used  in  this 
way,  the  values  given  in  Table  V  are  recommended.  In  the  joint  shown  in  Fig. 
18,  the  stress  in  the  tie-beam  is  2$  000  lb,  and  the  wood  is  Douglas  fir.  The 
above  rules,  therefore,  require  a  sectional  area  in. the  strap  of  V^  (25  000)/ 1 2  000  * 
1 .05  sq  in  and  twenty-three  9^-in  lag-screws.    Only  thirteen  are  shown  in  Fig.  18. 


Table  ¥.♦ 

Safe  ResistaBce  of  Mild-Steel  Lag-Screws  When  Used  as  fai  Fig.  18 

Size  of  screw  in 

Safe  resistance  in  pounds 

Minimum 

ioches 

thichness 
of  strap  in 

Oak 

White 

Douglas 

LonR-leaf 

length 

pine 

fir 

pine 

inches 

H 

3H 

s88 

SSS 

afir 

988 

H 

H 

4 

$xa 

4S4 

474 

Sxa 

H 

H 

4 

800 

709 

74X 

800 

Ms 

H 

4Vi 

X  XS3 

X  oaa 

X  067 

X  XS3 

Ms 

H 

S 

X569 

X  39X 

X  453 

X569 

H 

With  a  thickness  of  H  in,  the  width  of  the  strap  neqessary  to  give  a  sectiona* 
area  of  1.05  sq  in  is  1.05/ .375,  or  about  3  in.  To  this  should  be  added  the  diam- 
eter of  one  lag-screw  to  obtain  the  working  width.  Thus  3  -H  ^  «  3H  in.  The 
strap  used  is  4  by  H  in  in  cross-section,  as  some  additional  strength  is  obtained  by 
the  bolt  at  X^  which  it  is  necessary  to  insert  to  hold  the  timbers  together  while 
the  truss  is  being  raised  into  position,  and  also  to  bring  them  tightly  together 
before  fitting  the  strap.  Fig.  19  shows  another  method  of  making  this  joint 
which  may  be  used  with  advantage  when  the  inclination  of  the  rafter  is  less 
than  45**.  One  advantage  in  using  this  truss  is  that  if  it  is  erected  one  piece 
AT  A  TIME,  the  tie-beams  may  be  put  iip  first,  thus  providing  a  seat  to  receive 
the  rafters.  The  strap  prevents  the  end  of  the  rafter  from  springing  up.  The 
diameter  of  the  bolt  should  be  propMtioned  to  the  horiaontal  component  of  the 
stress  in  thevafter.  Fig.  20  shows  a  good  form,  of  joint  to  use  at  joint  5  of  Fig. 
27,  Chapter  XXVI,  when  it  is  desired  to  substitute  a  wooden  tie  for  the  rods 
shown  in  Fig.  27.  The  sectional  area  of  the  strap  and  the  number  of  lag-screws 
should  be  proportioned  by  the  rules  given  for  Fig.  18. 

WMh«ra.  Where  iron  or  steel  rods  are  used  in  wooden  trusses,  washers  are 
necessary  under  the  heads  and  nuts  to  properly  distribute  the  loads  on  the 
wood.    The  dimeostoas  of  the  washers  are  determkied  by  the  allowable  bear^ 
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ing  picgame  on  thewoed  tnd  the  iniitnit?Hfai  of  the  loadi.    Table  VI 
allowmble  ktada  which  can  be  tranamitted  by  standard  round  cast 
rectangular  waahen  bearing  across  the  wood  fibers.    Table  VII 
mension  of  standard  round  cast  washers.    The  bearing  areas  of  these 


the 
and 
the  S- 


Fig.  19.    Altenuite  DeUO  for  Fig.  18 

are  too  small  for  use  on  the  softer  woods  and,  therefore,  except  when  the  rods 
are  small,  it  is  better  to  tise  rectangular  washers  of  iron  or  steel  plate.  Very 
large  washers  should  be  cast,  and  should  have  the  form  shown  in  Fis«  20a. 
The  use  of  the  ribs  gives  the  required  strength  and  saves  considerable  material. 


Fig.  20.    Detaflof  Joints.  Fig.  27,  Chapter  X3CVI  Fig.    dOA.     Csst-lxoo 

Washer  with  Brackets 

Thickneaa  of  Rectangular  Steels-Plata  Waahera.  The  thickness  of  reo* 
tangular  steel-plate  washers  can  be  foond  from  the  following  formulas  in  which 
/  is  the  distance  from  the  edge  of  the  plate  to  the  nut  and  t  the  thiduaess  of  the 
plate.    When  used 

On  white  oak ...../■■  34 1 

On  white  pine , Ims^^i 

On  long-lesf  yellow  pine. / «  S.9I 

On  short-leaf  yellow  pine «•.../•■  4.6I 
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VX.    Ssfo  B«ariai  Hfwiitinfft  «f  Cosl-IroflL  WiMiiMi»  ia  Pmtads 


Round  waihen 

Sixe. 
ia 

• 

ATM.* 

•4  in 

White  sine. 

lb 

Short-leaf 

yellow  pine, 

lb 

Long-leaf 
yellow  pine, 

lb 

White  oak. 
lb 

W 

5  I6 

I  030 

I  290 

I  810 

2580 

H 

6(9 

1340 

1670 

2340 

3350 

H 

7.T8 

I  560 

1950 

2720 

3890 

H 

10.4 

aoSo 

a6oo 

3640 

5200 

z 

II. 7 

2340 

2930 

4  100 

5850 

iH 

i6.6 

3320 

4450 

5810 

8300 

iH 

a6.9 

5380 

6730 

9420 

13500 

ni 

28.6 

5  720 

7150 

10  000 

14  300 

iH 

38.S 

7700 

9630 

13  500 

19300 

2 

499 

9980 

X2500 

17500 

25  000 

9H 

62.8 

12600 

15700 

22000 

3x400 

aW 

77.1 

IS  400 

19300 

27000 

38600 

a^ 

9«.9 

18600 

23200 

32500 

46500 

,     * 

no. a 

22000 

27600 

38600 

55x00 

RecUngular  washers 

4X  6 

24 

4800 

6000 

8400 

laooo 

8 

32 

6400 

8000 

XI  200 

x6ooo 

6X  6 

36 

7200 

9000 

12  600 

X8000 

7 

42 

8400 

to  500 

14700 

2x000 

8 

48 

9600 

t2  000 

16800 

24000 

9 

54 

10800 

X3S00 

18900 

27000 

10 

60 

12  000 

15000 

21  000 

30000 

8X  8 

64 

12800 

z6ooo 

22400 

32000 

9 

72 

14  400 

18000 

25  200 

36000 

10 

80 

16000 

20  000 

28  000 

40000 

la 

96 

19200 

24000 

33600 

48000 

10X10 

100 

20  000 

25000 

35  000 

50000 

II 

I  TO 

22  000 

27500 

38500 

55000 

la 

lao 

24000 

30000 

42  000 

60  000 

Z4 

140 

28000 

35000 

49000 

70  000 

laxia 

144 

28800 

36009 

50400 

72000 

14 

168 

33600 

42000 

58800 

84  000 

l6 

19a 

38400 

48000 

67aoo 

96  000 

14X14 

196 

39300 

49000 

68600 

98000 

i6 

224 

44800 

56000 

78400 

1X2  000 

Urit  values, 

^     1    ■      . 

lb  per  sq  in 

200 

ISO 

350 

500 

*  The  actaal  areas  bearinip  on  tlie  wood  are  given  for  round  washers. 
washers  the  total  area  is  given,  no  allowance  being  nade  for  boles. 


For  rectangular 


Detaili.  Many  other  forms  of  oonnecdons  are  in  use  and  their  proper  design 
nmply  demands  that  the  methods  explained  in  Chapter  XII  and  in  this  chapter 
he  consistently  followed.  AH  details  are  not  suitable  for  all  cases  and  the  de- 
signer must  use  common  sense  in  the  selection  of  the  PAancoLAi.  tyfe  to  be 
used  snd  in  its  design.  Wood  Is  rery  rariable  in  its  properties  and  consequently 
Isige  lACiou  09  SAieYY  an  used  for  ctrtain  klndtof  stress  and  tmaiter  lactoss 
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tor  others.    Heavy  trusses,  in  which  the  sizes  of  the  members  are 
cording  to  the  magnitudes  of  the  stresses,  sironld  be  very  carefuliy 
in  every  detail,  vliile  smaU  trusses  with  taigeexcess  of  material  do 
as  much  care. 

Table  VH.    Proportions  of  Standard  Caat-Iron  Washeca 


If 


^-y-u-i- 


Diamof 

bolt.tf 

in 


M 
H 
H 

X 

iH 
iH 
xV4 
iH 

2 

sH 

aH 
3 


D 

in 


3 

3H 

3f4 

4 

AM 

6 

7K 

8H 

9W 

xoM 

xiH 

xaM 


in 


2M 
2H 

2H 

3 

ZM 
ZH 
4H 
4>i 
SW 

6M 


<f' 

r 

Weight, 

m 

in 

lb 

•^« 

H 

H 

»Hfi 

^ 

H 

»?1e 

H 

iVi 

»M« 

H 

iVi 

xVi« 

iVi 

a^i 

x9f« 

xVi 

3 

x9l< 

xH 

5*4 

xH 

iH 

6 

x% 

iH 

9^i 

2^ 

2 

17^4 

2H 

aH 

ao 

aH 

aV4 

27H 

aH 

aH 

36 

3W 

3 

46 

sq  in 


S  l« 
6.«9 

77* 
I0.40 
XI.  70 
x6.«o 
a6.9o 
aS.fo 
3S.50 

4990 
&2.80 
77  xo 

9a.9o 

xxo  ao 


For  sizes  not  given,  D  —  4  <f  4-  H" 


T  ~d 


4.  Joints  of  Steel  Tmsses 

Tmsies  with  Riveted  Joints  are  usually  made  with  akgles  for  the  «c}>- 
members  and  generally  for  the  chords,  although  the  latter  are  sometimes  mai^ 
of  a  pair  of  channels  or  of  two  angles  and  a  web-plate.    The  members  ire 
connected  at  the  joints  by  means  of  gusset-plates,  to  which  all  of  the  members 
are  riveted.    Tjrpical  examples  of  riveted  joints  in  roof-trusses  are  shown  in 
Figs.  22  to  24e.    When  the  rafter  or  chord  has  a  web-plate,  as  in  Fig.  23  \, 
the  web-members  are  riveted  to  this  i^ate  and  a  gij^et-plate  is  not  required 
except  at  the  end-joint  and  apex,  as  shown  in  Figs.  23a  and  23e.    In  order  tkat 
there  shall  be  no  twisting,  it  is  necessary  to  make  the  iMrincipal  members  of  the 
truss  double,  so  that  the  gusset-plates  can  be  riveted  between  them.    Wliere 
smgle  angles  are  used  for  web*membcrs  and  two  such  members  come  at  one 
joint  they  should  be  riveted  to  opposite  sides  of  the  gusset-plates.    For  equal 
strength  the  thickness  of  the  gusset-plate  should  be  such  that  the  nsAniNG  <8i 
the  rivets  equals  the  strength  of  the  rivets  in  double  shear,  the  thickness,  how- 
ever, not  exceeding  the  combined  thickness  of  the  two  angles*    Practical  con- 
■deratkins  scklom  make  the  gusset  over  H  in  thick  for  ordinacy  coostrvctkA. 


Joints  o(  Sted  Trasses 
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Id  l^FiuK  Odt  the  joiliU,  which  ihould  be  liooe  to  s  icale  of  not  leu  than  i  in 
to  the  foot,  the  mambcn  ituuki  b«  uranced,  when  prafticable,  lo  thai  the  linei 
pMaing  through  tbeic  ceoUn  of  gravity  wiU  coindde  with  the  lioei  of  the  izma- 
□lACSAM,  and  thus  meet  at  &  tingle  poiat,ai  in  Fig.  ai.  TbU  is  not  almyi  ptac- 
tkable,  but  the  prin- 
ciple should  be  followed 
as  closely  as  possible.  ^ 
For    small   angles  the 


Fig.  21. 


sdered,  without  wiious 
(TTor,  (o  pus  tfaroogh 
the  centefs  of  gravity 
d  the  wctions.  The 
number  of  rivets  »- 
quirEd  for  each  mem- 
ber must  be  iletermiTied  according 
of  the  rivets  being  con^dered  ior  both 
o(  detenniniog  the  Dumber  of  rivets  in  a  joint  is  explained  in  Cbapler  Xlt, 
liut  to  show  moie  deaiiy  the  spplication  to  tiuss-joints,  the  joiats  for  the 
liuss  shown  in  Fig.  7  will  be  designed. 

Genanl  Coaddentiona,  Troai  of  Fig.  J.  It  is  assumed  that  the  truss 
iriU  t>e  shipped  in  three  parts,  making  all  the  joints  ehof-riveted  except  those 
Bt  G  and  the  aptxa  at  each  end  of  the  piece  ES.  All  gusset-plates  are  to  ba 
M-in  thick  and  all' rivets  H-in.  except  in  the  i-in  legs  of  angles,  where  M-ia 
rivets  are  to  be  used.  Siac»  the  bearing  o[  s  H-iu  pUle  on  a  fi-in  rivet  at 
2o  ooo  lb  pel  sq  in  (Table  I,  page  iijg)  la  j  630  lb,  or  at  iS  000  lb  per  sq  in 
(Table  ni,  page  419)  is  j  060  lb,  and  the  resistance  of  the  rivet  in  double  shear, 
1  X  4  430  — S  840  lb  (Table  III,  page  419),  the  number  of  rivets  in  all  the  joints 
is  governed  by  the  bearing  value.    Only  Doe  leg  oi  the  an^es  will  be 


to  the  gusset-pUte  as  about  So%  of  the  lull  strength  of  tlie  ai^le  is  thereby 
develiqMd  if  not  less  than  three  rivets  are  used.  The  use  of  BIicb-ancles 
for  the  outstanding  leg  has  but  Utile  influence  in  increasing  tike  efficiency  of  the 
caanectim.  Two  rivets  may  be  coosidend  the  minimum  number  in  any  ant- 
nection,  regardless  of  the  unimportance  of  the  member. 

Jaiat  A.  ng.  T.    The  top-chord  stress  is  33  500  lb,  and  if  one  rivet  cartisa 
}  630  lb  into  the  gussct-plat^  five  liveti  will  be  required  to  cany  this  total 
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stress.  In  like  manaer  four  rivets  are  reqmred  for  the  bottom  cbocd.  Ti 
supporting  force  or  the  reaction  is  trsnsf erred  to  the  gusset  through  the  hotm 
chord  pn^onged.  In  this  case  the  reaction  b  about  8  800  lb  which  requires  M 
rivets.    Fig.  22  shows  the  arrangement  of  this  joint  at  the  exp&iisicMft-«s>d. 

Joint  D,  Pig.  7.  The  web-members  each  require  less  than  oae  rivet,  bat  vm 
or  three  should  be  used.  Since  the  top-chord  angle  is  continuous,  the  number  i 
rivets  in  it  is  determined  by  the  difiFerenoe  between  the  two  adjacent  strc'^-i 
and  the  load  of  the  purlin  if  it  rests  on  the  chord.  Here  again  the  number  1: 
rivets  required  falls  below  the  minimum  number.    Fig.  22a  shows  this  jomt 

Joint  B,  Pig.  7.  The  piece  CE  requires  four  rivets  and  the  web-members  ±e 
mioimum  number  pemuasible.    The  piece  EB  requires,  at  20  000  lb  per  aq  - 
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Fig.  22b.    DeUil  of  Joint 
£,  Fink  Trust.  Fig.  7 


Fig.  220.    Detail  of  Joint  E  and  Splioe 

EB.  Fink  Tm»,  Fig.  7 


besring  value,  xa  500/5  630  ^  iji%  rivets;  but  as  this  connection  is  one  to  be 
mode  IN  IBB  rifXD,  it  is  customary  to  increase  the  number  25%.  This  nu^o 
the  required  number  three.  Sometimes  the  outstanding  legs  are  spliced  to  tbr 
HMnber  CE  by  a  plate.  Without  doubt  this  increases  the  strength  of  the  joint, 
but  it  is  doubtful  if  the  increase  in  strength  is  enough  to  offset  the  extra  coe»t 
Fowler's  speci&cations  do  not  permit  the  piece  EH , to  be  connected  to  ne 
gusset-plate.  They  specify  that  the  connection  shall  be  made  upon  the  right  at 
E.    Tills  arrangement  allows  the  use  of  a  smaller  gusset-platc  at  E  which  miy 

be  counterbalanced  by  the  »'l 
ditioaal  metal  required  for  the 
splice    beyond  E.     (Figs.   22b 
and  22c.) 

Joint  6,  Fig.  7.  The  ptecvs 
BG  and  FG  are  shop-riveted 
to  the  gusset  on  one  aide  and 
FIELD-RIVETED  ou  the  Other.  la 
order  to  make  the  joint  sym- 
metrical, the  number  of  shop- 
RIVETS  is  made  the  same  as 
required  for  the  field -connection.  In  this  case  the  top  chord  requires  five 
rivets  and  the  web-member  three.  Two  rivets  may  be  used  in  the  sag-tie. 
(Fig.  22d.) 

Field^Connections*  Bolts  are  often  used  instead  of  rivets  for  making  fieu>- 
CONNEcnoNS.  If  the  bolts  fit  the  holes  snugly,  there  is  no  serious  objection  to 
their  use.  In  fact  a  good  bolt  is  better  than  a  poor  rivet.  For  important  wotk, 
however,  bolts  should  not  be  used  unless  turned  true  to  sixe  and  driven  into  true 
holes.    Open  holes  or  holes  for  field-rivets  are  indicated  by  black  circles. 

Shop-Drawings.  It  is  not  advisable  for  the  architect  to  make  complete 
drawings  for  the  steelwork.  He  should  make  what  are  usually  deagnated  as 
esMERAL  DRAWQfos.    These  are  made  to  scale  and  give  the  general  dhneosioos 


Fig.  22d.    Detail  of  Joint  G,  Fink  Truss,  Fig.  7 
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Fig.  23.    Fink-trosB  Diagram.    (See.  also.  Figs.  23a  to  23s)  ] 


Fig.  23a.    Detail  of  Joints  A»  B  and  C  of  Fig.  23 


Fig.  23b.    DeUil  of  Joint  D,  Fig  23. 
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Fig.23&    DctaUof Joint£,Fig.23 
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and  sizes  of  the  various  members,  and  show  each  rivet  approziziiately  ia  ki 
proper  position.  The  manufacturer  who  fabricates  the  structure  prefers  13 
make  his  own  shop-drawings  to  conform  with  his  standards  and  methods. 

Ezami^es  from  Prmctic*.  Figs.  23  to  23e  show  the  details  of  a  moderz 
shop-truss.  These  details  were  taken  from  the  shop-drawings  but  inrith  th^ 
rivet-spadng  omitted.    No  metal  under  fie  in  thickness,  or  rivets  under  H  ^ 


Fig.  23d.    Detail  of  Joint 
F,  Fig.  23 


Fig.  23e.    Detanof  JointG,F)g.23 


in  diameter,  are  used.  Another  point  may  be  mentioned  in  connection  with 
this  truss;  very  few  bevel-cuts  are  made.  The  contrary  appears  to  be  the 
case  for  the  details  of  the  very  light  truss  shown  in  Figs.  24  to  24e,  in  which 
bevel-cuts  are  made  on  the  angles  and  more  cuts  than  necessary  on  the  guset- 
plates.    These  two  trusses  were  designed  by  manufacturers  widely  separated 
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Fig.  24.    Fink-trun  Diagram.    (See,  also,  Figs.  24a  to  24f) 


and  are  quite  diflFerent  in  their  details;  and  the  variations  emphasize  the  fact 
that  the  architect  should  not  attempt  to  make  shop-drawings. 

Trusses  with  Knee-Bracat.  Fig.  25  represents  joint  i  of  Fig.  55.  Chapter 
XXVI,  and  was  engraved  from  the  working  drawing  made  by  the  New  Jersey 
Steel  and  Iron  Company,  Trenton,  N.  J.  Another  detail  of  a  truss-connectioa 
to  a  column  is  shown  in  Fix.  26.  This  was  used  in  the  template-shop  roof-truss, 
Ambridge  plant  of  the  A^nerican  Bridge  Company*  Ambridge,  Pa.    Fig.  27 
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Fi|.  29.    DeUil  ol  Joint  l.Fif.SS.Cbipctr  XXVI 


Devgn  and  CoitaUuctlon  of  Root-Tnisses 
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ri(.  Z7.    Will-oid  of  Stsel  Tnu 


SunioTt  And  ADcboriug-clAAiki 


This  iimdition  [3  Hldom  conudered  by  uctiitecti.     Usually  it  ia  f 
■ny  eit™  eipenie  lo  satWy  thii  re 
vent  uoknowQ  bautin^-itrcMea. 
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6«  Pniliiifl  and  PuiUn-Connections 

urlins.  Where  the  roofing  is  supported  directly  on  the  purlins,  as  is  gen- 
ly  the  case  in  light  steel  roofs,  the  purlins  and  trusses  are  usually  spaced  so 
e  together  that  simple  rolled  shates  may  be  used  for  the  purlins.    For 


K— T^-- • 


Fig.  28.    Pttriia-coonectioiis.    Steel  dips,  Anfl^  aai  Z  Baa 


Fig.  29.    Parlin-oonnections.    Sted  Sectioiis  with  Wooden  Nailing-stript 

ans  between  trusses  of  from  8  to  lo  ft,  angles  are  conunonly  used,  and  for 
eater  spans,  Z  bars,  channels  and  X  beams.  Wooden  purlins  are  often  used 
th  steel  trusses.  If  steel  puruns  support  wooden  rafters  or  plank  roofing; 
i>7AiLmo-STRiP  of  wood  is  bolted  to  the  purlin,  as 
own  in  Fig.  29.  When  the  distance  between  purlins 
15  ft  or  more,  a  line  of  H-in  rods  should  run  from 
e  ridge  through  the  purlins,  to  prevent  them  from 
gging  in  the  plane  of  the  roof.  The  purlin  at  the 
ige  must  be  designed  to  take  the  vertical  com- 
ment of  the  stress  in  these  rods. 

purlin-Coiinections.  Figs.  28, 29  and  30  show  a 
nr  of  the  various  methods  of  fastening  the  purlins  to 
e  trusses. 


Design  of  PurUnt.    Fig.  31   shows  the 

ctions  of  a  rectangular  wooden  purlin  and  of 

e  usual  ROLLED  8TBEL  SHAPES  empbyed  for  purlins,    pig.  ao.  Pariin-cooaectton. 

I  stated  on  page  1170,  when  using  wooden  purlins  Bnoed  Channel 

e  formula  for  the  stress  in  the  outer  fiber  is  true 

kly  when  used  with  reference  to  the  principal  axes  of  the  section.    Then, 

one  principal  axis  does  not  lie  in  the  plane  of  the  loading,  the  loading  must 

;  resolved  into  two  components,   respectively  parallel  to  the  two  prindpa! 

;es.    (See,  also,  pages  573  and  593.) 
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Let  y-  the  fiber-stress  with  reCerenoe  to  the  prindpsl  azts,  AA^  for  tfae  r^ 

tangle,  i-i  for  the  I  beam  and  channel,  and  4-4  for  the  angle  and  Z  bar.  ^  * 
the  bending  moment  of  the  component  of  the  load  which  lies  in  the  plar.>  :^, 
pendicular  to  the  above  axis.    /' »  the  moment  of  Inertia  of  the  section  «'J 


Fig.  31.    Sections  of  Wooden  and  Steel  Puriins 


reference  to  the  above  axis.  <^  —  the  distance  of  any  selected  fiber  from  t^i 
above  axis.  For  the  other  principal  axis  use  5",  A/",  /"  and  C";  then  if  i  J 
the  resultant  fiber-stress, 

5  -  5'  +  5"  -  J/V//'  +  J/'V'//" 
For  the  rectangle, 

5  -  y  +  5"  -  6  If'/M*  +  6  M''/hH 

For  the  channel  and  I  beam, 

5  -  5'  +  5"  -  M'd/2  /i-i  +  M"hjt  /j-i 

For  the  angle  and  Z  bar, 

5  -  y  +  5"  -  ifV//4-4+  J/V7,-i 

The  application  of  these  formulas  offers  no  diffidilties  except  in  the  n^i 
of  ANGLES  and  Z  bass.  For  the  other  forms,  the  values  of  /  and  c  are  givcc  J 
the  tables  of  properties  of  the  sections  (Chapter  X).  The  locations  of  the  fr:> 
cipal  axes  for  the  Z  bars  and  angles  are  also  given  in  the  tables,  but  the  %*a:  ^ 
of  c  are  not  given  for  any  of  the  fibers.  The  easiest  way  to  get  the  vahie  v'  1 
in  any  particular  case  is  to  draw  the  section  of  the  angle  or  2  bar  fuU  sik,  loaa 
the  principal  axes  and  then  measure  the  actual  distances,  c. 
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CHAPTER  XXIX 

WIND-BKACING  OF  TALL  BUILDINGS 

By 

N.  A  RICHARDS 

OF 
P9KDY  It  HEMDEBSON.  INC.,  CIVIL  ENGINEESS 

1.  Data  for  Wind-Pretsttre.    Btillding  Laws 

Tall  BaUdiiics  of  Modem  Coiistnictiont  that  is,  buildinss  with  skeleton 
imes  and  light  curtain  walb  or  filler  walls,  require  that  resistance  to  wind- 
essure  be  considered  with  caie.  The  proportions  of  a  building  and  the  arrange- 
ent  and  strength  of  the  waUs  determine  to  what  extent  special  bracing  must 
;  provided.  Building  ordinances  in  the  laigar  cities  usually  require  consider- 
ion  of  a  stated  wind-pressure.  Where  such  ordinances  do  not  definitely  fix 
le  assumed  pressure,  a  unit  force  of  30  lb  per  sq  ft  of  surface  is  generally 
>nsidered  proper  and  adequate.    (See,  also,  page  iso.) 

Building  Laws.  The  following  are  extracts  ^  from  the  building  ordinances  of 
lew  York  City,  Chicago,  Philadelphia  and  Baltimore  with  reference  to  wind- 
ressure: 

ITew  York  (19x7) 

"When  Considered.  All  buildings  over  150  ft  in  height  and  all  buildings 
•r  parts  of  buildings  in  which  the  height  is  more  than  four  times  the  minimum 
K>rizontal  dimension,  shall  be  designed  to  resist  a  horizontal  wind  pressure 
if  30  lb  for  every  square  foot  of  exposed  surface  measured  from  the  ground  to 
he  top  of  the  structure,  including  roof,  allowing  for  wind  in  ai^  direction. 

"  Stability.  The  overturning  moment  due  to  wind  ppssure  shall  not  exceed 
rs  per  cent  of  the  moment  of  stability  of  the  structure,  unless  the  structure  is 
lecurely  anchored  to  the  foundation.  Anchors  shall  be  of  sufficient  strength 
:o  safely  carry  the  excess  overturning  moment,  without  exceeding  the  working 
stress  prescribed. 

"Allowable  Stresses.  When  the  stress  in  any  member  due  to  wind  does 
not  exceed  50  per  cent  of  the  stress  due  to  live  and  dead  loads,  it  may  be  neg- 
lected. When  such  stress  exceeds  50  per  cent  of  the  stress  due  to  live  and  dead 
loads,  the  working  stresses  prescribed  may  be  increased  by  50  per  cent  in  design- 
ing such  members  to  resist  the  combined  streaws.** 

Chicago  (1915) 

''All  buildings  and  structures  shall  be  designed  to  resist  a  horizontal  wind 
pressure  of  twenty  pounds  per  square  foot  for  every  square  foot  of  exposed  sur- 
face. In  no  case  shall  the  overturning  moment  due  to  wind  pressure  exceed 
seventy-five  per  cent  of  the  amount  of  stability  of  the  structure  due  to  the  dead 
load  only. 

"For  stress  produced  by  wind  forces  combined  with  those  from  live  and 
dead  load,  the  unit  stress  may  be  increased  fifty  per  cent  over  those  given  above; 
but  the  section  shall  not  be  less  than  required  if  wind  forces  be  neglected." 

*  Quoted  literally.    Form  In  general  not  edited  or  changed.    Some  paragraph-captions 
added  by  iModate  editor. 
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Philfldeli^hia  (X9XS) 

Wind  Pressure.  "In  all  buildings  allowances  shall  be  made  for  wind  pres- 
sure, which  shall  not  be  figured  at  less  than  thirty  pounds  per  square  foot  ^: 
elevation  where  erected  in  open  spaces  or  upon  wharves.  In  high  buildia;% 
erected  in  built-up  districts,  the  wind  pressure  shall  not  be  Bgured  for  less  thu 
twenty-five  pounds  at  tenth  story,  two  and  one-half  pounds  less  <xi  each  succeed- 
ing lower  story,  and  two  and  one-half  pounds  additional  on  each  succeeding 
upper  story,  to  a  maximum  of  thirty-five  pounds  at  fourteenth  story  and  above. 

Wind  Bracing.  "  Wind  bracing  may  be  provided  by  making  the  coonectiao 
joint  between  girders  and  columns  sufficient  for  the  vertical  load  as  well  as  the 
bending  due  to  side  pressure;  or  brackets  may  be  placed  at  this  joint,  propor- 
tioned for  the  side  pressure;  or  diagonal  bracing  may  be  placed  between  column^ 
proportioned  to  transfer  the  shear  of  the  aide  pressure  to  the  lootings. 

Base  op  Column  must  be  Anchored.  Where  buildings  are  narrow  and 
tall,  so  that  the  overturning  due  to  wind  is  more  than  the  down  presaure  of  the 
unloaded  building,  the  base  of  column  must  be  anchored  down  to  a  sufficient 
foundation  to  counteract  this  upward  strain. "  * 

Baltimore  (19x4) 

Wind  Pressure.  "AU  new  buildings  exposed  to  wind  shall  be  made  strong 
enough  to  resist  a  horizontal  wind  pressure  in  any  direction  of  thirty  pounds  per 
square  foot  of  exposed  surface,  measuring  the  entire  height  of  the  bidlding. 

Calculation  op.  '*  The  additional  loads  caused  by  the  wind  pressure  upo.. 
beams,  girders,  walls  and  columns  must  be  determined  by  calculation  and  adiiH 
to  other  loads  for  such  members,  as  provided  for  in  Section  19  of  this  Artick  ^ 

Special  Bracing.  **  Special  bracing  shall  be  employed  wherever  necessary 
to  resist  the  distorting  effect  of  the  wind  pressure. 

Overturning  Moment.  "In  no  case  shall  the  overturning  moment  doe  tj 
the  wind  pressure  exceed  fifty  per  cent  of  the  moment  of  the  stability  of  tbe 
structure. " 

Magnitude  of  Unit  Stresses  Used  for  ^K^d-Pressnre.  As  the  abo-.v 
extracts  indicate,  it  is*  generally  considered  proper  to  use  bigh  unit  stres^hs 
when  allowing  for  wind-pressure.  The  practice  is  based  on  the  assumption  (hat 
the  highest  unit  wind-pressure  will  occur  very  infrequently  and  that  its 
duration  usually  will  be  limited  to  a  very  few  moments.  It  should  be  noted 
that  the  combined  stresses  due  to  wind-loads  and  dead  and  live  loads  shouU 
not  exceed  ordinary  stresses  by  more  than  50%.  If  stresses  developed  by  the 
wind  alone  do  not  exceed  50%  of  those  due  to  dead  and  live  loads,  they  may  be 
neglected. 

2.   Conditions  Determiniiig  or  Aflectiiig  Wind-Bracing 

Construction  which  Resists  Wind-Pressure.  The  dead  weight  of  a  buiU- 
ing,  the  exterior  walls,  the  interior  partitions  and  the  ordinary  connections  vi 
beams  to  columns,  all  aid  in  resisting  wind-pressure,  but  to  a  degree  which  i> 
not  determinable  in  any  exact  way;  and  these  factors  vary  greatly,  abo,  ia 
different  buildings.  Any  allowance  for  these  factor?^  must  be  largely  a  question 
of  pure  guesswork,  or  it  may  be  judgment,  based  on  the  resistance  which  other 
buildings  have  offered  when  no  special  bracing  was  provided.  It  is  therefore 
best  to  make  special  bracing  take  care  of  all,  or  very  nearly  all,  of  an  assikeo 
MAXIMUM  PRESsmE,  when  the  building  under  consideration  is  unusually  light  in 
construction,  or  when  its  proportions  are  such  as  to  make  resbtance  to  wiod- 
9ressure  a  prime  consideration. 

*  Stress  is  meant. 

t  This  refers  to  a  section  of  the  Baltimore  building  laws. 
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Soiglit  maA  ll^dth  M  Affecting  Wi]kd<l»r«Mtt]i».  It  is  generally  safe  to 
;lect  wind-pressure  in  structural  designs  for  buildings  ten  stories  or  less  in 

height,  where  the  average  width 

Boof  is  not  less  than  one-third  the 
hdght.  It  is  also  usual  to  omit 
special  provision  lor  wind-brac- 
ing in  higher  buildings  where  the 

19  width,  is  two-thirds  the  height, 

or  more.     The  writer  believes 

IS  the  above  approximations  repre- 

sent conservative  practice,  so  far 

17  as  general  rules  are  possible. 

Dead  Load  as  Affecting 
W'  Wind-Pressure.      A  building 

should  not  be  so  proportioned 
U  that  the  overtitrning  ifoiCENT 

of  a  wind-pressure  of  30  lb  per 

14  sq  ft  exceeds  75%  of  the  avail- 
•  able  «£SXBnNG  moment  of  the 

15  dead  load.  If  necessary,  the  col- 
umns should  be  anchored  to  the 
foundations. 


'I! 
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"n 


^7—^7 


SECTION 


12 


U 


10 


9 


8 


t.  General  Theory  of 
Wind-Bradng 

BnUdingft  Considered  at 
Cantilevers.  Buildings  are  usu- 
ally considered  to  resist  wind  as 


1. 


FB 
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«      2 


^ 
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Fig.  1.    Section  and  Plan  of  Wind-braced  Building 

CANTILEVER  ciRnEXS  or  trusscs,  planted  in  the  earth.    Assuming  a  building 
of  the  general  dimensions  shown  in  Mction  and  plan  in  Fig.  1.  with  a  wind- 
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pK98uie  agaiiut  aide  A,  the  waOs  A  and  B,  together  with  the  celunns. 
beams,  etc.,  in  theie  walls,  are  the  flangbs  of  the  girders.  WaOs  C  and  D, 
with  their  {raming,  together  with  other  intermediate  lines  of  vertical  frunicg. 
form  the  web  of  the  cantilever  and  transmit  the  vertical  shears.  Sted  brac- 
ing in  hoiiaontai  planes  is  seldom  necessary,  as  ordinary  floor-ocHistnictiocs 
are  generally  sufficient  to  transmit  wind-loads  to  the  vertical  bracing.  In  some 
cases,  however,  it  is  necessary  to  add  steel  bracing  in  the  floors.  Such  a  cise 
is  found  in  the  tower  of  the  new  Custom-House,  in  Boston,  Mass.  The  de- 
vaUxa  and  stairs  are  next  to  the  west  wall  throughout  the  typical  stories.  Under 
this  arrangement  there  u  no  adequate  provision  in  the  ordinary  floor-oonstrac- 
tion  for  a  wind-pressure  on  the  north  or  south  face  to  reach  the  resisting  hradn? 
in  the  west  face,  as  the  various  open  wells  cut  off  nearly  all  direct  connectioa 
between  the  floors  and  this  wall.  Flat  plates  were  therefore  added  on  top  of  the 
floor-beams  at  each  floor-level,  running  out  from  the  wall  girders  behind  the 
wells  into  the  main  floor-construction,  and  attached  at  each  end  with  coooer- 
tions  sufficient  to  transmit  the  horizontal  increment  of  the  wind-pressure  at 
each  floor  to  the  bracing  which  resists  it 

4.  Arrmngement  of  Wind-Bradiig 

Ufiial  Potltion  of  the  Bracing.  As  wind-pressure  is  assumed  to  be  oiu- 
formly  distributed  over  the  face  of  a  building,  it  is  best  to  arrange  systems  of 
bracing,  as  nearly  as  may  be,  S3rmmetrica11y  about  the  axis  of  each  face.  It  is 
generally  eaaer  to  conceal  in  the  exterior  walls  the  required  knees,  gussets,  or 
other  braces,  and  bracing  is  usually  placed  there.  When  the  lines  of  brsdni; 
have  been  selected,  the  areas  of  wall-surfaces  which  bring  wind-pressure  to  each 
are  readily  determined. 

Bimdi^K  of  Buttdiags  of  Irregular  Plan.  Some  buildings  are  of  such  shape 
that  it  is  impossible  to  provide  bracing  of  equal  stiffness  in  lines  symmetrical 
about  the  center  of  wind-pressure.  This  is  notably  true  when  the  pUn  is 
TRIANGULAR,  as  in  the  so-called  Flatiron  Building  or  in  the  Times  Building. 
New  Yoric  City.  The  result  is  a  tendency  in  such  buildings  to  twist  about  a 
VERTICAL  AXIS.  The  analysis  of  the  resistance  offered  by  a  building  to  a  twUt 
of  thb  sort  is  unsatisfactory  and  complicated.  The  stresses  pnxiuoed  in  any 
usual  case,  however,  are  sniall,  if  not  negligible.  In  the  examples  mentioned 
above,  provision  against  twist  is  made  by  the  use  of  deep  spandrd  girders  aH 
around  the  building  at  each  floor-level. 

S.   Types  of  Wind-Bracing 

Ordinary  Beam  and  Girder  Column-Connoctiona.  Wind-bradng  should 
be  so  proportioned  that  the  joints  between  horizontal  and  vertical  members  are 
sufficient  to  prevent  the  distortion  of  the  frame,  and  the  main  horizontal  and 
vertical  members  sufficient  to  resist  any  bending  moments  produced  throughout 
the  joints,  as  well  as  any  direct  loads  coming  on  them.  The  ordinary  connic- 
TiONS  of  steel  beams  to  steel  colunms  (Fig.  2)  provide  considerable  resistance  to 
a  distortion  from  side  thrust.  This  is  also  true,  of  course,  of  connections  between 
beams  and  columns  made  of  cast  iron  or  concrete;  but  as  these  types  are  not  we!i 
adapted  to  construction  where  wind-bracing  is  required,  they  will  not  be  con- 
sidered. A  usual  connection  for  beams  or  girders  to  columns  con^ts  of  clip- 
angles  above  and  below  the  beam,  and  perhaps  a  snFFENER  below,  if  the  beam 
is  large.  Usually,  in  high  buildings,  four  rivets  are  used  to  connect  either  flange 
to  the  clip-angles  above  and  below,  and  four  to  connect  each  clip  to  the  cohion. 
The  value  of  four  rivets,  in  single  shear,  multiplied  by  the  depth  of  the  beao, 


Typeiof 


IITS 


civcB  tbe  xinRTMO  valui  of  nch  >  oomuctiaa  igiJrnt  ■  munaat  doa  to  ad* 
tliTust.  In  lowv  building!  it  ii  mual  to  ipaalj  Ma  rivet*  ioMcad  of  four  in 
each  flaoge,  and  in  the  cue  of  veiy  high  or  uirow  bnlldiDgs,  nx  rivets  uc  some- 
times used. 

Rralvtance  of  Beam  «nd  Otrder-Connectiotti  to  Wfatd-Pnwnr*.    It  is 
a  ssiufflcd  tliit  the  aamectioiu  of  *II  beanu  or  girders  (runniag  in  tin 


r«.  3.    Heavy  Girder  ud 

ume  direction  u  (he  wfnd)  to  colunuu  act  at  theb'  full  value  Co  resiit  the  wind> 
This  ij  undoubtedly  wrong,  because  (he  many  connections  could  probabl/  not 
be  made  to  work  at  the  same  time,  and  also  because  building-frames  are  seldint 
arranged  so  that  such  a  result  could  be  possible,  under  any  rationat  assumption, 
in  regard  to  the  distribution  of  the  vertical  shears.  SinK  cliw  are  sometime* 
added  to  the  colunui-connectiors  to  furaish  addirionaJ  stiffness.  They  are  not 
of  great  value,  however,  as  on  most  beams  they  are  not  deep  enough  to  help 

HeiVT  Colnnm-CoBiitctioiu  la  Wiod-Beaictance.    Column-connecttons 


!  very  bi 


IS  shoou  in  Fig.  3. 


ion  of  t 


is  kind 


can  he  arranged  to  resst  a  large  T 
measured  by  the  resisting  momnit  of  the  rivets  connecting  the  beam  to  the  dip- 
angles,  or  by  the  connection  of  the  angles  to  the  column.  This  type  Is  used  iriuM 
the  resistance  In  wind  Is  provided  for  In  ■  very  Urge  number  of  conacctioni' 
perhipi  in  all  the  columa-coonectioDS,  throughout  tbe  buikllng.     Such  aa 
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anrnnsement  was  used  in  the  Hudaon  Terminal  Buildings,  New  York  Gtr. 
There  are  several  objedioas  to  this  type  of  connection.  Double  beauas  or 
girders  are  required,  and  tlie  resulting  finish  is  awkwazd  in  appearance;  loe 
cost,  also,  of  double,  compared  with  single,  beams  and  girders,  is  high.  The 
additional  fireproo&ng,  also,  increases  the  expense,  and  on  the  whole,  it  docs  scc 
generally  prove  a  satisfactory  method,  of  stiffening  a  building. 

The  Gttstet-Plate  Type  of  Wind-Bracing.  In  addition  to  ordinary  beaa 
and  girder-connections,  as  -described  in  the  preceding  paragraphs,  there  i.r: 
several  distinct  types  of  special  wind-bracing  commonly  employed.  Perba^e 
the  most  common  form  is  the  cusset-plate,  shown  in  Fig.  4.  This  is  nis 
usually  an  economical  type,  as  it  requires  much  field-riveting  and  results  :-. 
large  bending  moments  in  the  columns  and  girders.  It  accommodates  itst^ 
well,  however,  to  walls  in  which  there  are  openings,  and  is  generally  e^Iy  con- 
cealed by  architectural  treatments. 

The  Knee-Brace  Type  of  Wisd-Brmcing  shown  in  Fig.  5  is  also  com- 
monly used  where  wind-bracing  is  placed  in  exterior  walls. 

The  Sway-Rod  Type  of  Wind-Bracing  shown  in  Fig.  6  is  theoreticaTf 
the  most  economical  type  of  wind-bracing,  but  is  now  little  used.  It  is  difficult 
to  arrange  openings  in  walls  or  partitions  in  which  the  sway-rods  are  placed, 
and  they  cut  up  the  masonry  considerably. 

The  Latticed-Girder  Type  of  Wind-Bracing  shown  in  Fig.  7  is  sometimes 
used  where  deep  bracing  is  desirable  for  stiffness,  and  where  the  stresses  are 
light. 

The  Portal  Type  of  Wind-Beadng  shown  in  Fig.  8  is  cumbersome  and 
expensive,  but  is  sometimes  necessary  where  large  openings  are  required  between 
columns. 

••  Computation  of  Wiftd-Stretsee 

The  Shears  to  be  Transmitted  by  Wind-Bracing  of  any  Type  are  the 
same  in  any  given  case,  but  the  bracing  of  each  type  transmits  these  ^ears  in  4 
different  maimer,  and  thus  each  must  be  considered  separately.    It  is  as  though 
a  PLATE  GiaoER  With  SOLID  WEB  Were  set  on  end  in  the  ground,  a  side  thrust  ev- 
erted, and  the  web  tben  citt  away  at  successive  levels  corresponding  to  the 
stories  in  a  building.    The  amount  of  the  shears  to  be  transmitted  between  the 
flanges  would  not  vary  as  holes  in  the  web  were  made,  but  the  road  by  which  the 
shears  traveled  would  need  to  be  determined  by  the  character  of  the  resulting 
construction  after  the  holes  were  cut;  and  the  exact  character  of  the  secondary 
stresses,  also,  set  up  in  the  remaining  portions  of  the  web,  would  depend  en- 
tirely upon  the  number  and  size  of  holes  and  their  position  in  the  web.    The 
investigation  of  the  shears  and  moments  taken  care  of  by  the  individual  members 
of  a  bracing-system  may  be  likened  to  a  study  of  the  secondary  stresses  in  the 
mutilated  web  in  the  imaginary  plate  girder  described  above.    For  a  buildlcs 
it  is  generally  convenient  to  determine  the  vertical-shear  increme>7ts  at  each 
level  of  bracing,  and  use  these  increments  in  the  further  analysis  of  the  bending 
moments  and  shears  in  the  individual  members  of  the  system. 

7.  niustration  of  Method  of  Compntlng  Wind-Stresses 

Thrusts*  Vertical  Shears  and  Moment-Incremeats.  If  bracing  is  placed 
in  the  walls  C  and  D,  Fig.  1,  it  is  assumed  that  one-half  the  length  of  the  building 
contributes  pressure  to  each  line.  Let  it  be  further  assumed,  for  the  present, 
that  these  lines  of  bracing  are  the  only  features  of  the  construction  offering  a 
resistance  to  wind-bradng  against  side  A,    Then,  assuming  the  wind  to  blow 
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it  30-lb  pressure  per  sq  ft,  perpendicular  to  side  A ,  there  are  ho&xzontal  tbeusts 

n  €:ach  story,  on  each  line  of  bracing,  of  50  by  12  by  30  lb,  or  18  000  lb.    Re- 

:errin£(  to  Table  I,  page  11 78,  there  are  found  listed  in  the  second  column  of  the 

table  these  horizontal  thrusts  at  each  floor.    It  is  assumed  that  no  additional 

Mind- pressure  reached  the  building  below  the  fourth  floor.    In  the  third  columa 

of  the  table  these  horizontal  thrusts,  2H,  are  summarized  from  the  top  down  to 

each  floor-level,  giving  the  total  horizontal  thrusts.    For  example,  202  500  lb 

ib  the  total  horizontal  thrust  down  to  and  including  the  tenth  floor.    Each  tier 

of  bracing  must  transmit  a  vertical  shear  equal  to  the  difference  in  flange- 

stress  between  a  point  midway  in  the  story  above  the  tier  in  question,  and  a 

point  midway  in  the  story  below.    This  difference  of  flange-stress  can,  of  course, 

be  found  by  ascertaining  the  difference  in  bending  moments  between  the  two 

points,  and  dividing  by  the  effective  depth  of  the  system,  as  in  a  plate  girder  or 

truss.     It  will  now  appear  that  the  differences  in  moments  applying  to  each  tier 

may  easily  be  found  and  tabulated.    These  will  be  called  the  MOiiEifr-iNCRE- 

ments.    They  have  been  tabulated  for  the  assumed  case  in  the  fifth  colimm  of 

the  table.    Of  course,  the  sum  of  aH  the  moment-increments  must  equal  the 

total  overturning  moment  of  the  wind.    The  simplest  way  to  obtain  the 

moment-increment'  for  any  tier  is  to  multiply  the  total  horizontal  thrust,  XH, 

down  to  the  level  in  question  by  the  distance  between-  points  midway  in  the 

stories  above  and  below  the  tier.    Thus,  for  the  tenth  floor,  202  500  by  12  equals 

2  430  coo  ft4b. 

The  Ittcrementt  of  Vertical  Shear  are  found  by  dividing  the  moment- 
increments  by  the  effective  depth  of  the  cantilever,  in  this  case,  47  ft.    The 
vertical  increments  are  listed  in  the  sixth  column  of  the  table.    It  is 
usual  to  take  the  full  depth  between  outside  columns  as  the  effective  depth  of 
the  cantilever.    This  is  not  strictly  correct  where  there  are  four  or  more  columns 
in  the  plane  of  the  bracing,  but  the  assumption  is  made  on  the  ground  that  the 
walls  A  and  B  furnish  flanges  which  are  so  many  times  more  effective  than  the 
intermediate  columns  that  the  latter  may  be  neglected.    If  there  are  a  number 
of  columns  in  the  plane  of  the  bracing,  say  six  or  seven,  this  assumption  becomet 
rather  too  inaccurate,  and  the  effective  depth  should  be  reduced.    The  function 
of  the  bracing,  as  heretofore  stated,  is  to  carry  between  the  flanges  at  each  floor- 
level  the  increments  of  vertical  shears  thus  found.    The  summation  of  all  the 
vertical  increments  from  the  top  down  gives  the  total  vertical  load  and  up> 
LIFT  due  to  wind,  on  the  comer-columns,  or  more  correctly,  on  the  outside 
flanges  of  the  girder. 

Ezceaa  Vertical  Shear.  In  this  assumed  case,  the  total  uplift  exceeds  the 
probable  dead  and  live  loads  on  the  comer-columns.  This,  however,  is  not 
serious,  provided  there  are  sufficient  means  furnished  for  transferring  any  excess 
of  load  or  uplift  into  the  walls  A  and  Bt  which  act  as  flanges  to  the  wind-resisting 
girder.  As  a  general  rule,  the  side  walls  of  a  dty  building  are  not  much  reduced 
by  windows,  and  in  higher  buildings  there  are  usually  spandrel  beams  in  the 
walls  at  each  floor.  With  such  an  arrangement  a  considerable  amount  of  excess 
SHEAR  can  be  taken  care  of.  In  some  cases  special  bracing  may  be  necessary,  at 
least  in  the  end-panels  of  walls  A  and  B. 

The  Total  Vertical  or  Flange-Streaa.  When  considering  any  question 
regarding  the  vertical  load  or  uflut,  such  as  the  one  described  in  the  pre- 
ceding paragraphs,  it  should  be  kept  in  mind  that  totals  should  be  used  without 
reductions  of  any  sort.  Vertical  forces  forming  couples  to  resist  the  wind  must 
be  the  same  whether  they  are  transmitted  through  the  masonry  walls  or  through 
special  steel  bracing.  Referring  again  to  the  illustration  of  the  plate  girder  set 
up  in  the  earth,  the  vertical  shears  are  dependent  only  on  the  force  of  the  wiiui 
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and  the  effective  depth  of  the  girder.  The  exact  WEB-«nESS  will  vary  with  tk 
fonn  and  arrangement  of  the  web,  but  the  total  vertical  or  FLAKGE-srxza 
must  remain  the  same  in  any  case. 

Indeterminate  Resistance-Factors.  An  axvalysis  which  makes  no  aJIowass 
for  the  resbtance  of  walls,  ordinary  connections*  etc.,  to  wind  is  fairly  dircLt 
and  simple,  and  the  bracing  can  be  proportioned  with  as  much  precisioo  as  ^^j 
structural  feature.  When  the  wind-resbtance  of  a  building  is  a  primary  con- 
sideration, as  in  a  tower,  the  analysis  should  be  made  thus,  for  only  in  tfals  vmr 
can  a  result  be  obtained,  where  it  is  not  required  to  rely  on  almost  unsapported 
judgment  for  the  value  of  indeterminaxb  rAcroRS  of  resistance.  }Mxx 
however,  ordinary  buildings  of  usual  proportions  are  under  consideratioix,  it  s 
customary  and  well  to  make  allowance  for  the  intederminate  factors,  to  tbe 
best  of  one's  judgment.  This  is  necessary  for  economy,  and  is  perfectly  prapts 
so  long  as  usual  cases  are  to  be  dealt  with. 


TaUe  i.    Thrusts.  Shears.  Moment-Increments,  etc.,  for  the 

Shown  in  Fig- 1 


I 

Floor 

II 

Horizon- 
tal thrust 
at  each 
floor. 
H 

HI 
Total  hori- 
zontal 
thrusts 
from  roof 
to  each 
floor. 
ZH 

IV 

Ann, 
A 

V 

Moraent- 

iacre- 

ment. 

M 

VI 

VerUcal 
iacr»> 

ment, 
V 

VII 

Total  ver- 

tical  in- 

cramcnts 

from  roof 

down, 

ZV 

VIII 

Cocrectcd 

vertic&l 
iacre- 
meet. 

Roof 

20 

X9 

x8 

X7 
x6 

15 
X4 
13 
12 

XX 
10 

9 
8 

7 
6 

5 

4 
3 

2 
X 

lb 

4  500 
xSooo 
xSooo 
x8ooo 
18000 
xSooo 
x8ooo 
xSooo 
xSooo 
x8ooo 
X8000 
xSooo 
xSooo 
18000 
x8ooo 
18000 
18000 
x8ooo 



lb 

4500 

22500 

40500 

58500 

76500 

94500 

X12500 

X30500 

X48500 

166500 

X84500 

202500 

220500 

238500 

256500 

27,4  500 

292500  ^ 

3x0500 

310500 

310500 

3x0500 

ft 

6 

12 

X2 
12 
X2 
X2 
X2 
X2 
12 
12 
X2 
12 
12 
12 
12 
12 
12 
12 
X2 
X5 
15 

ft-lb 

27  000 

270000 

486000 

902000 

918000 

I X34  000 

X  350  000 

X  566000 

X  782000 

I  998  000 

22x4000 
2430000 
2646000 
2862000 
3078000 
3294000 
35x0000 
3726000 

3  726000 

4657500 

4  657  500 

lb 
SSO 
S7S0 
10350 
24  950 
19500 
24  xoo 
28700 
33300 
37900 

42600 
47200 
5x800 
56400 

61  000 

65600 

70  200 

74700 
79300 

79300 
99200 
99200 

lb 

sst> 

6300 
16650 
31600 

51  100 

75  200 

X03900 

X37  20O 

X7SI00 
2x7  7CO 
264900 
3x6700 
373100 
434x00 
499700 
569900 
644600 
723900 
809200 
902400 
X  00x600 

lb 


4600 

9300 
13900 
18500 
23x00 
^700 
32300 
36900 
4x400 
46000 
46000 
65900 
65900 

Scheme  for  Developing  Spedel  Bracing.  The  writer  offers  the  foOtmiog 
as  a  reasonable  and  consistent  scheme  for  DBVEtoPiNO  special  BRAcnto  wbcQ 
cuch  allowances  are  considered.  Unfortunately,  it  does  not  seem  poasiUe  to 
reconunend  any  method  of  determining  the  correct  allowances,  except  soch  gen- 
eml  guides  as  are  mentioned  in  Subdivision  2,  page  1179.  In  each  instance 
aome  one  familiar  with  construction  and  usual  practice  riieuld  decide  bow  ftf 
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down  from  the  top  il  will  be  s&fe  to  usiuue  the  building  rigid  and  ucurs  igunst 
wind,  without  spedal  bracing,  la  this  case,  let  it  be  assumed  that  the  building 
is  capable  of  ^fely  resisting  the  wind,  without  the  aid  of  special  biadoj:,  as  far 
down  OS  the  thirteenth  Quur.  Then,  assuming  that  the  walls,  beam-conaecliona, 
eir..  remain  reasonably  tlie  same  in  the  Boors  below,  it  Is  lair  to  s«y  that  the 
amount  of  the  inclement  at  the  fouileeuth  floor  can  be  deducted  from  tlw 
moment -increment  at  each  floor  below. 
Corrected  VertiMl  Increment*.    The  CDU(Bcm>  veeticai.  inozments 

found  in  tbis  manner  should  be  used  only  in  the  proportioning  of  spedal  bndng. 
The  full  ovenuming  moment  o(  the  wind,  and  the  full  vertical  shears,  should 
be  used  in  coosideriog  all  other  eSects  of  the  wind  and  the  remtance  of  the 
building  lo  it.  It  should  alno  be  borne  in  mind  that  this  method  of  proportion- 
ing bradng  is.  at  best,  largely  dependent  upon  individual  opinion,  and  in  any 
unusual  case  it  is  far  better  to  err  on  the  safe  side,  even  to  tbe  extent  of  disre- 
garding altogether  the  uncertain  factors  of  resistance.  The  cokkecteo  veitical 
INCRSMEHIS  for  the  assumed  case  have  been  listed  in  the  eighth  column  of 
Table  I.  Since  the  flanges  of  the  building,  acting  as  an  upright  cantilever 
girder,  have  been  assumed  concentrated  in  the  outside  walls  A  and  B  (Fig.  1),  it 


folio 


5  that  t1 


-s  will  b 


.t  froi 


in  DUfaiant  Types  of  mnd-BradiiK 


outside  ol  bracing. 

8.   Analydt  of 

Tlie  Horiiontal  Thmita,  which  must  be  carried  by  the  bracing  at  each  level 
as  struts,  are  small  and  can  usually  be  neglected.  The  h 
each  lluor-level  can 
net  eiceed  the  hori- 
zontal pressure  ol  the 
wind  for  one  sloiy, 
or.    in    the    example. 

The    Total    Hori- 
unul    ShaiT.     The 

columns   in   the  brac- 
ing-system must  cany 


sBEAH  in  each  story, 
but  this,  also,  is  usually 
very  small  in  compari- 
son with  the  shearing 
resistainee  of  the  col- 

Streem  In  Gniiet- 
Platea.  Fig.  4  repre- 
Knts  a  typical  pand 

of      GDSSET-BBACIHC.     pig^       GuMt^Jatl 

linder  the  mfluence  of  Wlnd-bradnj 

a  side   pressure  there 

would  beateiKlencytodislort  the  frame,  changing  the  angle  between  the  vertical 

and  liotiaontal  Dtembers;  that  is,  the  columns  and  girders.  For  this  investigation,  a 

erdet  at  any  level  Is  considered,  with  gusset-plates  at  either  end,  aa  shown.    These 

gusset-plates  act  to  prevent  the  distortion,  and  since  th^  both,  at  either  ead.  re- 
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Bist  the  same  wind-action,  the  twisting  moment  in  each  has  the  same  sign.  But  if 
they  twist  in  the  same  direction  at  opposite  ends  of  the  girder,  there  is  somewhere 
along  the  girder  and  between  the  gussets  a  point  of  inflection  or  a  point  of  no 
BENDING.  The  position  of  this  point  varies  with  the  relative  strength  of  the  two 
gussets,  but  for  simplicity  it  is  usually  assumed  midway  between  them  and  tbcy 
are  then  proportioned  to  take  care  of  the  resulting  moments.  Let  the  point  of 
inflection  in  the  example  be  thus  taken.  As  there  is  no  bending  moment  at  tbis 
point,  the  bending  moment  at  any  other  point  on  the  girder  may  be  found  \y 
multiplying  F,  the  increment  of  vertical  shear  for  the  level  in  question,  by  the 
distance  from  the  point  of  inflection.  So,  at  the  toe  of  the  gusset-plate,  the 
bending  moment  on  the  girder  equals  V  multiplied  by  f ,  and  this  is  the  maxivdi 
BENDING  MOICENT  ON  THE  GIRDER.  The  flange-stress  having  been  determined 
from  this  bending  moment,  it  is  possible  to  fix  the  number  of  rivets  requin;<i 
to  fasten  the  flanges  to  the  gusset.  The  connection  of  the  web  to  the  gusict 
must  provide  for  a  shear  equal  to  V.  V  multiplied  by  /  gives  the  moment  pro- 
duced through  the  gusset  at  the  face  of  the  column.  The  rivets  connecting 
the  gusset  to  the  column  must  be  sufficient  to  resist  this  moment. 

Points  of  Inflection  occur  in  the  columns  midway  between  the  gussets,  jui^t 
as  in  the  girders.  The  bending  moment  in  the  column  may  be  obtained  approxi- 
mately by  assuming  the  moment  exerted  through  the  gusset-plates  to  be  allied 
in  the  form  of  a  couple  acting  at  points  two-thirds  of  the  way  out  from  the  center 
of  the  gusset  to  the  tips,  as  indicated.  The  uaximttic  bcndino  moubnt  in  e4CH 
COLUMN  will  then  be  the  horizontal  force  P  multiplied  by  ^.  P  is  obtained  by 
multiplying  V  by  /  and  dividing  by  c,  I  being  the  distance  from  the  inflecttoo- 
point  in  the  girder  to  the  axis  of  the  column,  and  c  I^eing  the  distance  betweea 
the  inflection-points  in  the  column  above  and  below  the  girder. 

Gusset-PUtes  on  Both  Sides  of  Colttxnn.    If  there  are  gusset-plates  on 

TWO  smES  of  a  column,  as  is  usual  on  interior  columns,  the  maximum  bending 
moment  in  the  column  will  be  the  sum  of  the  maximum  moments  due  to  each 
gusset.  Gusset-plate  connections  are  easily  arranged  with  plate  girders  or  with 
double  channels,  or  even  with  I  beams. 

Stresses  in  Knee-Braces.  Let  Fig.  5  represent  a  typical  panel  of  kxfe- 
BRACING.  As  described  in  the  preceding  paragraphs  on  gusset-plates,  there  must 
be  POINTS  OF  INFLECTION,  and  consequently  points  of  no  bending,  in  the  girders 
and  also  in  the  columns.  These  points  are  assumed  midway  between  the  cods 
of  the  knee-braces  in  both  the  columns  and  girders.  Let  V  be  the  vertical 
increment  for  the  level  under  investigation. 

Then  P  -  Vl/c 

and  the  reaction  of  the  girder  at  the  column, 

R  -  Va/b 

Since  V  and  R  act  always  in  the  same  direction,  5  must  be  equal  to  their  sum. 
Hence  S^R-^-V 

Maximum  bending  moment  on  girder  >»  Va 

or  the  equivalent 

Maximum  bending  moment  on  girder  »  Rb 
Maximum  bending  moment  on  column  «•  Pd 
Stress  in  each  knee-brace  ^  HS  cosecant  a. 

It  is  evident  that  R  is  the  shear  an>'where  between  the  intersection-point  of 
the  center  line  of  the  knee-braces  and  the  columns,  and  that  T  is  the  shear  any* 
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where  betvreca  the  braces  at  either  end  of  the  girder.    All  web-splices,  and 
also  the  pitch  of  flange-rivets,  must  be  proportioned  from  these  shears. 

Arrangement  of  Braces  for  ITo  Bending  Moment  in  Girder  or  Column. 
It  is  apparent  from  the  above  that  the  nearer  a  and  d  approach  zero  the  less  the 
bending  moments  in  the  girder  and  column  become.  If  the  intersections  of  the 
center  lines  of  the  braces  can  be  arranged  so  that  a  and  d  become  aero,  there 
will  be  NO  BENDING  MOMENTS  in  the  girders  or  columns. 

Knee-Braces  on  One  Side,  Only,  of  Girder.  It  is  often  necessary  to 
arrange  knee-braces  on  one  side,  only,  of  the  girder,  either  above  or  below. 
In  a  case  of  this  kind  the  girder  itself  serves  as  one  arm  of  the  brace,  and 

The  stress  in  the  single  knee  ■■  S  cosecant  a 

R  and  S  are  as  determined  above,  but  there  must  also  be  taken  into  accotmt 
the  horizontal  stress  in  the  girder,  due  to  Its  action  as  one  arm  of  the  brace. 

Horizontal  stress  in  girder  ■  r//(Vi  c  —  rf) 

The  connection  between  the  column  and  the  girder  must  provide  for  the  com- 
bined action  of  R  vertical  and  Vl/iy^  c  —  d)  horizontal. 

Stresses  in  Sway-Rods.  For  the  correct  analysis  of  sway-bracing  (Fig.  6), 
the  vertical  increments  should  be  fo\md  in  a  manner  slightly  different  from  that 
described  in  Subdivbion 
7,  pages  1 1 76-9.  The 
horizontal  pressures  are 
found  as  before,  except 
that  the  total  pressures 
from  the  top  down  to 
each  floor  include,  in  each 
case,  the  additional  pres- 
sures against  areas  of  one- 
half  the  story  below.  The 
arm,  A^  for  each  level 
should  be  the  story- 
height  below.  (See  sec- 
tion, in  Fig.  1  and  fourth 
column  of  Table  I.)  The 
vertical  increments  are 
found  just  as  for  the  other 
types,  except  for  these 
slight  variations;  and, 
again,  these  vertical  in- 
crements   are    constant     ^  T  T 


Fig.  7.    Latticed-girder  T>'pe 
of  Wind-bracing 


throughout   each    story.  —    -     -  j-r * 

TV     ™.,^«    ^.    .^„,  «,    Fig.  6.    Sway-rod  Type  of 
The  STRESS   IN  ANY  Di-      *     Wind-btacing 

AGONAL  equab  the  verti- 
cal increment  in  the  story  multiplied  by  the  cosecant  of  the  angle  a  (Fig.  6). 
It  is  assumed  that  the  diagonals  are  used  for  tension  only  and  that,  consequently, 
only  one  system  acts  at  a  time.  Each  horizontal  member  must  take  compression 
equal  to  the  vertical  increment  in  the  story  below,  multiplied  by  the  cotangent 
of  a.  If  the  joints  are  arranged  so  that  axial  lines  of  members  intersect,  there 
will  be  no  bending  either  in  the  columns  or  the  horizontal  members. 

Stresses  in  Latticed  Girders.  Let  V  in  Fig.  7  equal  the  vertical  increment 
for  any  story.  As  in  the  other  types,  V  is  constant  between  the  columns,  and 
the  stress  in  any  diagonal  equals  V  multiplied  by  the  cosecant  of  a.    As  in  the 
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OU88ET-TYPE  and  KiTEE-BRACE  TVPE,  thcfe  IS  no  bendiog  St  the  '"■**'f'*^  skdts 
of  the  girder-length,  and  conaequendy  no  streaa  in  the  middle  scctioo  ci  2x1 
top  chord.    The  manmum  bending  naoment  in  the  gixder  is  at  the  oolaxaA-u,: 

and  this 

Maximum  bending  moment  in  the  girder  i>  Vf 

The  mailniTim  chord-stress  is  at  this  same  point,  and  this 

Maximtmi  chord-stress  «  Vf/h 

The  connections  of  the  chords  to  the  oolunms  must  provide  *g«'"«»  this  022- 
imum  stress. 

P'Vl/c 
and  the 

Maximum  bending  moment  in  the  column  >»  Fd 

Stretsei  In  Portal  Bncing.     It  is  not  possible  to  analyze  6xa.ctly  :'■ 
stresses  in  poktal  beaczng  (Fig.  8)1  when  it  is  used  in  connection  with  coloi*:' 

of  continuous  section.  The  ana.lysis  he 
given  follows  that  of  C.  T.  Purdy  in  "  Mode-i 
Framed  Structures."  It  is  consderaN;- :: 
the  safe  side,  and  for  ordinary  cases  cu 
well  be  followed.  In  a  large  building,  lehfr' 
much  bracing  of  this  type  might  be  used 
the  exact  form  of  the  poktals  sboaid  he. 
determined,  and  greater  allowanoe  made  hx 
the  effect  of  continuous  colttmns. 

Let  ZH  equal  the  accumulated  force  - 
horizontal  shear  from  the  wind  at  the  &*■' 
next  above  floor  Af ,  applied  hall  on  ic« 
side  and  half  on  the  other.  Let  Bi  tqLi. 
the  force  of  the  wind  or  the  shear  directly 
tributary  to  floor  Af.  Then,  taking  momfr''' 
about  O  (Fig.  8) 

FX2/-(2H4.Hi)c 
or 

F  -  (2H  +  ill)  c/2  / 
and  the 

Horizontal  reaction  »  H  (?B  + 170 

To  determine  the  maximum  stress  in  tht 
curved  flange  A  assume  a  point  >  in  tJie 
flange  r,  horizontally  distant  x  from  the  line  WW,  and  at  the  distance  y,  meas- 
ured normal  to  a  tangent  to  any  point  in  the  flange  t;  then,  taking  tbf 
center  of  moments  at  the  left  extremity  of  the  distance  .t,  the  stress  in  ibc 
flange  t  multiplied  by  y,  equab  V  multiplied  by  x,  or  Vx/y  equals  the  stress  in 
the  flange  /,  at  the  section  taken,  and  this  is  a  maximum  when  x/y  has  its  great* 
est  value. 

Each  leg  of  the  portal,  including  the  coliunn,  may  be  considered  as  a  castj- 
LEVER  with  two  forces  acting  on  it,  the  horizontal  force  H  (2H-I-  Hi)  and  tkc 
vertical  force  (ZH  +  Hi)  cji  /,  the  flange  /  (of  the  right  leg  for  example)  beii^ 
in  cOMFRESStoN  and  the  column  itself  acting  as  a  tension-cbord.  Assuming  a 
point  on  the  axial  line  of  the  column,  distant  n  from  the  bottom  of  the  leg  ard 
at  rigbt-an^es  to,  and  distant  yi,  measured  normal  to  a  tangent  to  any  point  in 
the  flange  /,  and  taking  moments  about  this  assumed  point,  the  stress  in  the 
flange  /  multiplied  by  yi  equab  Vi  (£if  +  ^1)  multiplied  by  xi,  or  the  stress  in 
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the  flange  /  equab  H  (2F4-Hi)  multiplied  by  xi/yi,  and  this  is  a  maximum 
when  xi/yi  has  its  greatest  value.  There  is  approximation  in  this  treatment, 
but  it  b  on  the  side  of  safety.  If  the  flange  /  has  a  section  proportioned  to 
these  makimum  stresses  the  feqidrements  w3I  be  fulfilled.  The  stress  in,  and 
section-area  required  for,  the  flange  r  can  be  obtained  in  a  similar  manner.  The 
connection  of  the  portal  above  this  flange  to  the  portal  and  column  above  must 
be  such  that  it  will  safely  resist  the  stress  H  2^  at  each  leg. 

••  Combination  of  Daad  and  Live  Loads  with  Wind-Loads 

General  Principles.  It  iisually  happens  that  the  same  girders  that  are  used 
as  wind-bradng  serve  also  to  cany  floors  or  walb.  The  dead  and  live  loads 
should  be  considered  with  the  wind,  and  the  resultant  cohbzned  stresses 


Bracing      _  Brmdng 


Brmoiag 


Brmclag 


Fig.  9.    Types  of  C<dumns  Arranged  for  Wind-bradng. 

ascertained.  It  should  be  borne  in  mind  that  the  maximum  bending  moment 
caused  by  the  wind  b  often  at  a  point  on  the  girder  more  or  less  removed  from 
the  p(Mnt  of  maximmn  bending  moment  for  dead  and  live  loads.  When  result^ 
ant  shears  and  moments  are  considered,  in  which  the  forces  are  the  wind-load 
and  the  live  and  dead  loads,  it  b  generally  deemed  proper  to  use  unit  stresses 
50%  in  excess  of  those  of  common  practice  under  usual  loading.  The  columns 
should  be  investigated  for  direct  live,  dead  and  wind-loads  and  for  the  bending 
due  to  wind.  The  resultant  stress,  again,  should  not  exceed  150%  of  the 
stresses  generally  used  for  live  and  dead  loads  only.  It  is  often  best  to  design 
columns  with  a  spedal  view  to  proper  connections  for  bradng«    Thb  aids  in 
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both  design  and  detail.    In  Fig.  0  are  shown  a  few  typical 
column-material  illustrating  this  point. 

!•.  Wind-Bracing  of  Water-Towers  and  Similar  Stroctares 

The  Principles  Involved  in  Water-Tower  Bracing.    In  the  case  t  f 
TOWER  WITHOUT  MASONRY  WALLS,  a  pfoblcm  IS  presented  much  sinapler  thir 
tbat  of  a  building,  as  the  indeterminate  factors  of  resistance  are  laifc. 

eliminated.  The  bracing  shc»'- 
be  designed  to  re^t  the  :- 
wind-pressure.  It  sbouJd  '-' 
borne  in  mind  that  in  wu^rr 
towers  the  condition  oC  minix-I 
STAniLiTY  obtains  when  the  tx: 
is  empty.  The  most  comrr  - 
form  for  tower-bracing  is  c-. 
aVAV-KOO.  The  analysis  a 
stresses  Is  the  same  as  descrlri 
on  page  Ii8i.  The  applicatvc 
of  the  thrust  is  largely  at  the  t  v 
where  the  tank  stands,  but  u^'^ 
dees  not  in  any  WKy  alter  the  as- 
alysis.  The  legs  of  water-tovera 
are  frequently  sloped  to  give  ^ 
greater  spread  at  the  bot:«'!i- 
In  this  case  the  stresses  ate  irr^e 
readily  determined  by  grafs' 
METHODS  than  by  algcir^: 
or  trigonometrical  computalkt-. 
(See  Chapter  XXVU.) 

The  Assumed  Unit  Pres- 
sures should  be  some  whit 
greater  for  towers  than  for  bell  J- 
ings.  Towers  are  small  in  com- 
parison with  buildings  and  t^: 
probability  of  the  full  wind-frt- 
sure  being  developed  over  tbtir 
entire  surface  is  greater.  lYc^i- 
ably  40  lb  per  sq  ft  is  anifik. 
Pressure  against  a  cylindritai 
BODY,  such  as  a  tank,  may  ^t 
taken  at  about  two- thirds  of  ths 
full  pressure  against  the  pn>i«v 
tion  on  the  diametrical  plane. 
The  stresses  under  this  assumeJ 
pressure  should  be  kept  within 
usual  bounds  for  ordinary  dead 
or  live  loads.  The  anchoraice  <i 
each  post  should  exceed,  by  a  safe  margin,  the  full  uplift  due  to  the  assumed 
pressure.  The  weight  of  water  in  the  tank  should  not  he  considered  as  re5isting 
the  uplift. 

A  Good  Example  of  a  Steel  Water-Tower  is  described  and  illustrated  in 
the  Engineering  Record  of  June  20,  1903,  the  stress-diagrams  and  details  of  coo* 
Struction  being  given. 


Fig.  10.    Whitehall  Building. 
Lines  of  Bracing 
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11.  Recent  Examples  of  Wind-Bracing  in  Tall  Buildings* 

The    Whitehan    BoUdingt   (Figs.  10 

:o    17),  3  to  14  West  Street,  New  \ork 

3ity»  consists  of  a  thirty-one  story  addi- 

Lion  to  the  earlier  Battery  Place  Building. 

Lt    joins  the  older   twenty-story  building 

which  is  on  the  south.    As  the  plan.  Fig.  10, 

Indicates,  the  building  is  very  long  and  nar- 
row when  compared  with  its  height  and  it 

represents  a  type  in  which  wind-bradng  must 

be  considered  an  essential  feature.    The  six 

lines  of  bracing  indicated  on  the  plan  (Fig. 

lO)  by  the  Roman  numerals  and  the  letters 

W.B.  were  chosen  so  as  to  interfere  as  little 

as  possible  with  the  requirements  of  the  plan. 
K.}«:e-braces  were  used  as  far  as  practi- 
cable, but  in  several  instances  it  was  neces- 
sary to  use  GUSSETS  because  of  the  limited 
space  available.  It  was  assumed  that  the 
ordinary  connections  of  girders  to  columns, 
and  the  walls,  furnished  sufficient  stiffness 
down  to  the  twenty-fourth  floor-level.  Be- 
low that  level  the  bracing  was  proportioned 
as  described  on  pages  1179-80;  that  b,  al- 
lowance was  made  for  the  indeterminate 
rACToas  OF  resistance  equal  to  the  wind- 
moment  at  the  twenty -fourth  floor. 

The  United  States  Realty  Building  t 

(Fig.  18),  1x5  Broadway,  New  York  City, 
is  another  example  of  a  building  in  which 
SPECIAL  B&ACING  Is  quite  essential.    It  is 
twenty-one  stories  high,  and  its  width  is 
small  when  compared  with  its  length  and 
height.    Bracing  was  used,  as  Indicated,  in 
the  end-walls,  but  it  was  not  feasible  to  put 
enough  in  these  lines  to  do  all  the  work. 
Additional  lines  were  therefore  added  be- 
tween some  of  the  elevator-shafts  and  in 
other  places  as  shown  on  the  plan.    No 
special  bracing  was  used  above  the  fifteenth 
floor. 

The  Morton  Building  f  (Fig.  19),  68x 
Fifth  Avenue,  New  York  City,  is  but  twelve 
stories  high,  but  is  rather  narrow.  The 
building  is  on  an  interior  lot,  and  it  was 
necessary  to  keep  the  openings  in  the  ex- 
terior walls  as  large  as  possible,  in  order  to 
property  light  the  interior.  This,  of  course.  Fig.  13.  Whitehall  Building.  Wind- 
made  the  exterior  walls  of  but  little  value  bracing  od  Line  III,  Fig.  10 
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*  Purdy  &  Henderson  acted  as  designing  engineers  for  these  buildings. 

t  ClintoD  &  Russell,  architects. 

I  Francis  H.  Kimball,  architect. 

f  McKim,  Mead  &  White,  architects. 
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Fig.  1&    United  Sutes  Realty  Building. 
Plan  and  Lino  of  Bracing 


Fig.  19.    Morton  BuHding . 
and  Lines  of  Bracing 


Plan 
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Fig.  20.    Masonic  Building.    Plan  and  Lines  of  Bracing 
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Fig.  21.    Everett  BuUding.    Plan 
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lor' bracing.  Small  knee-bkaces  and  gussets  were  introduced  in  each  end- 
wall,  and  additional  knee-braces  next  to  the  elevator-wells  and  stair-wells.  The 
interior  girder-connections  to  the  columns,  also,  were  made  with  six  rivets  in 
each  flange,  instea()  of  with  four  as  is  usual.  These  special  bradng-features  were 
carried  up  to  the  fifth  floor-level. 

The  Masonic  Hall*  (Fig.  20).  24th  Street  Building.  New  York  City,  twenty- 
two  stories  high,  has  virtually  no  special  bracing.  Light  knee-braces  were 
introduced  in  the  two  wings,  but  these  were  rather  to  insure  the  steelwork  against 
setting  out  of  plumb  in  erection,  than  to  assist  in  wind-resistance. 

The  Everett  Building  t  (Fig.  21),  45  East  xyth  Street,  New  York  City,  is  a 
sixteen-story  building,  with  no  special  bracing  of  any  kind.  It  is  large  on  the 
^ound,  and  the  ordinary  features  of  construction  offer  ample  resistance  to 
wind. 

The  Metropolitan  Tower  X  (Fig.  22),  Madison  Square,  New  York  City,  ii 
such  an  imusual  case  that  it  is.  perhaps,  out  of  place  to  mention  it  as  an  example 
in  any  wise  typical.  It  is  700  ft 
high  and  about  75  by  85  ft  in  plan 
throughout  the  lower  stories. 
Wind-bradng  in  this  case  is  a 
prime  feature  of  the  structural  de-  rf 
sign  and  received  much  attention.  ^ 
It  is  designed  from  top  to  bottom 
to  resist  a  full  pressure  of  30  lb  per 
sq  ft,  with  no  reduction  for  the 
value  of  walls,  etc.  The  bracing 
consists,  in  general,  of  plate  ^ 
GiRDEKS  in  the  walls  at  each  level, 
with  KNES-BRACES  and  gussets 
for  the  joints.  The  columns  are 
designed  with  especial  view  to  the 
manner  of  connection  for  the  brae-  ^ 
ing.  Tbedead  weight  of  the  tower  ^ 
ofifers  a  moment  or  resistance  to 
overtuming  far  in  excess  of  the 

MOMENT  or  THE  WIND. 

These  examples,  all  drawn  from 
New  York  City  buildings,  are  per- 
haps as  typical  of  the  most  ap- 
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Fig.  22.    Metropolitan  Tower. 
Lines  of  Biadag 


Plan  and 


proved  modem  practice  in  respect  to  wind-bracing  as  could  be  chosen.  There  is 
such  an  infinite  variety  in  the  shape  and  size  of  buildings  that  no  case  is  ever 
quite  like  any  previous  example. 

•  H.  P.  Knowles,  architect. 

t  Goldwin  Starrett  &  Van  Vleck,  architects. 

i  N.  LeBzun  &  Sons,  architects. 
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CHAPTER  XXX 

SPECIFICATIONS*  FOR   THE  STRUCTURAL   STEELWOSI 
OF  BUILDINGS.    DATA  ON  STRUCTURAL  STE£L 

By 
ROBINS  FLEMING 

OF  TBE   AlfEUCAir  BftlDGE   COlfPANY,   NEW  VOKK,    N.    T. 

1.  GeiMfal 

(z)  Drawings.  The  drawings  forming  a  part  of  these  specificatioas  a* 
[give  number,  maker,  title,  and  date  of  each  drawing]. 

(2)  Clastification.  For  the  purpose  'of  classification  buildings  are  divklrf 
into  two  classes: 

I.  Mnx-BuiLDmGS 

n.  OTFICE-BtJXLDINGS 

Under  Class  I  are  included  manufacturing  plants,  machine-shops,  povr^ 
houses,  rolling-mfUs,  foundries,  forge-shops,  pattern  and  template-shops,  tnis- 
sheds,  pier-sheds,  car-bams,  roundhouses,  electric-light  stations,  armories^  zri 
buildings  of  a  similar  character. 

Under  Class  II  are  included  office-buildings,  hotels,  apartment-houses,  dwc£ 
ings,  public  buildings  (hospitals,  libraries,  schools,  court-houses,  jails),  placea  u 
public  assembly  (churches,  theaters,  halls),  stores,  warehouses,  garages,  an i 
buildings  of  a  similar  character. 

(3)  Scope  of  Work.  It  b  intended  that  these  specifications  and  dia«ii» 
cover  the  structural  steelwork  complete  for  the  building.  Cast-iron  bases  a.*? 
included  with  the  structural  steel.  The  steel-erector  shall  erect  in  place  the 
steel  framework  on  foundations  furnished  by  others.  Anchor-bolts,  loose  lintek 
and  material  not  connected  with  main  frame  of  structure,  are  to  be  delivered  ii 
the  site,  but  put  in  place  by  other  contractors. 

(4)  Materials  to  be  Fumiahed  for  Bttildlafi  of  Qats  I.  Unless  specified 
otherwise  in  contract,  the  materials  to  be  furnished  for  buildings  of  Class  I 
indude  steel  trusses,  rohimns,  purlins,  bradng,  floor-framing,  crane-girders  with 
rails,  trolley-beams,  lintels,  girts,  framing  around  door  and  window-openiois. 
beams  supporting  tanks,  elevator-framing,  stair-framing,  Boor-plates,  bunker- 
framing  and  steel  lining,  stairs  and  railings  unless  of  an  ornamental  diaracter, 
cast-iron  bases,  grillage-beams,  and  anchor-bolts. 

The  MATERIALS  NOT  FURNISHED  iodude  omamental  ironworic  and  steelwork. 
masons'  anchors,  carpenters'  anchors  and  irons,  elevator  sheave-beams,  switches 
for  trolley-beams,  steel  stacks,  steel  tanks,  and  steel  reinforcement  for  concrete. 

(5)  Materials  to  be  Furnished  for  BoildiagB  of  Class  11.  Unless  spedfird 
otherwise  in  contract,  the  materials  to  be  furnished  for  buildings  of  Class  II 
indude  steel  columns,  cast-iron  bases,  rolled  and  cast-steel  slabs,  grillage-beams, 
anchor-bolts,  floor-framing,  roof  and  ceiling-framing,  purlins,  comice-supparts, 
supports  for  tanks,  penthouse  framing,  bradng,  and  linteb. 

The  materials  not  furnished  indude  omamental  ironwork  and  steelwork, 
masons'  anchors,  terra-cotta  anchors,  carpenters'  anchors  and  irons,  stair-work. 

*The  various  values  used  in  these  Specifications  agree  genersHy  with  those  ased 
throughout  the  book.  Any  slight  variations  in  values  are  due  to  recognised  and  aQowabk 
differences  in  engineering  judgment,  differences  in  Building  Codes,  etc 
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elevator-framing,  elevator  sheave-beams,  steel  stacks,  steel  tanks,  light  shapes 
supporting  metal  ceiling-lath,  cast-iron  sills  and  similar  work,  and  steel  rein- 
forcement for  concrete. 

(6)  Rivets  and  bolts  for  fastening  steel  to  steel  (but  not  for  connecting  the 
work  of  other  trades)  shall  be  furnished  by  the  steel-contractor.  Fitting-up 
bolts  for  erection  are  to  be  furnished  by  the  contractor  for  erection  as  a  part  of 
his  equiiMnent. 

(7)  As  soon  as  possible  a  coluun-footing  plan  shall  be  sent  to  the  pur- 
chaser, showing  the  location,  elevation,  and  dimensions  of  all  column-bases,  with 
the  location,  elevation,  size«  and  length  of  all  anchor-bolts.  The  loads  coming 
upon  the  column-footings  from  the  columns  shall  also  be  given. 

(8)  Crane-clearance  diagrams  showing  the  clearances  assumed  for  traveling 
cranes  shall  be  furnished  the  purchaser  at  an  early  date. 

'  (9)  Substitution  of  Material.  If  the  contractor  wishes  to  substitute  other 
SHAPES  OR  SIZES  for  those  called  for  on  the  drawings  he  may  do  so,  subject  to  the 
approval  of  the  engineer,  provided  the  architectural  features  are  maintained  and 
proposed  sections  are  sufficient  to  carry  the  required  loads. 

(zo)  Work  of  Other  Trades.  Holes  conforming  to  the  usual  standards  of 
fabrication  shall  be  punched  in  the  steel  for  attaching  the  work  of  other  trades, 
provided  their  kx:ation  is  given  while  the  working  drawings  are  being  made. 

(xx)  Worldiig  Drawings.  Working  or  shop  drawings  shall  be  made  by 
the  steel-contractor,  and  when  requested,  prints  in  duplicate  sent  to  the  pur- 
chaser or  his  engineer  for  approval.  The  engineer's  approval  of  drawings  shall 
cover  general  design,  strength  and  type  of  details.  The  engineer  shall  not  be 
held  responsible  for  the  fit  of  work  at  the  site.  If,  to  expedite  delivery,  or  for  any 
other  reason,  he  waives  the  approval  of  drawings,  the  contractor  will  not  be 
relieved  of  responsibility  for  errors  or  omissions  due  to  neglect  or  oversight 
on  his  (the  contractor's)  part. 

(la)  All  work  shall  conform  to  local  or  state  ordinances  and  regulations. 

S.  MaterUl* 

(13)  Properties  and  Tests.  AH  parts  of  the  metallic  structure  shall  be  of 
rolled  steel,  except  column-bases,  bearing  plates,  or  minor  detaib,  which  may 
be  of  cast  iron  or  cast  steel. 

(14)  Structural  steel  may  be  made  by  either  the  Besseucr  FkocESS  or  the 
OPEN-HE artb  process;  except  that  rivet-steel,  and  steel  for  plates  or  angles  over 
K  in  in  thickness  which  are  to  be  punched,  shall  be  made  by  the  open-hearth 
process. 

(15)  Structural  steel,  if  made  by  the  Bessemer  process,  shall  contain  not  more 
than  0.10%;  and  if  by  the  open-hearth  process,  not  more  than  0.06%  of  phos- 
phorus. Rivet-steel  shall  not  contain  more  than  0.06%  of  phosphorus  nor 
more  than  0.045%  of  sulphur. 

(x6)  Structural  steel  shall  have  an  ultimate  tensile  strength  of  from  55  000 
to  6s  000  lb,  and  rivet-steel  from  46  000  to  56  000  lb  per  sq  in  of  cross-section.  The 
mmicuK  YIELD-POINT  as  determined  by  the  drop  of  the  beam  of  the  testing- 
machine  shall  be  one  half  of  the  ultimate  tensile  strength. 

*  The  requirements  for  material  are  taken,  by  permission,  from  the  following  Standard 
Specifications  of  the  American  Society  for  Testing  Materials.  Philadelphia,  Pa.:  Standard 
Specifications  for  Structural  Steel  for  Buildings  (A9-16),  Standard  Specifications  for 
Gny  Iron  Castings  (A48-05),  and  Standard  SpecificatioDS  for  Steel  <^^f*''»flf*  (A27-*i6' 
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(17)  The  MonuvM  percentage  of  exx>ngation  in  8  in  shall  be    z  400  soo 

divided  by  the  ultimate  tensile  strength.    For  structural  steel  over  H  io  in  tfakJL- 
ness,  a  deduction  of  i  from  the  above  percentage  of  elongation  in  £  in  shall  be 
made  for  each  increase  of  H  in  in  thickness  above  )i  in,  to  a  minimum  of  iS^. 
For  structural  steel  under  Ma  in  in  thickness,  a  deduction  of  2.5  from  the  abc.?* 
percentage  of  elongation  shall  be  made  for  each  decrease  of  He  in  in  rKS^-^rwKi 
below  Me  in. 

(x8)  TEST-SFECDfENs  for  plates,  shapes,  and  bars  shall  bend  cold  throu^  xSo' 
without  cracking  on  the  outside  of  the  bent  portion,  as  follows:  For  material 
%  in  or  under  in  thickness,  flat  on  itself;  for  material  over  H  in.  to  and  indudbf 
I  ^  in  in  thickness,  around  a  pin  the  diameter  of  which  is  equal  to  the  tbicknGa 
of  the  specimen;  and  for  material  over  i  ^  in  in  thickness,  around  a  [on  ine  dias- 
eter  of  which  is  equal  to  twice  the  thickness  of  the  specimen.  The  TEST-spEcncEsr 
for  rivet-steel  shall  bend  cold  through  180",  flat  on  itself,  without  cracking  <^ 
the  outside  of  the  bent  portion. 

(19)  Iron  castings  shall  be  of  tough  gray  iron,  true  to  pattern,  free  from 
cracks,  flaws,  and  excessive  shrinkage.  The  sulfhur-contents  shall  be  not 
over  0.08%  for  light  castings,  0.10%  for  medium  castings,  and  0.12%  for  heavy 
castings. 

A  TEST-BAR  X  H  in  in  diameter  and  15  in  long,  placed  upon  supports  12  in  apart 
and  tested  under  dL  centrally  applied  load,  shall  conform  to  the  following  rcciuire^ 
ments: 

MiNiMuif  APPLIED  LOAD,  2  500  lb  for  light,  2  900  lb  for  medium,  and  3  300  lb 
for  heavy  castings; 

MiNIICUM  DEFLECnON  AT  CENTER,  O.XO  in. 

Light  castings  shall  be  able  to  withstand  an  ultimate  tension  of  x8  000,  medium 
castings  21 000,  and  heavy  castings  24  000  lb  per  sq  in.  Castings  having  any 
flection  less  than  H  in  thick  shall  be  known  as  ugbt  castings.  Castings  in 
which  no  section  is  less  than  2  in  thick  shall  be  known  as  heavy  castings. 
Medium  castings  are  those  not  included  in  the  above  classification. 

(20)  Steel  castings  for  ordinary  use,  not  annealed,  shall  contain  not  more 
than  0.30%  of  CARBON,  nor  more  than  0.06%  of  phosphorus.  They  shall  sub- 
stantially conform  to  the  sizes  and  shapes  of  the  patterns,  be  made  in  a  work- 
manlike manner,  and  be  free  from  injurious  Refects. 

3.  Loada 

(ax)  Roof-Loada.  Roop-trusses  ant  coluuns  shaU  be  designed  to  carry 
a  uniform  load  per  square  foot  of  exposed  roof-surface,  applied  vertically.  This 
load  includes  the  weight  of  the  structure,  the  snow,  and  the  wind.  For  ^nns  up 
to  and  including  90  ft,  and  in  climates  corresponding  to  that  of  New  York,  the 
total  minimum  uniform  load  in  poimds  per  square  foot  of  roof -surf  ace  for  difiercDt 
kinds  of  covering  shall  be  taken  as  follows: 

lb  per 
sqft 

Corrugated  metal 40 

Gravel  or  composition  on  wood  sheathing 50 

Slate  on  boards 50 

Tile  on  steel  purlins 55 

Gravel  or  composition  on  cinder  concrete 65 

Gravel  or  composition  on  stone  concrete 75 

Slate  or  tile  on  cinder  concrete 70 

Slate  or  tile  on  stone  concrete So 

Fire-proof  buildings  of  Class  11,  where  slope  is  leas  than  2  im  per  ft 90  ^ 
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(32)  For  roof -spans  over  90  ft,  the  above-dted  loads  shall  be  increased  1% 
for  every  3-ft  increase  of  span. 

(23)  For  roofs  in  climates  where  snow  is  excessive,  from  5  to  10  lb  per  sq  ft 
shall  be  added,  and  in  climates  where  there  is  not  liable  to  be  snow,  x&lb  per  sq  ft 
may  be  deducted  from  the  foregoing  loads. 

(24)  If  a  ceiling  is  carried  by  the  roof-framing,  the  ceiling-load  shall  be  assumed 
at  not  less  than  xo  lb  per  sq  ft. 

(35)  If  SBArrxNG  is  carried  by  the  bottom  chord,  the  load  at  the  shaft  shall  be 
assumed  at  not  less  than  2  000  lb  lor  light  shafting,  4  000  lb  for  ordinary  shafting, 
and  6  000  lb  for  heavy  shafting.  Unless  the  shafting  is  definitely  located  these 
loads  shall  be  considered  as  liable  to  be  concentrated  at  any  point  of  the  bottom 
chord. 

(26)  In  designing  pusums  carrying  roof-covering  only,  the  loads  in  Para- 
graphs (21)  and  (23)  may  be  decreased  s  lb  and  considered  normal  to  the  roof. 
When  the  pitch  of  the  roof  is  more  than  from  3  H  in  to  i  ft,  tie-rods  shall  be  used 
between  the  purlins. 

(27)  Special  loadings,  such  as  tanks  or  elevator-supports  above  the  roof, 
and  hoists  or  trolleys  on  the  bottom  chord,  shall  be  taken  into  consideration. 

(28)  Flat  roofs  used  as  places  of  public  assembly  or  for  storage-purposes 
shall  be  considered  as  floors. 

(29)  Floor  Loads.  Floor  loads  consist  of  dead  loads  and  live  loads.  The 
dead  load  is  composed  of  the  weight  of  the  floor-construction  and  of  any  perma- 
nent  wall  resting  upon  it.  In  designing  floor-beams  and  girders  for  fire-proof 
construction  the  dead  load  shall  be  assumed  at  not  less  than  70  lb  per  sq  ft. 
Partitions  of  wooden  studding  or  of  hollow  tile,  not  more  than  4  in  thick,  may  be 
considered  as  part  of  the  live  load. 

(30)  Unless  governed  by  a  local  or  state  building  code,  buildings  of  Class  I 
shall  be  designed  for  MiNiMUif  UVE  loads,  in  pounds  per  square  foot  of  floor- 
area,  as  follows: 

lb  per 
sqft 

Mold-lofts,  pattern  and  template-shops 60 

Machine-shops,  light  machinery 1 20 

Machine-shops,  heavy  machinery 150  to  200 

Factories 150  to  200 

Foundries,  charging-floor 300  to  800 

Power-houses 200 

(31)  Buildings  for  special  industries  shall  be  designed  for  the  loadings 
incident  to  those  industries. 

(32)  Provision  shall  be  made  for  the  support  of  machinery,  engines,  boilers, 
tanks,  and  other  concentrated  loads,  when  carried  by  the  steel  construction. 

(33)  Craae-Loads.  Loads  due  to  electric  traveling  cranes  shall  be  in- 
creased 25%  to  provide  lor  the  effects  of  impact.  For  hand-power  cranes  the 
impact  may  be  taken  at  10%.  For  two  cranes  in  action  on  the  same  girder,  no 
impact  need  be  added,  provided  the  stress  obtained  is  larger  than  the  stress  due 
to  a  single  crane  with  impact.  In  addition  to  the  vertical  loads  the  top  flanges 
of  crane-girders  shall  be  designed  to  resist  a  transverse  horizontal  thrust  on  each 
carriage,  applied  at  the  wheels,  of  10%  of  the  lifting  capacity  of  the  crane.  The 
breaking-force  due  to  stopping  the  crane  shall  be  assumed  at  20%  of  each  wheel- 
load  and  may  be  considered  as  distributing  itself  along  the  entire  length  of  the 
runway. 
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(34)  Coal-Bunkm.    Coal-bitnssbb  afaall  be  assumed  to  be  mrchuird 

when  it  is  possible  for  them  to  be  so  loaded.  The  weight  of  anthracite  aal  i 
shall  be  taken  at  not  less  than  50  lb  per  cu  ft,  and  the  angle  of  repose  assumed  to  | 
be  30°. 

(35)  Buildings  of  Class  II  shall  be  designed  f^r  minimum  live  loads,  in  pooDds 
per  square  foot  of  floor-area  aa  follows: 

IbpK  i 

sq  f? 

Dwellings  (private  residences),  first  floor az 

Dwellings  (private  residences),  upper  floors .., ^. .    jo 

Apartment-houses,  first  floor 5c 

Apartment-houses,  upper  floors ^ 

Hotels,  first  floor So 

Hotels,  upper  floors « 4^ 

Office-buUdings,  first  floor.. 100 

Office-buildings,  upper  floors. S^ 

School-buildings,  class-rooms 53 

School-buildings,  assembly-rooms 75 

Churches  and  theaters 7; 

Places  of  public  assembly,  where  floors  arc  used  for  drilling  or  dancing 12c 

Places  of  public  assembly,  where  floors  are  not  used  for  drilling  or  dancing ...    100 

Retail  stores,  ordinary 100 

Warehouses. 200  to  500 

Private  garages,  pleasure  vehicles  only 60 

Public  garages,  pleasure  vehicles  only 90 

Garages,  motor  trucks,  from  i  to  3  tons  capacity iSo 

Garages,  motor  trucks,  from  3H  to  5  tons  capacity 200 

(36)  Concentrated  loads  shall  be  taken  into  consideration.  Every  steel 
beam  in  any  floor  used  for  business  purposes  shall  be  capable  of  sustaining  a  live 
load,  concentrated  at  the  middle,  of  not  less  than  3  000  lb.  Every  steel  beam  ia 
the  floor  of  a  garage  shall  be  capable  of  sustaining  a  concentrated  live  load  of 
2  000  lb,  if  a  private  garage  storing  pleasure  vehicles  only;  of  3  000  lb,  if  a  public 
garage  storing  pleasure  vehicles  only;  of  8  000  lb,  if  motor  trucks  of  from  i  to  j 
tons  capacity  are  stored;  and  of  12  000  lb,  if  motor  trucks  of  from  3H  to  5  tons 
capacity  are  stored.  Structural  members  carrying  elevators  and  elevator- 
machinery  shall  be  proportioned  to  carry  twice  the  actual  moving  dead  and  five 
loads. 

(37)  Reduction  of  Live  Load.  The  full  live  floos  load  shall  be  used  in  pro- 
portioning all  pacts  of  buildings  designed  for  warehouses,  and  such  buildings  as 
are  likely  to  be  loaded  oa  aH  floors  at  the  same  time.  In  other  buildings  the 
specified  live  load  may  be  reduced  10%  for  girders  carrying  200  sq  ft  or  more  of 
floor.  For  columns  the  load  on  the  top  floor  may  be  assumed  at  90%  of  the 
specified  live  load,  the  live  load  on  the  floor  next  below  the  top  floor  at  85^, 
and  on  each  succeeding  lower  floor  at  correspondingly  decreasing  percentages, 
provided  that  on  no  floor  shall  less  than  50%  of  the  specified  live  load  be  used, 
and  that  for  the  lower  floor  the  full  specified  live  load  shafl  be  used.  No  reduc- 
tion shall  be  made  for  any  roof  load. 

(38)  In  calculating  column  loads  no  reduction  of  floor-area  shall  be  made  for 
stair-wells.  Stairways  shall  be  proportioned  for  not  less  than  75  lb  per  sq  ft  of 
horizontal  projection. 

(39)  Wind-Presaixre.  Wind  shall  be  assumed  blowing  horizontally  m  any 
direction.  The  surface  exposed  to  wind-pressure  shall  be  measured  vertically 
from  the  ground  to  the  top  of  tiie  structure,  including  the  roof. 
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(40)  Whoi  tlie  ovxxTuumio  momeut  due  to  wind-gyremne  exceeds  75%  of 
the  moment  of  stability  the  structure  shall  be  securely  anchored. 

(41)  All  steel  buildings  belonging  to  Class  I  shall  be  designed  to  carry  wind- 
pressure  to  the  ground  by  steel  framework.  For  buildings  not  more  than  25  ft 
to  the  eave-line  the  wind-pressure  shall  be  assumed  at  not  less  than  15  lb  per  sq 
ft,  and  the  corresponding  normal  pressure  on  the  roof.  For  buildings  more  than 
25  ft  to  the  eave-line  the  wind-pressure  shall  be  assumed  at  not  less  than  15  lb  per 
sq  ft  for  the  lower  25  ft  and  20  lb  per  sq  ft  for  the  side  surface  above  25  ft,  and 
the  corresponding  normal  pressure  on  the  roof. 

C42)  The  steel  framework  of  fire-proof  buildings  belonging  to  Class  II,  in 
which  the  height  is  more  than  twice  the  minimum  horizontal  dimension,  shall  be 
designed  to  resist  a  wind-pressure  of  not  less  than  20  lb  per  sq  ft  on  the  sides, 
and  the  corresponding  normal  pressure  on  the  roof. 

(43)  The  normal  pressure,  Pn,  in  pounds  per  square  foot,  on  a  surface  inclined  B 
degrees  to  the  horizontal  for  a  horizontal  wind-pressure,  P,  of  so  lb  per  sq  ft, 
according  to  the  Duchemin  Forxula,* 

„    2  sin  9 

P^        «      P    ; 

is  as  foUows:  i  +  sin«  ^ 


e 

1 

1 
Pn 
lb  per  sq  ft 

Slope 

B 

Pn 

lb  per  sq  ft 

5* 

3.46 

I  in  to  I  ft 

4*  45'  49" 

3.30 

IO» 

6.76 

2  in  to  X  ft 

9*  27'  45" 

6.39 

is"" 

9  63 

3  in  to  X  ft 

14'    a'  10" 

9.14 

20** 

12.25 

4  in  to  I  ft 

18°  26'     6" 

IX. 50 

< 

14.35 

S  in  to  I  ft 

22*  37'  12" 

13.42 

30- 

16.00 

6  in  to  1  ft 

26  •  33'  54" 

14  88 

35'* 

17.28 

7  in  to  X  ft 

30**  IS'  24" 

16.06 

1          40° 

18.20 

8  in  to  I  ft 

33"  41'  25" 

16.95 

1              45* 
45  •  to  90' 

18.88 

20.00 

1 

For  a  pressure  other  than  20  lb  per  sq  ft  these  values  are  to  be  changed  pro- 
portionately. 

Only  the  excess  of  the  wind-stresses,  determined  by  the  data  of  this  paragraph, 
over  the  wind-stresses  according  to  Paragraph  (21),  need  be  considered.  In 
arriving  at  this  excess,  the  wind  included  in  the  total  uniform  roof-loads  desig- 
nated in  Paragraph  (21),  shall  b^  assumed  at  5  lb  per  sq  ft  for  slopes  of  3  in  per  ft 
and  less,  and  10  lb  for  slopes  more  than  3  in  per  ft. 

(44)  CntcuLAR  STEEL  CHIMNEYS  and  TANKS  shall  be  designed  to  resist  a  wind- 
pressure  of  not  less  than  20  lb  per  sq  ft  on  the  projected  area,  that  is,  the  diam- 
eter multiplied  by  the  height. 

(45)  Sky-signs  on  tops  of  buildings  shall  be  designed  to  withstand  a  wind- 
pressure  of  not  less  than  50  lb  per  sq  ft  of  surface. 

4.  Stressett 

(46)  Workixig  Streties.  In  proportioning  structural  steel  for  stresses  due 
to  the  COMBINED  DEAD  AND  uvE  LOADS  together  with  IMPACT,  the  workixig  stresses 

•  See,  abo,  page  1053, 

t  For  slight  variations  from  these  values,  see  Table  XVIII,  page  618,  and  Table  I, 
page  1138. 
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in  pounds  per  square  inch  of  sectional  area  shall  be  not  more  tiian  thef  • 
lowing: 

lb  per 

Tension,  net  section,  rolled  steel i6  ccj 

Direct  compression,  rolled  steel  and  steel  castings i6  oc 

Bending  on  extreme  fibers  of  rolled  shapes,  built  sections,  girders,  and 

steel  castings,  net  section x6  oc-i 

Bending,  on  extreme  fibers  of  pins 34  oc: 

Shear,  on  shop-rivets  and  pins 120a* 

Shear,  on  field-rivets 10  oc; 

Shear,  on  bolts 9  oc.\ 

Shear,  average,  on  webs  of  plate  girders  and  rolled  beams,  gross  section.  10  oc:\ 

Bearing  pressure,  on  shop-rivets  and  pins 24  oc: ; 

Bearing,  on  field-rivets 2000-1 

Bearing,  on  bolts iS  ooc 

Tension,  in  rivets 70a: 

Tension,  in  field-bolts  (not  anchor-bolts) 9  00: 

Axial  compression,  on  gross  section  of  columns  and  struts 16  000  —70  r 

where  /  is  the  effective  length  of  the  member,  in  inches,  and  r  is 
the  least  radius  of  gyration  of  section,  in  inches,  with  a  maxi- 
mum of I J  ooc 

(47)  For  COMBINED  STRESSES  due  to  wind  and  other  loads  the  unit  stresses  i: 
Paragraph  (46)  may  be  increased  50%,  except  for  Paragraph  (44),  provided 
the  section  thus  obtained  is  not  less  than  that  required  iif  wind>forces  are 
neglected. 

(48)  When  the  laterally  unsupported  length,  /,  of  the  compression-flange  of 
beams  and  girders  exceeds  12  times  its  width,  by  the  unit  stress  in  the  com- 
pression-flange, shall  not  exceed  19  000— 250//6. 

(49)  Countersunk  rtvtts  in  plates  of  thickness  equal  to  or  greater  th^n 
one  half  the  diameter  of  rivet  shall  be  assumed  to  have  three  fourths  the  value  of 
j-ivets  with  full  heads.  In  plates  of  thickness  less  than  one  half  the  diameter 
of  rivet  their  values  shall  be  taken  as  three  eighths  that  of  full-headed  ri^-ets 
Rivets  wtth  flattened  heads  of  height  not  less  than  \i  in,  or  one  half  the  diam- 
eter of  the  rivet  for  H-iQ  rivets  and  less,  may  be  assumed  to  have  the  value  of 
corresponding  rivets  with  full  heads.  Rivets  with  heads  flattened  to  less  than 
;:hese  heights  shall  have  countersimk  holes  and  be  regarded  as  oountersuoi 
rivets. 

(50)  The  allowable  pressure  of  coluun-bases  and  beasing-platcs  on 
masonry  shall  not  exceed,  in  pounds  per  square  inch,  the  following.  (See,  ak>, 
pages  365  to  267,  and  441.) 

lb  per 
aq  in 

On  brickwork,  cement  mortar 250 

On  brickwork,  lime  mortar 150 

On  Portland-cement  concrete,  1:2:4  mixture 500 

On  Portland-cement  concrete,  1:3:5  mixture 350 

On  rubble  masonry,  cement  mortar 200 

On  rubble  masonry,  lime  mortar 120 

On  first-class  dimension  sandstone 4cx> 

On  first-class  limestone 500 

On  first -class  granite 600 
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(51)  Genenl  DMign-Reqnirementi.  Tkussss  shall  be  riveted  structures. 
Tension-xembeks  as  well  as  coimsssiON-ifEMBEits  shall  be  composed  of  rolled 
shapes  or  built-up  sections.    Flat  bars  with  riveted  ends  shall  not  be  used. 

(53)  In  calculating  tension-iceicbers,  net  sections  shall  be  used.  The  diam- 
eters of  rivet-holes  shall  be  assumed  to  be  H  in  larger  than  the  nominal  size  of 
the  rivet.  In  single  angles  connected  by  one  kg,  the  net  area  of  the  connected 
leg  and  one  half  that  of  the  outstanding  leg  shall  be  considered  effective. 

(53)  The  NOMINAL  sizes  of  uvets  shall  be  used  in  calculations  of  their  values. 

(54)  In  proportioning  coluuns  provision  shall  be  made  for  eccentric  loading. 

(55)  Columns  and  struts  with  direct  loads  of  40000  lb  or  less,  when 
spliced,  shall  have  the  entire  load  transmitted  through  splice-plates. 

(56)  Column-splices  shall  be  designed  to  resist  the  bending-stresses,  and  to 
make  the  columns  practically  continuous  for  their  whole  length. 

(57)  Members  subject  to  reversal  of  stress  from  moving  loads  shall  be 
proportioned  for  the  stress  requiring  the  laiger  section,  but  their  connections 
shall  be  proportioned  for  the  larger  stress  plus  one  half  the  smaller. 

(58)  The  effective  length  of  main  compression-members  shall  not  exceed 
1 20  tiroes  their  least  radius  of  gyration,  and  for  secondary  members  and  lateral 
bracing,  160  times  their  least  radius  of  gyration.  Any  portion  of  the  cross- 
section  of  a  compression-member  may  be  neglected  in  computing  the  radius  of 
g>Tation,  provided  that  ix)rtion  is  neglected  in  the  design  of  the  member. 

(59)  Wheel-loads  of  cranes  shall  be  assumed  to  be  distributed  on  the  top 
flanges  of  runway  girders  over  a  distance  equal  to  the  depth  of  the  girder,  with  a 
maximum  of  30  in. 

(60)  Plate  girders  shall  be'proportioned  either  by  the  moment  of  inertia  of 
their  net  section,  or  upon  the  assumption  that  the  bending-stresses  are  resisted 
by  the  flanges  concentrated  at  their  centers  of  gravity,  and  that  the  shear  is 
resisted  by  the  web.  When  the  second  method  is  used  one  eighth  of  the  gross 
section  of  the  web,  if  properly  spliced,  may  be  used  as  flai]ge>section. 

(6z)  Web-plates  of  girders  shall  have  a  thickness  of  not  less  than  Heo  of 
the  imsupported  distance  between  flange-angles. 

(6a)  Flange-plates  of  girders  shall  be  limited  in  width,  so  as  to  extend 
not  more  than  6  in  beyond  the  outer  line  of  rivets  connecting  them  to  the  angles. 

(63)  Web-stiffeners,  in  pairs,  shall  be  placed  over  bearings,  at  points  of 
concentrated  loadings  and  at  intermediate  points,  usually  not  farther  apart  than 
the  full  depth  of  the  girder,  when  the  thickness  of  the  web  is  less  than  ^o  of  the 
unsupported  distance  between  flange-angles. 

(64)  Stiffeners  imder  concentrated  loads  and  over  bearings  shall  be  designed 
as  columns,  with  a  length  equal  to  one-half  the  depth  of  the  girder,  and  shall 
have  enough  rivets  to  properly  transmit  the  shear.  When  loads  are  transmitted 
through  the  bearing  of  stiffeners,  the  bearing  value  may  be  assumed  at  24  000 
lb  per  sq  in  of  section,  excluding  the  area  of  the  chamfered  portion  over  fillets 
of  flange-angles. 

(65)  The  depxh  of  girders  and  rolled  beams  in  floors  shall  be  not  less  than 
h*  of  the  span,  and  if  used  as  roof-purlins  shall  be  not  less  than  Ha  of  the  span. 
In  case  of  floors  subject  to  shocks  and  vibrations  the  depth  shall  be  limited  to 
ht  of  the  span. 

(66)  Steel  purlins  shall  be  single  rolled  shapes,  plate  girders  or  lattice 
girders. 
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(67)  Lateral,  longitudinal,  and  transvene  bracing  in  all  structures  ski 
preferably  be  composed  of  rigid  membara,  aad  shall  be  designed  to  witfasuc: 
wind  and  other  lateral  forces  when  buUding  is  in  process  of  erection  &a  wdl  ^ 
after  erecdon. 

(68)  WtND-BRACiNG  shall  be  provided  for  tall  buildings  by  making  the  coe 
nection- joint  between  girders  and  coliimns  sufficient  for  the  bending  due  to  su: 
pressure  as  well  as  for  the  vertical  load;   or  diagonal  bradng  shall  be  pbcr: 
between  columns,  proportioned  to  transfer  the  shear  of  the  side  pressure  to  ibc 
footings. 

(69)  No  steel  in  any  structural  member  subject  to  stress  shall  be  less  than  \ 
in  thick,  except  the  webs  of  rolled  beams  and  channels.  Steel  subject  to  ih: 
action  of  harmful  gases  or  severe  atmospheric  conditions  shall  be  not  less  thai 
9I0  in  thick. 

6.  Details 

(70)  General  Detail  Requirements.    Details  throughout  shall  confarx 

to  first-class  standard  practice. 

(71)  No  connection  except  lattice^bars  shall  have  less  than  two  rivets,  prefe*- 
ably  three,  for  better  handling  in  fabrication. 

(7a)  In  cases  where  it  is  necessary  to  carry  loads  subject  to  shock  by  bolts  it 
tension,  check-muts  shall  be  used.  When  bolts  go  through  beveled  flanges. 
BEVELED  WASHEas  to  match  shall  be  used  so  that  head  and  nut  are  paraDel.  Iz 
general,  rivets  and  bolts  in  tension  shall  be  avoided  as  far  as  practicable. 

(73)  Abutting  Joints  in  compression-members  faced  for  bearing  shall  be 
sliced  sufficiently  to  bold  the  connecting  members  accurately  in  place. 

(74)  When  two  or  more  rolled  beams  are  used  to  form  a  girder,  they  shall  tje 
connected  by  bolts  and  scpaxators  at  inter\''als  of  not  more  than  6  ft.  A.l 
beams  having  a  depth  of  12  in  and  more  shall  have  at  least  two  bolts  to  each 
separator. 

(75)  The  unmcuii  distance  between  centers  of  rivet-roles  shall  be  three 
diameters  of  the  rivet,  and  the  maximum  distance  in  the  line  of  stress  eight  diam- 
eters. 

(76)  The  MINIMUM  distance  from  the   CENTER  OF   ANY  RTVET-HOLE    TO  A 

SHEARED  EDGE  shall  be  z^  in  for  ^in  rivets,  i^  in  for  H-in  rivets,  i^i  in  for 
^-in  rivets,  and  i  in  for  H-iu  rivets;  and  to  a  rolled  edge,  x>4,  iH,  i,  and  ^  ia, 
respectively. 

(77)  The  maximum  distance  from  the  center  of  any  ri\i:t-hole  to  aky 
EDGE  shall  be  eight  times  the  thickness  of  the  plate. 

(78)  The  PITCH  OF  rivets  at  the  ends  of  built  compression-members  shall 
not  exceed  four  diameters  of  the  rivets  for  a  length  equal  to  one-and-one-half 
times  the  «n^'^^"'""^  width  of  the  member. 

(79)  The  lATOCiNG  of  compression-members  shall  be  pn^M>rtioDed  to  resist 
a  shearing-stress  equal  to  2%  of  the  direct  stress.  Tie-plates  shall  be  provided 
at  each  end  and  at  intermediate  points  where  latticing  is  interrupted.  In  main  ' 
members  carrying  calculated  stresses,  the  end  tie-plates  shall  have  a  length  not 
less  than  the  distance  between  the  lines  of  rivets  connecting  them  to  the  flanges, 
and  intermediate  ones  not  less  than  half  this  distance.    Their  ^hifknffft^  shall  be 

not  less  than  Hq  of  the  same  distance. 

I 

7.  Workmanship 

(80)  General  Requirements.  All  workmanship  shall  be  first-dass  in  every 
respect. 
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(8z)  Material  shall  be  thoroughly  shaiohismbd  before  being  worked,  by 
cthods  that  will  not  injure  it. 

(83}  Sheaking  shall  be  done  accuzately,  and  all  portions  of  the  work  exposed 
•  view  neatly  finished. 

(83)  ABxrrriNG  bumfaces  of  coiiPSESSiOK-ifSifBEiis,  except  where  joints  are 
lily  spliced,  shall  be  pkmed  to  an  even  bearing  so  as  to  give  close  contact 
iroughout. 

(84)  Punching  shall  be  done  accurately,  but  occasional  inaccurades  in  match- 
ig  of  holes  may  be  corrected  with  a  reamer.  The  diameter  of  the  punch  shall 
c  not  more  than  He  in  larger,  nor  that  of  the  die  H  in  larger  than  the  diameter 
f  the  rivet.    Rivets  shall  be  driven  by  pressure-toob  wherever  possible. 

(85)  Holes  in  material  of  same  thickness  as  diameter  of  punch  may  be 
mnched  full  size. 

(86)  Web-stitfenexs  or  plate  gibdess  under  concentrated  loads  shall  have 
he  ends  milled. 

S.  Paintiiic 

(87)  General  Painting  Re<niirementa.  Cast  iron  need  not  be  painted  at 
the  shop.  Steelwork  for  foundations  to  be  entirely  embedded  in  concrete  shall 
not  be  painted,  but  must  be  free  of  dirt,  grease,  or  other  matter  which  would  impair 
the  bond  of  the  concrete.  OUkt  steelwork  shall  be  thoroughly  cleaned  and  given 
one  coat  of  paint  before  shipment.  One  coat  shall  be  given  to  surfaces  that  are 
inaccessible  after  being  riveted  together. 

(88)  Machine-finished  surfaces  shall  be  coated  with  white  lead  and  tallow 
before  shipment.. 

(89)  After  erection  all  structural  metalwork  shall  be  cleaned  of  dirt  and  rust 
and  given  one  coat  of  paint  of  a  color  or  shade  different  from  that  of  the  shop-coat. 

(90)  All  painting  at  the  shop  and  site  shall  be  done  by  hand  when  the  surface 
of  the  metal  is  perfectly  dry.    Painting  shall  not  be  done  in  freezing  weather. 

(91)  Paint  shall  be  a  good  quality  of  red  lead  or  graphite,  ground  in  pure  lin» 
seed  oil  or  their  equivalent. 

9.  Iiisp6ctio& 

(9a)  General  Reqnimnenta.  All  inspection  and  tests  shall  be  made  at  the 
option  and  expense  of  the  purchaser. 

(93)  If  material  is  tested  at  the  mills,  the  necessary  number  of  test-pieces  and 
the  use  of  a  testing-machine  shall  be  furnished  free  of  charge  by  the  steel-con- 
tractor. 

(94)  The  purchaser  or  his  representative  shall  have  free  access  at  all  times 
to  the  mills  where  material  is  rolled  and  to  the  shops  where  it  is  fabricated.  In 
ample  time  for  his  needs  he  shall  be  given  dates  of  mill  and  shop-operations 
and  furnished  with  complete  working  drawings. 

10.  Erection 

(95)  General  Reqnlrementt.  The  stnictiml  steel  and  iron,  except  anchor- 
bolts,  loose  lintels,  and  material  not  connected  with  the  main  frame  of  the  struc- 
ture, shall  be  erected  by  the  steel-contractor  on  foimdations  furnished  by  the 
purchaser. 

(96)  Care  shall  be  taken  that  all  steelwork  is  level  and  plumb  before  bolting  or 
riveting- 
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(97)  Proper  provisbn  shall  be  made  for  resisting  stresses  due  to 
tions. 

(98)  In  general,  field-connections  shall  be  riveted,  but  connections  of  the  fofiL'^ 
ing  classes  may  be  bolted: 

(a)  Light  subordinate  framing,  such  as  purlins,  monitor  and  skyiight-frsmb:. 
girts,  platforms,  stair-framing,  partitions,  ceilings,  and  penthouses; 

(b)  Ordinary  framing  of  beams  to  beams,  and  beams  to  girders; 

(c)  Connections  not  subject  to  direct  shearing-stress. 

All  connections,  however,  affected  by  loads  that  cause  undue  vibration,  sh_l 
be  riveted.  One-story  buildings,  not  subjected  to  excessive  wind-pressure  <.r 
not  supporting  heavy  concentrated  loads,  shafting,  or  moving  loads^  may  hr 
bolted  throughout.  The  threaded  part  of  a  bolt  shall  not  be  so  long  that  t> 
bearing  value  of  the  unthreaded  portion  is  reduced  to  less  than  the  shesriv 
value  of  the  bolt.    Washers  shall  be  used  under  nuts  wherever  needed. 

(99)  Drift-pins  shall  be  used  only  to  bring  parts  together.  Unfair  holes  sfc^O 
be  made  to  match  by  reaming. 

(xoo)  After  finishing  the  work  the  erector  shall  remove  his  equipinent  and  aA 
rubbish  resulting  from  his  operations. 
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Estimating  the  Cost  of  Structural  Steel  for  Buildings 

Structural  steel  for  buildings  is  commonly  made  up  of  I  beams,  r'hanm>lg, 
angles,  Z  bars  and  plates,  which  may  be  used  as  single  beams  or  braces,  or  built 
into  riveted  girders,  columns,  or  trusses.  The  Z  bars  are  now  seldom  used  for 
columns  or  other  structural  work  in  buildings.  The  cost  of  the  completed  steel- 
work is  made  up  of  the  following  items: 

(i)  Cost  of  the  plain  steel  at  the  mill,  plus  freight  and  dealers'  profits. 

(2)  Extras  for  cutting,  punching,  fitting  and  assembling  into  girders,  columns, 
or  trusses. 

(3)  Cost  of  the  fittings,  such  as  connection-angles,  gusset-plates,  etc. 

(4)  Shop-painting. 

(5)  Cost  of  erection  at  the  building. 

(6)  Painting  after  erection. 

Base-Price  of  Steel.  For  orders  of  any  considerable  size,  the  cost  of  plain 
steel  is  based  on  the  price  at  the  mills  plus  the  freight  to  the  point  of  ddi\'efy. 

The  BASE'PRiCE,  free  on  board  cars  at  Pittsburgh,  Pa.  (1920),  is  about 
I2.45  per  100  lb  for  I  beams  and  channels  15  in  and  less,  and  for  angles  and 
zees  from  3  to  6  in. 

I  beams  over  15  in,  cost  10  cts  per  100  lb  extra,  and  tees  over  3  in,  5  cts  extra. 

For  angles,  channels  and  zees  under  3  in,  the  base  is  $2.45  at  Pittsburgh. 

For  angles,  over  6  in,  $2.45  +  |o.io.t 

For  H  beams,  $2.45  +  $0.10. 

For  deck  beams  and  bulb  angles,  $2.45  -f- 10.30.  t 

For  corrugated  and  checkered  plates,  $2.65-!-  $i.7S-§ 

For  plates,  structural,  the  base  is  $2.65. 

*  Valuable  data  was  contributed  for  this  section  by  Associate  Editor,  Robins  Flemin;. 

t$2.45-f-$o.zo  means  a  base-price  of  $2.45  and  an  extra  $o.xo. 

i  $2.45  -{-$0.30  means  a  base-price  of  $2.45  and  an  extra  of  $0.30. 

i  2.6s-i-$i.75  means  a  base-price  of  $2.65  aod  an  extra  of  $1.75;  the  same  with  $2.65 
-t-So.15,  etc.  Corrugated  steel,  painted,  is  usually  quoted  at  a  base-price  plus  an  extra 
Cor  painting.    At  present  (1920)  it  is  $4.25-i-|o«2S. 
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For  pUitea,  flange,  the  base  is  $3.65  +  $0.15.* 

For  corrugated  steel,  painted,  No.  33,  $4.35  +  $0.3$.^ 

For  corrugated  steel,  galvanized,  No.  33,  $5.30. 

For  steel  sheets,  black,  Nos.  to  and  ix,  $4.00. 

For  steel  sheets,  galvanized,  Nos.  10  and  11,  $4«70w 

For  steel  sheets,  black.  No.  33,  $4.30. 

For  steel  sheets,  galvanized,  No.  33,  $5.25. 

For  bar-iron,  the  base  is  $4.50. 

For  rivets,  $4.50. 

For  sted  bars,  $2^$. 

Froight-Rates  (March,  1920)  in  car-load  k>ta  are: 

Pittsburgh  to  Albany,  N.  Y 27.0  cts 

to  Baltimore 23 .0  cts 

to  Boston 39 . 5  cts 

to  Buffalo,  N.  Y 31 .0  cts 

to  Chicago 37 .0  cts 

to  Cincinnati 33 . 5  cts 

to  Cleveland 17.0  cts 

to  Columbus,  0 30.o  cts 

to  Denver 99.0  cts 

Pittsburg  to  Louisville 36.5  cts 

to  New  York 27.0  cts 

to  Norfolk,  Va 31 .5  cts 

to  Philadelphia , 25 .0  cts 

to  Richmond,  Va. 30.0  cts 

to  xvocnesLer,  xn •  x  ••••.*•■...■■........••••... ...•••  si.o  cts 

to  St.  Louis 34.0  cts 

to  Washington,  D.  C 24.0  cts 

On  account  of  the  expense  of  carrying  beams  in  stock,  local  dealers  usually 
charge  from  ^  to  iVi  ct  a  pound,  extra,  on  orders  supplied  from  stock,  f 

Standard  Clastiflcatioii  of  Bztraa.  These  lists  are  for  steel  bass  and 
SMALL  SHAPES,  and  the  extras  are  added  to  the  base-psices  for  each  100 
pounds.  This  standard  classification  was  adopted  June  15,  1919,  by  the 
Carnegie  Steel  Company. 

Spcciilcatioa  and  Inspectioa 

Hull-material,  subject  to  United  States  Navy  Department  specifications 

for  medium  or  soft  steel |o.zo 

High-tensile  hull-steel  (except  rivet-rods)  subject  to  United  States  Navy 

Department  specifications 1.00 

Charges  for  other  than  mill-inspection,  such  as  LJoyd's  or  American  Bureau 
of  Shipping,  for  buyer's  account. 

Qoantitj-Diflerentiala 

All  specifications  for  less  than  3  000  lb  of  a  size  will  be  subject  to  the  fol- 
lowing  extras,  the  total  weight  of  a  size  ordered  to  determine  the  extra,  regard- 
less of  lens^  and  regardless  of  exact  quantity  actually  shipped: 

*  $3.65 -|>  $1.75  means  a  base-price  of  $3.65  and  an  extra  of  lr.75;  the  same  with 
$4.35  +I0.35,  etc.  Corrugated  steel,  painted,  is  usuaUy  quoted  at  a  base-price  plus 
an  extra  for  painting.     At  present  (1920)  it  is  I4.25  -f-  $0.35. 

t  At  present  (1990)  a  war  tax  of  5%  it  to  be  added  to  the  rstes  gh«n. 
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Quantities  less  than  2  000  lb,  but  not  less  than  i  ooo  lb ^15 

Quantities  less  than  x  000  lb 0.35 

Stnightoninc 
Machine-straightening $o.z:  . 

Machine-Cttttiiig  to  Spedflml  Lengths,  Rounds  and  Sqnaree^  iH 

Lufer 

Machine-cutting  to  lengths  over  48  in S0.15 

Machine-cutting  to  lengths  over  24  in  to  48  in,  inclusive 0^5 

Machine-cutting  to  lengths  over  Z2  in  to  24  in,  inclusive 0.35 

Machine-cutting  to  lengths  of  12  in  and  less,  extra  will  be  fumished  en 

application,  but  will  not  be  leas  than 0^5 

The  above  extras  apply  only  to  .50  per  cent  carbon  and  under.  Extras  for 
machine-cutting  over  .50  per  cent  carbon  will  be  fumished  on  application. 

Extras  for  machine-cutting  Rounds  and  Squares  under  xH  iOt  Flats,  etc, 
will  be  fumished  on  application. 

Cutting  to  Spodflsd  T^engths,  OtliAr  than  Msrhhw  Cntting 

Cutting  to  lengths  of  60  in  and  over .No  ciiaige 

Cutting  to  lengths  over  48  in  to  59  in,  indusive $0j05 

Cutting  to  lengths  over  24  in  to  48  in,  inclusive 0.10 

Cutting  to  lengths  over  12  in  to  24  in,  inclusive o.ao 

Cutting  to  lengths  of  12  in  and  less,  extra  will  be  funushed  on  appUcatioo, 

but  will  not  be  less  than 0.30 

Coat  of  Srecting.  For  erecting  ordinary  beams  and  columns  in  buildings 
having  masonry  walls  the  cost  of  erection  should  not  exceed  $20  per  ton  when 
there  are  bolted  connections,  and  it  will  sometimes  be  as  low  as  $13  per  ton.  For 
erecting  the  steelwork  of  skeleton  buildings  having  riveted  connections  it  is 
customary  to  allow  $x8  per  ton. 

Cost  of  Painting.  The  usual  charge  for  shop-painting  is  about  $3  per 
ton,  but  if  done  in  accordance  with  the  specification  on  page  1 203  it  would  exceed 
this  amoimt.  For  painting  one  additional  coat  after  erection,  allow  about  $3  50 
per  ton. 

Roof-Tmases.  In  lots  of  at  least  six,  the  shop-cost  of  ordinary  roof-trusses 
in  which  the  ends  of  the  members  are  cut  off  at  right-angles  is  about  as  follows:* 
Trusses  weighing  i  000  lb  each,  from  $2.00  to  $3-50  per  100  lb;  trusses  weighii^ 
I  500  lb  each,  from  $2.00  to  $2.50  per  xoo  lb;  trusses  weighing  2  500  lb  each, 
from  li-so  to  I2.50  per  100  lb;  and  trusses  weighing  from  3  500  to  7  500  lb, 
from  $x  .25  to  $2.00  T>er  100  lb.  Pin*connected  trusses  cost  from  10  to  30  cts  per 
xoo  lb  more  than  riveted  trusses.* 

Steel  Mill-Bnildings.  The  average  shop-cost  for  the  frames  of  steel  miD- 
buildings,  including  draughting,  is  about  $40  per  ton,  and  the  cost  of  erection 
from  $20  to  $35  per  ton.* 

Cost  of  Drafting.  Details  for  church  and  court-house  roofs  having  hips 
and  valleys  cost  from  $ro  to  $20  per  ton;  details  for  ordinary  mill-buildings  cost 
from  $6  to  $12  per  ton.  The  cost  of  making  shop-drawings  varies  great^  with 
the  character  of  the  construction  of  the  buildings,  and  with  the  accuracy  of  the 

*  If  there  is  little  duplication  or  parts  of  if  manual  labor  enten  mto  the  fabncatioB  to 
any  great  extent  the  costs  given  will  be  increaMd. 
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ardiSbect's  drawings.    The  average  costs  per  ton  of  steel,  for  making  shop- 
drawings  are  about  as  follows: 

For  entire  skeleton  construction,  in  which  the  loads  are  all  carried  to  the 
foundations  by  the  steel  columns,  $4.00. 

For  the  interior  parts  which  are  supported  on  steel  columns,  when  the  outside 
walls  carry  the  floor-loads  and  their  own  weight,  $3.50. 

For  the  interior  parts  which  are  supported  on  cast-iron  columns,  when  the 
outside  walls  cany  the  floor-loads  and  their  own  weight,  $2.50. 

For  construction  without  colimins,  and  in  which  the  floor-beams  rest  on  ma- 
sonry walls,  $3.50. 

For  buildings  in  which  roof -trusses  supported  by  columns  comprise  the  greater 
part  of  the  construction,  $7.00. 

For  buildings  in  which  roof-trusses  on  masonry  walls  comprise  the  greater 
part  of  the  construction,  $4.00. 

For  mill-buiktings,  average,  $9.00. 

For  manufacturing  or  shop-buildings,  with  flat  roofs,  and  one  story  in  height. 

For  alterations,  additions,  remodeling,  which  require  measurements  before 
detaib  and  shop-drawings  can  be  made,  $12.00.* 

Approzimata  Estimates  of  the  Weight  of  Steel  in  Buildings.  Accord- 
ing to  H.  G.  Tyrell,!  the  weight  of  steel  in  any  proposed  new  building  may  be 
roughly  estimated  from  the  following  data,  which  is  a  fair  average  for  builctings 
not  over  eleven  stories  high,  designed  according  to  the  Building  Laws  of  the 
City  of  Boston: 

Persqft 
of  floor 

Apartment-houses  and  hotels,  with  outside  frame 14  lb 

Apartment-houses,  without  outside  frame 9  lb 

Office-buildings,  with  outside  frame 23  lb 

Oflice-buiMings,  without  outside  frame 15  lb 

Warehouses,  with  outside  frame 28  lb 

Warehouses,  without  outside  frame z8  lb 

For  buildings  higher  than  eleven  stories,  the  weight  of  floors  will  increase  in 
direct  proportion  to  the  number  of  stories,  while  the  weight  of  columns  will 
increase  more  rapidly. 

For  the  approximate  weight  of  roof-trusses,  see  Chapter  XXVII,  pages  1050 
to  1052. 

Weights  of  Steel  in  Buildings  X 

Factors  Affecting  the  Weights  of  Steel  Structures  are  many  and  varied. 
The  weight  per  square  foot  of  area  or  per  cubic  foot  of  volume  of  a  structure 
already  built  should  not  be  assumed  as  the  weight  of  a  proposed  structure 
unless  afl  the  conditions  which  govern  the  one  are  found  in  the  other.  Munici- 
pal buflding  codes  specify  floor-loads  and  these  vary  greatly.  The  prescribed 
wind-pressure,  working  stresses  and  coltunn-Ioads,  affect  the  weight.  The 
architectural  features  to  be  followed  also  play  an  important  part.  In  mill- 
buildings  the  weight  is  affected  by  the  kind  of  roofing  and  siding  used,  capacity 

*  This  cost  of  $X2.po  includes  the  cost  of  taking  measurements.    This  generally  has  to 
be  done  by  the  contractor. 
t  Estimating  Structural  Steel,  in  Architects  &  Builders'  Magazine,  Jan.,  1903. 
t  From  Notes  by  Robins  Fleming. 
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ol  cranes,  spadog  of  tniaies  and  oolumna,  ahafting,  special  Inadingt  and  tk 

allowable  minimum  thickness  of  metal. 

Weights  of  Steel  in  a  Number  of  Stroetores  are  given  in  the  foDowi^ 
table  and  notes.  The  caution  regarding  such  weights  being  taken  as  prece- 
dents should  be  emphasized.  The  office-building  heading  the  fist  is  the 
Equitable  building,  the  largest  office-building  in  the  world. 


Average  dimeoBions  in  (eet 

Weight  in 

We«hlia 

Tiers 
of 

pounds  per 
square  foot 

poujadsper 

cubic  foot 

Width 

Length 

Height 

beams 

of  framed 
area 

of 
vohime 

Office^buildings 

159 

308 

S4» 

4t 

37.00 

2.5s 

43 

79 

217 

X7 

26.  xo 

a. 40 

9© 

90 

258 

22 

28.9a 

a.41 

8x 

X39 

235 

19 

2X.90 

X.83 

43 

X04 

X49 

13 

33.40 

a.99     i 

48 

IIX 

xis 

9 

17.34 

1.51 

Hoteb 

97 

119 

244 

so 

3$. OS 

X.92 

84 

143 

370 

24 

26.95 

S.39      , 

96 

xot 

333 

x8 

25.40 

S.03 

108 

X30 

"S 

9 

X4.00 

X.OX         1 

Department-stores 

X33 

2x9 

150 

XX 

23.87 

1.77       ' 

63 

3XX 

X30 

8 

S9.44 

X.83       j 

103 

xja 

89 

7 

Z8.30 

X.4S 

Warehoutes 

xoo 

xos 

X3X 

xo 

ss.flls 

j 
X.76       , 

88 

X3X 

X3X 

9 

90.60 

1.85       < 

145 

357 

xoa 

7 

30.80 

a.X3 

S8 

73 

Sa 

3 

S>-3S 

».«7       , 

■ 

1 

Among  prominent  New  York  buildings  the  ss-story  Woolworth  BuHding 
with  a  ground-area  of  3 1  000  sq  ft  weighs  3 .0  lb  per  cu  f t . ;  the  39-story  Bankers' 
Trust  Building  with  an  area  of  9  000  sq  ft,  3.1  lb.;  the  35-story  Municipal 
Building  with  an  area  of  42  700  sq  ft,  3.6  lb;  the  25-story  Hotel  McAlpin 
with  an  area  of  31  000  sq  ft,  2.0  lb.  The  lo-story  Curtis  Building  of  Phila- 
delphia with  an  area  of  94000  sq  ft  weighs  3.0  lb.  The  structural  steel  in 
four  buildings  of  Pittsburgh,  the  Arrott,  the  Farmers'  Bank,  the  Empire  and 
the  Oliver,  is  quoted  as  weighing  respectively  2.8,  2.3,  3.1  and  1.8  lb  per  cu  ft. 
For  buildings  of  from  8  to  12  stories  in  which  the  exterior  walls  are  carried  by 
steel  framing  the  weight  per  cubic  foot  of  volume  may  be  assumed  at  z. 9  lb 
for  office-buildings  and  1.5  for  hotels. 

Annories.  The  three-hinged  arches  with  roof-framing  of  an  annory  in 
Brookljm,  191  by  300  ft  in  area,  weighs  15.5  lb  per  sq  ft  of  ground  area.  An 
armory  in  BufFalo,  233  by  335  ft,  weighs  18.3  lb.  The  steelwork  of  the  Kings- 
bridge  Armory,  New  York  City,  389  by  590  ft,  said  to  cover  the  largest  drill- 
hall  in  the  world,  weighs  about  90  lb  per  sq  ft,  of  which  one  half  is  roof  and 
one  half  floor  and  miscellaneous  framing. 

Boiler-Shops.  Sizes  and  weights  per  square  foot  of  a  few  bofler-shops  are 
as  follows:  167  by  336  ft,  three  aisles,  floor  in  center  and  cranes  in  outer  aisles, 
concrete  roof  and  sides,  steel  purhns  and  girts,  33.9  lb;   124  by  300  ft,  three 
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aisles  with  15,  2$  and  50-ton  cranes  reapectivdy,  iteel  iMiiiins  and  brick  walls 
between  columns,  36  lb;  74  by  160  ft,  xo-ton  crane  in  center  aisle,  single  beams 
over  side  aisles  to  carry  roof,  galvanized  corrugated-steel  covering  and  aiding, 
1 6. 1 5  lb;  85  by  140  ft,  two  aisles,  one  with  crane,  20.8  lb;  94  by  97  ft,  two  aisles, 
one  with  crane,  26^  lb. 

Car-Barm.  The  steel  roof-trusses  and  bradng  of  a  car-bam  100  by  154  ft, 
wood  purlins,  brick  walls,  weighs  6.2  lb  per  sq  ft.  Another  car-bam,  44  by  270  ft, 
oomigated-steel  roof,  and  sides  on  steel  purlins  and  girts,  9.15  lb.  Another, 
xoo  by  XS4  ft,  four  aisles,  concrete  roof  on  steel  purlins»  11.8  lb. 

Cement-Plants.  Four  cement-plants  with  ground-areas  of  58  000,  73  000, 
83  000  and  128  OQO  sq  ft  respectively,  weigh  respectively,  23.6,  22.0,  23>5t  and 
17.$  lb.  These  weights  are  the  averages  of  the  buildings  that  usually  form  a 
ccment-plant.  The  individual  buildings  vary  from  10  lb  for  an  engine-room 
to  36.7  lb  for  a  dinker-grinding  room. 

Coal-Bunkera.  The  weights  of  six  coal-bvnkers  of  the  suspended  type  and 
with  capacities  of  from  350  to  x  000  tons,  range  from  128  to  234  lb  per  ton  of 
capacity,  the  average  being  204  lb.  A  system  of  rectangular  pockets  to  store 
7  soo  tons  (10  ft  6  in  from  ground  to  valves)  weighs  158.3  lb  per  ton  of  capacity. 
In  all  cases  the  weights  of  supports  but  not  of  roofs  are  included.  A  35  by  70-ft 
coal-bin  supported  on  plate  girders  with  a  capacity  of  x  000  tons  weighs  240  lb 
per  ton  of  capacity,  including  the  roof-tnisses  that  carried  the  conveyor. 

Forge-Shopa.  The  steel  framing  for  the  roof  of  a  forge-shop  83  by  126  ft, 
with  no  columns  and  no  cranes,  covered  with  corrugated  steel  on  steel  purlins, 
weighs  X X.I  lb  per  sq  ft  of  ground-area.  A  forge-shop  220  by  240  ft,  four  aisles, 
each  with  oane-runwajrs,  composition  roofing,  concrete  sides,  steel  purlins  and 
gifts,  weighs  24.6  lb.  A  forge^hop  ixo  by  425  ft  for  heavy  work,  47  ft  6  in  to 
bottom  chord,  two  aisles  each  with  a  50-ton  crane,  tile  roof,  glass  and  brick 
aides,  weighs  40  lb. 

Foondrlet.  A  pipe-foundry,  50  by  150  ft,  slate  covering,  wooden  purlins, 
brick  walls,  x 5-ton  crane,  weighs  ix.35  lb  per  sq  ft.  A  similar  one  for  the 
same  company,  45  by  82  ft,  with  a  30-ton  crane,  weighs  17.23  lb.  A  foundry. 
71  by  180  ft,  one  center  aisle,  with  light  crane,  lean-to  each  side,  corrugated- 
steel  roof  and  sides,  weighs  14.8  lb.  A  foundry,  150  by  290  ft,  for  a  pump- 
company,  four  aisles  with  2o>ton  crane  in  one  aisle,  wooden  purlins,  two 
40  by  50-ft  rharging-floors  of  concrete  on  steel  beams,  weighs  13.9  lb.  A 
foundry,  1x6  by  252  ft,  equipped  for  heavy  work,  6o-ft  center  aisle,  two  side 
aisles,  28^t  chaiging-floor,  storage>platfomi,  weighs  38.9  lb. 

Machina-Shopa.  A  nuurhine-shop,  90  by  328  ft,  for  heavy  work,  one 
center  aisle  40  ft  wide  with  25-ton  crane,  each  side  aisle  25  ft  wide  with  gallery- 
floor  and  5-ton  crane  underneath,  tile  roof  on  steel  purlins,  brick  and  glass 
sides,  weighs  43  lb  per  sq  ft  of  ground-area.  A  two-story  machine-sbop, 
69  by  422  ft,  three  aisles,  light  cranes  in  lower  story,  composition  roof,  steel 
purlins,  concrete  sides,  weighs  35.x 5  lb.  A  one-story  building,  75  by  300  ft, 
20  ft  to  bottom  chord,  shafting,  corrugated-steel  roofing  and  siding,  weighs 
X3.0  lb.  Another  one-story  building,  70  by  xoo  ft,  x8  ft  to  bottom  chord, 
shafting,  concrete  roof  on  trusses  xo  ft  apart,  no  purlins,  weighs  13.88  lb.  In 
addition,  the  steel  framing  for  the  Hy-rib  sides  of  this  building  weighs  3.44  lb 
per  sq  ft  of  vertical  surface.  A  machine-shop,  xx6  by  252  ft,  60  ft  center  aisle, 
with  upper  xo-ton-crane  runway  and  lower  25-ton-crane  runway,  two  side 
aisles  aS  ft  wide  with  traveling  jib-cranes,  weighs  33  lb. 

Rolling-Millt.  A  rolUng-mn],  93  by  x86  ft,  corrugated-steel  roof  and 
sides,  weighs  17.6  lb  per  sq  ft.    Another,  X70  by  384  ft,  two  aisles  each  with 
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5-ton  cranes,  saw-tooth  roof-truaaes  on  loogitudinal  girders,  concrete  slabs  cc 
steel  purlins,  brick  walls  between  columns,  weighs  17.5  lb.  A  similar  builir- 
for  shop-purposes  weighs  1S.62  lb. 

Paper-MilU.    The   entire   structural   steel   for  three  paper-mills    wes^'5 
respectively  18.4,  20.6  and  21.4  lb  per  sq  ft  of  area.     All  roof-trusses  are  •. 
the  ^t  type,  spaced  8  ft  apart  in  the  first  and  third,  and  16  ft  in  tbe  second. 

Poweri-Hooses.  A  power-house,  44  by  186  ft,  49  ft  to  bottom  cbord,  6c- 
ton  crane,  tile  roof  on  steel  purlins,  brick  walls  between  columns,  weighs  50  k 
per  sq  ft.  Another,  53  by  270  ft,  33  ft  to  bottom  chord,  ao-tion  crane,  tile  ru.: 
on  steel  purlins,  brick  walls  and  sssh  between  columns,  weighs  39>6  ^-  Another. 
ISO  by  96  ft,  one  aisle  for  boiler-room  and  one  with  lo-ton  crane  for  cngiiK- 
room,  steel  purlins  for  concrete  roof-covering,  brick  walls  between  colucuis, 
weighs  17.8  lb. 

Train-Sheds.  The  train-shed  of  the  Pennsylvania  Railroad  in  Phila- 
delphia, 598  ft  long  and  with  arches  300  ft  8  in  from  center  to  center  of  pini, 
weighs  39. z  lb  per  sq  ft  of  ground-area;  the  train-shed  of  the  same  railroad  at 
Jersey  City,  777  ft  long  and  with  arches  252  ft  8  in,  weighs  27.9  lb;  and  that  <i 
the  Philadelphia  &  Reading  Railroad  in  Philadelphia,  506  ft  8  in  long  aci 
with  arches  259  ft  8  in,  weighs  31.5  lb.  The  train-shed,  390  by  &X5  ft,  of  ibe 
Central  RaUroad  of  New  Jersey  in  Jersey  City,  is  a  series  of  concrete  and  steel 
umbrellas,  of  the  Bush-type.    The  structural  steel  weighs  17  lb  per  sq  ft  of  area. 

Three  I&dttstrial  Plants.  In  one  of  the  plants  of  a  great  industrial  cor- 
poration a  two-story  shop,  51  by  380  ft,  weighs  28  lb  per  sq  ft  of  ground-arca; 
a  three-stoiy  shop,  80  by  420  ft,  37.9  lb;  a  three-story  Shop,  80  by  300  ft,  46.3  lb; 
a  three-story  shop,  80  by  630  ft,  67.5  lb;  a  four-story  shop^  77  by  140  ft, 
66.6  lb;  a  foimdry,  121  by  150  ft,  40.S  lb.  In  another  plant  of  the  same  ax- 
poratkm,  a  three-story  machine-shop,  80  by  510  ft,  weighs  84.3  lb;  a  five-story 
office-building,  49  by  243  ft,  70.3  lb;  a  power-house,  55  by  120  ft,  37.5  lb; 
a  blacksmith-shop,  8x  by  200  ft,  15.6  lb.  In  a  plant  of  another  corporation, 
a  boiler-house,  50  by  94  ft,  weighs  23.3  lb;  a  furnace-building,  60  by  160  ft, 
25.1  lb;  a  rolllng-mill,  80  by  80  ft,  24.4  ft;  a  rod-mill,  243  by  220  ft,  28.1  lb. 

Cost  of  Merchant  Steal.  The  cost  of  merchant  iron  and  steel  of  all  kinds 
is  based  on  a  certain  size  of  each  particular  shape,  which  is  taken  as  the  base, 
and  the  price  of  all  other  sizes  is  figured  at  a  certain  extra  rate  above  the  base 
according  to  a  standard  cam)  of  mill-extras.  The  base-price  may  fluc- 
tuate and  be  changed  without  notice,  but  the  extras  remain  constant,  and  are 
the  same  in  all  localities.  The  following  tables  include  the  standard  classification 
of  extras  on  iron  and  steel  bars. 
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dtftsdard  CUiBifflcati<»tt*  of  Bxtras  oil  Iroo  *ii4  Stool  B«f i 

Adopted  July  xs,  19x9. 


Rounds  and  squares 


Sizes 


*4to3He  in. 
•''8  to  iHo  in- 
ji  ^  to  91  s  in . 
>is 


'MS 


L  r 


in. 

in. 

in 

in. 

in 

in. 

in. 


Extra  per     1 

100  lb        1 

Base 

Ha 

lo.os 

M« 

o.xo 

3Hto 

0.30 

3Hto 

o.as 

4Hto 

0.30 

4Hto 

0.3$ 

SH  to 

0.40        [ 

sHto 

0.50        1 

6Hto 

0.7S        ! 

6Hto 

in 

in 

3/ IB  in. 

4M«in 

4H«in 

sHsin 

sMsin 

6Ms  in 

6H6  in 

7H   in 


Extra  per 
100  lb 


Flats 


Sizes 


X        to  6 
z        to  6 
iM»to»M« 
^MstoiMs 
MetoH 
MstoH 

Ms 


inXiH 

inX    Va 

inX 

inX 

inX 

inX 


'is 


x4 

3' 8 


to6 
to  6 
to  6 
to  6 


inX 
inX 
inX 
inX 
inX 


H 
\i 
H 
H 
H 
H 
H 
H 
H 


inXxHs 
inXiJ4 
inXiH 
inX  3 


to  X  in. 
to  ^is  in. 
to  ^  in . 
to  Ms  in. 
to  >i  in. 
to  Ms  in. 
to  lit  in. 
to  Ms  in. 
in. 
to  Ms  in. 
to  Ms  in. 
to  xMs  in. 
to  iH  in. 
to  3^^  in. 
to  4       in . 


Stuidard  Clanilteatkm  f  of  Axigles,  ChanneU  aad  Tees 


Angles 


Sizes 


I H  X  X  H  in  and  wider,  but  under  3  in  X  Ms  in  and  over. 

I  >1i  X  I  H  in  and  wider,  but  under  3  in  X  H  in 

I      XitoxUXiKinXMsin  and  over 

X      Xitoili  Xx^  inXHin 


H 
H 
H 


X14  in  X  Ms  in 

XH  inXHin 

XH  in  X  Ms  in 

XH  inXHin 

HXH  inXHin 

HXH  in  X  Ha  in 

^XH  inXHin 

Hxyi  in  X  less  than  H  in j 

3  in  on  one  or  both  legs  X  less  than  ii  in I 

Unequal-leg  angles  are  subject  to  special  prices,  which  will  be  furnished  on 


Extra  per 
too  lb 


lo. 
o. 
o. 
o. 
o. 
o. 
o. 


10 

15 

IS 

20 

20 

as 

as 
0.30 
x.io 
1.30 
x.60 
X.80 
0.3s 

application 


*  Intermediate  sizes  take  the  next  higher  extra.    It  is  not  customary  to  enforce  more 
than  one  half  the  "standard-card  extras"  for  round  and  square  bars, 
t  Intermediate  sizes  take  the  next  higher  extra. 
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Sttttdard  CkMiflcation  *  of  AnglM,  Channels  and  Tees    (Cooeiuded; 

-^* 


Chanoeb 


Sizes 


I  H  Jn  and  wider,  but  under  3  in  X  Me  in  and  over 

1  H  in  and  wider,  but  under  3  in  X  H  in 

I  to  ili  in  X  M«  in  and  over 

I  toiHinXHin 

X  to  X  ^  in  X  H*  in 

%  and  H  in  X  Ma  in  and  over 

K  and  H  in  X  H  in 

li  and  ^  in  X  H4  in 

^  in  X  ^  in  and  over 

?^  in  X  Ha  in 

H  in  X  ^^4  in  and  over 

HinXHtin 


Extra  ;:<: 
xoo  Q> 


So.is 

o   2S 

0.35 

0.3? 
0.50 

0.30 

0.40 

0.55 

X.20 

1.40 
X.80 
2.00 


Tees 


Sizes 


Extra  per 
xoo  lb 


iH  X  X  H  in  and  wider,  but  under  3  in  X  M«  in  and  over. 

I  X  I  to  iK  X  iK  in  X  Me  in  and  over 

I  X  I  to  iK  X  xJf  in  X  H  in 

H  X  '/^  in  X  M  e  in 

HXH'xnXHm 

^Xli  inXMein 

HX^inX^in 

H  X  ^  in  X  H  in.. 

HXHinXHin 


$0 

o 

o 
o 
o 
o 
o 


2d 
40 

SO 

50 
60 
60 

70 
X.30 
x.te 


Unequal- leg  tees    are  subject  to  special  prices,  which  will  be  fur- 
nished on  application. 


*  Intermediate  sizes  take  the  next  higher  extra. 

The  base  for  car-load  lots  for  any  city  may  be  obtained  by  adding  the  freight- 
ratea  given  on  page  1524  to  the  base  prevailing  at  the  mills. 
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CHAPTER  XXXI 

DOMICAL  AND   VAULTED   STRUCTURES* 

By 
EDWARD  F.  RIES 

CQNSITLTnfO  ENGINEES,   SAN  ANTONIO,  TEXAS 

1.   Domes  * 

Clsssiflcation:  Domical  structures  may  be  considered  under  two  main 
divisions:  (i)  Smooth-shell  domes,  and  (2)  ribbed  domes.  The  first  division 
may  again  be  divided  into  (a)  domes  with  shells  of  imiform  thickness,  and  (b) 
domes  with  shells  of  imiformly  varying  thickness.  The  materials  of  con- 
struction of  division  (i)  are  brick,  stone,  concrete,  and  tile;  and  of  division  (2), 
steel,  concrete,  and  wood.  A  dome  may  be  constructed  with  or  without  a 
I.ANTEKN,  or  with  or  without  an  occclvb  or  eye;  and  in  the  case  of  ribbed 
domes,  they  may  have  either  circular  or  polygonal  bases. 

(x)  Smooth-Shell  Domes 

Mechaniesl  Principles.  Under  this  heading  are  considered  both  (a)  domes 
with  sheUs  of  uniform  thickness,  and  (b)  domes  with  shells  of  uniformly  vary- 
ing thickness,  and  also  domes  with  or  without  lanterns  and  eyes.  A  dome 
whose  shell  tapers  toward  the  top  is  Uk  more  stable  dome.  It  is  evident  that 
the  upper  part,  or  crown,  tends  to  fall  in  and  thereby  push  out  the  lower  por- 
tion; hence  the  lighter  the  upper  part  is  in  relation  to  the  lower  part,  the 
more  stable  the  dome.  The  exact  actions  of  the  internal  stresses  in  a  dome 
are  difficult  to  determine,  but  a  very  practical  solution  can,  however,  be  developed 
after  assuming  that  the  stresses  are  parallel  to  a  surface  midway  between  the 
outer  and  inner  surfaces  of  the  dome. 

Genersl  Anslysif}.  A  dome  may  be  imagined  to  consist  of  a  number  of 
horizontal  rings  of  decreasing  diameter,  each  one  laid  on  top  of  another. 
Since  the  upper  part  tends  to  fall  in  and  push  out  the  lower  part,  there  must  be  a 
tendency  to  contract  each  ring  in  the  upper  part  and  to  expand  each  ring  in  the 
lower  part.  That  is,  there  must  be  eno-coicpression  on  all  stones  (imaginary 
divisions  in  concrete)  of  the  upper  part,  and  end-tension  on  all  stones  of  the 
lower  part.  The  dividing  line  or  horizontal  joint  between  these  upper  and  lower 
parts  of  the  dome  is  called  the  joint  of  rupture.  The  angle  made  by  the 
joint  of  rupture  with  the  vertical  (center  of  dome  as  apex  of  angle)  is  known 
as  the  CRITICAL  angle.  It  is  e'«'ident,  then,  that  the  determination  of  the 
joint  of  rupture  and  the  critical  ancle  determines  also  the  points  below 
which  there  is  tension  in  the  rings.  By  reinforcing  the  bwer  part  with  steel 
bands  or  rods  to  resist  this  tension,  the  dome  can  be  made  secure.  If  the  dome 
is  a  FLAT  DOME,  that  is,  one  in  which  the  angle  the  base  makes  with  the  vertical 
is  less  than  the  CRrriCAL  angle,  the  tension-steel  must  be  pbioed  at  the  base 
of  the  dome  to  resist  the  outward  push  or  thrust, 

•  See.  also.  Chapters  VII  and  VIII. 
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Rotation  and  Theory  (See  Fig.  1): 

f  —  mean  radius  of  dome; 

a « thickness  of  shell  at 
crown; 

I « thickness  of  shell  or  of 
ring  at  any  point; 

o  wangle  made  with  the  ver- 
tical by  radius  to  lan- 
tern-ring. Center  of 
dome  is  the  apex  of 
angle.  In  a  dome 
without  lantern,  oc  -o; 

0  a  uigle  nukde  with  the  ver- 
tical by  radius  passing 
through  any  point  in 
shell  (in  equations 
angles  are  in  radians); 

c  a  constant  of  variation  of  t 
with  respect  to  arc  0; 

—  —  a   constant    (based   on 

above    notation)    for 

any  dome; 
0— critical    angle*   that  is, 

the  angle  made  with 

the    vertical   by   the 

joint  of  rupture; 
WB  weight  of  cubic  unit  of 

masonry; 
F^volixme  of  shell  of  com- 
plete dome  above  any 

ring; 
Wd^wV  »  total  weight  of  complete  shell  above  any  ring  (including  the  part 

removed  for  eye); 
Wi-o  =  weight  of  lantern  minus  weight  of  shell  removed  for  occulus  or  eye 

{Wi-o  may  be  either  positive  or  negative); 

Wi- 
n  ■•  ^,  a  constant  for  any  dome; 

2Twar^ 

P  -i  total  tangential  pressure  for  any  ring,  due  to  lantern  and  sbidl  ahoxt 

that  ring; 
U  "  tangential  pressure  per  unit-length  of  ring; 
B  "  total   radial   horizontal   pressure  on  any  ring,  due  to  outward  push  or 

thrust  of  shell  above  that  ring; 
r—  hoop- tension  or  hoop-compression  in  ring,  due  to  B; 

Using  this  analysis  and  notation,  the  following  equations  are  developed: 

Equation  (i)    /  »  a  +  cr$ 

Equation  (a)    V»  2»f»[a(i  -^  OM  0)  -^  cr  {an  B ^  $  cos  0)] 


Fig.  1.     ^nooth-sheU  Concrete  Dome.    Ai]aly<us 


Equation  (3)    Wa^wV^  it  war^ 


['- 


cos  0)  -f  —  (sin  0 
a 


^0cos9)  I 


•iwir's, 
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-  3ir  I  (i  —  009  9)  H —  (sin  9—  0  cos  9)  I 


Equation  (4)    P  ■•  ai-uwr* I  (n  coscc  0+  cxjscc  ff—  cotan  9) H — (i  — tf cotaa  ^  I 

cr . 
I  coaec  »— cotaa  ff  + 

equation  (5) 


[coaec  0—  cotaii  d  H — (1  —  0  cotan  0)1 
JL_^  r-T^ I 
sin*  B                            sin  0  J 


—  vaar  (5i  +  5),    in  which 

5i-  -TVS    "^ 
sin' 9 

co8ec0— cotan  0H — (i  —  ^  cotan  fS) 
Equation  (6)    T «  ^ « tpor' I  fi  cotan  0+  (x ~ 00s  9)  ootan  0 


2X 


+  —  (sin  9—  9  cos  9)  ootan  9 


-  wan^  (Ki  +  D,  in  which 
Fi «  #1  cotan  9    and 

K  -  I  (i  —  cos  0)  cotan  0  +  -  (sin  0—  0  00s  9)  cotan  0  I 

T>       *•      t  \\^  %ix      cos  0—  sin*  0"|      r .  I  —  ^  cotan  01 

EquaUon  (7)     -  -  i»  cosec'  0 r—    -i-    0  cos  0 r— = —  I 

L«  I  +COS0   J      L  sin0       J 

DMign  and  InTOStigation  of  Smooth-Shell  Circular  Domes.    By  the  use 

of  the  foregoing  equations  any  circular  dome  can  be  designed  or  investigated. 
The  computations,  however,  connected  with  some  of  these  equations  are  long 
and  tedious,  and  aie  simplified  by  using  curves  plotted  from  the  solutions 
found,  after  giving  diflferent  values  to  some  of  their  elements  or  factors.  (See 
Plates  I,  II.  UI,  and  IV.) 

Equation  (7)  is  represented  by  the  curves  in*Plate  I.    By  the  use  of  these 
curves  the  position  of  the  joint  or  ritpture  for  any  dome  is  found  by  inspectioR 

when  the  values  of  —  and  fi  are  known.    The  value  of  —  is  easily  determined,  as  c 

a  a 

can  be  found  by  using  Equation  (i)  after  determining  or  assuming  a,  the  thick- 
ness at  the  crown,  and  /,  the  thickness  at  the  base;  and  the  value  of  n  Is  found 

from  the  ratio  n ^. 

airtcw* 

Equation  (3)  is  represented  by  the  curves  in  Plate  11.    From  these  curves  the 

weight  of  any  shell  is  determined. 

Equation  (5)  is  represented  by  the  curves  in  Plate  III.    Knowing  the  values 

of  fi  and  ^,  the  values  of  5i  and  S  are  found  by  inspection,  and  henoe  U  is  easily 
a 

computed. 
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Values  o(  ^ 

Plalcl.  CurvetlarDelcnniutkinDf  JointoCRuptuRulDama.  BuciJoii  Eqaitias  r?) 
EquadoD  (6)  is  representnl  by  tbe  curves  in  Plate  IV.  Knoiring  the  value;  ot 
■  and  — ,  the  v^ucsof  Fiand  Y  ve  lound,  and  T  cooiputed  (or  any  ring.  Wba 
II  equals  zer J,  Ki  equals  lero.  and  tbe  value  of  T  depends  upon  V  as  ^veo  iolbe 
lower  curves.  It  will  be  noticed  that  Y  increases  as  fl  inatasei  until  the  on- 
ICiU.  *»3tE  (or  B  dome  without  laotcm,  or  eye  (n  -  o),  i*  readied;  that  ij.  racb 
Bucceuive  ring  increases  tbe  outward  tbrust,  and  at  the  csmc*L  ancle  tbm  it 
a  manmum  value  of  Y.  and  hence  a  H«xiiit.ii  BooP'nNECon  T.  After  the 
craiTictL  ANr.LE  is  passed  the  rings  are  in  tension,  and  therefore  T  and  Y  an 
reduced  by  the  tension  required  of  the  ring  or  masonry. 

Tbe  curves  also  indicate  that  the  stability  of  a  dome  with  ■  thell  of  imilftin 


Values  of  z 

bLc.  II,  Ciirv«$(DrDeurmiutioag(WelibtoISbtUaCDaiDci.  Bued  on  Equation  b) 
hitkoMs  kud  with  no  lantem  li  not  iSccted  by  the  thiHini-««  ol  the  ihcU, 
iare  c  —  o,  and  thcrclore  —  —  o,  regardless  of  the  value  of  d, 

EnmpU.  It  is  required  to  de^Rn  a  aMOOTH-SHELi  mEniroKCED  concbeti 
OMf:  of  45-(t  radius,  and  with  a  lantern  of  lo-ft  radius,  weighing  50  ooo  lb.  The 
bell  within  the  lantern  is  to  be  removed,  forming  an  eye.    (Fig.  i.) 

Solution.    Assume  a  crowD-thickneu,  a,  ol  5  in,  vid  a  thickneu,  1,  at  thi  baae 

From  Equation  (t) 
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Pli»  ni.    Cufva  lot  Dclcrmiutii 
For  Uw  dotne  wttlwut  wind-loidi 


ih) 


TheKiKleoi-Bn-'  — -  ii°  so*. 

From  Plate  II  tbe  weight  o[  the  shell  ctmoved  foi  the  (^e  U 

iSo(^)<4S)'(o.i6s)- 30883  lb 


ADClcf 
Plile  IV.    Curves  [or  DetcrmlutBD  of  Boap-taadoa  a  Ba^^emtmrnkm  i>  SoBt- 

cine.    Bued  DD  Equtiin  (6J 

!('(_«.  50000- 10  88j-  191171b 
For  irind-loadi  ind  inow-loailj  s  simple  uid  safe  method  of  protcduK  a  to 
allow  a  uniform  load  over  tlie  surface  of  the  docnt,  since  this  load  can  be  Inoi- 
Uted  into  its  equivalent  In  indies  of  nUMuiiy  uid  besce  the  aune  equatioii  md 
curves  uied.  A  wind-lwd.  lot  example,  of  15  lb  per  sg  (t.  is  H|iuvaleDt  U>  i  in 
ol  concrete  weighing  ijo  lb  pet  cu  ft.  Hence  the  new  4  and  (  equal;  and  to  in, 
icapectivety.    Hence  frooi  E^natioD  (1) 


-w 
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«r(iSo) 


fe) 


■  Oj026* 


(4S)« 


Weif ht  of 
Lantern,  60.000  lb« 


From  Plate  I,  with  —  —  0.5c: 

a 

and  H  *o.o26,  the  cjuticai.  assgi 
is  found  to  be  52*  35'. 

From  Plate  IV,  at  the  csmoc 
ANGLE  for  the  dome  with  sncv- 
load  and  wind-load 

r-  iSo(~)  (45)'(o.02o  +  o^s-! 

*"  65  914  lb  tenson 

Thi&  must  be  redsted  by  sted 
reinforcing  rods.  Allowing  a  ue;: 
tensional  stress  of  16  ceo  lb  p& 
sq  in    in    the   steel,    a    total  d 

65914  .  ^       , 

•-  4.12  sq  m  sectional  ares 

16000 

of  steel  is  required.    At  the  bast 

(^  =  8c°) 

T  -  150  i^j  (45)'(o.oo5  +  0.186) 

-  33  843  lb 

The  total  cross-sectional  area  cf 


Fig.  2.    Smooth-shell    CoDcrete   Dome  with 
Lantern  and  Eye.     See  Example 


steel  in  tension 
33843 


at   the  base  is 
2.12  sq  in,  given  liy  five 


16000 

round  rods,  each  H  in  in  diameter. 

The  remaining  required  sectional  area  of  steel,  4.12—  2.12  •■  a  sq  in,  must 

be  spaced  in  the  lower  part  of  the  dome  over  an  angular  distance  of  (80°  — 52  "*  sf) 

-  27*  25' -0.4785  radian,  or  0.4785X45*  2153  ft   up  the  surface  of   the 

dome. 

The  assimied  thickness  of  shell  at  the  base  was  8  in,  and  the  thickness  at  the 
lantem-ring  will  be,  from  Equation  (i), 

Cf 

a 
or 

5  +  S  (o.43)(o.a239)  «  5.48  in 

Allowing  0.2  per  cent  of  steel  cross-section,  horizontally  and  meridionally,  §m 
8ECOMDASY  STRESSES  caused  by  temperature-changes  and  possible  unequal 
snow-loads  and  wind-loads,  there  should  be  8  X12  X  0.002  «  0.19  sq  in  of  steel 
cross-section  per  running  foot  at  the  base,  and  5.48  X  12X0.002  *  0.13  sq  in 
per  running  foot  at  the  lantern-ring.    The  spacing  of  the  horizontal  reinforcing 

*  The  snow-load  on  the  top  of  the  lantern  19  tak«n  care  of  because  anow-Ioads  and  wind- 
loads  over  the  entire  dome  were  included,  and  only  the  actual  masonry  of  the  eye  was 
Bubtxacted. 


1  best  found  u  iodloted  in  Fig.  3.  Curve  A  gives  tb(  total  amooBt  of  Ued 
eceasary  for  secdhdasv  sniasxs  ibove  any  point,  in  the  croaA-Kction  of  tin 
hell.     Curve  B  gives  the  ntcauiy  tcnoioiial  miBlBncc,  luing  Curve  ^  as  m 


Fig.  3.    Dlagna 

starting-point  (or  the  otdinates.    Various  poiDls  oo  the  cutve  are  easily  deter- 
mined.     For  eumple,  (or  8  —  70° 

<-S  +  S(o-«)(i-"in-7.63u> 
The  cross-section  of  temperaturc-iteel  per  foot  at  7a*  Is 
T.63X  iixo.ooi  -o.iStqin 
The  total  cross-section  of  (emperatuie-steel  above  70*  is  then 

^  X  (i.aii7  — o.2J39)4S  -  6.96  »q  la 

The  tension-iteel  cross-section  (Plate  IV)  above  70°  is 

(ISO)  (7/1')  {«)=(o.39S+  0.009)      .„„i- 


S.454-  ixa-  10.4;  sq  in 
with  an  additional  i.n  sq  in  of  teosion-Meef  at  the  base.    If  a-ia  round  ra 
are  used,  there  will  be  -  ■    -  ■•  S4.  required  in  the  shell.    By  dividing  the  ai 
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below  the  curve  (Fig.  3)  into  54  parts,  the  diitaiice  up  from  the  base,  where  ei 

rod  should  be  placed,  is  determined.    The  meridional  steel  should  be  such  li:^: 

there  will  be  0.19  sq  in  o£  cross-section  per  foot  of  circumference  at  the  hue 

and  0.13  sq  in  per  £oot  of  circumference  at  the  lantern-ring;  that  is,  if  H-in  r&i^r:. 

0.1963  o.  1963 

rods  are  used,  they  should  be  spaced «  1.03  ft  at  the  base,  and ■ 

0.19  0.13 

1.5 1  ft  at  the  lantern-ring.    The  punching-shear  at  the  lantern-ring  is  egnai  u 

so  000  lu  • 

-  12.1  Ibper  sqm 


(S.48)  (2T10X12) 
This  is  well  within  the  limit  of  40  lb  per  sq  in. 

(2)  Ribbed  Domes 

General  Principles.  The  following  discussion  a(^)lies  to  domes  of  dther 
circular  or  polygonal  horizontal  cross-sections.  All  steel  douies  are  ribbed 
domes,  and  usually  have  from  ax  to  twenty-four  ribs  resting  against  a  i,AKm» 
RING  or  SPIDER  at  the  top.  The  ribs  may  have  solid  webs,  perforated  webp.  or 
latticed  webs,  with  angle  or  channel-flanges.  The  latticed  angle-ribs  are  pitrfer- 
able  because  of  their  lightness.  The  tension-rings  and  compression-ziogs  inc} 
be  built  similar  to  the  main  ribs,  and  should  brace  the  latter  through  rigid 
gusset-connections.  The  diagonals  are  usually  rods  with  tumbuckles  for  adjust- 
ment. Concrete-ribbed  doues  or  wooden-ribbed  domes  may  be  designed 
according  to  the  same  general  principles  followed  for  steel  domes,  but  the  diag- 
onals are  omitted  and  dependence  for  rigidity  i&  placed  on  the  slab-fillings 
between  the  ribs. 

The  Schwed  cr  Method  for  tha  Design  of  Stsel  Domes.    W.  Schwedkr 

has  by  simple  resolution  of  the  forces  derived  equations  for  domes,  based  on  tfce 
forms  of  surfaces  of  revolution.  These  equations  are  easily  checked  when 
the  forces  acting  through  a  rib  (the  rib  acting  as  a  strut  between  the  joints) 
and  through  a  ring  at  a  joint  are  considered.  The  following  laws  may  be 
stated: 

(i)  The  ribs  are  in  maximum  stress  when  the  whole  dome  is  loaded; 

(2)  A  ring  is  in  nuiximum  tension  when  all  of  the  dome  above  the  ring  is  fuQy 
loaded,  and  in  maximum  compression  when  all  of  the  dome  below  the  ring  and 
the  ring  itself  is  fully  loaded; 

(3)  The  DIAGONALS  are  not  stressed  when  the  dome  is  S3ianmetricany  loaded. 
The  diagonals  in  a  panel  are  in  maximum  stress  when  the  dome  on  one  side  of  a 
meridional  plane  passed  through  the  center  of  that  panel  is  fully  loaded  and 
the  other  side  unloaded. 

In  Fig.  4  let 

oi,  a»,  act,  etc.  *  angles  made  by  rib-sections  with  the  horizontal; 
fii,  02,  01,  etc.  >-  angles  made  by  diagonals  with  the  ribs; 
Pi,  Pz,  Ph  etc.  *>■  dead  loads  at  ends  of  rib-sections; 
Z.1,  Li,  £>,  etc.  a  live  loads  at  ends  of  rib-sections; 
Z?i,  Di,  Di  etc. «  stresses  in  rib-sections; 
Ti,  Ttt  Ti,  etc.  ->  stresses  in  rings; 
Ni,  Nt,  iV«,  etc.  -  stresses  in  diagonals; 
n  ■»  number  of  ribs. 


\    XT. 


>.^ 


Fig.  *.    SdisedlR  Kibbcd  Dome 
P,  +  L,  lF,  +  L,)+(Pt+L,a 


ZI 


(vbtii  ik  mult  is  cegttlve  tbe  itrew  fs  compmdve). 


1224  Domical  and  Vaulted  Structures 

f  Maxiinum  T,  -  (^'  +  ^')  cota.-(>.  +  X.  +  f.)o>ta, 


a  sin  - 
n 


Mimmum  y.- -P- °>t  o.-Cf.  +  i'.+  X.)  coto. 


.      IT 

c  an  - 
n 


'  Blarinmmri-^^'"^^^^*"^^^^^'*""^^'+^-^^«+^-*"-P*>^'^ 


IT 

2  sin~ 
n 


MiDimumn-^^^'^-^'^"^^"'"^^'"^^'-^^'^^^^^^ 


M 


2  sin  eri  cos  i9i 


2  sin  - 
n 


Nt^  — 


Li-\-Li 


2  sin  at  cos  ^ 


,  etc 


-       £i  +  £«  +  Zi 


2  sin  as  cos  /%' 


Fig.  4a.    Graphical   Determination  of 
^tresses  in  Ribbed  Domes 


For  the  stresses  in  the  diagonals  the 
factor  2  is  introduced  because  Mtxller- 
Breslau  found,  by  exact  analysis, 
stresses  only  one  hsdf  as  large  as  those 
determined  by  the  simple  resolution  of 
forces.  The  diagonals  are  stressed  uD<kr 
a  wind-load,  and  this  is  resisted  by 
assuming  a  vertical  lix'e  load  equal  to 
from  2o  to  30  lb  per  sq  ft  of  BOMizoftriAL 

PROJECTION.  * 

A  GRAPHICAL  METHOD,  developed  by 
E.  Schmidt,  for  determining  the  stresses 
A,  Dtt  D»,  Ti,  Tt,  r»,  etc.,  is  shown  in 
Fig.  4a. 

Weights  of  Stee!  Domes.    It  was 

found  by  Scharowsky,  from  calculations 
made  for  a  large  number  of  Schwedler 
FLAT  DOMES  vao'ing  in  span  from  60  to 
180  ft,  that  the  weight  of  the  lantern 
and  steel  skeleton  per  sq  ft  of  projected 
(covered)  area  is 

w- 0.0x565+ 4 

where  w  -  pounds  per  square  foot  of 
projected  area,  and  5  -*  the  span,  m  feet. 
For  preliminary  calcuktions  on  full 

HEMISPHERICAL       DOMES,       the     weight 

found  by  this  equation  should  be  in- 
creased from  two  and  a  half  to  three 
times. 
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Steel  Dome  of  the  Horticalture  Palace»  San  Frmndsco,  Cal.*  This  is  a 
CBVfKDi^M.  HEHisFHEKiCAL  DOME  of  x52-ft  span,  with  twenty-fouT  latticed  ribs, 
6  in  deep,  canning  a  LAMTEitN-aiNG  or  spider  at  the  top,  and  connected  by  eleven 
lorizontal  rings.  The  lantern-ring  is  6  ft  in  diameter,  36  in  deep,  with  a  solid 
veb,  and  braced  twice  diametrically.  The  ribs  are  constructed  of  two  4  by  4 
>y  9 1  o-in  angles  at  the  top,  two  3  by  3  by  Ma-in  angles  at  the  bottom,  and  a  3  >i 
>y  2  y^i  by  ^-in  angle  single-lattice  web.  The  dome-steel  weighs  about  17  lb 
XT  sq  ft  of  projected  area. 

Concrete  Ribbed  Boaiee.    In  a  SEnorosacD-coNCKETE  ubbbd  dome 
Lbe  number  of  ribs,  varying  from  eight  upward,  is  determined  by  the  substruc- 
ture and  the  size  of  the  dome.    The  different  steps  in  designing  a  ribbed  rein- 
forced-concrete  dome  are :  ( x )  the  determination  of  the  number  of  ribs  and  rings; 
(2)  the  determination  of  the  loading,  per  rib,  using  the  required  shell-thickness 
and  the  assumed  rib-sizes  and  ring-sizes  for  preliminary  calculations;   (3)  the 
finding  of  the  forces  acting  on  the  ribs  by  the  use  of  Schwedler's  formulas; 
C4)  the  drawing  of  the  elastic  curve  for  the  ribs;  (5)  the  determination  of  the 
stresses  and  necessary  reinforcement  in  the  ribs,  rings,  and  slabs;  (6)  the  adjust- 
ment of  sizes  and  loads,  so  as  to  be  on  the  side  of  safety;  and  (7)  the  reworking 
of  the  preliminary  computations  for  the  final  design.    The  elastic  curve 
shoidd  always  remain  in  the  middlb  half  f  or  the  rib,  and  should  never  be 
so  far  away  from  the  center  of  gravity  of  the  rib-section  that  the  maximum  com- 
pressive stress  of  500  lb  per  sq  in  in  the  outer  fiber  of  the  rib  is  exceeded.    The 
reinforcement  in  the  ribs  should  be  sufficient  to  re^t  the  flexural  stresses  due 
to  the  eccentrictty  of  the  elastic  curve.    The  reinforcement  in  the  rings 
should  be  sufficient  to  resist  the  tensile  stresses,  and  should  be  as  straight  as 
possible  in  order  to  avoid  a  sidewise  stress  or  movement.    The  rings  must  be 
reinforced  to  resist  their  flexure,  as  beams.    The  panel-slabs,  if  domical  (see 
Smooth-Shell  Domes),  should  be  reinforced  for  shrinkage-stresses  and  tem- 
perature-stresses, in  addition  to  the  reinforcement  for  tension  below  the 
critical  angle.    If  the  slabs  are  straight  they  should  be  designed  as  floor-slabs, 
and  by  similar  methods. 

Exaaple.t  It  is  required  to  build  a  dome  (Fig.  5)  with  a  span  of  132  ft  and  a 
riseof  31  ft  6  in.  This  makes  the  radius  85  ft.  The  eye  is  to  be  12  ft  in  diam- 
eter. The  outer  surface  of  the  dcxne  is  to  be  a  domical  slab  on  ribs,  carrying  a 
suspended  plastered  ceiling  forming  the  inner  surface. 

Solvtiea.{  To  obviate  the  necessity  of  building  a  complete  domical  form, 
supported  from  the  floor  bek>w,  the  decision  is  to  build  a  ribbed  dome  as  follows: 
It  is  decided  to  build  a  central  tower  to  temporarily  carry  the  upper  ends  of  the 
ribs,  to  precast  these  ribs,  raise  them  into  position,  cast  the  ring  of  the  eye,  sus- 
pend the  ring-forms  from  the  ribs,  pour  the  rings  in  place,  and  then  fill  in  the 
slab-panels  on  forms  supported  from  the  rings  and  ribs. 

Since  the  span  of  the  dome  is  132  ft,  the  circumference  at  the  base  is  4x4.7 
ft.    Because  of  the  suspension  of  the  pand-forms,  it  is  well  to  keep  the  panel- 

*  A.  W.  Eari  and  T.  F.  Chase,  Engineering  Record,  Oct.  24, 19x4. 

t  The  usual  practice  baa  been  to  keep  the  resistance-line  within  the  middle  tbbd  in 
arches  generally.  In  reinforced-concrete  arches  and  domes  it  may  depart  a  small  di»- 
tance  ouUide  the  middle  third,  but  there  should  be  sufficient  steel  to  resist  any  tension 
developed  The  ribs  of  domes  differ  from  ordinary  arches  as  they  are  rigidly  braced 
by  the  rings  and  the  slab-panels. 

t  The  dome  of  this  example  is  similar  to  the  dome  over  the  Hippodrome  at  Copen- 
hagen, Denmaik,  by  Christiani  and  Nielsen.    See  the  periodical.  Concrete,  for  December, 

1917. 
I  In  the  solution  of  this  escample  all  calculations  have  been  made  with  the  sUde-rule. 
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Fig.  5.    ScpaeDtal  CoDcrete  Bibbed  D 
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tDTHs  within  about  a  20-ft  limit.  Henoe  twenty  ribs  are  necessary.  With 
iree  nrrERMEDiATE  kinos,  the  lower  panels  are  approximately  square.  The 
rig3  are  not  to  show  below  the  ceiling*  and  hence  a  narrower  spacing  toward 
le  top  is  unnecessary  for  appearance.  For  preliminary  calculations,  aUowinflr 
TOO  lb  i>er  lin  ft  for  the  eye-ring  and  the  load  due  to  a  glass  covering  over 
tie  eye,  250  lb  per  ft  for  the  weight  of  the  ribs,  and  150  lb  per  ft  for  the  weight 
£  the  intermediate  rings;  and  assuming  a  slab-thickness  of  3  H  in,  a  suspended 
laster  ceiling  H  in  thick,  and  25  lb  per  sq  ft  of  surface  for  snow-loads  and  wind- 
>ads  (or  an  equivalent  of  a  2-in  thickness  of  concrete),  the  loading  on  the  ribs  is 
s  shown  in  Diagram  A  of  Fig.  5.  To  illustrate  the  method  of  detekionimo 
HE  LOADS,  the  calculations  for  the  loading  at  the  lower  intermediate  ring  are 
iven.     The  weight  of  the  rib  is  250  X  17.39-4347  lb.    The  weight  or 

2  X  ttX  85 X  sin  39*  m'  ,,       m. 

:he    HiNG  IS  IS© =»aS34  lb.    The  weight  of  ths 

20 

»HELL  AND  CEILING  betwecn  9^33*  2i'  and  ^-  45°  5'  is,  from  the  curves  in. 

Plate  II,  with  ~  —  o, 
a 

ISO  I ]  (85)2(1.84)  —  150  I 1  (85)^1.03) 

-^ IS  570  lb 

The  total  dead  load  is 

4  347+2S344-ISS70-  22451  lb 

The  total  live  load  is 

15570X2 

■  7  330  lb 

3H+« 

The  stress  D*  (see  method  in  Fig.  4a),  in  the  lower  section  of  the  rib  is  the 
largest,  and  according  to  Schwedler's  formulas,  page  1223,  is 

6  600  -H  IS  301  -f-  22  908  -H  29  781 


■  o      / 

sin  45    5 


■■  X  05  400  lb 


The  ECCENTRICITY  of  the  stress  D*  is 

85  -  (85  cos  5°  51')  -  0.445  ft 

The  moment  due  to  the  eccentricity  of  Z>«  is 

105  400  lb  X  0.445  ft  -  46  903  ft-lb,  or  562  836  in-lb 

To  resist  the  coloioc-uxe  compr£S6ION  of  Z>i  there  13  required  a  cross-sec- 
tional area  of  rib  of 

105  400 

»•  211  sq  in  of  concrete 

500 

To  resist  the  effect  of  the  eccentricity  of  the  stress  Da,  it  is  necessary  to 
insert  enough  steel  so  that  the  total  stress  in  it,  multiplied  by  the  distance 
betwecn  the  top  and  bottom  steel  reinforcements,  is  equal  to  the  moment,  562  836 
in4b,  already  found. 

Since  the  eccentricity  of  D*  is  0.445  ft,  and  the  line  of  action  of  the  thrust 
is  to  be  kept  within  the  midole  half  of  the  rib,^  the  rib  will  be 

4  X  0.445  -  1.78  ft  -  21 H  in  in  depth 
*  See  foot-note  oa  page  1225. 
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Allowing  iH  in  of  concrete  for  steel>protectioii  at  the  top  and  bottom  ol  t- 
rib,  the  distance  between  the  inner  and  outer  reinforcements  is  ^ 

Therefore  a  stress  of 

562  836 

-^5^ -30  4^4  lb 

is  to  be  resisted  by  the  steel  at  the  top  and  bottom.  Since  there  is  steel  in  b  i- 
couPKESsiON  and  tension,  the  allowable  unit  stress  in  it  is 

I aTS — )^^^~*^*  7  830  lb  per  sqm 

This  is  because  the  allowable  compressive  unit  stress  in  the  outer  fibers  of  ccr- 
crcte  beams  is  650  lb  per  sq  in;  the  ratio  of  the  modulus  of  ELAsncrrr  td  t^ 
steel  and  of  concrete,  15;  and  the  distance  between  the  inner  and  outer  sit:.. 
reinforcements,  and  the  distance  of  the  rib-depth,  18H  and  21H  in  respective!; 
The  I  in  the  expression  (15  —1)  is  to  take  care  of  the  stress  carried  by  tk 
concrete  replaced  by  the  steel. 

The  TOTAL  cross-section  of  steel  necessary  at  both  the  top  and  bottom  of  the 
rib  is,  therefore, 

30424  o^ 

furnished  by  four  iH-in  round  rods.  The  best  arraogement  cf  the  211  sqis 
of  concrete,  and  the  steel,  results  in  a  cross-sectional  shape  shown  in  Diagram  ?• 
of  Fig.  5.  The  stirxups  should  be  spaced  not  more  than  three  fourths  of  tbc 
distance  between  lines  of  longitudinal  steel,  or  H  X  i8H  >  12  in  (approxhnatch  , 
and  they  should  be  made  from  ^-in  round  rods.  Because  of  the  ties  in  tbe 
flanges,  it  is  advisable  to  use  small  K-in  rods  as  stdteners  at  the  inta- 
sections  of  the  ties  and  stirrups.  Projecting  loops  should  be  left  for  fastcnici 
the  panel-slabs.    The  actual  weight  per  linear  foot  of  the  ribs  is 

211  „ 

—  X  150  ™  220  lb 
144 
for  the  concrete,  plus 

(4  +  3.38)+"-  25  lb 

for  the  steel,  equal  to  a  total  of  245  lb,  as  agamst  250  lb  per  tin  ft  pfevioosly 
allowed  in  the  calculations. 

As  the  ribs  are  to  be  precast  and  raised  into  place,  it  is  necessary  to  determine 
whether  they  are  of  sufficient  strength  for  this,  and  whether  they  will  stand,  un- 
supported by  the  rings,  without  breaking  under  their  own  weight.  By  conaider- 
ing  the  ribs  to  be  simple  arches,  and  testing  them  by  determining  the  fine  of 
thrust,  it  is  found  that  they  are  amply  safe.  In  order  to  resist  the  thrusts  or 
stresses  developed  by  raising  the  ribs  into  place,  it  is  necessary  to  tie  the  ends 
together  with  how-string  rods. 

The  stresses  in  all  of  the  rings,  except  the  pooting-iuno,  are  compressi%'e. 
This  is  because  they  are  all  above  the  critical  angle.  (See  Smooth-SheO 
Domes.)  Therefore,  in  determining  the  stresses  by  Schwedler's  formulas,  only 
the  equations  for  the  lONiMUii  values  of  Ti,  Tt,  T»,  and  Tt  need  be  used. 

The  stress  in  the  eye-ring  is 

(5750+850)  cot9*5s' 


2  sm  — 
20 


■■  — 120600  lb 
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rhe  stress  in  the  nssT  nfXKuaDiATE  sing  is 

(5  750  cot  9*  S5')-'{s  7SO+  12  146+3  iSS)  cot  21*  38' 


2  nn  — 
20 


—  65  000  lb 


rhe  stress  in  the  second  zmtekmeoiate  king  is 

(5  7SO-h  12  146)  cot  21°  38'—  (5  yso-f  la  146+  17  573+5  335)  cot  ss"*  2x' 

T 

2  Sin  — 
20 

"*  —  53  9<^  Ih 
The  stress  in  the  thxkd  nrrERicEDiATE  eing  is 

(5  750+ia  146+17  S73)  cot  js'*  ai'~(5  7SO+i2  146+17  573+2a  45i.+7  33o)  cot  45°  S* 

2  Sin  — 
20 

■■  —  35  600  lb 

The  stress  in  the  roonNG-RiMG  is  tensile,  and  hence  the  equation  for  the  max- 
imum VALUE  of  Ti  gives 

(5  750  +  850  +12  146  +  3  15s  +  17  573  +  5  335  +  22  451  +  7  330)  cot  45*  s' 

r 
2  sin  — 

20  -■  238  000  lb 

120  600 
The  EYE-RING  should  have 242  sq  in  of  concrete,  but  for  appearance  it 

should  be  as  wide  as  or  wider  than  the  ribs;  hence  it  is  made  2zH  in  high  and  z6 
in  wide.  This  sixe  allows,  also,  a  firm  anchorage  for  the  rib-reinfordng.  With 
1%  of  reinforcing  it  requires  four  iH-in  round  rods.  (See  Diagram  C,  Fig.  5.) 
The  first  intermediate  ring  should  be 

65000 

—  130  sq  m 

500 

in  cross-section,  requiring  a  7-in  width  and  a  18  H-in  height,  to  resist  the  load,  asm 
coLuiiN.  As  the  ring  must  also  act  as  a  beam,  carrying  its  own  weight,  the 
weight  of  half  the  slab,  and  the  live  load  (the  f<xins  taking  the  place  of  the  live 
load  during  construction),  steel  must  be  added  to  resist  the  bending  moment 

/f^Xi  o^  /2^85_an2Sl47.'y_^  /6  7io+3i55\   AirSs  sin  i5%7^ 

13  12 

"■  3  570  ft'lb  ■-  42  840  in-lb 

Sufficient  steel,  in  tension  and  compression,  must  be  added  to  keep  the  addi- 
tional stress  in  the  concrete,  due  to  this  moment,  down  to  150  lb  per  sq  in,  since 
500+150-  650  lb  per  sq  in  is  the  maximum  allowable  compressive  stress 
in  the  concrete  of  the  beam.    From  Formula  (x)  page  925,  or  Formula  (5)  page 

931. 

42  840 


7X(i7)' 


21.2 


From  Foraiulas  (2),  (3)  and  (4),  (pages  925-6).  when  K  >■  21.2  and  St  *  16000 
lb  per  sq  io;  Sc  *  245  lb  per  sq  in,  ^  «  0.0014,  and  x  «  0.185.     Since  Se  must 
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not  exceed  150  lb  per  sq  in,  it  is  neoeamy  to  add  oomrssbeqh-cxxbi.  to  nssi 
stress  of 


^24S_iSo\  ^^^^^^g^  X  17)  -  I  040  lb 


The  aUowable  stress  in  the  compression-steel  (page  1228),  less  the  stress  alre^"- 
allowed  for  the  concrete  which  ii  replaced  by  the  sted,  if  placed  z  f^  in  free 
the  outside,  is 

(o  18  ^x  I  )  y°'^^^  ^  ^^^ "  *'^)  ^'^  —  0  -  4  770  lb  per  aq  in 
The  amount  of  compressxon-sieel  is,  therefore, 

1 040  .  . 

->  0.22  aq  m»  crofis-sectioa 

4770 

The  tensile-steel  necessary  is 

0.0014  X  7  X  17  «  o.x6  aq  in 

but  because  of  the  meoative  moment  at  the  ribs,  the  same  cross-sectional  area  is 
used  as  for  compression,  that  is,  0.22  sq  in,  furnished  by  two  ^in  round  nxk 
The  UNIT-SHEAR  is 


/130  \  72x85  sin  15*  47^    ,    /6  7104- 3  IS5\ 


(.  *  x8.6  lb  per  sq  in 

I —j  X2 

No  STIRRUPS  are  necessary  to  resist  shear,  but  stirrups  made  from  ^-in  round 
rods  should  be  q>aced  about  18  in  on  centers,  to  tie  the  panel-slabs  securely  u> 
the  ring. 

The  second  intermediate  ring,  if  made  the  same  size  as  the  first,  will  have 
a  stress  of 

S3  900 


416  lb  per  aq  in 


7  X  18H 
The  moment  will  be 

/130      ^    \  /aySssin  27' aiV      (lU21±JJ^\  (U?1^J11A}!\ 

12 

•  10  300  ft-lb  -  123  600  in-Ib 

From  Formulas  (i),  (2),  (3)fand  (4),  (pages925-6),/r«6i.2,5c-455lbpersqia. 
p  -  0.0043,  and  X  -  0.3.  Since  Se  cannot  exceed  650—  416  m  234  lb  per  aq  io, 
the  COMPRESSION-STEEL  must  resist 

^4S5zJif  J  (7)(o-3  X  17)  -  3  MO  lb 
The  secdon-area  of  the  compression-steel  is,  therefore, 

3930 «fi,  «nl« 

-7-7 r-T-" ^^ °*^*  ** " 

furnished  by  two  9i-in  round  rods  at  top  and  bottom.    The  unit  shear  is 
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(lgx^)(=a^^ 


"375  +  S3SS 


7  xir  X 


(-?) 


) 


In  per  8q  in 


X  a 


tt  is  thereiore  nccesnry  to  resist  46.9— 49  ^  6.9  lb  per  sq  in  of  shettr,  with 
STIRKT7PS,  that  is»  with  two  H-in  round-rod  stirrups,  qiaced  12  In  apart  at  the 
ends,  and  the  others  18  in  apart  through  the  remaining  distances. 

The  THIRD  imcsiCEOiATE  BDTO  is  7  hy  i8Hi  in  in  section,  with  two  >i-in 
round  rods  at  top  and  lx>ttom,  and  with  two  H-in  round-rod  snutups,  spaced 
9  in  apart  at  the  ends,  two  more,  spaced  i3  in,  and  the  rest  spaced  x8  in. 

The  MOMENT  due  to  the  eccentijcity  of  the  colvmn-uke  tbkust,  that  is, 
the  longitudinal  horisontal  compressive  stress,  in  the  rings  is  resisted  by  the  slabs. 
A  more  exact  analysis  may  be  made  by  considering  only  the  nosmal  components 
OF  THE  LOADS  on  the  rings  in  detennining  these  moments. 

The  footing-ring  must  have  enough  tensile-steel  to  resist  the  outward  push 


or  THRUST  of  the  ribs,  that  is 


338000 


■B  14.9  sq  in  of  steel  cross-section.    In 


16000 

addition  to  this,  if  the  ring  acts  as  a  beam,  there  must  be  sufficient  steel  to  resbt 
the  m(Mnent  due  to  the  combined  weights  of  the  dome  and  the  ring  itself. 

The  PANBL-sLABs  being  domical  and  above  the  critical  angle,  are  in  com- 
pression, and  sbooki  be  designed  as  illustrated  in  the  discussion  of  Smooth- 
Shell  Domes. 

2.     Vaults  * 

■ 

Classiflcation.  Vaults  may  be  conveniently  considered  under  the  following 
divisions:  (i)  Barrel  vaults,  (2)  Groined  vaults,  and  (3)  Ribbed  vaults  (Masonry, 
Tile,  or  Framed). 

General  Consideratioiis.  A  knowledge  of  the  elastic  theory  op  arches 
and  the  stability  of  buttresses  is  necessary  in  a  rigid  investigation  of  vaults,  since 
their  design  involves  the  application  of  the  principles  of  that  theory.  (See,  also, 
Chapters  VII  and  Mil.)  In  any  vault,  lines  of  action  of  the  stresses  or  thrusts 
must  pass  through  the  material  between  certain  limiting  lines;  otherwise  the 
vault  may  fail.  These  thrusts  are  brought  to  the  grade-line,  or  to  foundations, 
by  walls,  often  buttressed  in  the  case  of  barrel  vaults,  and  by  piers  and  but- 
tresses in  the  case  of  groined  and  ribbed  vaults.'  By  building  vaults  of  light 
materials,  such  as  hollow  bricks  or  hollow  tiles,  the  magnitude  of  the  thrusts  are 
decreased,  and  lighter  walls,  piers,  or  buttresses  can  be  used. 


(rf)  ft) 

Fig.  1.  Three  Methods  of  BuOding  Barrel  Vaults 


(O 


Banel  Vaults.    Fig.  1,  (a),  {b),  and  (c),  illustrates  three  methods  of  bmkling 
barrel  vaults.    In  (c)  the  longitudinal  ribs  axe  merely  for  appearance,  as 

*  A  fuO  treatment  of  this  subject  may  be  found  In  the  Haadbuch  der  AxchiCektor. 
sad  Bieynaa's  Baukoastnictlons  Lebie. 
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C3i^>i.3: ; 


they  da  rut  itreiigthen  the  vaiult.  T1iediagnnu(a)  ud  (tj,  Fig.2,£lhHtralen 
metboib  of  discugagiDS  tbe  masonry  of  barrel  vaults  from  tbe  walls.  Diapir 
(*)  is  the  better  mesb^i 
and  impniVM  the  mffic^- 
ance  of  the  vault  on  t» 
insde.  Diacrams  (c)  t:. 
(lO  illiutnte  tbe  use  g 
(tone   akewbacks    tot   iv 

Strencth      of     Baml 
Vau'ta.  Barrel  vauhs  oui 


Fig.  3-   Ustbodt  of  JoiuDg  Binel  Vauki  to  Witb 


other:  sod  hence  if  ■  kc- 
tim  one  unit  kxig  b  Ibuad 
•ale  when  investigated  ;• 
an  arcb,  the  vault  itself  ii 
considered  safe.  By  build - 
inc  the  wall  and  tbe  vauh 
tngelher  as  a   unit,  to  t 

point  OD  the  MC  6o°  from  the  vertical  or  (rown,  that  it,  to  a  point  oo  ttv  in- 

tradoB  one  third  of  the  distance  from  the  horizontal  ^>ring-line,  the  actual  van 

is  mateiially  decreased.     With  the  q^nng.Une  at  60°,  the  line  of  thniat  in  an 

unloaded   arch  or   barrel 

vault  of  an  equal  thickneis 

throughout,    will    remain 

wiltiin  a  strip  whose  radial 

tbickneaaor  width  is  about 

one    forty^second    of   the 

radius.       If    the    line    of 

thrust  is  to  remain  is-ilhm 

tbe  middle    third    uf   Ilu: 

arcb -ring  or   vault-ring.  1 

should    be    ir/4i)  X  J  - 

f  14.    It  it  is  to  remain 

within   tbe    middle   half, 

f  sboull  be  (r/41)  XI- 

r/2i.     In    tbe    following 

enample,     the     theory   of 

tbe  middle  bolf  will  he  (ol 

lowed,  in   whith  l-r/ii 

If   it  were  ass\imed   that 

1  -  r/14,  the  Kne  of  thrust 

being     kept    TritUn     the 

middle  third,    ' 


wnuld  have  to  be  chinited 


ng.S.    Altaic  at  Band  Vaait 
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OUPONEMT  Pjt  of  tbe  thnut  is  0,79  of  tic  vcrtkal  oomponcnt,  and  that  tfae 
orust  is  not  it  right-ui^ea  with  the  ifaiiig-liiie  AB;  that  is, 

Rzuopla.  It  ii  required  to  ooottruct  *  babkel  vault  over  >  corridor  11  (t 
ride.  The  vault'iadiui  is  loM  (t.  uid  the  mlnimnTn  thickness  of  the  abell  it 
0.5/11  —  0.$  f  1  -  6  in.  If  buiit  of  brick  it  li  chewier  to  build  a  ribbed  vault,  as 
he  unit-dimeosians  of  bricks  are  a^iproxinuitely  4  in,  8  in,  1 1  in,  etc.  Referrinc 
o  Fig- ^  it  is  found  th&t  a  4-in  vBidt  with  libs  4  by  8  in  eveiy  3  ft  3  Id,  It  equiv*- 


r^  4.    Band  Vaidti,  Rlbbad  ud  Nm^Oibad.    EqnlvaliM  TUcksoMa 
it  to  1  6-in  vault,  and  hoice  would  be  used.    The  brick  maaoniy  wei^it 


U/"XiHXi/jTXio.iXUil+[4/nxa/uXi/3»<ii>.i  +  e.33)Xns] 
3H 

-  557  lb  pet  Uo  It 
TIk  Hounnrru.  coKPOtffiKrPit  of  the  thrust  iao.T^x  5  595-  moI'i  P«  Id  fl. 
Tbc  nipporting  wall  must  be  thick  enougb.  buttrosed  emusfa.  or  loaded  tuf- 
Edently  from  above,  to  take  care  of  this  horizontal  component  of  the  thrust. 
Fig,  5  is  a  graphical  analysis  of  the  rtrtjisei  ia  this  vault.  It  will  be  noticed 
in  Fi|,  S  that  the  line  of  pressure  remaias  in  the  muDLE  halt  of  the  vmull-tUck- 
ncM.    SdwSer,  after  numerous  test*  of  vaults,  stated  *  that  if  one  fourth  the 


BomicftI  and  Vaulted  Structures 


middle  third.*  It  iUustmtes  the  !s3  conKcvs^ive  theory  that  the  re 
line  might  imoine  cagei  past.near  the  ouuide  oi  the  middle  balL  Thcirchor 
vault  ia  Diagram  W  at  fig.  6  would  have  a  cnater  teadcnt^  to  fail  according 
to  the  middle-thijd  theory,  because  Ihc  line  o(  pressure  or  [esL<taDcc-Iiiic 
pasKS  outside  of  [he  middle  third.  Diagram  (-i)  of  Fig.  6  shows  the  same  arch 
or  vault  with  the  shell  cut  so  that  the  line  of  pressure  passes  down  the  exact  enter 
of  the  uncut  portion.    This  results  ia  a  sort  of  theoretical  or  ideal  arcfa-foim. 

*  S«  foot'Dute  reUtmi  to  Coecatt  Ribbed  Doms,  piie  iii;. 
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course  the  thicknes*  of  put  c  must  be  sufficient  to  devdop  a  safe  compRs- 
e  reaistanoe  ia  the  mateiialp  and  it  is  advisable  to  add  sufficient  steel  to  take 
re  oC  aoy  tension  in  the  parts  iarthest  from  the  reastance^Une.  Vaulted  oon- 
uctioa  is  olten  relatively  protected  and  free  fxam  the  live  loads  and  moving 
ids  to  which  arches  are  generally  subjected;  and  for  such  construction 
heffler's  conclusions  are  considered  valid. 

Groined  Vaults.  A  caoncED  vault  is  formed  by  the  intersection  of  two 
%.R&£L  VAULTS.    (See  (a).  Fig.  7.)    By  using  groined  vaults  it  b  possible  to 


(a) 

Perspective,  Showing  PenetratioDS  and 
Intei>ectk>ns 


(6) 

lateTMcting  Vaults  of  Diffevent 
Widtiis 


Fig.  7.    Groined  Vault 


bring  the  tops  of  windows  and  doors  above  the  spring-fines  of  the  vaults,  and  to 
concentrate  the  pressures  or  thrusts  on  piers  or  columns. 

Groina.    The  intersections  of  two  vaults,  called  cftonvs,  are  straight  lines  in 
horizontal  projection,  only  when  they  are  of  the  same  curvature  and  height. 
If  the  vaults  are  of  different  widths,  it  is  best  to  make  one  semicircular,  draw 
the  horizontal  projections  of  the  groins  as  straight  lines,  and  then  determine  the 
contour  of  the  other  vault.    This  is  illustrated  in  Fig.  7  ih).    Vault  A  is  semi- 
circular and  has  a  span  A .    Vault  B  has  a  span  B.    CC  are  the  groinr,  and  D  is 
the  circular  contour  of  the  narrow  vault.    Any  points,  a,  6,  e,  etc.,  are  chosen  at 
random,  and  Bnes  a-ot,  b-bt,  c-ct,  etc.,  and  a-m,  b-hi,  c-u,  etc.,  drawn  parallel  to 
the  axes  of  the  respective  vaults.    The  line  ariu  is  laid  off  equal  to  ai-ot;  hr-bi, 
equal  to  hrb%t  etc.    The  smooth  curve  connecting  <Ut  6«,  c«,  etc.,  is  tlie  contour  E 
of  the  vault  B.    In  like  maimer  the  contour  F  of  the  groins  is  found  by  similarly 
layisg  off  ores,  hrh^  etc,  equal  to  er«,  &r-6i,  etc 

The  VAULT-SHELLSv  at  the  intersections  or  groins,  should  never  have  what 
might  be  called  miter- joints.  The  vaults  should  be  monolithic  or  there  shoukl 
be  concealed  ribs  to  carry  the  vault-shells  and  transmit  the  thrusts  to  the  piers. 
If  the  intersecting  vaults  are  of  stone,  and  of  the  same  diameter,  the  groins  may 
be  built  as  shown  in  Fig.  8  (a)  for  small  vaults,  or  as  in  Fig.  8  {h)  for  larger 
vsuks.  In  Fig.  8  (a)  the  grow-stoiibs  are  L««haped  and  an  rut  so  as  to  cany 
the  ftooe  oourses  ci  one  vauh  around  to  the  other  vault.  The  stone  shown  in 
Diagram  (a)  of  Fig.  8  is  shown  in  plan  at  fr,  with  two  views  at  c  and  d,  A  better 
method  is  shown  in  Fig.  8  (&).    Heie  the  groin-stones  are  cut  so  that  the  joints 
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m  Doniwl  to  the  graiai,  thiu  forming  amccalcd  ribs.  Tbii  bptfiiig-»rfig 
is  obtained  w  (allows.  Point  a,  the  intmection  of  an  ertended  vault'iniit  sn-: 
the  iroin-edge,  is  F^ojected  down  to  a*  tnd  I/,  the  intcraections  of  the  project~j 
line  uid  the  Msuined  side  and  centor  lines  of  the  lib.    Point  f  is  projected  up  u 


Fig.  B.    Groia-detiits  for  Su»  Viuitt  of  the  Same  DiiDster 

fr",  a  point  on  the  center  line  or  edge  al  the  rib.  From  y  a  bomonlal  Gne  inter- 
sects  with  >  line  projected  up  from  ■*  to  give  c"  a  point  on  the  joint.  wUch  a 
drawn  normal  to  the  gnin.  The  intersectioo  d"  of  this  joint  with  the  tron- 
edge  is  projected  down  to  tJ*  on  the  center  line  of  the  rib.     By  moBKtiiil 


i'  *nd   iT,  hdi]  i  >nd  i  (tbetoint  oppcoite  iK  od  (be  other  lide  of  the  rib)  with 
a  curved  line,  the  tofreredireiif  the  beariog-iurftce  is  determined. 

Points  d*  and  ^  projected  up  detenniae  i  and  e,  the  une  pointi  in  rievitioD. 


Fif.  9.    GniD-ileuai  for  Ktotie  V&ult*  of  DiUfrent  Diunetcn 

Other  ptinta  on  these  curved  lines  can  be  found  by  chooaias  points  between  a 

and  J  ind  projecting  them  in  the  same  my  as  in  the  method  used  to  finii  the 
imjcctiiiiu  al  /.    The  [socedure  ii  si  follows.    The  poiat  /  is  ptojecttd  down 
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to  the  center  Une  of  the  rib,  locating  ^.  Then  I'-is  projected  up  to  ^\  the  intBr- 
section  with  the  Une  representing  the  joining  of  the  upper  surfaces  <A  tbe  vaukx 
A  horisontal  line  is  projected  over  from  <"  to/''»  the  point  of  mtersectioi&  with  S^ 
normal  joint.  The  point  /"  is  projected  down  to/',  on  the  projecting  line  froc . 
By  connecting/'  and  W  {W  is  opposite/'  and  equidistant  from  the  center  line  :: 
the  rib)  with  a  straight  line,  the  upper  edge  of  the  bearing-surface  is  determined 
The  point  h  is  found  by  projecting  up  from  W.  By  connecting  a'  and  /'»  and '' 
and  K\  also  a  and  /,  and  t  and  A,  the  side  edges  of  the  bearing-rjoint  are  locate! 
The  bwer  bearing-surface  of  a  stone,  or  the  upper  bearing-surface  of  the  ner. 
lower  stone,  is  found  in  a  similar  manner. 

If  the  vaults  are  not  of  tbe  same  diameter,  either  of  two  methods  may  be  cseii 
The  number  of  stone  courses  in  both  vaults  nuiy  be  made  the  same,  thus  ma  jdar 
the  courses  in  the  wide  vault  wider  than  those  in  the  narrow  vault,  and  tbs 
method  of  finding  the  shape  of  the  groin-stones  is  similar  to  that  shown  in  Fig.  8 1  h 
or  the  stones  may  be  the  same  width,  thus  making  a  greater  number  of  courses  in 
the  wide  vault  than  in  the  narrow  vault.  In  the  latter  case  the  groin-stones  are  de- 
termined as  in  Fig.  9.  To  take  care  of  the  different  number  of  courses  in  the  tw:i 
vaults,  one  course  in  the  narrow  vault  is  sometimes  made  to  receive  two  oourvs 
in  the  ¥ride  vault,  as  shown  by  stone  A  in  Fig.  9.  Because  the  joint  a  is  higher 
than  the  joint  h,  there  results  a  peak  toward  the  side  of  the  groin-line.  This  is 
cut  off  at  right-an£^es  to  the  groin,  thus  making  the  bearing*surfaas  c,  Ttus 
surface  is  determined  as  follows.  The  intersection  of  the  joint-planes  d  and  € 
is  at  /.  The  vertical  projection  /i,  of/,  i^  drawn  through  /rt,  found  by  projecting 
up  k  and  ;,  and  a  horizontal  line  from  ^.  The  intersection  of  /i  and  a  lirx 
through  git  normal  to  the  groin-curve  gives  ft,  which,  projected  to  f,  g:ives  tb^ 

intersection  of  the  sides  of  the  bearing-surface  i*. 
The  point  /  is  found  by  projecting  up  ib,  tbe 
intersection  of  a  and  the  diagonal,  to  k\\  then 
projecting  k\  to  /i,  the  intersection  with  the 
normal  line;  and  then  projecting  j'l  to  j.  By 
connecting  %  and  /  with  a  curved  line  (other 
points  of  which  are  determined  by  drawing 
lines  parallel  to  a  and  proceeding  by  the  metbaj 
used  in  finding/);  and  g  and  i,  and/  and  /.  with 
straight  lines;  the  sides  of  c  are  determined. 

If  the  vaults  are  built  of  brick,  it  is  better  to 

run  the  courses  at  right -angles  to  the  groins, 

thus  giving  a  chance  for  the  bricks  to  overlap. 

as  shown  in  Fig.  ICL     If  tbe  biick  coursesare 

r    .  J^"'    .-r^i    I   '     ^  '^^  parallel  to  the  center  line  of  the  vaults  it 

I   '    '^^^^^^^S^'    *  '}     b  necessary  to  use  stone  ribs  to  carry  the  shell. 

Determination  of  the  Stresses  in  Groined 
Vaults.    The  problem  of  a  groined  vault  span- 
ning a  xECTANGULAa  AREA  which  is  not  square, 
is  here    considered,    as    a    vault  spanning  a 
8QUAKE  AREA  offers  fewer  difficulties  and  can  be 
worked  out  on  the  same  principles.    The  problem  is  to  span  an  area,  whose 
half-length  of  the  short  diameter  is  a,  and  whose  half-length  of  the  long  diameter 
is  6,  Fig.  11  (a) .    In  order  to  obtain  a  more  stable  construction,  the  point  of  inter- 
section of  the  crowns  of  the  vault  is  raised  a  distance  d  >  ifdy  thus  giving  the 
crown  of  the  long-span  vault  a  slope  ce  and  the  crown  of  the  short-span  vault 
a  8k>pe  </.    The  vault  is  divided  into  strips  i4,  5,  C,  etc.  and  A\  B\  C,  etc, 
from  the  rib  R,  as  shown  in  tbe  projected  area  in  Fig.  11  (a).    The  tibR  h 
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given  a  width  equal  to  the  assumed  width  of  the  supporting  diagonal  codoex-. 
arch,  and  the  widths  ^4,  B,  C,  etc.,  and  A\  B\  C,  etc.,  are  obtained  by  dHidzr 
the  two  vauhs  into  the  same  number  of  equal  parts.  These  strips  are  coiiskk-c-. 
as  adjacent  arches  resting  on  the  rib  R.  For  simplification  the  line  of  pre&r^-^ 
or  resistance-line  of  each  strip  is  placed  in  the  center  of  that  strip  as  gA  b  • 
and  i^V  in  A*.    The  error  in  this  is  on  the  side  of  safety. 

Even  though  the  projected  areas  of  the  two  intersecting  vaults  are  tbe  sar» 
the  actual  surface-area  of  the  smaller-span  vault  is  slightly  Urger  than  that 
the  longer-span  vault.  Therefore,  if  the  vaults  are  of  the  same  thickness.  Lie 
shorter-q)an  vault  is  slightly  heavier  than  the  larger-span  vault.  In  order  t 
have  the  resultants  of  the  horizontal  components  of  the  thrusts  from  strip  • 
and  strip  A\  strip  B  and  strip  ^,  etc.,  parallel  to  the  dlrectioD  of  the  rib  ?^ 
the  procedure  is  as  follows. 

liie  thrusts  of  the  strips  on  the  heavier  side,  that  is  of  strips  if,  B^  C,  D,  5 
and  F,  are  determined  as  shown  in  Fig.  11  (fr)  and  («).    The  curvature  of  i:: 
strips  being  the  same,  the  work  can  be  considerably  lessened  by  dividing  :^t 
arch  into  sections  of  unequal  lengths  for  weight-determinations.    The  dixidc; 
line  for  the  sections  is  found,  by  projecting  up  the  point  of  intersection  of  the  \j:± 
of  pressure  of  each  strip  and  the  side  of  the  rib  R,  as  ;  to  j^,  A  to  W^  etc.    T:>: 
weights  wi,  «%,  Wh  etc^  of  each  section  are  then  determined  and  the  oomposiu 
load-line  drawn  as  in  Fig.  11  (c).    The  positions  of  W a%  Wb,  Wc*  etc.,  k 
Diagram  (fr)  are  determined  by  the  usual  stress-polygon.    U  is  then  draws  «: 
as  to  be  at  the  upper  limit,  and  the  different  thrusts  so  as  to  act  near  the  k»wer 
limit  of  the  middle  half  of  the  vault-thickness.*     Lines  drawn  in  Fig.  11 
parallel  to  these  thrusts,  determine  their  values,  and  the  values  of  the  bcm- 
zontal  components  Ua%  Hb,  Bct  etc.    The  weights  v'l,  v/sf  vfi^  etc.,  in  Diagrazn 
((f),  are  found  in  the  same  way,  the  load-line  in  Diagram  {[)  drawn,  and  the 
positions  of  Wa',  Wb\  Wtf%  etc.,  found  as  before.    U*  in  Fig.  11  (<f )  is  drawr. 
at  the  upper  limit  of  the  middle  half  in  this  demonstration.*    Ua',  Hb',  Br, 
etc.,  however,  must  have  such  values  that  the  resultants  of  Ha*  and  Ha*,  Bb 
and  Hb\  etc.,  are  parallel  to  R.    The  required  values  of  Ha'*  Hb',  Bf/,  etc , 
are  found  as  in  Fig.  11   («),  by  laying  off  II At  Hb*  HCt  etc.,  and  drawir^g 
Ti,  Tt,  Ti,  etc.,  parallel  to  R.     The  resulting  values  ol  Ha',  Hb\  He',  etc., 
are  then  laid  off  in  Fig.  1 1  (/)  and  the  thrusts  drawn.    When  drawing  tbc 
thrusts  in  Fig.  11  ((f)  through  the  intersection,  of  H'  and  Wa\  H'  and  Wb, 
etc.,  p>arallel  to  their  directions  in  Fig.  1 1  (/),  it  is  found  that  they  act  very 
slightly  above  the  lower  edge  of  the  middle  half. 

-  The  rib  R  is  then  drawn  as  in  Fig.  11  [h)  and  the  points  of  application  of  the 
loads  located.  The  load-polygon  is  drawn  as  in  Fig.  11  (;).  The  resultants 
Rx,  Rt,  etc.,  are  drawn  in  both  Diagrams  (A)  and  (f )  of  Fig.l  I ,  the  position  of  X 
in  Diagram  (A)  found  by  the  usual  stsess-polygon,  and  the  theusts  Z  and  Y 
determined.  The  point  through  which  Z,  Diagram  (ik),  passes  at  the  spring  of 
the  rib,  should  be  so  chosen  that  the  line  op  pssssure  remains  at  least  within 
the  middle  half  of  the  rib;  or  the  more  usual  and  conservative  limits  of  the 
middle  third  may  be  used.  In  the  case  of  brick  vaults  the  strips  ^,  B,  C, 
etc.,  are  taken  at  right-angles  to  the  groin,  resulting  in  vertical  bads,  only,  on 
the  assumed  rib. 

Ribbed  Vaults.  In  bibbed  vaults  the  ribs  are  designed  to  be  built  first, 
to  be  free-standing,  and  of  sufficient  strength  to  support  the  shell  when  it  is 
placed  over  them.  To  simplify  the  construction,  all  the  rib>arcs  are  ordinarily 
made  with  the  same  radius,  thus  making  all  the  ribs  disengage  each  other  at  the 

*  The  theory  of  the  middle  third  is  the  one  usually  followed,  as  it  is  the  most  conscrva. 
live  and  results  in  a  larger  factor  of  safety.    See,  also,  foot-note  on  page  1225. 
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same  height.  This  makes  the  narrower  rib>arches  poiiited,  and  the  diagonal 
rib-archea  semicircular,  but  they  are  all  constructed  of  similar  stones  with  cross- 
sections  of  the  same  shape.  To  determine  the  points  A  and  B  (Fig.  12),  at  which 
the  ribs  become  independent  of  each  other  and  of  the  wall,  the  proceeding  is  as 
foUows.  In  plan  the  clustered  ribs  are  shown  just  above  the  oolimm-capitals, 
with  the  diagonal  ribs  extending  into  the  wall  a  distance  ab.  To  find  the  height 
at  A,  draw  an  arc  through  a  with  the  same  curvature  as  that  of  the  diagonal  rib, 
and  draw  at  right-angles  to  the  ribs,  in  plan,  a  line  from  6,  until  it  cuts  this  arc  at 
(.  The  height  cb  b  the  height  at  A .  The  height  at  B,  equal  to  /f ,  b  found  in  the 
same  way.    The  webs,  or  parts  of  the  vault-shell  supported  by  t'le  ribs,  are 


Fig.  12.    Vault-rib  Construction 

usually  shallow  arches  in  cross-section,  and  are  spherical  triangles,  that  is^ 
they  are  domical. 

In  order  to  use  to  the  fullest  advantage  the  finished  lower  portions  of  the  vault 
as  supports  for  the  upper  courses  as  laid,  the  courses  of  the  vault-shell,  or  web 
are  laid  in  planes  normal  to  the  wall  and  the  transverse  ribs.  This  is  shown  in 
horizontal  projection  in  Fig.  13  I.  The  web  being  arched  in  both  directions,  the 
thrusts  act  in  two  directions,  as  in  domes.  From  the  study  of  the  theory  of 
domes  it  is  found  that  the  thickness  of  the  shell  in  a  dome  has  no  effect  on 
ITS  stability.  The  web  in  ribbed  vaults  being  domical,  can  be  made  relatively 
thin,  but  for  stone  or  brick  vaults  it  should  not  be  less  than  about  4  in  thick 
for  spans  up  to  3  s  ft. 

The  ribs  are  designed  as  arches,  loaded  with  the  thrusts  of  the  web  supported. 
These  thrusts  are  determined  as  illustrated  in  Fig.  13  11.  The  vaulting 
resting  on  the  half-wall,  or  transverse  rib  A,  and  the  half -diagonal  rib  <0,  is 
divided  into  any  number  of  equal  lunes.  or  figures  boimded  by  the  two  inter- 
secting arcs,  and  radiating  from  the  axis  or  the  dome  of  which  that  part  of  the 
vaulting  b  a  spherical  triangle.  This  axis  is  found  by  projecting,  at  right- 
angles  from  the  ribs  A  and  B,  lines  starting  at  the  center  of  curvature  of  the  ribs 
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and  intenecting  at  the  point  e,  which  is  the  projection  of  the  axis  of  the  docL 
The  RADIUS  OF  THE  DOME  IS  then  J^i  in  Fig.  13 II,  equal  to  the  distance  tioaf. 


Fig.  13.    Determination  of  Stresses  in  Vault-ribs 

the  Spring  of  the  diagonal  rib  B.    The  thrust  of  each  litne  on  the  ribs  is  then 
found  as  shown  for  lune  L. 

Szample.  Let  the  radius  Ri,  Fig.  13  11,  be  25  fee:,  and  let  the  shell  be  4  in 
thick,  constructed  of  stone,  and  weighing  1 25  lb  per  cu  ft-  The  angle  6  (by  mea^ 
urement)  is  54**  30',  and  the  angle  a  is  18*  30'.  These  are  foimd  by  projecting 
up  from  the  point  of  intersection /of  the  center  line  of  the  lune  L  and  the  center 
of  the  rib  B,  and  the  intersection  g  of  the  center  line  of  the  lune  L  and  the  crown- 
line  of  the  vault,  to  fi  and  ^1,  respectively,  on  the  vertical  projection  Zi  of  the 
lune  £. 

Using  the  same  notation,  equations,  and  curves  as  were  derived  for  smooth- 
shell  DOICE6  (page  13 14),  it  is  found  from  Plate  II,  with  ~  •  o  and  oc  ■■  z8*  30', 

a 

that 

Wi-c 125  (4/")  (25)'(o.33) 8 594  lb 

and  that 

„  _  -  8  594 


2ir(i25)(4/i2)(25)' 


—  0.0525 


From  Plate  I  it  is  found  that  the  critical  angle,  for  values  of  —  «  o  and 
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fi  -  —  0^525,  is  55**  30^,  and  the  vaulting  should  be  back-filled  as  high  as  this, 
as  shown. 

From  Plate  III,  with  —  -  o.  and  »  -  —  0.0525,  it  is  found  that  at  ^  -  54*  30' 

I/  -  (125  X  4/12  X  25) (—0-079  +  0.63)  -  573  lb 

By  measurement,  the  width  of  lune  L  at  /  is  2  ft;  hence  the  total  tangential 
PRESSURE  C  (Fig.  13),  is  2  X  573  •■  z  146  lb.  The  horizontal  component  D 
of  this  is  6  655  lb,  and  the  component  P  (along  the  rib  B)  of  Z>  is  5  750  lb.  The 
VERTICAL  COMPONENT  £  of  C  is  9  339  lb. 

The  VALUE  OF  T  is  found  from  Plate  IV  to  be  125 X  4/12  X  (25)*  X  (—0.004 
+  0.295)  -  7  570  lb,  and  the  component  H  (along  the  rib  B)  of  T  is  3  630  lb. 

The  THRUSTS  acting  on  the  rib  B  of  the  other  lunes  above  L  are  found  in  the 
same  way,  and  the  portion  of  rib  above  the  back  fill  investigated  as  an  arch. 
In  Fig.  13  that  portion  of  the  rib  below  the  web  is  not  indicated. 

For  vaults  with  semicircular  diagonab  of  about  33-ft  span,  the  ribs  should  be 
from  7  to  10  in  wide  and  from  10  to  14  in  in  total  height,  and  the  minimum 
dimensions  of  the  projecting  portions  of  the  ribs  below  the  webs,  for  smaller 
vaults,  should  be  3  H  in  width  and  6  in  in  height.* 

Tile  Vaulti.  Tile  vaults,  as  built  by  the  R.  Guastavino  Company,  are 
constructed  of  tiles,  from  6  by  12  to  24  in  in  plan,  and  i  in  in  thickness,  and 
laid  in  several  layers  so  as  to  make  a  solid,  thin  shell  that  is  both  light  and 
strong.  Because  of  the  overlapping  of  the  tiles,  the  shell  has  considerable 
TENSILE  RESISTANCE,  and  the  vaults  are  practically  monolithic.  It  is  due  to 
this  and  to  the  lightness  of  the  construction  that  the  thrusts  and  the  weight  of 
the  entire  structure  are  materially  reduced.  Ordinarily  a  finished  acoustic  tile, 
backed  by  rough  constructional  tile,  is  used  for  the  exposed  surfaces. 

Framed  Vaults.  Vaulting  in  buildings  of  moderate  cost  is  frequently 
constructed  by  suspending  from  the  roof-trusses  steel  or  wooden  frames 
carrying  lath  and  plaster.  The  roof-trusses  must  in  this  case  be  designed  to 
carry  the  direct  loads  of  the  framed  vaulting,  which  must  be  of  the  required 
strength  and  shape  to  cany  and  fit  the  plastered  surfaces. 

*  Handbuch  der  Architektur. 
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Phjtlcal  Uaita  and  tha  Maaaaraaiaiit  of  Haat 

System  of  Units.  To  this  country  the  sjrstem  of  units  in  general  use  by 
;]igineers  is  knovm  as  the  foot-pound-second  system,  and  the  following  deflni- 
ions  and  examples  will  show  the  significance  of  each. 

Definition  of  Uaita  Employed.    The  unit  of  thie  is  the  second,  which  is 

tqual  to part  of  the  mean  solar  day.  / »  time.    Time  is  also  expressed  in 

86  400 

ninutes  and  hours. 

L  «  length.    The  ttntt  of  length  is  the  foot  «  0.3048  meter. 
W  «  weight.    The  umr  <S9  weiobt  is  the  pound  m  0.4^33  kilogram. 

A  »  area.    The  ttntt  of  area  is  the  s<|uaie  foot.    The  unit  often  used  is  the 
square  inch. 

V  »  volume.    The  ttntt  of  voluiie  is  the  cubic  foot.    Volume  ■■  area  X 
length  ^A  XL. 
[n  calailations  involving  the  quantity  of  air  required  Q  is  often  used  for  cubic 
'cot. 

Example.  The  volume  displaced  per  stroke  by  the  plunger  of  a  pump^  if  the 
iiameter  is  6  in  and  the  stroke  is  xa  in,  is  )i  X  r  X  6*  X  xa  «  399*^  ca  in, 
sr  0.196  cu  ft. 

If  the  plunger  makes  30  woekiiig  strokes  (not  revolutions)  per  minute,  then 
the  plunger-MSPLACEifEMT  per  minute  is  0.196  X  30  -••  5.88  cu  ft.  One  United 
States  gallon  «  931  cu  in  ■  0.1336  cu  ft.  This  pump  will  therefore  theoret- 
ically deliver  5.88/0.1336,  or  44  gal  per  minute.  The  actual  delivery  of  the 
pump  will  be  to  to  15%  less,  owing  to  the  slip,  which  is  the  leakage  back  thnragh 
the  pump-valves,  around  the  plunger,  and  that  due  to  imperfect  6Uing  of  the 
pump-cylinder  on  the  suction-stroke. 

Density.  Z>  «  density.  The  weight  of  a  unit  volume  (i  cu  ft)  of  a  sub- 
stance is  catted  its  density.  The  density  of  water  at  70"  F.  is  62.3  lb  per  cubic 
Foot.  The  density  of  air  at  70*  is  x>75  lb  per  cubic  foot.  The  pump  in  the  pre- 
ceding example  would,  therefore,  handle  5.88  X  62.3  or  366  lb  of  water  per 
minute.  • 

If  the  water-end  of  the  pump  is  operated  by  a  steam-cylinder  having  a  dis- 
placement of  0.349  CO  ft  per  stroke,  and  takes  steam  at  the  same  pressure  for 
the  full  stroke  as  in  the  direct-acting  type  and  if  we  assume  that  the  steam- 
pressure  is  loo-lb  gauge,  we  find  from  the  steam-table  (Table  I),  that  the 
density  of  steam  at  this  pressure  is  0.2565  lb.  The  STEAM-coNstTMPTroN  of  the 
pump,  therefore,  would  be  0.2565  X  0.349  X  30  X  60  >-  161.6  lb  per  hour, 
theoreticaUy.  A  fan  handling  10  000  cu  ft  per  minute  of  air  at  70^  F,  delivers 
10  000  X  '075  «  100  lb  per  minute. 

Velodty.  v  «•  velocity.  The  kate  of  motion  of  a  body  is  measured  by  the 
distance  passed  over  in  a  unit  time.    Velocity  is  expressed  in  feet  per  second. 

*  Much  of  the  data  of  this  section  has  been  condensed  from  Vol.  I  of  Mechanical 
Equipment  of  Buildings,  by  Harding  and  WiUard,  published  by  John  Wiley  k  Sons,  Inc. 
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BnwcT  or  Work.  U  >  Emicv  or  noiE.  Tbt  inni  or  wokx  Is  tlie  ^ 
pouiid.  >nd  it  the  quantity  of  energy  expended  or  the  work:  performed  by  a  in 
of  I  lb  nurving  tiiraiitli  t  itbUiice  <jf  I  ft  ib  the  title  of  utioD  of  the  loroc 

Paww  is  the  RATE  or  DoiNQ  WOKE.  Not«  tlut  POWEt  involve*  the  i>= 
TiHE  and  is  equal  to  Cbe  tmount  of  work  done  divided  by  the  time  leqniR^ 
do  thii  wui^ 

HoTM-Pomr.  h-p.  -  HoasB-POWEK.  The  umr  of  vowkk  is  the  hoa 
power  and  is  the  performance  of  work  at  the  rate  of  550  ft-Ib  per  lecocLl, 
3s  000  ft-lb  per  minute. 

BBunpls.  Required  the  tbecndcst  mnk  sod  boiK-powa'  developed  br  t: 
water-end  of  the  pump  in  the  preceding  eumple,  awuniiag  that  the  bexi  <  it: 
height  pumped  against  is  loo  ft,  and  that  no  frictional  re^tance  is  to  be  ^.  s 

The  work  Uih  performed  per  minute  is  the  lifting  of  the  weight  of  »a 
366  lb  per  min,  through  a  height  of  200  ft  and  is  Um  -  j66  X  fa  —  7J  1 
per  min.    The  h,p.  •  Um/a  000  ■•  ji  100/ jj  000  •■  >.ii. 

The  actual  power  required  will  be  jomewhal  greater,  as  Ibe  force  r 
to  overcome  frictional  resistance,  etc.,  has  been  n^iected. 
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lleuarem«nt  sf  Pratmr*.  It  is  canomtr  to  measure  rasssuiE  by  raeui 
of  GAUGES  which,  in  reality,  only  indicate  the  diCFerencc  between  the  presvi 
being  measured  and  the  ptesiuie  of  the  atmo^ibere,  babomeisic  MESsni 
at  the  same  time  and  [dace.  These  gauges  may  indicate  either  a  lumber  or  tnvw 
pressure  than  that  of  the  atmoipbere;  in  the  former  case  they  are  known  ^ 
PBESsras-OAtiOEG  and  hi  the  latter  as  VACinm-aAmiES  or  DKArr^oAUGES. 

Pressura-OangM  and  Vacnom-GAtiEM.    The  most  common  type  of  pm- 

sure-gauge  (Fig.  1}  ii  provided  with  a  fleidblr  hollow  brass  tube  of  oval  cni*^ 

section  known  as  BOtrxDON  titbe.      When  n't 

jecled  to  pressure,  this  tube  tends  to  strsigbtri 

out;    and  this  causes  a  sector  of  a  gear  to  mr^ 

with  a  small  pinion,  which  ii  on  the  same  shi'i 

with  the  indicating  hand  or  pointer,  and  mtii: 

I  the  latter  a  corresponding  amount.    The  poiatn 

is  pkced  just  in  front  of  a  graduated  dial,  u'. 

shown  in    the    ligure.  from   which   the  prssur 

may    be  read  in  suitable  pressure-units,  such  :) 

pounds  per  square  inch.     The«  gauges  may  atac 

be  used  for  indicating  vacuum,  or  a  pcessuie  lea 

than  that  of  the  atmosphere. 

•..™,.„  ,^^  Draft-Ganges.  The  measurement  ofperssom 

0—01.    •..™..-,  ,~~  ^^^   slightl)'   abo«   or  below    the    Btmosphni: 

pressure,  barometric  pressure,  is  usually  accomplished  by  the  use  of  a  Diui- 

CAUDE,     This  is  essentially  a  U  tube,  conutoing  either  water,  ketoaCDe,  ako- 

■■''  iity,  mounted  upon  a  graduated  scale,  and  reading  either  in  indm 

n  pounds  or  ounces  per  square  inch.    Since  the  pressure  indicatet 
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I  a  di£Fefential  one,  due  to  the  left-hand  leg  being  open  to  the  air,  the  reading 
oust  be  obtained  by  adding  the  depression  in  the  left-hand  leg  to  the  elevation 
a.  the  right-hand  1^,  using  zero  as  the  lefecence-point  in  both  cases. 

Barometers.  The  psessure  of  the  atmosphere  is  usually  measured  by  a 
KSCuaiAL  BAROMETEX  (Fig.  2),  which,  in  its  simplest  form,  consists  of  a  gjass 
ube  about  3  ft  long,  dosed  at  (me  end.  After 
»eing  filled  with  mercury  it  b  inverted  in  a  shallow 
»ath  of  mercury.  The  pressure  of  the  atmosphere 
.t  sea-level  maintains  the  mercury-column  in  the 
ube  about  30  in  above  the  level  in  the  bath  or 
jstem.  The  barometric  height  or  length  of  this 
:olumn  of  mercury  varies  with  the  altitude  above 
»r  below  sea-level.  When  the  mercury  in  the  tube 
alls,  that  in  the  dstem  rises  in  Gorreq>onding  -pro- 
x>rtion,  and  vice  versa,  so  that  there  is  an  ever- 
rarying  relation  between  the  level  of  the  mercury 
n  the  tube  and  the  mercury  in  the  dstem,  which 
ififects  the  accuracy  of  the  readings.  It  is,  there- 
ore,  necessary,  before  reading  the  height  of  the 
nercury-oolimm  on  the  stem  of  the  barometer  by 
neans  of  a  movable  vernier,  to  adjust  the  level  of 
he  merouy  in  the  dstem.  All  standard  or  observ- 
itory-barometers  of  the  mercurial  type  have  this 
idjustment.  Barometers  of  other  tjrpes,  such  as 
:he  ANEROID  BAROMETER,  must  be  frequently 
:ompared  with  a  standard  mercurial  barometer  in 
>rder  to  check  the  accuracy  of  their  readings.  Fig.  2.    Simpk  Barameter 

Barometric  Pressure.  By  barometric  height  is  meant  the  height  of  a 
x>lumn  of  pure  mercury  at  32^  F.  which  just  balances  the  pressure  of  the  atmos- 
phere at  the  time  and  place  of  the  observation.  The  standard  or  normal 
BAROMETRIC  PRESSURE  is  defined  as  the  pressure  of  a  column  of  pure  mocuxy 
f6o  mm  (29.92  in)  high  at  32*  F.  This  is  the  normal  barometric  pressure  at 
atitude  45*^  and  at  sea-levd.  Since  the  weight  of  i  cu  in  of  mercury  under 
:hese  same  conditions  is  0.491  lb,  the  normal  barometric  pcessine  «  height  of 
nercury-colunm  X  weight  per  cubic  inch  »  29.92  X  0.491,  or  14.7  lb  per 
yq  in.  This  pressure  of  14.7  lb  per  sq  in  is  known  as  the  absolute  pressure 
}f  the  atmosphere  at  latitude  45*  and  at  sea-level.  Now,  sinc^  the  ordinary 
;>ressure-gauge  measures  only  pressures  above  or  below  that  of  the  atmosphere, 
it  is  necessary  to  add  the  b>^rometric  pressure  at  the  place  in  question  to 
rH£  gauge-reading  to  obtain  the  total  absolute  pressure  corresponding 
to  the  pressure  indicated  by  the  gauge.  That  is,  absolute  pressuie  m  barometric 
pressure  -h  gauge -pressure. 

Heat 

Definitiott  of  Heat.  Heat  is  a  form  or  energy.  It  is,  in  fact,  the  kmetic 
suid  potential  energy  of  the  mokcules  of  which  all  substances,  whether  soUd, 
liquid,  or  gaseous,  are  composed.  Whenever  the  vibratory  motion  of  the  mole- 
cules composing  a  body  of  given  mass  is  increased  from  any  cause  the  thermal 
kinetic  energy  is  increased.  The  temperature  of  the  body  rises,  its  sensible 
ii£AT  increases,  and  the  body  feels  warmer. 

Measurement  of  Temperature.  Thermoipetry.  Imtensitt  or  beat  is 
measured  by  thermometers  and  pyrometers,  the  latter  being  used  for  high 
temperaturesr  above  from  400**  to  500**  F.    In  engineering  work  mercurial 
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tfaevmometere  are  very  largely  tmsAayed.  Theae  depend  upon  tbe  uni:  - 
expansion  of  metciny  to  indicate  changes  in  tempeniture.  The  unit  op  MRAsxriz 
HENT  is  caJted  a  deoeee,  and  ii  capahle  of  very  exact  detenaination,  proviir: 
that  two  points,  at  which  the  beat-intensity  is  always  constant,  can  be  used . 
bases  or  references  for  calibration.  The  melting-point  of  ice  :jid  boillng-prc: 
of  water  at  atmospheric  pressure  are  usuaUy  selected  as  bases,  and  the  unHv= 
expansion  of  the  mercury  between  these  two  points  is  indicated  on  a  s^ 
divided  into  i8o,  loo,  or  80  divisions.     (Fig.  3.)    Each  of  these  di\~Lsio-i> 

known  as  a  degkee  and  the  scales  used  are  knoirn  ^ 
spectivdy  as  Fahrenheit,  Centigrade  or  Cr.isr 
and  Reaumur.  The  Fahrenheit  is  used  almost  cxcr. 
sively  in  engineering  in  this  country. 

Abfohite  Temperatora.  In  addition  to  the  tbr>¥ 
temperature-acales  already  described*  physicista  cmpC. 
what  is  known  aa  the  absolute  scale  or  xsmpei^* 
TURKS,  baaed  on  the  so-called  absolute  zbko  of  tot- 
PERATUEB,  at  which  point  no  molecular  vibration  aai^ 
This  zero  is  conceived  as  491.6^  F.  below  the  meltu-j- 
paint  of  ice  (32*"  F.),  it  having  been  discov<eced  that  ^^. 
ideal  perfect  gaa  would  change  in  volume  by  s/491': 
of  its  volume  at  32"  F.  for  each  x**  cbanee  in  its  texa- 
perature,  at  constant  pressure.  Thus,  if  491^6  cu  i: 
of  gas,  measured  at  s^"  F.t  is  cooled  ao°  F.  at  oonsta:^ 
pressure,  the  new  voltme  will  be  471.6  cu  ft.  It  is 
only  necessary  to  add  49 1>-^  -*  32*  or  459*6,  to  tbr 
actual  tbermomettorHceadiBg  to  get  the  ahsohite  t«t&> 
perature.  .That  is,  T.  •■  I  +  4S9-6,  where  T  —  absolue 
temperature,  and  /  -•  actual  thermometer-reading  03 
the  Fahrenheit- scale.  For  engineering- work,  460'  a 
used  rather  than  459.6'.  For  the  Centigrade  scale  the 
relation  is  T  -  /  +  273'i« 

Meararement  of  Heat-Quantity.  Calorimetry. 
Heat  may  bs  measursd,  since  it  is  a  form  of  eners. 
Fte  S.  Fahxenheit  and  ^^  *°^  ^^  ^  \is\ial  energy-units,  as  the  joule,  fcxjt- 
CentigradeThennomcters  *^^^ND,  or  uors£-pow£R  hour.  It  is  the  custom,  how- 
ever, to  use  for  this  purpose  a  special  unit  more  readily 
applicable  to  heat-changes.  This  unit  in  the  English  system  is  known  as  iht 
British  therual  unit  (Btu),  and  is  the  amount  of  heat  required  to  raise  i  lb  uf 
water  from  63**  to  64°  F.  For  all  practical  purposes  in  ordinary  calculations.  1 
Btu  is  the  amount  of  heat  required  to  raise  i  lb  of  water  x"  F. 

Specific  Heat.  It  is  a  well-luiown  fact  that  equal  quantities  of  heat  will 
raise  equal  weights  of  different  substances  a  different  number  of  degrees,  depend- 
ing on  the  nature  of  the  substances.  This  property  of  matter  is  known  zs 
SPECIFIC  HEAT,  and  for  any  substance  can  be  expressed  as  the  number  of  BtJ 
required  to  raise  or  lower  the  temperature  of  i  lb  i*'  F.^  at  some  given  tem- 
perature. It  is  also  customary  to  make  use  of  the  mean  or  average  value  for 
a  certain  temperature^interval.  Two  specific  heats  are  recognized,  one  known 
as  tbe  TRUR  specific  heat,  measured  at  the  temperature  stated,  and  the  other 
as  tbe  mean  specific  heat,  which  is  the  average  value  between  the  temperatures 
under  consideration.    The  spedffc  heat  of  air  at  constant  pressure  is  0.24. 

Relation  between  Units  of  Baergy  and  Power.  Since  the  various  fonns  of 
energy,  heat,  mechanical  energy,  electrical  energy,  etc.,  are  mutually  convert- 
ible, there  must  be  definite  numerical  relations  between  tbe  varioua^  units  used 
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to  c»pres9  energy.  As  determined  by  various  physicists  tbe  relation  between 
the  Btu  and  the  ft-Ib  is 

I  Btu  ■•  777.64  ft-lb 

The  number  777.64  ia  adled  the  MBCRAMirAC  EQUiVALEirr  of  heat  and  it 
denoted  by  /.  For  ordinaiy  use  the  value  778  may  be  taiien.  Another  oon- 
veoieiit  idation  is, 

I  h.p.   a  2  564  Btu  per  hr 

Steam 

Piropertlat  of  Steam.  Steam  is  water-vapor,  which  exists  in  the  vaporous 
eoodition  because  suflkient  heat  hats  been  added  to  the  water,  from  which  the 
steam  has  been  formed,  to  supply  the  Utent  heat  of  evaporation,  and  to  change 
the  liquid  into  a  vapor.  This  change  of  state  takes  place  at  a  definite  and 
Gonstxuit  temperature,  which  is  determined  solely  by  the  pressure  of  the  steam. 
A  change  in  pressure  will  always  be  accompanied  by  a  change  in  the  tempera- 
ture at  which  ebullition  or  boiling  will  occur,  and  there  will  be  a  corresponding 
change  in  the  latent  heat.  The  properties  of  steam,  together  with  other  char- 
acteristics, are  tabulated  in  the  steam-tables.  (See  Table  I.)  Steani  in  con- 
tact with  the  water  from  which  it  has  been  generated  is  known  as  saturated 
STEAM,  and  may  be  known  as  pky  saturated  steam,  or  as  wet  saturated 
STEAM.  The  latter  contains  more  or  less  actual  water  in  the  fonn  of  mist  or 
PRIMING,  as  it  is  called.  If  dry,  saturated  steam  be  heated,  and  the  pressure 
maintained  the  same  as  when  it  was  vaporized,  its  temperature  will  increase 
and  it  will  become  sdverheaieo;  that  is,  its-  temperature  will  be  higher  than 
that  of  saturated  steam  at  the  same  pressure. 

Sensible  and  Latent  Heat.  Whenever  heat  is  added  to  a  substance,  without 
change  of  state,  its  tempemtore  ia  raised,  and  the  heat  thus  added  is  known  as 
SENSIBLE  HEAT,  as,  for  example,  the  heat  added  to  water  the  temperative  of 
which  is  between  50*  and  140**  F.  Sensible-heat  changes,  as  already  stated,  are 
measured  by  the  thermometer.  Heat  may  be  added  to  a  body  without  any 
change  of  temperature  provided  a  change  of  state  from  solid  to  liquid  or  from 
liquid  to  vapor  takes  place,  and  the  heat  thus  added  is  known  as  laxevt  heat. 
When  the  change  is  from  solid  to  liquid,  as  from  ice  to  water,  this  heat  is  known 
as  the  latent  heat  of  fusion.  At  atmospheric  pressure  ice  melts  at  32°  F., 
and  the  latent  heat  is  144  Btu  per  lb.  When  the  change  is  from  liquid  to  vapor, 
as  from  water  to  steam,  the  heat  required  to  effect  the  change  is  known  as  the 
Iatent  heat  of  evaporation.  At  atmospheric  pressure  water  evaporates  at 
212**  F.,  and  the  latent  heat  is  971.7  Btu  per  lb.  A  conception  of  the  relation 
between  the  properties  or  characteristics  of  steam,  and  the  manner  in  which  the 
changes  of  state,  temperature  and  pressure  are  brought  about,  is  described  in  the 
following  paragraphs. 

Generation  of  Steam.  Connder  a  frictionless  cylinder  (Fig.  4),  containing 
I  lb  of  water  at  33*  F.  Also  consider  the  pressure  of  the  atmosphere  to  be  14.7 
lb  per  sq  in  and  to  be  replaced  by  that  of  the  piston  B.  When  heat  is  applied 
to  the  cylinder  the  temperature  of  the  water  rises  until  the  boiling-point,  212**  F., 
is  reached.  The  heat  necessary  to  raise  the  temperature  from  32°  F.  to  the 
boiling-pomt  is  known  as  the  heat  of  the  liquid  or  sensible  heat,  and  is  de- 
noted by  the  symbol  Q.  This  condition  is  denoted  in  Fig.  8  by  the  point  C. 
The  average  specific  heat  of  water  between  32°  F.  and  212*  F.  is  i;  hence  the 
number  of  British  thermal  units  (Btu)  necessary  to  raise  the  temperature  of 
the  water  this  amount  is  212  — 32  or  180  Btu. 

When  more  heat  is  added  the  water  begins  to  evaporate  and  expand  at  con- 
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I  in  Fig.  5,  the  water  ti  cntireljr  chansBl  inlo  stearL 

□  in  Fig.  8,  by  the  point  D.    The  heat  thus  Bddo.  ■ 

T  or  EVAPOIAHON  and  isdenoted  by  the   sjrmhn,' 

siiMivided  into  two  p«rti.     (S«e  Fig.  7.)     First  the  attiaitii; 

This  ii  known  at  the  iirrzBS.c 

Nnt  the  external 


Thiscondili 

known  as  cl 

This  heat  r 

bctmen  the  molecules  must  be 

LAiEin  HEAt  and  ii  denoted  by  the  lymbol 

must  be  overcome,  the  weight  P  being  raised  against  gravity.    The  heat  thus 

added  is  known  as  e'CTF.bnaL  iateht  heat  and  ii  designated  by  the  symbcfc 

APHt  where  h  is  the  change  in  voliune,  in  cu  (t  of  i  lb  ol  water,  A  is  1/77S,  and 
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The  terra  AFu  is  the  heat-equivalent  ot  the  vork  perionncd  for  the  dianfe  in 

votume  (torn  water  to  steam. 

The  heat  added  from  the  starting-point  C)>°  F.).  is  knomi  as  toiai.  ot/tT 
{II).  01  q  +r  —B.  If  more  heal  is  added,  the  pressure  remaining  constant, 
the  temperature  of  the  steam  rises  and  the  steam  becomes  what  is  knuwn  as 
stiPEHHEATEij  STEAU.  The  heat  added  is  equal  to  the  mkan  £Fcc:ric  heat 
(Cji)  of  the  steam,  times  the  chan^  in  temperature  (ft  ~  3ii).  The  s[edGc 
ht.it  of  steam  is  tlie  Btu,  or  heat,  required  to  raise  the  temperature  of  i  lb  of  the 
steam  1°  F.  Since  the  specific  heal  of  steam  is  jess  than  that  of  water,  the 
slope  of  this  lino  becomes  greater  than  that  of  the  water-Une  The  point  is 
now  locateii  at  /.  (Fig.  8),  and  [he  steam  ius  increased  in  volume  in  the  cylinder 
(Fig.  51,  unii!  the  piston  occupies  the  dotted  position  B'. 

If  instead  of  the  above  condition  of  pressuie,  additional  pfesure  is  added. 
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Absolute  pressixre 


1 
inches  of  >  Lb  per 
nercm^  !    sq  in 


4.072 
8.144 
ia.ai6 
16.39 
30.36 

24-43 

30 


a 

4 

6 

8 

10 

13 

14.74 
16 

x8 
30 
33 

34 
36 
38 
30 
3a 
34 
36 
38 
40 
50 

54 
60 

64 
70 

74 
80 

84 
90 
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1X0 

"4 
I30 

124 
130 

134 

X40 

144 
ISO 

154 
160 
Z64 
170 

174 
z8o 
190 

300 


Tem- 
pera^ 
ture. 
deff. 
F. 


I 


136. xo 

153.99 

170.07 

183.87 

193.21 

30X.96 

3x3.13 

3x6.3 

333.4 

338.0 

333  I 

337.8 

343.3 

346.4 
350.3 
354.0 
357.6 

360.9 
364.3 
367.3 
381.0 

38s.  9 
393.7 
396.9 
302.9 
306.7 
3x3.0 

315.4 
3*0.3 

333.3 
^27. 8 

330.7 
334.8 

337.4 
341-3 
343.7 
347.4 
349.7 
353.x 
355.3 
358.5 
360.5 
363.6 
365.6 
368.5 
370.4 
373.1 
377.6 

381.9 


Vol- 
ume, 
cuft 
I>er  lb 


Weight. 

lb  per 
cuft 


X73.8 
90.6 
63.0 
47.35 
38.43 
32.41 
36.75 
34-76 
33. Z8 
30. 10 
18.38 
16.95 
15.73 
14-67 
13.76 

13.95 
13.34 

XI. 60 
IX. 03 

10.51 
8.53 
7.93 
7.18 
6.76 
6.33 

590 

5-48 

5-33 

4.905  0. 

4.7090. 

4-443IO. 

4-279.0, 

4-057IO. 

3.93Z  o. 

3.735|o 

3.62o!o 

3-461  0 

3.38310 

3.3261O 

3.1400 

3.020  o 

3. 945 10 

3.839,0 

a.773  O 

3.679  O 

3.63o|o 

3.536.0 

3 .  408 10 

3.393I0 


o. 
o. 

O. 
O. 

o. 
o. 
o. 
o. 
o. 
o. 

0. 

o. 
o. 
o. 
o. 
o. 
o. 

0. 

0. 

o. 
o. 
o. 
o. 
o. 

0. 
0. 
0. 

o. 


00576 
OXX04 
016x4 

03XX3| 
03603| 
03086 

03739 
04038 
04508 
04976 

0544 
0590 
0636 
0681 
0727 
0773 
08X8 
0863 
0907 

0951 

XI73 

T36t 

139a 
1479 

1609 

1695 
X834 
T9IO 

3039 

2x24 

,3351 

3337 
.346s 
.3550 

.3678 

.3762 
.2889 
.2973 

.3100 

.3184 
.33x1 
.3396 
.3522 

.3606 

.3733 
.38x7 
.3943 
.4154 
.4364 


Heat-content 
in  Btu 


oC 

liquid 


94.02 

120.  9 

137.9 
150.8 

i6x.x 

169.9 
xSo.z 

184.3 
190. 5 
196.0 

301.  3 
306.0 
310.4 
3X4.6 

3x8.6 
333.4 

335. 9 

339.4 

333.6 

335.8 
249.8 

254.7 

361.7 
366.  z 
373.3 

376.1 
381.6 

385.  z 
390.1 
393.3 
397.9 
300.9 
305.1 
307.9 
3x1.9 
314.4 

3x8.3 
320.6 
324.2 

336. 5 

339.8 

333.0 

335.3 
337.3 
340.3 
343.3 
345.3 
350.0 
354.5 


oC 
vapor 


Latent  beat 
in  Btu 


of 

vapor- 
ization 


116. 2  X 

127.9 
135.0 

140.3 
144.4 
147-9 
X5X.8 

153-4 
155-7 
157-7 
159.6 
16Z.3 
162.8 
X64.3 
X65.7 
X66.9 
z68.z 
Z69.3 
Z70.3 
171.3 
175.6 
177.1 

179.1 
Z80.3 

183.0 
X83.0 
184.4 
185.3 
186.5 
X87.3 
X88.4 
X89.0 
Z90.0 
190.6 
X9X-4 
X91.9 
X93.6 

193.1 
193. 7 
194.1 
194.7 
195 -I 
195.7 
X96.0 

196.5 
X96.8 
197.3 

197.9 
198.5 


033.3 
007.0 

997-1 
989. 5 
983.3 
978.0 

971.7 
969.1 
965-3 
»6l.7 
958.4 
955-3 
952.4 
949-7 
947.1 
944.6 
943-3 

939-9 

937.7 
935.5 
925.9 
922.4 
917.4 
914.3 
909.8 
906.9 
902.8 
900.3 
986.4 
894.0 

890.5 
888.3 
884.8 
883.7 
879.5 
877.5 
874.4 
873.5 
869.6 
867.7 
864.9 
863.1 
860. 5 
858.7 
856.3 

854.5 
853.0 

847.9 
844.0 


In- 
temal 


957.9 
939.9 
938.3 

919.4 

913.3 
906.0 
898.8 
895.8 
891  4 
887.3 
883-6 
880.x 
876.8 
873.7 
870.7 

867.9 
865.3 

863.7 
860.3 
857.8 
847.1 
843  a 
837.8 

834.3 

839.5 

826.4 

821.9 

8x9.x 

8x5.0 

8x2.4 

808.6 

806.x 

803.6 

800.3 

796.9 

794.8 

791.6 

789.5 

786.4 

784 

78X. 

779- 

776. 

775. 
772.4 
770.6 
768.0 

763.9 
7598  J 


5 
6 

7 

9 
I 


Condensed  from  original  tabki  published  by  John  Wiky  &  Sons.  Inc. 
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as  shown  by  the  wriaht  W  hi  Fig.  6,  die  tenpcrstureof  theboifiiig^point  wSi  x 
raised  from  the  temperature  of  sii**  F.  to  some  other  point,  as  /i  (Fiff.  8).  >j 
mHy  be  seen  by  this  figure,  the  sensible  heat  q  has  been  increased  to  ^.  Wi:=L 
more  heat  is  added  the  water  is  evaporated  at  the  temperature  lk»  and  if  he: 
again  be  added  theaanxAXBD  steam  will  become  sufeibkaied  sikaic 

Quality  of  Staam.  The  proportfon  of  the  vhy  steak,  per  pound  of  steia 
delivered  by  the  boikr,  is  known  as  the  qumjty  of  the  steam  and  is  irpft- 
seated  by  the  sjrmbol  x,  and  the  heat  (if«)  contained  in  the  steam  above  33*  ¥ 
hq  +xr;  the  state-point  is  located  at  E  (Fig.  8). 

Spedfle  Tolume  and  Density.  The  volume  of  a  pound  of  steam  is  knovi 
as  the  SPEaTic  volume  v,  and  as  may  be  seen  by  comparing  Figs.  5  and  6,  ds> 
creases  as  the  pressure  increases.  The  reciprocal  of  this,  or  the  weight  ci  sian 
per  cubic  £oot,  is  known  as  the  density*  and  is  denoted  by  i  or  i/a. 

Entropy.  Another  quantity  known  as  Eimo^Y  is  made  use  of  m  calcuL- 
tions  relating  to  steam-engines  and  turbines,  and  is  defined  as  the  ratio  obtainri 
by  dividing  the  quantity  of  heat  added  to  a  substance  by  the  absolute  tempera- 
ture at  which  it  is  added. 

The  Total  Heat,  ff ,  of  a  dry,  saturated  vapor  for  any  pieaiHue  and  tem- 
perature is  the  siun  of  the  heats  required  to  raise  the  temperature  of  one  pound 
of  the  liquid  from  the  freezing-point  to  the  given  temperature  and  corrPByondirg 
pressure  and  entieely  vaporize  it  at  this  pressure.  For  this  case  x  ^  h 
and  consequently 

H  -  (^  +  AFu)  +  g  -  r  +  J 

The  total  heat  (fix)  of  wet  vapor  at  any  pressure  and  temperatme  is 

Hx  "  Jtr  +  ff 

It  is  manifestly  incorrect  to  say  that  this  is  the  heat  in  the  vapor,  as  the  AP* 
is  not  the  heat  in  the  vapor,  but  the  external  work  performed  by  the  vapor  while 
evaporating. 

Superheated  Steam  or  Vapor.  Superheated  steam  is  defined  as  water-vapor 
which  has  been  heated  out  of  contact  with  its  tiquid,  until  its  tempexature  is 
higher  than  that  of  saturated  vapor  at  the  same  pressure. 

The  heat-ooDtent  of  superheated  steam  or  vapor  may  be  eaqpressed  by  the 
equation 

where  tt  is  the  temperature  of  superheated  vapor,  /  the  temperature  of  saturated 
vapor  at  the  corresponding  pressure,  q  the  heat  of  the  liquid  at  1,  and  r 
the  heat  of  vaporization  at  temperature  L  Cp  is  the  mean  specific  heat  of 
superheated  vapor  (approximately  o.$o),  H  the  total  heat  of  i  lb  of  dxy  sat- 
urated steam,  and  H9  the  total  heat  of  x  lb  of  superheated  steam* 

PropertieB  of  iUr 

Chadea'  Law.  Charles'  Law  refers  to  the  relation  between  pressure,  vohune 
and  temperature  of  a  gas,  and  may  be  stated  as  follows.  The  volume  of  a 
given  weight  of  gas  varies  directly  as  the  absolute  temperature  at  constant 
pressure,  and  the  pressure  varies  directly  as  the  absolute  temperature  at  constant 
volume.  Heace»  when  heat  is  added  at  constant  volume  Vc,  this  equation  results: 

Pi      Tt 

Pi  "r* 
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V  for  the  same  tempentoie'nmse^  at  constant  pnsnire  Pe*  the  relation  is 


Vt 
Vt 


7t 
Ti 


In  general,  for  any  weight  of  gas  M,  since  volume  is  proportional  to  weight  at 
jiy  given  volume  and  temperature, 

PV  -  MRT 

irhich  is  the  characteristic  equation  for  a  perfect  gas.    In  this  formula 

P  «  the  absolute  pressure  of  the  gas  in  pounds  per  square  foot  •  3zx6^ 

(atmospheric  pressure); 
V  «  the  volume  of  the  weight  M  in  cubic  feet; 
J/  «  the  weight  in  pounds  of  the  gas  taken; 

R  ^  Si  constant  depending  on  the  nature  of  the  gas  «  53-37  for  air; 
T  ■■  the  absolute  temperature  in  degrees  Fahrenheit  (/  -h  459.6). 

Table  IL    Properties  of  Dry  Air 

Barometric  pressure,  29.921  in.    Specific  heat,  0.24 


Btu  absorbed 

Cubic  feet 

Temperature 

Weight  per 

Per  cent  of 

by  one  cubic 

of  dry  air 

in  degrees 

cubic  foot 

volxmie  at 

foot  dry  air 

warmed  one 

Fahrenheit 

in  pounds 

70"*  Fahrenheit 

per  degree 

degree  per 

Fahrenheit 

Btu 

0 

0.08636 

0.8680 

0.02080 

48.0$ 

zo 

0.08453 

0.8867 

0.03039 

49  05 

20 

0,08276 

0.9057 

0.01998 

50.05 

30 

0.08x07 

0.9246 

0.0x957 

51.  ZO 

40 

0.07945 

0.9434 

0.01919 

52. IZ 

50 

0.07788 

0.9624 

O.OZ881 

53.17 

60 

0.07640 

0.98XZ 

0.0x846 

54.18 

70 

0.07495 

x.oooo 

0.0X8X2 

55.19 

80 

0.07356 

Z.OZ90 

0.0x779 

56.31 

90 

0.07222 

1.0380 

0.0x747 

57.25 

too 

0.07093 

Z.0570 

0.017x6 

58.28 

ZIO 

0.06968 

x.0756 

0.0x687 

59.28 

fao 

0.06848 

1.0945 

O.OZ659 

60.28 

130 

0.06732 

I.ZX33 

0.01631 

6Z.33 

140 

0.06620 

X.Z320 

0.01605 

63.31 

ISO 

0.06510 

I.X5I2 

0.0x578 

63.37 

x6o 

0 . 06406 

X.I700 

0.01554 

64.3s 

170 

0.06304 

X.X890 

0.0Z530 

65.36 

180 

0.06205 

I . 2080 

0.0x506 

66.40 

190 

0.061x0 

X.2270 

O.OZ484 

67.40 

200 

0.060x8 

1 . 2455 

0.0x462 

68. 4Z 

240 

0.05673 

1.33x2 

O.OX3SO 

72.46 

300 

0.05225 

1-4345 

0.0x274 

78.50 

350 

0.04903 

Z.5388 

0.0XX97 

83.5s 

400 

0.04618 

z . 6230 

O.OXX30 

88.50 

450 

0.04364 

I. 7177 

O.OZ070 

93.46 

500 

0.04x38 

I.8Z13 

0.0X0x8 

98.34 

550 

0.03934 

X . 9060 

0.00967 

X03.42 

600 

0.03746 

2.00tO 

0 . 00923 

108.3s 

700 

0.03423 

2 . Z9OO 

0 . 00847 

rz8.07 
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A  PEKFECT  OAS  confonns  exactly  to  the  above  equation,  and  while  no 
PESFECT  in  this  sense,  they  confonn  so  nearly  that  the  above  equation  a^i*. 
to  most  engineering-computations.  The  volume  of  i  lb  of  air,  known  as  :::i 
SPECIFIC  VOLUME,  at  any  temperature  and  pressure,  can  be  found  at  ono;;'] 
the  equation 

V  -  (5337  X  T}/P 

Sstimating  Heating  Reqotrementa  of  Buildings 

Heat  Required  and  Supplied.  The  amount  of  heat,  measured  in  Btu  to  ? 
supplied  by  the  heating-apparatus  to  a  building  to  maintain  the  inside  temprv 
ture  above  that  of  the  outside,  commonly  termed  HEAT-tossES,  is: 

(a)  The  heat  required  to  offset  the  heat-transmission  of  the  walJs^  ceiliffi;  :«■ 
roof,  and  floor.  Tliis  loss  of  heat  depends  upon  the  type  and  materials  ol  c -- 
struction  used  and  the  temperature-differenoe  to  be  maintained  betupmiA  ib^ 
inside  and  the  outside  of  the  building. 

(b)  The  heat  required  to  warm  the  air  entering  the  building  from  tbe  oats.it. 
either  by  infiltration  or  purposely  introduced  for  ventilation. 

(c)  The  heat  supplied  by  persons,  lighta,  machinery  and  motors,  vriiich  raaj. 
be  deducted  from  the  sum  of  items  (a)  and  (b)  to  obtain  the  net  amount  of  htz: 
to  be  supplied  by  the  heating-apparatus.     (Item  (c)  is  usually  not  considered! 

It  is  customary  in  all  calculations  connected  with  the  design  of  heatis^- 
installations  to  base  the  estimate  on  the  amount  of  heat  per  hour  to  be  supplied 
by  the  apparatus.  The  total  heat  to  be  supplied  per  hour  H  H  ^  Kitem  a  <  '- 
(item  b)  —  (item  c)]  Btu.  The  method  in  use  for  the  calculation  of  tbe  vari<}j^ 
items  above  mentioned  will  now  be  taken  up  and  discussed  in  the  order  given. 

Temperatures.  The  inside  temperature  to  be  maintained  and  the  air  re- 
quired for  ventilation  for  various  classes  of  work  are  discussed  under  Ventilation, 
to  which  the  reader  is  referred.  The  outside  temperature  for  which  the  beating 
installation  should  be  designed  is  fixed  by  the  lowest  outside  temperature  that 
is  liable  to  continue  for  several  days  during  the  heating-season. 

Usual  Inside  Temperature  Specified 


Kind  of  buiidinffs 

Degrees  F. 

Public  buildings 

68-72 

65 
60-65 
50-60 

70 

8s 

70 

80 

Factories 

Machine-shoDs 

Foundries,  boiler-shops,  etc.  . . . 
Residences 

Bath-rooms 

Schools 

Hospitals 

Paint-shoos. 

In  designing  the  heating-system  a  temperature  of  from  xo**  to  15*  F.  higher 
than  the  lowest  recorded  temperature  is  recommended  to  be  used  for  the  out- 
side temperature. 

Heat-Transmission  of  Walls,  Ceilings,  Roofs,  Floofs,  etc.  (a)  The  heat- 
loss  through  building-construction  is  dependent  upon  the  character  of  the 
material,  thickness  and  character  of  tbe  surfaces,  and  the  velocity  of  the  air 
over  the  surfaces.  Numerous  tests  have  been  conducted  by  various  experi- 
menters to  determine  accurately  the  heat-transmission  of  various  t^ixs  of 
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TkUe  in.    Ontrida  TtrnpecmtaiM 

Lowest  and  Airenge  Tcmpeiatnict  in  the  United  States.    All  stated  in  Fahrenheit 
degxees  and  r^wnp^M  from  United  States  Weatlier  Buxcau  Records 


State 


Ala.. 

Axis.  . 

Ark.. 

Cal.. 

Col . . 

Conn. 
D.  C. 
Pla... 

Ga  ... 

Idaho 

m.. . 

Ind  .. 

la. . . . 

Kan.. 

iKy... 
'La... 

Me.. . 

Md.  . 
Mass. 

Mich. 

Minn. 
Miss  . 

Mo . . 
Mont. 


aty 


Mobile 

Montgomery. . 

PlagsUff 

Phoenix 

Port  Smith. ... 
Little  Rock . . . 
San  Diego .... 
Independence.. 

Denver 

Grand  Junction 
Southington. . . 
Washington.. . 

Jupiter 

Jaclcsonville. . . 
Savannah. .... 

Atlanta 

Boise 

Lewiston 

Chicago 

Springfield .... 
Indianapolis. . . 
Evansville .... 
Sioux  City. . .. 

Keokuk 

Dodge  City. . . 

WichiU 

Louisville 

New  Orleans . . 
Shreveport. . . . 

Bastport 

Portland 

Baltimore 

Boston 

Alpena 

Detroit 

Duluth 

Minneapolis. . . 

Meridian 

Vicksburg 

Springfield. . . . 

Hannibal 

Havre 

Helena 


Lowest 


•  I 
S 

-21 

•IS 

•12 

32 

10 

-29 

-i6 

-19 

•IS 

24 

xo 

8 

-  8 

-28 

-z8 
•23 

-22 
-25 
-IS 
-31 
-26 

-26 
-22 
-20 

7 
■  S 

■21 

•17 

•  7 
-13 
-27 
-34 
-41 
■33 

-  6 

•  I 
-29 

-20 

■ss 

-42 


Aver- 
age.* 


S7.7 
56.x 

34.8 
58.9 
49.5 
52.0 
57.2 
48.7 
38.4 
39-2 
36.3 
42.9 
69.8 
60.9 
57.2 
SI. 4 
39.6 
42.5 
35.9 
390 
40.4 
44.1 
32. z 
37.6 

■  •  «  ■ 

42.9 
45.0 
60.5 

55.7 
3X.X 

33.5 

43.3 

37.2 

29.1 

35.3 

25 

28 

S3 
56 

43 
39 
27.7 
30.9 


SUte 


Neb.. 

Nev.  . 

N.  H 
N.  J.. 
N.  Y. 

N.  M. 

N.  C. 

N.  D. 

Ohio  . 

Okta  . 
Ore.  . 

Pa... 

R.  L. 

S.  C  • 

S.  D.. 

Tenn. 

Tex. . 

Utah. 
Vt... 
Va... 

Wash. 

W.Va. 

Wis.. 

Wyo  . 


aty 


North  Platte.. 

Lincoln 

Carson  City. . . 
Winnemucca. . 

Concord ^ 

Atlantic  City. . 
Saranac  Lake.. 
New  York  City 

Roswell 

Santa  F€ 

Hatteras. ..... 

Charlotte 

Devil's  Lake.  . 

Bismarck 

Toledo.. 

Columbus. .... 
Oklahoma..  • . . 
Baker  City. . . . 

Portland 

Pittsburgh .... 
Philadelphia. . . 
Providence. . . . 
Rock  Island. . . 
Charleston .... 

Columbia 

Huron 

Yankton 

Knoxville 

Memphis 

Corpus  ChristL 
Port  Worth. .. 
Salt  Lake  City. 
Northfield. . . . 
Cape  Henry. . . 
Lynchburg. . . . 

Seattle 

Spokane 

Parkersburg. . . 

Blkins 

La  Crosse 

Milwaukee .... 

Cheyenne 

Lander 


Lowest 


-35 
-29 
-22 
-28 
■3S 
■  7 
•38 

-  6 

-14 

■13 

8 

-  S 

-«i 
•44 
-x6 

-30 
•17 
-20 

•  2 
•30 

•  6 

•  9 

'  4 

7 

2 

•43 
-32 
-x6 

•  9 
iz 

-  8 
30 

■33 
5 

•  5 
3 

-30 
-37 
-21 
-43 
-25 
-38 
■36 


Aver- 
age ♦ 


34.6 
35.8 


37.9 
33.1 
41. 6 

34.x 
40.  z 

48.9 

38.0 

53-3 
49.8 

1 8. -9 

23.5 
36.8 
39.8 
47.1 
34.x 
454 
40.8 
41.8 
37.5 
39.7 
56.9 

53-5 


25 

31 

47 

SO 

62 

49.5 

39-7 

27.8 

48.6 

45.3 

44.3 
37.0 

41. 9 
38.8 
31.2 
32.4 
33.7 
29.0 


*  Aversge  is  taken  from  October  z  to  May  x. 


construction.  The  following  table  represents  the  resuha  of  the  experiments 
(1914-15)  by  Harding  and  Willard  in  this  connection,  based  on  an  average 
outside  wind-movement  of  approximately  15  miles  per  hour; 
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Table  IV.    Hett-Tmumisskm  of  BnOdiiic-Coiistnictioii 


I 


Confltrtictidn 


Thick- 
ness. 


WtedMi 


Fl 

[7 

Q 

1, 

T 

li 

4 

1 

£ 

E 

H 

U 

Btti  truismitted  per  square  foot  per  boi? 
Tempcmt«f«odiff«rence 


For  3-in  concrete  covered  with  slag  roofing,  de- 
duct approximately  io%  from  values  stated. 


One  air-change  perhrcuft 


Single 

Double 

Triple 


1. 136 

.450 

.381 


oiS 


22.5 

9.0 
S.6 


.360 


45. 0 
zB.o 

ZZ.2 


67.6 

27-0 
16.9 


,720    I    X.08 


78.6 
31.5 
19.7 


1.26 


90.0 
36.0 
22.5 


1.44 


Btu  loss  per  foot  of  sash  perimeter  per  hour 


Wooden  sash 

Wooden  sash,  metal  strip. .  . 

Hollow  metal  sash 

Hollow  metal  sash,  stripped. 


2.05 

0.43 

4.5 
r.6 


41. 0  I   82.0 
8.6  I    17-2 
90       1 180 
32  64 


123 

144 

26 

30 

270 

3x5 

96 

H2 

Z64 

34    1 
360    i 

128 


*  For  lath-and-plaster  ceiling  with  no  floor  above,  double  the  values  given  for  wooden 
floor  with  plaster  ceiling. 
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The  foUowing  data  on  the  heat-transmission  of  various  types  of  roofs  were 
iken  from  the  test-results  of  C.  L.  Norton: 

Table  V.    fieat-Tranimiatson  through  Roofs 


Construction 


APM  gypsum  slab  roof  4  in  thick  with  s-ply  tar  and  felts. 
APM  gypsum  slab  roof  3  H  in  thkk  with  s*ply  tar  and  felts 
APM  gypsum  slab  roof  3  in  thick  with  S'ply  tar  and  felts. 

Spruce  planks  3  in  thick  with  5-ply  tar  and  felts 

Hard-pine  plank  3  in  thick  with  5-ply  tar  and  felts. 

Hollow  terra-cotta  tile  3  in  thick  with  5-ply  tar  and  felts. . . 

Stone  ooficrete  6  in  thick  with  s^ply  tar  and  felts .  < 

Cinder  concrete  4  in  thick  witli  5-ply  tar  and  lelts 

Stone  concrete  4  in  thick  with  5-ply  tar  and  felts 

Stone  concrete  3  iu  thick  with  S'ply  tar  and  felts 


Btu  per  sq  ft 
per  hotir  per  z  ^ 

difference  in 

temperature  of 

still  air  inside 

and  outside 


The  heat-transmission  of  stone  walls  is  approximately  50%  greater  than  that 
of  brick  of  equal  thickness.  The  Btu-loss  per  foot  of  sash-perimeter  is  based  on 
the  leakage-determinations  by  Voorhees  and  Meyer,  Trans.  Am.  Soc.  H.  and 
V.  E.,  X916. 

Heat-Tranamisfion  of  Roofe  and  Floora.  The  temperature  of  the  air  in 
contact  with  the  under  side  of  a  ceiling  or  roof  is  found  to  be  higher  than  the 
temperature  maintained  at  the  breathing-fine,  at  which  point  the  temperature 
is  usually  measured;  and  this  is  due  to  the  natural  tendency  of  the  warmer  or 
less  dense  air  to  rise.  It  b  recommended  that  an  increase  of  approximately 
15%  be  made  to  the  specified  inside  temperature  for  the  temperature  at  the 
ceiling  for  ceiUng  or  wall-heights  not  excee(&ig  rs  ft,  and  30%  for  ceiling^lieights 
of  so  ft  or  more,  in  estimating  the  heat-loss  of  roofs.  Thus,  if  65*  F.  is  the  spt' 
cified  inside  temperature  to  be  maintained  in  a  room  the  height  of  which  is 
2o  ft,  the  temperature  of  the  air  in  contact  with  the  under  side  of  the  roof  may 
be  assumed  to  be  65^  -f-  30%,  or  85'  F.  The  loss  of  heat  through  the  ceiling 
of  a  room  over  which  a  large  air-space  exists,  through  partitions  between  a 
heated  and  a  cold  room,  or  through  the  first  floor  to  the  cellar,  may  be  estimated 
on  the  assumption  that  the  wanned  rooms  give  off  sufficient  heat  to  maintain 
the  temperature  of  these  colder  spaces  according  to  the  following  schedule: 

Closed  attics  imder  metal  or  slate  roofs 14*  F. 

Closed  attics  under  tile,  cement,  tar,  or  gravel  roofs 23*  F. 

Cellars  and  rooms  kept  closed 35*  F. 

The  heat-transmission  of  floors  that  are  laid  directly  upon  the  ground  may  be 
estimated  on  the  assinnpti<m  that  the  ground  in  contact  with  the  under  side  of 
the  floor  has  an  approximate  temperature  of  50"  F.  Thus  the  estimated  heat- 
loss  through  a  6-in  concrete  floor  laid^  directly  upon  the  ground,  assuming  an 
inside  temperature  of  65**  F.,  is 

0.563  (65  —  50)  or  84  Btu  per  square  foot  per  hour 

Heat-Lost  by  Inffltration.    (b)  The  heat  required  to  warm  the  outside  air 
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which  may  enter  by  leakage  through  the  cracks  or  clearances  anmxid  wiiufo«i 
and  doors  is  that  required  to  raise  the  temperature  of  the  weight  ol 
air  per  hour  from  the  outside  to  the  inside  temperature. 

Let      b  -Btu  required  per  hour  to  heat  the  incoming  air; 
/  -tinside  room-temperature  in  degrees  Fahrenheit; 
Id  -*outside  temperature; 

Cp  ^specific  heat  of  air  at  constant  pressure  «  0.34; 
d  » density  of  the  air  at  temperature  t; 
-0.07s  for  70®  inside  temperature; 
■•0.076  for  60®  inside  temperature; 
Q  -cubic  feet  of  air  per  hour  entering  building  by  infiltration, 

at  temperature  t; 
W  -weight  of  air  per  hour  entering  building  by  infiltration  ^  d  xQi 
Then  b ^Cp  {t  -h)Q  Xd  m  0.24  X  W  X  (<  - /o); 
-1.26  Q  for  70°  inside  temperature; 
-x.o3  Q  for  60**  inside  temperature. 

There  are  two  assumptions  made  by  engineers  in  practice  for  obtaining  the 
value  of  Q.  The  common  method  in  vogue  is  to  assume  a  certain  number  d 
air-changes  n,  per  hour  in  the  cubical  contents  C,  of  the  room  in  accordance 
with  the  following  table: 

Table  VI.    Number  of  Air-Changes  per  Hoar 


Halla 

Rooms  on  ist  floor. 


n  "  3 

n  »  2 
Rooms  on  2nd  floor 1     n  —  r 


Offices  and  stores,  ist  floor 

Offices  and  stores.  2nd  floor 

Churches  and  public  assembly-rooms. 
Large  rooms  with  small  exposure .... 
Factory-buildings 


fi  —  2  toj 

n  -  iH  to  2 

»  —  5i  to  a 

»  -  Ji  to  I 

n  -  H  to  I 


Bzample.  Required  the  heat-loss,  by  infiltration,  from  a  room  ccmtaintng 
20  000  cu  ft,  the  temperature  of  which  is  maintained  at  70**  F.  in  zero  weather, 
the  estimated  number  of  air-changes  n,  being  two  per  hour. 

Solution.  ()  -  2  X  20  000  -  40  000  cu  ft  of  air  entering  per  hotir  measured 
at  70"  F. 

b  -  0.018  X40  000  X  (70  —  o)  -  50  400  Btu  per  hour. 

The  other  method  is  to  use  the  estimated  amount  of  air-leaking  in  the  build- 
ing through  the  cracks  around  the  sash-perimeter  and  meeting-rail.  The  f<^ 
lowing  data  may  be  used  in  this  connection  and  is  based  on  a  wind-movement  of 
approximately  20  miles  per  hour  (Voorhees  and  Meyer  Tests). 


Plain  wooden  sash 

Plain  wooden  sash,  weather- 
stripped 

Hollow  metal  sash 

Hollow  metal  sash,  weather- 
stripped. .  .  * 

Copper-covered  sash 


I 
X 14       I  Ctt  ft  air  per  hour  per  foot  perimeter 

34      t  cu  f  t  air  per  hour  per  foot  perimeter 
3i6  to  2f8  cu  f t  air  per  hour  per  foot  perimetcri 


72  to  ISO 
132     • 


cu  ft  air  per  hour  per  foot  perimeteri 
cu  ft  air  per  hour  i>er  foot  perimeter 


For  a  room  with  more  than  one  outside  wall  use  only  the  sum  of  the  per- 
imeters of  the  windows,  in  the  side  having  the  greater  number. 
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Ssampla.  An  office  14  by  1 6  by  io-ft>high  ceiling,  has  two  3  by  7-it  wooden- 
sash  windows.  The  maintained  inside  tempemture  is  70^,  and  the  outside 
temperature  o^  F.    Required  the  heat-losa  by  infiltration. 

Solution.  By  the  first  method,  assuming  two  air-changes  per  hour,  the  loss 
is 

b  -  1.26  X  2  X  (14  X  i6  X  10)  -  5  645  Btu  per  hr 

By  the  second  method  this  loss  is: 
(  -  1.26  X2(3  +3  +3+7  +7  perimeter)  X  1x4  «  6  607  Btu  per  hr 

IncreaBe  in  Heat-LoMes  for  Tall  Bnildingy.    It  is  advisable  to  increase  the 

calculated  heat-losses  above  the  tenth  floor  by  approximately  15%  for  walls 
that  are  exposed  to  the  prevailing  winds. 

Heat  SuniUed  by  Penona,  Lights.  Motors,  Machinery,  etc.    (c)  The 

quantity  of  heat  emitted  by  persons  is  ordinarily  not  of  sufficient  importance 
to  be  taken  into  account,  except  in  cases  of  aasembty-haUs  and  theaters.  The 
followixig  allowances  may  be  made  when  required: 

(i)  Persons: 

Man  at  rest. 400  Btu  per  hour 

Man  at  work 500  Btu  per  hour 

The  heat  introduced  by  lights  is  as  follows: 

(a)  Lights: 

Electric  lamps: 

Btu  per  hour  equals  watts  per  lamp  X  number  of  lamps  X  3*4x5 

Gas-lighting: 

I  cu  ft  producer  gas 150  Btu 

I  cu  ft  illuminating  gas 700  Btu 

I  cu  ft  natural  gas x  000  Btu 

A  Welsbach  burner  averages  3  cu  ft  of  gas  per  hour  and  a  fish-tail  burner 
5  en  ft  per  hour. 

(3)  Motors.  Motors  and  the  machinery  which  they  drive,  if  both  are  located 
in  the  room,  convert  aU  of  the  electrical  energy  supplied  into  heat,  which  is 
retained  in  the  room  if  the  product  being  manufactured  b  not  removed  until  its 
temperature  is  the  same  as  the  room-temperature. 

(4)  Machinery.  If  power  is  transmitted  to  the  machinery  from  the  outside, 
then  only  the  heat -equivalent  of  the  brake  hoiae-power,  d.h.p.,  supplied  is  used. 

In  the  first  case  the 

^  ,.   ,        ,  motor  horse-power 

Btu  suppued  per  hour  «  -  ;^~. X  2  546 

emaency  of  motor 

and  in  the  second  case 

Btu  per  hour  -  d.h.p.  X  2  546 

in  which  2  546  is  the  Btu  equivalent  of  i  horse-power  hour.  In  high-powered 
mills  this  is  the  chief  source  of  heating  and  is  sometimes  sufficient  to  overheat 
the  building  even  in  zero  weather,  thus  requiring  cooling  by  ventilation  the  year 
round. 

Short  Rules  for  Estimating  the  Heat-Loss  of  Buildings.  There  is 
a  great  variety  of  rule-op-thumb  icetbods  for  estimating  the  heat4oss  H 
for  proportioniDg  the  heatiog-suiface  required  when  direct  radiation  is  to  be 
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med.  Tbete  •o-caUcd  pnctkal  tales  are  intoidcd  to  be  bued  on  ave 
tniildlng-ooiutnKtioa  uiil  on  the  ratio  of  mil  uul  glu^suifice  to  tbe  col 
contenU  u  found  in  bidldliisi  of  the  tlttt  to  whkfa  they-  lefer.  Tbeae  i 
when  modified  fat  uaufual  coDditJoos  and  applied  by  eagineera  of  loos  upo- 
ence  io  the  proportiomog  and  design  of  beating  lystems  produce  latisfa^crr 
nnilts.  Tbey  are,  however,  impidly  being  discarded  except  as  rouKb  cliedj 
OD  tbe  inoit  refined  methodi  of  calculation. 

CaipBDtsr'a  Rnl*.    The  foUowing  fonnula,  or  rale,  i^ch  bas  been  v 
used  ioi  naaf  y«m  in  Ibii  couotiy,  mu  (xopoaed  by  R.  C  Caipcnt^- 


Elg-  V-  Ftooi-pluii  and  Section  a 
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for  B«fldteK  Slioim  la  Vic .  t. 


Room- 
designation 


First  floor: 
Sunple-rooiB, 

Han 

Laboratory . . 

Office 

Toilet 


Second  floor: 
Mgr't  office.  • 

Hall 

Gcn'l  oflice .  . 
Sup't*s  office- 


Net  volume, 
cuft 


Totals 


zooSo 

^595 
4  320 

2  520 
900 


4  3ao 
3595 

10080 

4320 


Net  wall- 
sqft 


Floor  or 

ceiling, 

sq  ft 


8S< 

99 
378 
288 

90 


393 
119 

393 


864 
3X6 

360 

aio 
7S 


360 

2X6 

864 

360 


Glass-area, 

sqft 


180 

4S 

90 
60 
30 


75 

ISO 

75 


41  730 


3464 


730 


Room- 
designation 


Transmission-loss, 
Btu  per  hour 


Wall-loM 

X9.7X 

col.  3 


Floor  or 
ceiling- 
loss, 
13.  X  col.  4 

18.8XC0I.  4 


Glass- 
lost. 

78.8  X 
col.  S 


First  floor: 
Sample*room. 

Hall 

Laboratory. . 

Office 

Toilet 

Second  floor: 
Mgr's  office.  . 

Hall 

Genl.  office.  . 
Sup't's  office.. 

Totals .... 


16784 

I  950 

7446 

S674 

1773 

7  743 

3  344 

z6  784 

7  743 

Infiltration  loss, 
Btu  x>er  hour 


Assumed 
DO.  air- 
changes 
per  hour 


II  233 

3  808 

4680 

3  730 

975 


6768 

4  o6z 

16243 
6768 


8 

14  184 

3556 

7  1X2 

4738 

3364 

5910 

I  970 

zz  820 

5  9X0 

X 

3 

2 
3 
3 


a 

3 

2 
2 


Infiltra- 
tion-loss. 
[.26  XcoL 
2  Xcol.  9 


10 


Totol 

heat- 

I06S, 

Btu  per 

hour 


zx 


xa  700 

X0809 

X0886 

6350 

2268 


X0886 
X0809 

2S400 

10  886 


54900 

19  X23 

27358 

Z9482 

7380 


31  306 

19  334 
70247 
31  306 


xoo  994      280  326 


0.3$  Btu  and  for  glass  t.o  Bta  per  degree  difference  between  the  inside  and  out- 
side tenperature  per  hour. 

Professor  Carpenter  states  that  tisaally  we  may,  with  sufficient  accuracy, 
neglect  all  inside  waOs,  floors  and  ceilings  and  consider  only  the  outside  walls. 

The  estimated  number  of  air-changes  per  hour,  by  infiltration,  has  already 
been  given  in  Table  VI. 
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Jjct  C  »«  cubical  content*  of  room  in  cubic  feet; 

n  <-  number  of  air-cbanges  per  bour  (see  Table  VI); 
0.02  *  Btu  to  raise  i  cu  f t  of  entering  air  i^  F.; 
W  "  net  wall-surface  in  square  feet; 
G  —  glass-surface  in  square  feet; 
(I  —  A))  ""  temperature-difference  between  inside  and  outside; 
n  ->  total  heat  to  be  supplied  per  hour  in  Btu; 
H  -  iojoinC  +  G  +  HW)  {t  -  hh 

Calculating  tbe  fieat*Loss  of  a  Building.  Tbe  following  example  (Tal> 
VII)  will  serve  to  illustrate  the  method  employed  in  calculating  and  tabulatirf 
the  heat-loss  of  a  typical  building,  tbe  floor-plans  and  section  being  shown  in  11; 
9.  (See,  also,  Fig.  34.)  The  heating  requirements  are  for  a  temperature  of  70°  F. 
in  zero  weather.  The  heat-transmission  for  the  outside  walls  per  sQuarr  fv^. 
is  taken  from  Table  IV  for  a  temperature-difference  of  70**.  Tbe  heat-»>^ 
through  the  first  floor  is  based  on  a  temperature-difference  of  70—35  or  3s' • 
The  heat-transmission  per  square  foot  per  i**  difference  in  temperature  per 
hour  for  i^-in  wood  is  0.37;  hence  for  35®  it  is  0.37  X  3$  -  13  Btu  per  bou". 
The  heat-loss  through  the  ceiling  of  the  second  floor  is  based  on  a  temj>era,tuiY- 
difference  of  70  —  23  »  47**,  23"  being  the  assumed  temperature  of  the  attic 
in  zero  weather.  The  heat-transmission  per  square  foot  per  hour  is  therefor; 
47  X  0.40  "  18.8  Btu.  The  infiltration-loss  is.  in  this  example,  based  on  sn 
estimated  number  of  air-changes  per  hour  as  indicated  in  Table  VII. 

By  Carpenter's  rule  the  heat-loss  of  this  building  based  on  two  air'-changes 
per  hour,  is 

[0-02  X  2  X  41  730  +  (3  464/4)  +  730]  X  70  -  228  564  Btu  per  bour 

Radiation 

Direct  Radiation.  Steam  or  hot-water  radiators  placed  in  the  room  to  be 
heated  are  termed  direct  radiators  or  direct  radiation.  Common  types 
of  direct  radiators  are  shown  in  Figs.  10,  ll,  12  and  13. 

Indirect  Radiation.  Radiators  used  to  warm  the  air  passed  over  them,  tbe 
heating  of  the  building  being  accomplished  by  hot  air,  are  termed  indirjlCt 
KADIATORS  or  INDIRECT  RADIATION.  (See  Figs.  45  and  46.)  This  type  of 
radiation  is  frequently  used  for  installations  in  which  provision  must  be  made 
for  ventilation  as  well  as  heating,  as  in  the  case  of  schools,  public  buildings,  etc. 
Indirect  radiation  is  also  used  to  some  extent  in  high-grade  residence-heatii}^ 
where  direct  radiation  may  be  thought  unsightly,  particularly  for  the  first  floi^r. 
Direct  radiation  is  ordinarily  employed  for  the  floors  above  the  first  floor.  Tbe 
principal  use  of  indirect  radiators  is  in  connection  with  the  hot-blast  system 
of  heating,  described  later,  in  which  a  fan  is  used  to  circulate  the  air  over  tbe 
radiator  and  through  the  duct  system. 

Direct-Indirect  Radiation.  DiREcr-niDiRECT  radiators  (Fig.  14)  are 
radiators  placed  in  the  rooms  to  be  heated  and  furnished  with  a  cold-air  con- 
nection through  the  outside  wall.  It  serves  the  purpose  of  providing  tem- 
pered-air  ventilation. 

Materials  and  Connections  of  Radiators.    Radiators  are  constructed  of 

cast  iron,  pressed  steel  or  pipe-coils.  The  sections  for  one-pipe  steam  systems 
are  connected  only  at  the  bottom.  The  sections  for  hot-water  radiators  and 
two-pipe  steam  systems  are  connected  at  both  top  and  bottom.  The  latter 
is  known  to  the  trade  as  hot-water  radiation. 
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Preunn  in  Itadi>ll«n.  Cut-iton  radiators  should  not  be  operated  above 
15  Ib-per-iq-ui  ptenure.     SUndard  ptpc-Cotl  diiect  ruliBtioD,  up  to  12s  lb. 

Rating  of  RadUton.  fUdialors  ore  nted  accncdiiig  lo  the  squaie-ioot  area 
of  eitemal  boting-suiface.  Cast-iroa  Mid  pre^sed-st«l  direct  radiators  are 
built  up  of  sections.  The  amount  of  heating-surface  per  section  of  cast-iron 
ladiator*  lot  tlie  various  standard  heights  manufactured  is  ^ven  in  Table  Vlli. 


Fi(.  IOl    Rococo  Three-ccJumn  Radiator       Fig.  11.    Peerltst  ThiR-cotumD  Radialor 

R«w  Ttp*  of  Diiect  Catt-Inn  Radiator.  The  American  Radiator  Com- 
pany has  recently  placed  on  the  market  a  new  type  of  direct  cast-iron  radiator 
termed  Corto.  Approiimalely  30%  more  healing-surface  for  a  given  floor-area  is 
obtainable  with  this  Iboo  with  other  types  of  direct  radiation.  The  length  of 
each  lection  is  1  in  and  the  width  S  in  for  all  hdghts. 

The  beating-nirface  per  section  is  as  follows: 

41-tn,  jsqfc  38-in,  4!-4sqft        34M-in,  4  sq  ft        ji-in,  jMsqft 

a7-in,3»qft  Jj-in,  iMajh        igM-in,  i  sq  ft 

Watt-radiation  (Fig.  1!)  is  largely  used  in  bath-ruoms,  and  also  for  factoty- 
heating  where  the  width  of  column.type  radiation  is  objectionable,  (See 
Table  IX  for  rating  and  dimeosions.) 

Piettad-Hatal  Radiatora.*  These  radiators  have  been  developed  in  recent 
years,  anil  are  most  ingeniously  fabricated  of  No,  30  United  States  standard- 
gauge  soft-iron  sheets  made  into  shapes,  widths  and  heights  which  correspond 
almost  eiaclly  with  the  cast-iron  column-radiators.  Each  section  is  made  up  of 
two  pres'^ed  sheets  joined  by  a  double-lapped  seam  and  the  separate  sections 
are  connected  by  single-lapped  senms.  The  pipe-connection  is  maile  into  a 
threaded  malleable-iron  ring  secured  to  the  end-section  hy  roUing  the  sheet 
*  ManufactuRd  by  Ihc  Pressed  Mclat  Radiator  Company,  nttsburgh,  Pa. 
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PaKi 


Tiblt  Vm.    Amwieaii  DiMct  Radiaton 

Heights,  widths,  lengths  and  heatlng-surtaces 


Height  in  inches 


Peerless,  single-column,  steam  and  water.. 
Rococo,  «tngle-column.  steam  and  water . . 
Peerless,  two<olumn,  8te»mand  water. . . 
Roooco,  two  column,  steam  and  water. . . . 

Verona,  steam  and  water 

Peerless,  three-column,  steam  and  water. . 
Roooco.  thtee«column,  steam  and  water. . . 
Peerless,  four-column,  steam  or  water. . . . 
Roooco,  four-oolumn.  steam  or  water. .... 

Aetna  flue,  steam  or  water 

Italian  flue,  steam  or  water 

Rococo  window,  steam  or  water 


45 


6 
6 

xo 
zo 


38 


33 


26 


2H2 

zH 

3H 
AH 
AH 

6H 


2 

2H 
2h 
2H 

zH 

3K 

5 

5 


aH 


S3 


2H 

2H 


aa  1  3o  '  zs 


3 
3 
4 


6 
3H 

S 


2 
'3 

i 

's 


^J 


Height  in  inches 


Peerless,  single-column,  steam  and  water. 
Rococo,  single-K^oiumn,  steam  and  water. 
Peerless,  two-ooluma.  steam  and  water. . 
Rococo,  two-column,  steam  and  water. . . 

Verona,  steam  and  water 

Peerless,  three-column,  steam  and  water. 
Rococo,  three-column,  steam  and  water. . 
Peerless,  four-column,  steam  or  water. . . 
Rococo,  four-column,  steam  or  water. . . . 

Aetna  flue,  steam  or  water 

Italian  flue,  steam  or  water 

Rococo  window,  steam  or  water 


,i6 


AH 


zH 


IS 


iX' 


14 


13 


Length 


ZH 


section 

in 
inches 


^ridtV 

o; 
scctios. 

in 
inches 


2H 
aH 

2H 

2H 

2H 

2H 

2H 

3 

3 

3 

3 

3 


aH 

4H 

7l. 

8 

9 
9 

loH  i 
xoli  , 

wH  I 
8H  . 

I 


*  Peeriess  15-in  b  steam  only. 

The  location  of  the  figures  in  the  above  columns  in  line  with  the  names  of  patteros 
of  radiators  indicates  the  heights  in  which  the  various  patterns  are  made.  The  figures 
themselves  represent  the  amount  of  heating<f urface  contained  in  each  section. 

To  obtain  the  total  length  of  the  radiator,  multiply  the  length  per  section  by  the  nam- 
her  of  ■ectioas. 


Table  DL    American  Rococo  WaU-Jtadiatort 
Ratings  and  measuiemeats  of  lectioos 


Section-numbers 

Length, 

in 

Width. 

in 

Thickness. 

in 

Thickness 

(with 

bracket), 

in 

Heating- 
surface. 

sqft 

S-A 

16H 
29  M« 

13  Ms 
13  M« 
13  Ms 

2M 

2H 

zH 
zH 
zH 

5 
7 
9 

7-A  and  7-B .... 
9-A  and  9-B .... 

RAdktloB 
a  mAnble  Kiiiec  on  the  im 


I^.  13.    PtBki  Eiiifle-columB  Fnuid  Metal  RwIbIot 

bcalinf-surfiice   tbcK   radiators   ire   shorter    than    cait-iron   radiatora.    bcinf 
spactd  :ii  instead  of  jJ4  in,  csnler  to  cfnter  of  sections. 

Direct  npe-CoU  R»i1l«ttTm  is  Wretly  lued  in 
and  n  usuaJJy  made  up  of  iVj  or  i!i-in  pipe  sc 
U  sluwD  in  Fif.  15. 

HHt-EmlMlmt  of  Dirset  lUdialloii.    The  tinit  tmt-transnuMKin  K,  or  th> 
Blu  tiusnulled  by  one  square  foot  of  direct  ndiatkin  per  hour  per  degree  dil- 
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Piri 

TaUaZ.   PiMto  Si>sl»<MaBU FloM 

EuhlKtkniitHiBWir 

la 

fa.    L«.ipRidjH 

Nuinbw 
•ectiooi 

Length  • 
I  Hi" 
per 

Hutint-raifau  in  iquuc  (ect                              | 

Wh 

high 

high 

high 

IT  in 

high 

b.gi 

i«if. 

IJtqft 

1.3  )q  n 

i.iiqtt 

0.91ft 

■cction 

per 

pet 

per 

lection 

-IS. 

s 

6  o 

5   1 

3  6 

>  1 

7M 

le 

7 

S.s 

9^9 

S 
S 

1 

3  S 

6. J 

"■ 

" 

'*" 

wo 

*" 

7-0 

Ltd  in  ilMKliable  ud  tin  be  ippUed  tiLiiiy  MCtina. 
Tbae  ndkton  uc  (ippcd  i  ^  in  ud  bulMd  u  ipcciAcd. 

cl>I»d>i=C 

fereniehet 
virieiioini 

■wlalwitl 

waling-mi 
the  type 

urin 
etc 

th=™«., 

Fi(.  11.     Dircct-tndlnct  Ridiitor-iiBlalktlon 

Co«ndMit(  of  TmumiHion  lot  Direct  St««in-R*d[«ton.  Title  XI 
U  based  on  che  avenge  performaoce  of  direct  -Meam-radiitDn  tfsnding  eipoKd 
in  itiU  air  at  TO*  F.  with  «tevn  at  9m'  F.,  or  i-lb  preuure,  witli  a  tfaadatd 


Flpe-CoU  Bullaton  and  OoanectloDI 


AlfwTdnffiHui) 


''W^'" 

■«■«- 

,«-5-.~ 

■■««- 

'""''Sj 

K— 

■^ 

>«• 

lu. 

f£?KaSSqiJ!^ 

.4^, 

i»^.»-ir^» 

»4«]- 

4»4,. 

l<..lk«k. 

■.-l.t." 

-.-N-.- 

■.■|.„t.- 

■.^ "."  I'.- 

I-*D— 

M.  tl  b  iri  !!•-»- 

"H- 

-H- 

»-r+ 

H"^H 

Fig.  IS.    I^ptcoa  RuJlitioii^U 
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able  seems  to  indicate,  that  this  vaffatkm  is  nearly  o.s%  per 

below  the  standard  range  of  150*.    Thus,  if  a  three-column,  sMn  bigfa, 

radiator  is  to  be  used  in  a  room  kept  at  60^  F..  with  steam  at  230 


have  a  temperature-range  of  170"  or  20"  above  standard,  and  the  value  of  •' 
would  become 

X  *  {f'SS  +  0.002  X  20  X  i.SS)  -  i-6i 
and  each  square  foot  of  radiation  would  give  oft  i.6x  X  170  *  274  Btu  per  hr 

Tabia  ZI.    Values  of  K  for  Direct  RadialocB 


Type  of  radiator 


One  column 

Two  columnt. . . . 
Three  columns. . . 
Four  columns. . . . 
Flue,  42  sq  ft .  . . 

Window 

Wall  (horisontal) 
Wall  (vertical) . . 
Pipe -coils. ...«,. 


Height  of  radiator 


20  and 
22  in 


X.95 
I. So 
Z.70 
1.60 


Z.85 

1.95 
Z.90 
2.00 


26  in 


32  in 


3S  in 


1.90 
1. 75 
Z.65 
Z-5S 


•   •  •  •  < 


Z.8S 
X.70 
1.60 
1.50 


X  .80 
l.6s 
I.SS 
1.45 
1. 57* 


*  Air  entering  flues  at  70°  F.  and  leaving  same  at  152*  F.     Allen. 
K  increases  (i)  as  height  of  radiator  is  reduced  and  (a)  as  numberof  colomsis''^ 
width  of  radiator  decreases. 

Coafflcienta  of  Traasmission  for  Direct  Hot-Water  RadiatMS.  Table  XI 
may  be  used  for  values  of  K  for  hot-water  radiators  of  the  same  type  a5  tber; 
listed,  but  allowance  should  be  made  for  the  lower  temperature-range  in  hoc- 
water  heating.  Thus,  with  a  room  usually  at  70**  F.,  and  water  at  x8o"  entering 
and  at  160 **  leaving  the  radiator,  the  temperature-range  is  only  xoo",  or  50**  le^ 
than  the  standard  range.  Then  for  a  two-column  26-in  high  direct  radiatcM-, 
the  value  of  K  becomes 

K  -  (1.75  -0.002  X  50  X  1.7s)  -  158 
and  each  square  foot  of  this  radiation  gives  off,  1.58  X  100  ■•  158  Btu  per  hr. 

Concealed  Radiators.  The  effect  of  placing  a  grill  in  front  of  a  direct 
radiator,  with  a  cover  over  the  top,  reduces  the  heat-emission  by  approximately 
20%.  A  clear  space  between  the  radiator,  wall  and  enclosure  should  not  be 
less  than  24  in.  Concealed  radiators  are  not  looked  upon  with  favor  from  a 
strictly  sanitary  point  of  view. 

The  Usual  Aatumptions  Made  for  the  Hef.b-Transmtssioa  of  Dirtct 
Radiation  is  230  Btu  per  sq  ft  per  hr  for  low-pressure  steam  (2  lb)  cast-iron  radi- 
ators, and  150  Btu  per  sq  ft  per  hr  for  cast-iron  hot-water  radiators  with  the 
water  at  180".  The  square-foot  rating  of  heating-boilers  is  based  on  the  abovt 
figures.  For  more  exact  values  use  the  data  given  in  Table  XI.  Accordiogh', 
a  hot -water  installation  requires  66^%  more  radiation  than  a  low  pressure 
steam  system. 

Example.    It  is  required  to  determine  the   amount  {R)  of  direct  cast-iron 
radiation,  low-pressure  steam  and  hot  water,  to  supply  a  heat-loss  of 

H  m  10  000  Btu  per  hr 
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SolutioB.    For  the  direct  steam  system 


R  -  B/250  -  40  sq  ft 

and  for  a  direct  bot-water  system 

R  -  B/iso  -  66H  sq  ft 

If  a  three-cohimn  cast-iron  radiator,  38  in  high,  is  to  be  used,  the  heating-surface 
of  which  is  s  sq  ft  per  section,  it  will  require  40/5  «•  8  sections  for  the  steam-job, 
making  the  length  of  radiator  equal  to  8  X  3^^  -  20  in. 

Fttels  and  Combustion 

Classiflcation  of  Fuels.  Fueb  are  generally  classified  as  solid,  liquid,  and 
gaseous.  Solid  fuels  are  coal,  wood,  and  wastes.  Liquid  fuels  are  petroleum 
and  its  products.    Gaseous  fuels  are  natural  and  artificial  gas. 

Coal-Ftelds  in  the  United  States.  Most  of  the  anthradte  is  found  in  beds 
of  less  than  500  sq  miles  in  area  located  in  eastern  Pennsylvania.  The  prin- 
cipal deposit  of  semibituminous  coal  is  about  300  miles  long  by  20  miles  wide 
and  lies  along  the  eastern  edge  of  the  Northern  Appalachian  field.  The  bitumi- 
nous coals  extend  from  this  deposit  westward.  A  little  graphitic  coal  is  found 
in  Rhode  Island. 

Composition  of  Coal.  The  uncombined  carbon  in  coal  is  known  as  fixed 
CARBON.  Some  of  the  carbon-constituent  is  combined  with  hydrogen,  and  this, 
together  with  other  gaseous  substances  driven  off  by  the  application  of  heat, 
form  that  portion  of  the  coal  known  as  the  volatile  matter.  The  fixed  carbon 
and  the  volatile  matter  constitute  the  coicbustible.  The  oxygen  and  nitrogen 
contained  in  the  volatile  matter  are  not  combustible,  but  custom  has  applied 
this  term  to  that  portion  of  the  coal  which  is  dry  and  free  from  ash,  thus  includ- 
ing the  oxygen  and  nitrogen  in  the  combustible. 

CInssiflcation  of  Coals.  Coals  may  be  classified  according  to  the  percentages 
of  fixed  carbon  and  volatile  matter  contained  in  the  combustible. 

Table  XIL    Claiaiflcatioa  of  Coals  (Kent) 


Name  of  coal 

Percentages  of  combustible 

Btu  per  pound 
of  combustible 

Fixed  carbon 

Volatile  matter 

Anthracite 

97.0  to  93.5 
9a.Sto87.S 
87. S  to  75.0 
75.0  to  60.0 
65 . 0  to  50.0 
50.0  and  under 

1 
3.0  to    7  5        1   14  600  to  14  800 

7.5  to  13.5        1   14  700  to  15  500 

13.5  to  35.0        1    15  500  to  16  000 

35.0  to  40.0        1   148001015300 

35.0  to  50.0           13  500  to  14  Hoo 

50 . 0  and  over    .   1 1  000  ta  1%  coo 

Semianthracite  .... 
Semibituminous  .  .  . 
Bituminous.  East. .  . 
Bituminous  West. .  . 

l^tiT'**^* 

i 

CsJofimetrie  Determinations.  The  only  accurate  and  reliable  way  to  deter- 
mine the  heating-value  of  a  fuel  is  to  do  so  experimentally  with  a  calorimeter. 
For  solid  fueb,  the  bomb^caloriuetbr  is  the  most  practical.  The  various  types 
on  the  market  include  the  Mahler,  the  Hempel,  the  Atwater  and  the  Emerson. 
These  consist  essentially  of  a  tight  vessel  containing  a  weighed  sample  and  oxygen 
under  pressure.  This  receptacle  is  placed  within  another  vessel  containing  a 
known  weight  of  water  and  surrounded  by  heat-insulating  material  to  minimize 
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radiation  The  sample  is  explodep  electrically,  and  the  beat  absDrbed  bf  :k 
surrounding  water  is  determined  by  means  of  a  very  accurate  tfaenaoaecf 
reading  hundredths  of  a  degree.  Correction  has  to  be  made  for  the  beat  «> 
sorbed  by  the  instrument  itself,  and  for  radiation. 

For  a  complete  description  of  calorimeters  and  their  use,  see  Carpenter  as: 
Diederichs'  Experimental  Engineering. 

Calorific  Value  by  PormuU.  The  following  expression,  known  as  I>u  Jjos'. 
FORHALA  for  heating-value  per  pound  of  coal,  can  be  used  if  the  nltimv: 
chemical  analysis  of  the  fuel  is  known: 

F  ■iZ4  6ooC  +63ooo(ff  -HO)  +400o5 

where  C,  B,  O,  and  S  represent  the  proportionate  parts  of  each  elemeat  per  i !: 
of  fuel,  and  F  denotes  the  heat-value  in  Btu  per  pound  due  to  combustkn. 
This  formula  does  not  apply  when  the  fuel  contains  carbon  monoxide,  CO.  br. 
can  be  made  to  apply  by  adding  a  term,  xo  150  C,  in  which  C  is  the  proportSoDat: 
part  of  carbon  burned  to  the  monoxide. 

Example.  The  apph' cation  of  the  formula  tc  a  coal  of  ultimate  analysis  is 
here  given  follows: 

Analysis  (based  on  fuel  as  received) 


c 

74.79% 

H 

4.98 

0 

6.43 

N 

X.20 

S 

3.24 

H^ 

i.SS 

Ash 

7.82 

xoo.00% 

Then  by  Du  Long's  formula,  14  600  X  0.7479  +  62  000  (0^0498  —  0.0642/^) 
+  4  000  X  0.0334  ^  13  650  Btu  per  i  lb  of  coal. 

A  bomb-calorimeter  test  showed  13  480  Btu  for  this  coal.  The  formula  faib 
to  allow  for  evaporating  and  superheating  the  moisture  present  in  the  fuel. 

Combustion  of  Fuel.  Combustion,  as  used  in  steam-engineering,  signines  a 
rapid  chemical  combination  between  oxygen,  and  the  carbon,  hydrogen,  and 
sulphur  composing  the  various  fuels.    This  combination  takes  place  usually  at 

Table  ZIIL    Theoretical  Amount  of  Air  Required  for  Comlmation 


Pud 


Wood-charcoal 

Peat-char  •  oal 

Coke 

Anthracite  coal 

Bituminous  coal.  dry. 

Lignite 

Peat,  dry 

Wood,  dry. 

Mineral  oil 


Composition  by  weight 


OfL 


K  C 


%H 


%o 


Lb  of 
air  per 

lb  of 
fuel 


93.0 
80.0 
94.0 
915 
87.0 
70.0 
58.0 
50.0 
85.0 


3.5 
SO 
SO 
6.0 
6.0 
13. 0 


2.6 

4.0 

20.0 
31.0 

43.5 
I.O 


XX 

9 

10 

II 


16 

6 
8 

7 


II. 6 
8.9 
7.68 
6.00 

14.30 
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hi^  teB^wfahue  with  the  evohitioa  of  Ujiht  and  heat  The  tubttaace  com- 
bisiog  with  the  oxygen  is  known  as  the  couBVSTmiA,  and  if  it  is  oompletebr 
burned  or  oxidized  the  combustion  is  perfect^  that  is,  no  more  oxygen  can  be 
taken  up  by  the  products  of  the  reaction.  The  combustion  is  ZMrEarecr  or 
incomplete  when  carbon  burzis  to  form  carbon  monoxide,  CO,  instead  of  the 
dioxide,  COi,  since  the  former  may  be  further  burned  to  form  carbon  dioxide  if 
the  necessary  oxygen  is  supplied.  It  is  necessary  to  provide  for  an  excess  of  air 
when  burning  ooai  under  either  natural  or  forced  draft,  amounting  to  approxi- 
mately 50  to  100%  of  the  net  calculated  amount,  or  about  x  8  to  34  lb  per  lb  of 
coal.  Less  air  results  in  dipeuect  ookbu.sxiom  and  smoke,  while  an  excess  cools 
the  fire  and  setting  and  carries  away  a  laige  percentage  of  the  heat  in  the  flue- 


Table  JOV.    Weight  and  Calorific  Value  of  Various  Gases  at  St  Degrees  Kahreii- 
halC  and  Atmoaiiherlc  Praasore,  with  Theoretical  Amount  of  A^ 

Regoired  for  Combustioa 


Gas 

Symbol 

Cubic  feet 
of  gas 

per  pound 

Btu 

Cubic  feet 

of  air 
required 
per  cubic 

foot  of  gas 

Per 

pound 

Per  cubic 

foot 

Hydrogen 

H 
CO 
CH* 
CiHs 

Crfl4 

C1H2 

178. 0 
13. 8x 
33.4 

13.0 
Z3.8 

X3.79 

63  000 
4380 
33843 
33  400 
ax  430 
31  430 

348 
342 

1065 

X865 

X  67s 
X555 

2.408 

a.  388 

9. 57 

X6.74 

14-33 

IX.  93 

Carbon  monoxide. . . 
Methane 

Ethane 

Ethylene 

Acetylene 

Foel-Stonge.  Space  for  fuel-storage  must  be  based  on  fuel-consumption  per 
season  as  estimated  under  Fuel-Consumption,  page  1278,  and  in  government 
buildings  it  is  customary  to  proportion  the  storage-space  on  the  basis  of  8  sq  ft 
of  floor-area  per  ton,  the  storage-space  being  made  ample  to  hold  an  entire 
season's  supp^. 

The  foUowiiig  volumes  per  ton  of  3340  lb  of  coal  are  given  for  proportioning 
storage-space:  bituminous  coal,  41  to  45  cu  ft,  and  may  run  as  high  as  49  cu  ft; 
anthracite  coal,  34  to  41  cu  ft;  charcoal,  123  cu  ft;  coke,  70.9  cu  ft. 

This  is  based  on  fuel  broken  down  ready  for  market.  Also  i  bushel  hard 
coal  «  86  lb  and  i  bushel  soft  cxmlI  m  76  lb. 


Steam-Heating  Boilers  and  Hot-Water  Heaters 

Preaaurea,  Attention,  and  Materiala.  Heating-boilers  usually  operate  under 
much  LOWER  PRESSURE  than  do  power-boilers,  and  in  most  cases  receive  far  less 
attention.  The  steam-boilers  are  usually  designed  to  operate  on  from  3  to  5  lb 
STEAM-PRESSURE,  and  the  WATER-BOILERS  or  hot-water  heaters  are  seldom  sub- 
jected to  a  hydrostatic  head  in  excess  of  100  ft  when  in  operation.  The  attek- 
TiON  given  these  boilers  is  of  such  an  intermittent  character  that  they  must 
carry  the  heating-load  for  comparatively  long  periods  without  firing.  These 
periods  may  range  from  6  to  xo  hrs  and  in  consequence  the  combustion-rate  is 
low,  and  relatively  large  grates  and  &re-pots  are  necessary.  The  materials 
employed  for  constructing  heating-boilers  are  cast  iron,  especially  for  the 
smaller  sixes,  although  hmlers-  of  nearly  100  equivalent  steam-boiler  horse- 
power (see  Rating  of  Heating-Boilers)  are  made  of  this  same  material;  and 
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SISEL  or  WK0T7GHT  Tnow,  whick  aK  more  generally  used  in  the  iazger  sues.  T 
government  departments  usually  specify  steel  faeating'boilers,  aad  tb^  &iy  u; 
extensively  in  office  and  loft-boildlDgs  as  well. 

BoDer  Heatfng-Surface.  The  capacity  of  any  boiler  or  water-heater  depr 
on  the  amount  of,  and  the  temperatures  on  the  opposite  sides  of,  the  hr. 
transmittmg  surfaces  in  contact  with  the  water  in  the  boiier  on  one  9<ie,  and  *.^ 
fire  or  hot  gases  on  the  other.  It  is  most  important  that  a  rapid  drmJaticg; 
water  and  the  hot  gases  shall  take  place  over  these  surfaces,  and  prcfetabtr  ^ 
opposite  directions.  Two  kinds  of  surface  are  distinguished  in  bcnler-practrr 
and  known  as  direct  and  indirect  surface.  Dtkect  surface  is  that  on  wh^ri 
^e  fire  shines,  and  nmiseCT  that  in  contact  with  the  flue-gases  only.  AB  scli 
surface  must  have  water  on  the  opposite  side.  In  some  boilers  the  hot  gix; 
are  allowed  to  come  in  contact  with  the  boiler-surface  above  the  watcr-liif 
so  that  there  is  only  steam  in  contact  with  this  surface  on  the  inner  side.  S^i 
surface  is  known  as  supesheating-subjace  in  order  to  distinguish  it  frr 
ordinary  heating-surface.  Direct  surface  is  the  m(»e  valuable  of  the  two,  pe 
square  foot,  as  it  is  usually  subjected  to  a  higher  temperature,  and  furthenoLr; 
because  the  intensity  of  radiation  from  an  incandescent  surface  appears  to  \a.7 
as  some  power  of  the  temperature  of  that  surface,  either  the  third  or  fouiti 

Equivalent  Evaporation.    The  equivalent  evaporation  of  a  boiler  is  tb 

pounds  of  water  the  boiler  would  evaporate  per  pound  of  coal  bunwd  if  i: 
received  the  feed-water  at  212^  and  evaporated  it  into  steam  at  this  same  ter 
perature  and  pressure,  so  that  the  evaporation  would  take  place  from  akd  ai 
3X2*'  F.  In  practice  the  feed- water  is  usually  below  this  temperature  ac: 
evaporation  actually  takes  place  at  some  higher  temperatrue  than  2x2**.  Hemt. 
to  find  the  equivalent  evaporation  it  is  always  necessary  to  make  use  of  the 
following  relation: 

_      (xifi  +  ^a  -  gi) 


971.7 


XP 


where  the  fractional  part  of  the  expres^on  is  known  as  the  PACXoa  op  evai^ 
oration;  so  that 

E  »  factor  of  evaporation  X  P 

E  «  equivalent  evaporation  from  and  at  itt^  F^  in  pooida; 
xs  ->  quality  of  steam  as  actually  evaporated; 
fa  a  latent  heat  of  steam  as  actually  evaporated; 
qt  «*  heat  of  the  liquid  as  actually  evaporated; 
91  »  heat  of  the  liquid  as  actually  fed-to  boiler; 
P  »  actual  evaporation  in  pounds  per  pound  of  fuel  burned; 
971 . 7   «  latent  beat  oi  steam  at  21  a**  F. 

Boiler  Horse-Power.    A  boiler  horse-power -is  the  eneigy  joequized  to  evap> 
orate  34.5  lb  of  water  at  212°  F.  into  dry  steah  of  212**  F.,  or 

971.7  X  34S  -  33  S»4  Btn 

The  HORSE-POWER  RATING  of  a  boiler  is  always  measured  in  terms  of  the  equi\-a- 
lent  evaporation.  Thus,  if  we  divide  the  equivlaent  £VAP0]|ATI0H  of  a  boiler 
by  34.5  we  get  the  boiler  horse-power  developed. 

Boiler-Sffideaciea.  Heating-boilers,  operated  at  their,  rated  capacity,  iria 
show  an  efficiency  of  from  55  to  65%.  This  efficiency  is  the  nuio  of  beat 
absorbed  per  pound  of  dry  coal  by  the  water  and  s;eam  in  the  boiler  to  the  actual 
beat-value  of  one  pound  of  the  coal,  and  is  the  combineo  EFViczsifCY  of  t<t 
boiler  and  furnace. 
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lUtea  of  ComlniBtion  for  Hoatteg-BoOora.    Oombustion-rates  for  varying 
sizes  of  grates  are  given  in  Table  XV: 

Table  XV.    Combuition-Ratas 


1 

1         Grate-areas 

Coal  per  sqtuo-e 

foot  per  hoiir.  in 

pounds 

Remarks 

6  sq  ft  or  less 

(small), 

6-10  sq  ft 

(medium), 

xo  sq  ft  or  larger 

(large). 

1       , 

5 

S.7 

6.6 

A  variation  of  io%  up  or  down 
from  these  rates  is  perfectly  safe. 
The  higher  values  are  for  fuU-si^ed 
chimneys  with  lined  flues  and  the 
lower  for  unlined  flues  or  long 
breeching-connections. 

4  to    8  sq  ft 
10  to  X8  sq  ft 
20  to  30  sq  ft 

4 

6 

XO 

(Am.  Soc,  H.  and  V.  E.  Com.  1909-) 
Rates  of  combustion  reported  for 
anthracite  coal,  as  fired  in  inter- 
nally fired  heating-boilers.  Sec 
Transactions  for  further  details. 

Rating  of  Heating-Boilers.  Standard  Conditions.  It  is  the  general  cus- 
tom of  American  manufacturers  of  heating-boilers  to  rate  their  boilers  in  terms 
of  the  number  of  square  feet  of  standard  direct  cast-iron  radiating-surface  whidi 
the  boiler  is  capable  of  supplying  imder  the  following  conditions: 

(i)  Steam  boilers;  steam-pressure  2-lb  gauge  at  boiler. 

(2)  Hot-water  boilers;  water-temperatures:  x8o**  F.  leaving,  and  z6o^  F. 
entering  boiler. 

(3)  Fuel;  anthradte  coal  of  stove-size. 

The  RATE  or  ooifBusnoN,  or  amount  of  coal  necessary  per  hour  for  the  boiler 
to  develop  its  rating  has,  until  recently,  seldom  been  given;  and  the  method  of 
determining  the  rating  has  varied  with  different  makers  and  is  seldom  stated. 
Moreover,  it  is  {wssible  for  a  boiler  to  be  placed  on  the  market  and  assigned  a 
certain  rating  although  such  rating  has  never  been  actually  checked  by  test. 
It  therefore  becomes  most  important  to  not  only  establish  standard  coNDmoNS 
roR  RAxnvG-TESTS,  but  to  require  the  manufacturer  to  be  in  a  position  to  pro- 
duce certified  test-sheets  of  such  tests  for  his  line  of  boilers.  The  standard 
CONDITIONS  under  which  a  boiler  should  be  tested  to  develop  its  rating  are  geo^ 
crally  understood  by  the  manufacturers  at  the  present  time  to  be  as  follows: 

(i)  Pressure,  temperature  and  fuel  as  stated  above. 

(3)  Fuel-capacity  to  be  suf&cient  to  carry  the  boiler  from  6  to  S  hr  on  one 
charge  and  leave  20%  reserve  for  igniting  fresh  charge. 

(3)  Draft  of  sufficient  intensity  to  bum  the  fuel  at  the  required  rate.  A 
chimney  not  less  than  40  ft  in  height  is  recommended. 

(4)  Each  square  foot  of  direct  cast-iron  radiation  has  a  transmission-\nilue  d 
350  Btu,  and  150  Btu  per  hour  for  steam  and  water-radiators  respectively. 

(5)  The  condensation  from  steam-radiators  returns  to  the  boiler  at  the  same 
temperature  as  the  steam,  or  without  loss  of  heat,  so  that  the  boiler  .simply  .sup- 
plies the  latent  heat  of  evaporation  at  2  lb  pressure,  or  967  Btu  per  lb  evaporated. 

(6)  The  water  from  hot-water  radiators  returns  to  the  boiler  at  i6o%  allowing 
a  20^  drop  in  the  radiators,  so  that  there  is  no  loss  in  temperature  allowed  in 
the  return-main. 

(7)  Suitable  heat-allowance  must  be  made  for  all  connecting  piping  and  boiler- 
surface,  and  such  surface  must  be  figured  as  radiating-surface  or  its  equivalent. 
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A  general  rule  is  to  add,  for  an  ordinary  installation,  about  50%  of  the  aq  ft 
radiation  installed,  in  calculating  the  total  load  on  the  boiler,  with  anfhra.-^  • 
fuel  and  65%  with  bituminous  fuel,  to  allow  for  radiation-loss  of  piping  and  bouc  | 
and  the  additional  tax  on  the  boiler  due  to  starting  up  with  cold  radiataoiL 

EquiTalent    Boiler    Horta-Power    Ratiiig    of    Heating-BoileTS.    Tl' 

capacities  of  heating-boilers  may  be  stated  in  boiler  horse-power,  and  the  eqc  • : 
lent  of  same  in  square  feet  of  standard  radiation  may  be  easily  determiaeti  ^ 
follows: 

Since  i  boiler  horse-power  b  equal  to  34.5  lb  of  water  evaporated  per  b.^- 
from  and  at  212°  F.,  the  boiler  must  deliver 

34-S  X  971.7  Gatent  heat  at  212*  F.)  -  33  524  Btu  per  hr 

Now  since  i  sq  f t  of  standard  cast-iron  steam-radiation  transmits  250  Bt. 
per  hour, 

I  boiler  horse-power  «  33  524/250  m  134.1  sq  ft  of  this  radiation,  or 

z  sq  ft  of  direct  cast-iron  steam-radiation  «  0.00756  boiler  horse-power 

It  also  follows  that  the  equivalent  boiler  horse-power  rating  of  a  hot-wate 
beater  is 

33  534/150  *  223.5  sq  ft  of  direct  cast-iron  hot-water  radiation,  or 

I  sq  f t  of  direct  cast-iron  hot-water  radiation  «  0.00447  boiler  horse>power 

Grate-Surface.  It  is  always  advisable  to  check  tbe  gsate-axea  KEQro£9 
for  heating-boilers,  espectally  if  the  total  heat-loss  to  be  supplied  by  the  boOer 
is  known.  This  total  heat-loss  must  include  not  only  the  odculated  Joss,  du; 
to  transmission  through  walls  and  glass,  for  which  the  radiation  is  proportioDed. 
but  also  about  50%  additional  for  heat-losses  from  the  piping  s}rsteni«  boder, 
etc.     So  that,  if  F  b  the  building-loss  in  Btu,  1.5  H  -  total  Btu^-ioos. 

Then 

G  -  i.sB/iC  XF  XE) 

where  C  »  rate  of  combustion  in  pounds  of  dry  coal  per  square  foot  of  gntt- 
area  per  hour,  F  *  calorific  value  of  fuel  in  Btu  per  pound  of  dry  cx>al  (i 2  000 
is  the  usual  assumption  for  anthracite  coal),  and  E  »  the  combin«l  efficieno'  oi 
boiler  and  grate  (60%  b  the  usual  assimiption).  (?  b  in  sq  ft  and  the  boikr 
selected  should  have  not  less  than  thb  grate-area.  Special  attention  b  called 
to  the  distinction  between  grate-akea  and  fire-box  or  fuel-pot  area  as 
explained  below  under  Depth  of  Fuel-Pot. 

Depth  of  Fuel-Pot.  The  average  of  the  fire-box  area  is  usually  somewhit 
larger  than  the  grate-area  in  sectional  boilers,  while  it  may  be  less  than  tbe 
grate-area  in  certain  types  of  round  boilers.  In  any  event  the  capacity  of  tbe 
fire-box  or  fuel-pot  from  grate  to  middle  of  fire-door  should  always  be  suf- 
ficient to  hold  all  the  coal  required  for  an  8-hr  firing-period,  plus  at  least  20% 
reserve  to  be  used  for  igniting  a  fresh  charge. 

The  following  method  is  used  to  determine  the  depth  of  pot  or  the  firing-period 
as  the  case  may  be.  Let  G  «  grate-area  in  sq  ft,  C  »  rate  of  combustion,  A  • 
average  area  of  fire-pot,  A  -  firing-period  in  hours,  W  ■■  weight  of  fuel  per  cu  ft 
(50  lb  for  anthracite  and  40  lb  for  bituminous),  D  «  depth  of  fuel-bed  in  ft. 
Then  {GC  k)  -f-  20%  (allowance  to  ignite  fresh  charge)  «■  total  weight  of  one 
charge;  also,  A  WD  -  total  weight  of  one  charge.    Hence 

D  m  i.zGCh/AW,  or  A  -  AWD/1.2GC 
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Aa  noted  above  D  is  measuied  from  grate  to  center  of  fire-door,  which  varies 
from  8  X  14  in  in  small,  to  ii  X  X9  in  in  large  boilers.  This  formula  allows 
for  the  greater  bulk  of  soft  coal. 

Ezamiile.  Given  a  boiler  with  grate-area  of  8  sq  ft,  average  area  fire-pot 
9  sq  ft,  height  to  center  of  fire-door  «  i8  in,  rate  of  combustion  »  6  lb  per  sq  ft 
of  grate  for  anthracite  coal.  Required  the  number  of  hours  this  boiler  will 
carry  its  load  on  one  charging. 

Solution* 

A  -  (9  X  50  X  i.s)/(x-2  X  8  X  6)  -  n.7  hours 

Effects  of  Fuels  on  Ratings.  All  ratings  are  based  en  ANTHRAaTE  coal  of 
STOVE-SIZE  unless  otherwise  stated.  In  case  bituminous  coal  is  used  and  the 
boiler  is  selected  by  catalogue-rating,  a  boiler  with  fire-pot  having  at  least  35% 
greater  capacity  should  be  selected,  for  the  same  weight  of  coal  occupies  35% 
more  space.  With  soft  coal  additional  heating-surface  is  also  required  as  the 
accumulation  of  soot  from  such  coal  renders  the  heating-surfaces  less  effective 
than  when  hard  coal  is  used.  Boilers  for  pea-coal  should  also  have  a  larger 
fire-pot  than  those  for  stove  or  furnace-coal.  The  shall  sizes  of  amthracite 
contain  far  more  ash  than  the  larger  sizes,  and  hence  have  a  greater  bulk  for  the 
same  heating  effect;  so  that  larger  fuel-pots  for  the  same  capacity  are  required. 
FiKiNO-PERiODS,  differing  from  the  one  on  which  the  boiler  is  rated,  will  also  affect 
the  fuel-holding  capacity.  For  example,  if  it  is  required  to  operate  a  certain  line 
of  boilers  designed  for  an  8-hr  period  on  a  is-hr  basis,  at  least  50%  greater  fuel- 
holding  capacity  will  be  necessary  and  a  larger  boiler  must  be  selected,  as  shown 
by  the  formula  already  given  for  the  depth  of  the  fuel-pot. 

Equivalent  Rating  for  Conditions  Other  than  Standard.  If  often  happens 
that  the  load  connected  to  a  steam- or  hot-water  boiler  may  not  be  operated  under 
the  standard  conditions  previously  assimied  as  a  baas  of  rating.  In  this  case 
tables  of  ratings  cannot  be  used  until  the  eqittvalent  value  of  this  load  in 
terms  of  square  feet  of  standard  cast-iron  radiation  has  been  determined. 
The  following  relations  show  a  method  for  finding  such  equivalent  values: 
Let  R  ■■  sq  f t  standard  cast-iron  radiation  ■•  250  Btu  per  sq  ft  for  steam,  and 
150  Btu  per  sq  ft  for  water.    Also  let 

r  i-  actual  sq  ft  of  radiation  to  be  supplied; 
K  i-  coefficient  of  transmission  for  this  radiation; 
t$  or  tw  *  temperature  of  steam  or  average  temperature  of  hot  water  in 
the  radiator; 
ta  —  temperature  of  air  surrounding  radiator; 
K{tt  —  ta)  ^  radiation-factor  or  Btu  given  off  per  sq  ft  per  hr; 

Then 

1{«  -  fi  X  Kiih  -  /o)/250i  and  Kw  -  f^  X  Kt{iw  -  /a)/iSO 

Example.  (Steam-heating.)  Required  the  size  of  boiler  (rating  in  sq  ft  of 
standard  cast-iron  radiation)  to  supply  i  000  sq  ft  of  direct  pipe-coil  radiation. 
Steam-pressure  ■■  s-Ib  gauge.  Air  -  65'  F.  K  (by  test)  ■«  3.42  Btu.  From 
steam-tables,  /«  ■•  227.14,  R  -  i  000  X  3.42(227.14  —  65)7250  ■■  i  000  X 
(3.42  X  162. 14)7250  -  I  570  sq  ft.  To  this  add  50%  for  pipe  and  boiler- 
radiation  and  the  additional  tax  for  starting  up  with  cold  radiation,  or,  i  .5  X 
I  570  *  2  355  sq  ft,  or  practically  a  2  400-sq-ft-capadty  boUer  will  be  required. 
The  grate  should  be  checked  by  calculation  previously  given  to  ascertain 
minyy""*"  size.  • 

G  -  i.5^/(C  X  F  X -E) 
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Xxuipia.    (Water-heatizig.)    Let  Q  •■  total  number  of  gal  of  water  t» 
heated  in  h  hours. 

W  -  (8H  X  Q)/h  -  weight  of  water  to  be  heated  per  hour 
it  «  initial  temperature  of  water,  h  »  final  temperature  of 


Then  Witt  -  ti)  -  Btu  to  be  supplied  per  hour.    Hence  W(h  -  ix)/iso  -'- 
water-heater  rating  required.    W{lt  —  ti)/2So  »  steam-boiler  rating  reqsir  . 

Example.    A  swimming  pool  contains  50  000  gal  of  water,  and  this  wabr 
heated  by  being  passed  through  a  hot-water  heater  in  lour  hours.    £ntenv 
temperature  ■■  50**  F.  and  final   temperature  «  75°  F-    Hot- water  radi^* 
reduced    to    equivalent     standard    value  «■  ((50000  X  8H)/(4    X   150] 
(75  —  50)  -  17  350  sq  ft »  rating  of  hot-water  heater,  to  which  must  be  adi . 
50%  for  losses  from  piping,  etc. 

Fuel-Consumption.     The  estimated  FUBL-coNsvicpnoN  for   keats 
BOILERS  pe**  heating-seaaon  may  be  baaed  on  grate-areas,  square  feet  of  radiai.< 
installed,  or  cubic  contents  of  building  to  be  heated.  The  United  States  Treaso: 
Department  allows  5  tons  of  coal  per  sq  ft  of  grate-area  per  season  of  240  dty. 
or  I  lb  of  coal  per  cu  ft  of  contents  of  building  for  the  same  period.    7^ 
applies  to  government  buildings.    The  district  steam-heating  companies  estinui- 
500  lb  of  steam  per  sq  ft  of  direct  steam-radiation  per  season,  which  is  practioi : 
the  same  as  70  lb  of  a>al  of  good  quality.    This  is  approximately  equivaksi : 
assuming  that  one-third  of  the  radiatiorf  installed  is  in  operation  continuously-  f  - 
240  days.    In  other  words,  the  coal  required  for  a  heating-sea.%on  is  about  c^ 
third  the  quantity  that  would  be  used  if  all  the  radiation  were  in  constant  \jl 
every  hour  of  the  day  and  night.    The  amount  of  coal  for  maximum  conditi-oc: 
is  determined  as  follows: 

Since  each  foot  of  direct  steam-radiation  or  its  equivalent  will  give  o£  2^ 
Btu  per  hour  imdcr  conditions  of  2  lb  (220°)  pressure  at  boiler,  and  70*  air  sc: 
rounding  the  direct  radiators  (the  piping  on  the  average  job  may  be  rougK' 
taken  as  25%  of  the  direct  radiation);  and  since  for  approximation  we  m^ 
assume  S  000  Btu  per  pound  of  anthracite  coal  burned;  we  can  readily  estimate 
the  amount  of  coal  per  hour  if  R  -  amount  of  direct  radiation  in  square  fcri: 

(1.25  XR  X  2.50)/$  000  >-  C  *•  coal  per  hour  in  pounds 

In  a  heating-season  of  7  months  or  210  days  of  24  hours  each,  there  would  be 
burned  under  maximum  conditions  during  the  entire  period 

(1.25  X  -R  X  250  X  210  X  24)/(8ooo  X  2  000)  -  0.0984R  tons  of  coal 

the  actual  consumption  being  about  one-third  of  the  maximum  possibk,  r.r 
0.0328  R  tons  of  coal  for  the  heating-season.  For  hot- water  heating  the  htl- 
consumption  for  the  entire  season  is  approximately  0.0197  R  tons. 

Types  of  Heating-Boilers.  Cast-iron  steam-heating  boilers  are  designed  tr» 
be  operated  at  a  maximum  pressure  of  x  5  lb  per  sq  in,  and  the  sections  are  tc$ttd 
by  the  manufacturer  to  about  too  lb  per  sq  in,  hydrostatic  pressure.  Cast-inia 
boilers  are  constructed  of  sections,  which  are  connected  by  means  of  nipples  of 
either  the  push  or  screw-type.  The  sections  are  held  in  place  by  means  of  bog 
bolts.  Round-type  boilers  have  horizontal  sections  surrounding  the  fire-pot. 
and  in  the  sectional  type  the  sections  are  placed  vertically.  (See  Figs.  16,  17, 
and  18.)  The  maximum  size  of  round-type  boilers  manufactured  is  rated  at 
about  I  400  ft.  Sectional  boilers  are  obtainable  up  to  a  10  ooo^-ft-ratii^ 
See  manufacturers'  catalogues  for  capacities,  dimensions,  etc.) 
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SiaolNlMa  oi  Down-Draft  Cul-Iraa  BoBns.  BoDcn  having  a  water-grate 
re  now  being  made  for  iiie  with  fiM-buming  xrft  coal,  where  local  imoko- 
nliaaacei  w<Hild  not  permit  the  uae  of  nich  hiel  on  ordinary  grates. 


,    Sectioul  t>pc  of  Cut-ina  Bi^Ier 


u  [oi  SkIjoiu]  Si»m-h< 
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Selaclioa  of  Cwt-Inn  Boilan.  The  idcctioa  of  cut-Iron  batia%  m- 
Dat  be  influenced  too  lar|dy  by  coDsidcntioos  of  price,  and  tbe  caw  r 
wtiicb  tbey  may  be  carried  into  ■  buihUng  irheie  slnicturml  <xmditioDs  iuc 
•rith  the  intn>ductiaii  of  a  iteel  boilei 
many  cases  tbe  character  of  tbe  sa\-^ 
attendance,  or  both,  espeaiUly  in  go^-' 
ment  and  other  publir  building  work  z . 
be  such  that  steel  equipment,  which  a  c: 
abk  of  vilhstanding  moTe  abuse,  sbocL.  - 
used.  This  is  particularly  true  wbrs  ;i 
returns  are  handled  by  a  pump.  II  ~~ 
iron  boilers  are  to  be  installed,  tfae  p- 
area  necessary  sliould  be  carefully  comp^ 
as  already  indicated,  using  an  averae^  :. 
of  combustion,  and  a  fuel-pot  depth  hi- 
on  the  firing-period  required.  The  t'c- 
Slates  Treasury  DejKirtineDt  selects  c 
iron  boilers  by  proportionioe  tbem  to  cj 
3j%  more  radiation  than  actually  insti 
if  anthracite  coai  is  used,  and  35%  mm  . 
bituminous  coal  is  used.  In  sdditk'i : 
this,  suitable  allovance  must  be  made  ' 
mains  and  other  piping,  and  in  most  ct# 
two  boilers  arc  installed,  each  cap^lf 
supplying  two-lhirda  o(  tbe  radiatioo  .: 
order  to  provide  Cor  units  wbicb  cia  '.< 
operated  with  a  high-load  factor,  and  il'.^ 

Ft ,..  s^ ..  ..^d-o..  M=  £Xi;.r" '"""*""  " 

Stael  Heatinc-Boilen.  There  are  two  general  types  of  all-steel  boilers  uy: 
for  healing  work,  the  nsE-BOX  type  and  the  KaTtntN  tubulab  type. 

In  the  fire-bui  type  the  grate  and  combustian-chamber  are  surrounded  bf  a 
extension  of  the  steel  shell  which  is  water-jacltetted.  The  products  of 
bustion  pass  directly  through  the  tubes  to  the  smoke-flue  located  in  the 
In  the  return  tubular  type,  the  boiler  conssts  of  a  shell  with  tubes  se 
brick  setting,  the  grate  and  combustion-chamber  being  directly  unds  i>( 
front  portion  of  the  shell.  The  products  of  combustion  in  this  case  pass  undn 
and  around  the  shell  to  the  tear  of  the  boiler,  and  then  through  tbe  tubes  11 
the  front  into  the  smoke-box. 

Fire-boi  type  boilers  m4y  be  obtained  in  c^iadtirs  ranging  from  joo  to  i  {  m 
iq  ft  of  direct  radiation-  The  most  common  of  these  boilers  are  the  Dunaiof 
Gorton,  and  K.enanee.  Detailed  information  as  to  capacities,  dimensions,  el. 
may  be  obtained  from  the  makers'  catalogues.  As  usually  constructed,  tb«t 
boilers  are  designed  for  a  working  pressure  o(  60  lb  per  sq  in  and  are  so  insurrf 
by  tbe  boiler-insurance  companies.  This  type  may  be  obtained  with  or  witbir.i 
(portable  type)  brick-sclting.  The  return  tubular  boiler  is  erected  aitb  1 
brick  setting  and  as  ordinarily  constrocted,  is  designed  for  a  worlung  presijri 
of  loolbper  sqin.  but  may  be  obtained  for  a  working  pressure  of  ijolbpeiiqii 
if  desired.  It  is  primarily  a  power-type  boiler,  but  is  commonly  used  in  ccn- 
junction  with  targe  healing  E>-5lem3  baling  10  000  sq  ft  or  more  o(  direct  radii- 
tion.  These  boilers  are  rated  on  a  basis  of  10  sq  ft  of  boiler  heating-suiface  p« 
tioiler  honv-p^tver.  A  ^xdal  design  of  setting  is  required  for  srookeless  cmc- 
builion  when  bituminous  coal  is  to  lie  used  as  fuel.  The  so-called  stantlinl 
setting  should  not  be  used  in  this  connection.     [See  Boilers  and  Rules  for  Cud- 
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Wind 


structioo  in  Mechanical  Equipment  of  Buiklings,  Vol.  II»  by  Harding  and 
Willard.) 

Chimneys  for  Heating-Boilert.  (See  also,  under  Chimneys,  page  1364.) 
In  order  to  produce  an  intensity  of  draft  sufficient  to  properly  operate  low- 
pressure  heating-boilers,  hot-water  boilers,  and  hot-air  furnaces  up  to  their 
rated  capacity,  the  chimney  should  not  be  less  than  40  ft  in.  height,  measured 
from  the  grate.  No  flue  should  be  less  than  8  X  8  in.  The  failure  of  many 
heating-installations  may  be  traced  to  insufficient  draft  to  bum  the  fuel  at  the 
rate  required  to  run  the  boiler  or  furnace  to  rated  capacity.  The  tempera- 
ture of  flue-gases  leaving  the  boiler  should  range  between  400^  and  500°  F.  when 
the  apparatus  is  worked  at  its  rated  capacity.  The  diimney  should  be  so 
located  with  reference  to  any  higher  buildings  nearby  that  wind-currents  will 
not  form  eddies  and  force  the  air  downward  in  the  shaft,  as  shown  in  Fig.  19. 
The  flue  should  run  as  nearly 
straight  as  possible  from  the  base 
to  the  top  outlet.  The  outlet 
must  not  be  capped  so  that  its 
area  is  less  than  the  area  of  the 
flue.  The  flue  should  have  no 
opening  into  it  other  than  the 
boiler  smoke-pipe.  Sharp  bends 
and  offsets  in  the  flue  often  reduce 
the  area  and  choke  the  draft,  and 
the  flue  must  be  free  of  any 
feature  which  prevents  the  full 
area  for  the  passage  of  smoke.  If  the  flue  is  made  of  tile,  the  joints  must  be 
well  cemented,  or  all  space  between  the  tile  and  brickwork  filled  in  tightly. 
There  must  be  no  open  crevices  into  the  flue  where  the  tile  sections  meet,  other- 
wise the  draft  will  be  checked.  If  the  flue  b  made  of  brick,  the  stack  should 
have  outside  walls  at  least  8  in  thick  to  insure  safety.  The  inside  joints  should 
be  well  struck,  and  each  course  should  be  well  bedded  and  free  from  surplus 
mortar  at  the  joints.    The  exposed  bricks  at  the  top  of  a  brick  chiomey  should 

Table  ZVI.    Flre-Clay  Ttue-Linlngs 

Robinson  Gay  Product  Co.,  Akron,  Ohio 
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BaikUnf 


Fig.  19  Jlelation  of  Height  of  Chknney  to  Draft 
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be  laid  in  cement  mortar  to  prevent  the  add  huoti  and  rain  from  cuttiai  a. 

the  joints.    This  will  happen  if  lime  mortar  is  used.    The  most  destiabfe  ko- 
tion  for  a  chimney  is  near  the  center  of  the  buSding,  as  all  walls  are  theakr 
warm.    If  there  is  a  soot>pocket  in  the  flue  below  the  smoke-pipe  opening  ti- 
dean-out  door  should  always  be  tightly  dosed.    If  this  soot-pocket  has  ccr 
openings  into  it  (rom  fireplaces  or  other  connections,  these  openings  cbeck  i 
draft  and  prevent  the  best  results.    The  smoke-pipe  should  not  extend  tDt.i 
flue  beyond  the  inside  surface  of  the  latter.     If  it  does  extend  beyond,  it^  r 
cuts  down  the  area  of  the  flue.    The  joints,  where  the  smoke-ptpe  6ts  _ 
smoke-hood  of  the  boiler,  or  where  the  pipe  enters  the  chimney,  should  be  el. 
tight  with  boiler-putty  or  asbestos  cement,    fire-day  flue-linings  are  qsk 
the  best  practice  for  small  and  medium-siaed  flues.    RectanKukur  flue-han; 
are  rated  by  outside  dimenaionst  and  round  linings  by  inside  dunensions. 

Flues  for  Kitchen  Ranges  and  Fireplaces.  (See  also,  under  Chimar 
page  1364.)  For  a  kitchen  range  an  SH  by  8H~in  tile  flue  is  ordinarily  sufficin: 
but  an  8H  by  13-in  is  better.  For  fireplaces  the  sectional  area  of  the  flue : 
burning  wood  or  bituminous  coal  should  be  from  Ho  to  H  the  area  of  the  i:* 
place-opening  for  a  rectangular  flue,  and  Ma  for  a  circular  flue.  For  bunsf 
anthracite  ooal  the  areas  may  be  reduced  to  Ms  and  He  respectively. 

Selection  of  Chinmey-Flnes.    (See  also,  under  Chimneys,  page  1364.)  Tx 
selection  of  chimney-flues  for  heating-boilers  must  depend  upon  the  judgmest 
the  heating-engineer,  but  it  is  believed  that  Table  XVII,  by  R.  C.  Carpenter,  wl 
very  much  assist  the  engineer  in  selecting  flues.    It  is  necessary  that  AREkiz: 

HEIGHT,  THXCKNESS  OV  WALLS,  GENERAL  STRUCTURE,  and  the  POSITTOM  OF  TT. 

TOP  OUTLET  with  reference  to  the  building  and  other  buildings  near  by  should  \k 
carefully  noted  and  observed  in  the  selecting  or  building  of  a  flue.  The  figurs 
given  under  the  varying  heights  of  chimneys  are  diameter-measurements :: 
inches,  or,  the  ade  of  a  square,  the  theory  bdng  that  the  spirally  a5cen<£% 
column  of  smoke  and  gases  will  make  a  12  by  la-in  flue  no  more  effecti^T  i: 
practical  working-area  than  a  twelve-inch  round  flue.  Rectangular  shapes  ny« 
be  used  if  the  area  is  equal  and  the  difference  in  width  and  breadth  is  vx 
extreme.  A  maximum  ratio  of  2  :  x  for  the  internal  dimensions  should  not  ^« 
exceeded. 


Table  ZVn. 

Chimneys  for  Steam  and  Hot- Water  Boilera 

Direct  radiation 
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Steam, 

sqft 

Water, 

sqft 

30  ft 

1 

40  ft 

soft 

60  ft 

teft 

250 

37S 

7.0 

6.7 

6.4 

6.2 

6.0 

500 

750 

9.2 

8.8 

8.2 

8.0 

7.6 

750 

I  X50 

10. 8 

10.2 

9.6 

9.3 

8.8 

X  000 

I  500 

X2.0 

II. 4 

10.8 

10.5 

lo.o 

X  500 

2  250 

14-4 

13.4 

12. 8 

12.4 

II. 5 

2  000 

3  000 

16.3 

152 

14.5 

140 

13  2 

3  000 

4SOO 

X8.5 

18.2 

17.2 

16.6 

IS  « 

4000 

6000 

22.2 

20.8 

19. 6 

19. 0 

17.8 

5  000 

7SOO 

24-6 

23.0 

21.6 

3X.0 

194 

6  000 

9000 

26.8 

25.0 

23.4 

22.8 

2t.I 

7  000 

10500 

28.8 

27.0 

25. 5 

24. 4 

23  0 

8  000 

12  000 

3e-6 

28.6 

26.8 

26.0 

24.2 

9  000 

13500 

32  4 

30.4 

28.4 

27.4 

25   6 

10  000 

15  000 

34  0 

32.0 

30.0 

a8.6 

27.0       ' 

Diiect  Steam-Heating  1283 

RuIm  for  Gfata-ArMa  and  Staek-nimamtona  For  return  tubtilar 
type  of  boilers  N.  S.  Thompaon  gives  the  following  rules  for  grate-ueu  and 
Btack-dimenaioDs: 

R  -  total  direct  radiation  in  building;  B.  H.  S.  «  heating-surface  in  boiler; 
G  >  area  of  grate;  (all  in  sq  ft) 

B.  H.  S.  "  R  -ft-  7  for  steam;  R  -i-  iz  for  water.  G  «  B.  H.  S.  -i-  35  (anthra- 
cite, pea,  or  rice  ccxed);  G  «■  B.  H.  S.  •«•  30  to  B.  H.  S.  •!•  35  (bituminous  coal, 
plain  grate);  G  «  B.  H.  S.  -1-  45  Gower  grate  of  down-draft  furnace). 

H  -  height  ^stack,  ft.    A  «  area  of  grate,  sq  ft.    S  ■  area  of  stack,  sq  ft. 

S  "  A  -i-  Vh  (anthradte  coal,  lump  coal,  oil,  and  gas). 

S  «  (A  X  1.25)  •¥•  V  H  (bituminous  and  small  anthradte). 

For  anthracite,  pea,  or  rice  coal,  tube-area  must  be  not  less  than  H  grate,  and 
always  larger  than  stack. 

For  boilers  with  down-draft  furnace,  tube-area  must  be  not  less  than  H  of 
lower  grate,  and  always  larger  than  stack. 

Maximum  length  of  tube  must  not  exceed  48  diameters. 

Maximum  length  of  boflers,  54-in  diameter  and  under,  must  not  exceed  3 
diameters;  over  54-in,  lyi  diameters. 

Tubes,  an  odd  number  of  feet  in  length,  are  not  used. 

Stacks  for  TtU  BuOdingt  are  special  cases  and  may  be  designed  by  methods 
used  in  the  design  of  chimneys  for  power-boilers.  (See  Power  Plants  and 
Refrigeration,  by  Harding  and  Willard.  See  aho,  List  of  Tall  Brick  Chinmeys, 
page  1379) 

Diract  Staam  Haating 

Systama  of  Diraet  Steam  Heating  in  Uea.  Systems  for  heating  with  direct 
steam  radiators  are  broadly  divided  into  two  general  classes,  known  as:   (z) 

GRAVITY   CXaCULATING   SYSTEMS,    and    (2)    UECHANICAL   CIRCULATING   SYSTEMS. 

The  distinguishing  characteristic  is  the  manner  in  which  the  water  of  condensa- 
tion from  the  radiators  is  returned  to  the  boiler.  In  the  first  tjrpe  the  condensate 
enters  the  boiler  by  gravity,  due  entirely  to  the  static  head  existing  in  the 
returns,  and  the  ^em  is  a  closed  circuit.  The  steam-prassure  existing  in  the 
boiler,  mains,  and  radiators  is  the  same,  except  for  friction-pressure  losses  due 
to  the  flow  of  steam  to  the  heating-surfaces.  In  the  second  iypt  the  condensate 
is  allowed  to  return  to  a  receiver  or  feed-water  heater  and  is  then  forced  into  the 
boiler  by  a  pump,  or  return-traps,  or  both.  This  is  not  a  closed  system,  and 
the  pressure  in  the  boiler  may  be  much  higher  than  that  in  the  mains  and  radi- 
ators. The  receiver  is  usually  vented  to  the  atmosphere,  and  in  the  case  of 
vacuum  systems  an  additional  pump  is  attached  directly  to  the  returns  and 
arranged  to  discharge  the  condensation  into  the  receiver  or  heater.  Gravity  cir- 
culating systems  are  further  divided  into  the  one-pipe  system  and  the  two-pipb 
SYSTEM  with  basement-mains  supplying  risers  to  the  various  floors  above  (Figs. 
20, 21  and  22),  or  with  overhead  mains  supplying  drop-risers  to  the  floors  below. 
In  the  Latter  system  the  steam  and  water  of  condensation  in  the  risers  flow  in 
the  same  direction,  so  that  less  friction  is  produced  as  countercurrents  do  not 
occur  and  smaller  pipe-sizes  may  be  used.  The  overhead  system  is  very  com- 
monly spoken  of  as  the  hill's  system. 

Ona-Pipa  GraTity  Syitama.  The  one-pipe  circuit  system  (Fig.  20)  with 
basement-mains  is  probably  the  simplest,  and  most  oonunon  gravity  qrstem  in 
use.  The  steam-main  rises  close  to  the  basement-ceiling,  just  above  the  boiler, 
and  then  grades  down  uniformly  from  this  high  point  with  a  fall  of  i  or  ^  in  in 
10  ft.    When  the  last  radiator  has  been  served  the  main  drops  below  the  boile" 
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water-line  and  its  size  is  reduced,  as  on  the  run  back  to  the  boOer  it  carries  c  _. 
condensation  and  is  known  as  a  wet  SETuaN.  This  return  may  be  run  above  13: 
boiler  water-line  if  necessaiy,  and  is  then  called  a  dry  return.  Retum-im::: 
are  graded  i  in  in  jo  f  t  in  gravis  work.    In  either  case  an  automatic  air-%-air: 
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/  DETAIL  OF  FIHrr-FLOCA 
RADIATOfI-  COHMECnO^S 


DETXn.  AT  END 
OF   MAIN 


Fig.  20.    Low-pcessose  Gravity  System.    One-pipe  Baaement-ntala 

must  be  installed  on  the  end  of  the  main  at  the  drop,  as  shown,  to  vent  the  same 
when  air  collects  in  the  piping.  The  elevation  of  the  end  of  the  steam-main  with 
respect  to  the  boiler  water-line  must  be  carefully  determined,  in  order  that  water 
may  not  back  up  from  the  boiler  and  flood  the  main,  including  the  air-valve  ard 


Fig.  21.    One-pipe  Relief  Basement-main 

tomches.  It  is  customary  to  maintain  at  least  i8  in  between  the  under  ade  of 
main  at  the  drop  and  the  normal  water-line  of  the  boiler  to  provide  for  contin- 
gencies. In  operation  it  wiU  be  noted  that  steam  and  water  flow  in  the  same 
direction  through  the  one-pipe  steam-main,  and  in  opposite  directions  through 
the  basement-branches,  risers,  and  radiator-branches.  This  necessitates  larger 
piping  and  valves  than  in  any  other  steam  system,  and  especially  is  this  true 
of  the  main,  which  must  be  nm  full  size  from  boiler  to  drop,  unless  dripped  as 
shown  under  piping-details. 
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The  ONE-PIPE  RELIEF  SYSTEM  (Fig.  21)  is  Very  similar  to  the  oae^pipe  circuit 

»3rstem  except  that  the  risers  are  dripped  individually  into  the  return,  and  the 

»^eam<main  carries  no  radiator-condensation,  and  is  itself  dripped  at  intervals 

Lz^lo  the  return-main,  which  may  run  dry  or  wet.    This  makes  it  possible  (i) 

to  reduce  the  size  of  main  as  radiation  is  taken  oflf,  (a)  to  use  smaller  branches, 

Btrkd  (3)  to  run  the  main  much  closer  to  the  basement-ceiUng,  a  very  important 

consideration  where  basement-space  is  valuable.    A  ooubimation  or  the  one- 

x>ii>E  relief  and  the  TWO-PIPE  SYSTEM  is  frequently  used  in  large  installations, 

t.\\e  latter  being  used  for  the  first  and  second  floors,  and  the  former  for  the 

iai>per  floors  of  high  buildings.     In  this  way  the  amount  of  condensation  flowing 

do^wn  the  one-pipe  risers  against  the  steam  is  much  reduced  and  smaller  risers 

may  be  used.    The  application  of  the  one-pipe  ^stem,  with  gravity-circulation 

and  BASEMENT-MAINS  to  tall  buildings,  is  not  at  all  unusual,  and  if  the  piping  is 

properly  designed  for  the  circulation  of  steam  and  the  return  of  the  water  of 

condensation  it  will  be  found  satisfactory.    In  the  case  of  long  narrow  buildings 

lieated  by  a  gravity  system  it  may  be  necessary  to  provide  a  deep  boiler-pit  so 

that  the  elevation  of  water  in  the  retum-oonnections  will  not  flood  the  far  end 

of  the  steam-mains. 

Two-Pipe  GraTity  Systenis.    The  two-pipe  system  with  basement-mains 
CFig.  22)  is  often  used  in  large  buildings,  and  in  all  work  where  indirect 
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Fig.  22.    Two-pipe  Basement-main 


~  ^SesIedRetanu  V^ 


radiation  is  installed.  This  system  can  be  readily  adapted  to  mechanical 
vacuum  systems,  and  is  very  extensively  used  in  this  connection.  It  will  be 
noted,  however,  that  when  ai^lied  to  a  gravity  system  the  return  from  each 
radiator  is  separately  sealed,  either  by  dropping  below  the  water-line  to  a 
wet  return  or  else  by  using  drip-loops,  as  shown  at  the  left,  before  connecting  to 
a  dry  return.  Even  in  one-pipe  work  all  drips  or  reliefs  are  sealed  as  shown  in 
Fig.  22.  If  this  precaution  is  not  taken  steam  may  enter  a  drip  or  return  from 
the  outlet-end  and  cause  knocking  in  the  system  due  to  countercurrents  of  steam 
and  water  of  condensation.  Any  drip,  relief,  return-riser,  or  connection  from  the 
steam  to  the  return-side  of  the  ^srstem  must  br  sealed.  This  may  be  done  by 
connecting  below  the  water-line,  or  else  by  using  a  running  trap  or  a  retum*trap 
somewhere  on  this  connecting  line.  Neglect  of  this  precaution  will  cause  an 
unsatisfactory  operation  of  the  system. 

Atttomatic  Radiator  Alr-Vahres  for  Oravfty  Systems.  The  automatic 
removal  op  air  from  steam-radiators  must  be  provided  for  if  the  highest  effi- 
ciency of  the  radiating-surfaces  is  to  be  realized  in  gravity  circulating  systems. 
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MinutUy  controlktl  air-valvci  or  cocki  are  usually  neglectBl,  and  are  bMlb 
used  [or  steam-radiatois  iltboug^  tfadr  lue  U  quite  geoentl  foi  bot-watei  ltd- 
atots.  Fig.  23  shows  *  float-type  ut  autonutk  ur-nlve.  Tbenoaautic  as- 
valves  ate  finding  favor  in  this  fidd.  The  proper  location  or  thk  An-vatn 
""  ■  ■■'■■^-radiator  is  at  the  end  of  the  ladiator  oppoaiu  the  steam-mlet.  aodc 
wttom  of  the  radiator  aa  possible,  mux  air  ii  heavier  than  cteaa  s 
tasperatiue.    In  pnctiEi,  boirevcT,  the  manulaaurct  at  tatHalia 


u  the  bottom  o 


usually  places  the  air^valve  tapfung  about  two-thirds  the  hcif^t  ot  tbe  radiator 
from  the  floor  in  order  to  prevent  possble  flooding  of  the  valve. 

Spedal  GnvftT  ^Menu.    In  addition  to  the  tow-pressure  gravity  systenu 
already  described  theie  are  maoy  special  steam  beating  ssstemi  known  as  aj 


Lora,  VAFOS.  and  vacuuu  ststehs,  also  operating  with  gravity-retum  of  the 
water  of  condensation.  Tbe  An>iJim  svsteh  may  be  attached  to  any  one  or 
two-pipe  gnvily  syUcm.  and  is  apidied  by  conocctiiig  ti>e  automatic  Bir-vahe 
of  each  radiator  with  sniall-siie  piping  lo  an  exhauster  whicb  maintains  a  lUght 
vacuam  in  tbe  air-piping  and  effectually  removes  tlie  accumulation  of  air  in 
the  radiators.  As  this  scheme  is  a  positive  means  of  aii-icmoval  its  ai^iiicatioa 
to  the  ordinary  one  or  two-pipe  gravity  syitem  will  improve  its  i^ieratioa. 
The  ariginil  air.line  system  is  knoBo  as  the  Palil  SVSIKU  (Fig.  24).  The  ei- 
baustei  used  fur  less  tbau  isoo  sq  f  I  is  a  water .ddven  vacuum-pump,  with  a  pre*- 
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-  (sec  above),  (»  if 
i^  hone-po«n,  i 
art  lined.     The  rt 


per  K]  in.  Latter  qmcmi  uie  a  high-pteuuie  steam-jet 
m  is  DM  BvaiUbte,  a  mofor-drivCD  vacuum  pump  of  about 
lii-maLos  in  basement,  aad  a  gale  valve  on  each  air-riser 
used  vBiiea  Imta  t  to  !%  of  the  total  coDdeasatloa.  All 
■re  made  as  ibown.    Tbe  Bishop- Bsbcsck- Becker  Com- 


Hf.  SE.    The  BUup-Babmek-Bccker  Air-Has  SrMon 


c  used  for  exhausters 


Tahla  ZVm.    Hidnalk  B: 


Dtam 

Diam 

City 

Mat 

City 

Mai. 

eylin- 

cylin- 
dtt. 

stroke. 

pump 

prei- 

rad.. 

pump 

ptet- 

nT" 

in 

in 

in 

Ib 

«,ft 

Ib 

«lft 

J 

>H 

^ 

lOI 

ao 

TOO 

104 

40 

4000 

6600 

>M 

!■»• 

.". . 

Z 

10 

"" 

I-JO» 

i-(06 

14  000 

aoooo 

MedMBlcal  Vacvam  Sjslama.  The  (o-called  mechanical  VActimi  Svsruu 
lie  of  the  two-pipe  type,  and  have  a  vacuum-pump  attached  directly  to  ibe 
returns.  This  pump  may  be  Mcam  or  motor-driven,  but  must  be  capable  of 
handling  both  air  and  water,  aa  no  air-valvei  can  be  used  on  the  radiators  in  the 
vacuum  lyslem.    The  tetUlii-eDd  ol  each  radiator  it  equipped  with  a  radiator' 
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TablB  HZ.    Motnr-Ditraa  SihuuMn 


Number 
pump 

Wui. 

radiation. 
.q(t 

Cylinder-iJiH 

SiKof 

eonnEction 

Bore. 

Stroke, 

DiKh-fr 
pipe. 

Suetion- 

pi.c. 

?"■ 

■"'" 

"1 

i^E 

iH 

3W 

60 

ually  of  Ihe  1 


alic  type  and  ct 


only  tenr 


such  as  Ihe  Dunham  (Table  XX),  n'elster,  Illinais,  Monash.  ei 
liquid  is  employed  in  Ihe  Ihermostalii:  element  or  bellows.    This  liquii 
iied  immediately  as  steam  is  brought  in  contact  with  the  bellows,  a 
the  latter  to  eipand  and  thus  close  the  valve.     The  temperature  of 
densate  from  the  radiator  Is  slightly  below  the  temperatun  of  the  Hi 
nut  suHideDtly  high  to  vaporize  the  liquid.    Tie  valvt  therefore  rea 
and  will  pass  the  water  of  condensation 
and  air  until  the  steam  starts  to  Qoir, 
when     it    immediately    closes.      These 
valves  are  very  sensitive,  and  when  prop- 
erly adjusted  and  in  order  will  not  blow 
steam.     One     type    of 
\iLvz   is  shown   in  Fig,  28.     . 


>   the   I 


ncold- 
atthe 


iorVacanm-     Fig.  >T.      Detail    Sbowini    Uetliod   nf 
trap  Draining  Bottom  of  Sleam-rixr  in  u 

Overhead  System 

valves  due  to  dirt  getting  under  the  Kat  aitd  preventing  the  valve  tTom 
closing  tight.  Figs.  27,  2S  and  29  show  clearly  the  application  of  vtcaum- 
traps  to  the  t*o-pipe  system.  It  will  be  obsen'ed  by  inspection  of  Table 
XXVII  that  the  return-connections  for  a  vacuum  system  are  much  smaller 
Ihan  are  used  in  the  ordinary  two-pipe  system,  Table  XXVI.     The  vaoiuni 
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iystem  is  largely  empkiyerf  in  connection  with  eihaiut  iteim- heating,  where 
i  t.    i»  important  to  keep  down  the  back-pcessuit  OH  the  iteun-engiiies  oi  tUI- 
tiioes   to  appnuLimuely  j  lb  pet  sq  in. 
A.    by-puss  with  reducing-vaive  it  uaed 

■mfith  the  heating  system,  Thii  valve 
CLUtOTnatically  opens  and  allows  live 
steam  at  a  leduced  pressure  {usually 
1  to  5  lb)  to  Sow  into  the  bi 


Fig.  28,    Detail  Sbowiog  Method  of  Drip-    Fit-  3t.    DelaD  Shomiig  Method  <d  CoD- 

Retum-Liuc  is  Beloir  Vacuum-pump 


The  vacuum  maintained  by  the  pump  on  the  main-return  line  is  ordinarily 
about  10  in  of  mercury.  This  pump  is  placed  under  automatic  control.  Tba 
salroUcr  being  operated  by  the  pressure  in  the  tetum-ljne. 
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Table  ZZ.    Captdliet  d  Duahun  Vacnam-Tnpa 


Pin 


Capacity, 

Pipe. 

Diameter 

\ 

Number 

Size. 

direct 
radiation. 

connec- 
tion, 

Weight. 

of 
port. 

Lift- 

in 

sqff 

in 

lb 

in 

in 

z 

H 

lOO 

H 

iH 

3 

H 

350 

H 

2\i 

H 

H 

3 

450 

H 

•   «    »   ,    .   *  • 

B.T. 

H 

z  500 

H 

13 

H 

?16 

B.T. 

I 

3  GOO 

1 

21 

I 

1 

These  traps  are  designed  for  steam-pressures  not  in  excess  of  zo-Ib  gauge.     For 
and  riser-drips,  use  no  smaller  trap  than  the  No.  3,  and  install  trap  as  per  details. 

Care  must  be  exercised  in  selecting  a  trap  or  traps  of  the  proper  size  for  bot-bb< 
heating-coils.  The  capacity-ratings  for  all  traps  are  in  terms  of  direct  cast-iroo  ndi. 
tion.  on  a  condensation-bads  of  approximately  0.25  lb  per  sq  ft  per  hr.  Every  unit  s 
blast-ccHl  must  be  reduced  to  that  basis  before  trap-sizes  are  chosen  and  specified.  \S^ 
Hot-Blast  Heating  for  further  details  in  reference  to  rating  of  vacuum-traps  for  hot- 
blast  coils.) 

Size  of  Vacnnm-Piinip  Required.    The  foUowiag  table  by  the  Waxre!i 

Webster  Co.  may  be  \ised  in  determiziing  the  siate  of  ateam-diiven  vacuum-pump 
necessary.  To  determine  the  size  of  pomp  required  the  foUowiztg  empiricii 
formula  is  used: 

Square  feet  of  direct  radiation  -H  (number  of  units  X  zoo)  «  F.  Choose 
the  nearest  size  corresponding  to  the  value  of  P  given  in  the  table.  The  stcazn- 
cylinders  are  proportioned  on  a  basis  of  8o-lb  pressure  and  for  bwer  pressures 
the  steam-cylinder  must  be  proportioned  accordingly. 

Example.  Required  the  size  of  pump  for  5  000  sq  ft  of  direct  radiation  in  Z50 
radiators.    5  000  +  (150  x  100)  «  20000.    Use  a  5  X  6  X  lo-in  pump. 

Table  XXI.    Sizes  and  Capacities  of  Vacaum-Pufflps 


Size 

Steam, 

Exhaust. 

Suction. 

Dis- 
charge. 

F 

1 

FIOOT- 

spAoe 

in 

in 

m 

m 

1 

4      XS 

% 

.    6830 

1 

4      X4      X  6.. 

H 

H 

2H 

2 

7  270 

11X34 

4      X4      X  8.. 

H 

H 

sH 

s 

8  000 

"X34  ' 

5      XS 

Z0680 

4      XS      X  6.. 

•i 

H 

3 

2H 

zi  3S3 

Z3X36 

4      XS      X  8.. 

H 

H 

3 

2H 

Z2  500 

Z3X38 

4HXSHX  8.. 

H 

H 

3 

ZS  t2S 

Z3X3« 

6      XS 

15990 

6      X7 

«••«•• 

Z7  2ZS 

4>iX6      X  8.. 

H 

H 

3 

2y% 

tS  000 

Z3X38 

S      X6      Xio.. 

^ 

I 

4 

3 

Z9390 

Z8XS0 

7      X7MX10.. 

z 

iH 

5 

S 

28  256 

Z8XS2 

6      X7HX12.. 

Va 

z 

5 

4 

30  60s 

19X54*1 

7      X8      Xi6.. 

1 

}i 

5 

4 

34470 

Z8XS2  ! 

6      X8      Xia.. 

H 

1 

5 

4 

36  620 

19X54  1 

1 

This  table  may  also  be  employed  in  determining  the  size  of  motor-driven 
reriorncatizig  vacuum-pumps,  the  last  two  figures  under  Size  being  the  diameter 
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nd  stroke,  respectively,  of  the  pump.  A  vacuum-pump  should  be  specified  to 
a.ve  a  displacement  of  at  least  from  lo  to  15  times  the  volume  of  the  coi^ 
ensate  when  operating  at  its  normal  rated  speed. 


Table  XXIL    Capacity  and  Sixe  of  Steam-I>riven  Vacaom-Pumps 

Drain- 

Drain- 

Steam- 

Water- 

Ex- 

Sue- 

Dfs- 

ing 

ing 

cylinder 
1    diam- 
eter. 

cylinder 
diam- 
eter, 

Stroke. 

Steam- 
pipe. 

haust- 

pipe. 

tion- 
pipe. 

cbaige- 
pipe. 

capacity 
direct 
radia- 
tion.* 

capacity 

con- 
densed 
steam. 

Floor- 
space, 

m             in 

m 

in 

m 

m 

in 

sqft 

lb 

m 

1 

3 

2M 

4 

y* 

H 

iH 

iJi 

2  700 

8X0 

30X  6 

^ 

4 

6 

^ 

y4, 

2 

iH 

7  000 

2  100  UoXio 

6 

6 

xo 

I 

iH 

4 

3 

16000 

4800  1S9X14 

xo 

xo 

Z3 

oi 

2 

6 

5 

40800 

X2  240  172X20 

10 

Z2 

12 

iH 

2 

8 

7 

62  000 

x8  600 

72X20 

\      '° 

14 

12 

lU 

2 

10 

8 

85  000 

25  500 

a     «     •     • 

1      10 

16 

z8 

iH 

2 

12 

xo 

92000 

27  600 

•     •     •    • 

10 

18 

z8 

iK 

2 

12 

xo 

X28  000 

38  400 

•     •     •     • 

*  Condensation  figured  at  0.3  lb  per  sq  ft  radiating-surface  per  hour. 

Vacuum-pumpa  with  belted  electric  motors  are  made  by  the  Btshop-Babcock- 
Bedur  Co.,  wiUi  capacities  ol  a  000,  5  000^  xo  000,  17  000  and  25  000  sq  ft  of  direct 
ndiatioo.  This  pump  should  be  under  the  control  o<  a  reliable  vacuxtm-puiip  governor 
so  that  when  the  required  vacuum  has  been  produced  the  pump  will  stop. 
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Amoant  of  Radiation  Required.  The  heat-loss,  B,  of  the  various  rooms  ia 
calculated  as  previously  indicated,  and  H  is  divided  by  250.  The  result  is  the 
amount  of  direct  radiation  in  square  feet  required.  The  heat-emission  of  cast- 
iron  radiation  for  pressures  up  to  5  lb  per  sq  in  may  be  assumed  as  250  Btu  for 
all  practical  purposes  of  calculation. 

Rating  of  Boiler  Required.  If  anthracite  coal  is  to  be  used  for  fuel  add  not 
less  than  50%  to  the  total  amount  of  direct  radiation  to  be  installed  and  65% 
if  bituminous  coal  is  to  be  used,  to  allow  lor  radiation-losa  of  boiler,  maina. 
returns,  etc    The  steam-mains  and  risers  should  always  be  covered. 

Size  of  Maine,  Branchea  and  Retum-IHpea.    Steam-mains  in  low-pressure 

gravity  systems  should  be  so  proportioned  that  the  loss  in  pressure,  due  to  pipe- 
friction,  does  not  exceed  approximately  i  oz  or  0.062  lb  per  sq  in,  per  100  ft  of 
run.   The  reason  for  thus  limiting  the  pressure-loss  is  apparent  from  an  inspec- 
tion of  Fig.  31.    Owing  to  the  fact  that  the  steam  is  losing  pressure  as  it  flows 
through  the  main,  it  follows  that  the  pressure  at  the  last  riser  will  be  lower  than 
in  the  boiler.    The  difference  in  pressure,  or  pressure-loss,  P,  causes  the  water 
in  the  return-main  to  stand  higher  than  the  water-line  of  the  boiler.    The 
added  height  Z  is  equal  to  the  height  of  a  column  of  water  which  pressure  P 
will  support.    Thus,  if  the  boiler-pressure  is  2  lb  per  sq  in  and  the  pressure  at 
the  far  end  of  the  main  is,  say  x  }4  lb,  with  water  weighing  61  lb  per  cu  ft,  or  0.035 
lb  per  cu  in,  the  water  in  the  return  will  stand  (2  —1.50)  +  0.035,  or  ^  •  14  in 
above  the  water-line  of  the  boiler  for  a  >^-lb  loss  in  pressure  between  the  boiler 
and  the  end  of  main.    It  is  apparent  in  this  instance  that  tmkss  the  water-Unc 
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of  the  Ixnler  is  about  i8  in  or  more  below  the  last  riser,  or  radlator-coimecii  - 
water  is  quite  likely  to  flood  the  steam-main  and  to  be  accompanied  by  a  b^r- 
mering  and  a  poor  drctilation  in  the  radiators  located  at  or  near  the  end  ci  ::= 
run.    Steam-mains  are  graded  in  the  direction  of  flow  approximately  i  in  in  ic  ii 


1. 


jt-Oei 


-jco'-o" 


BaMmeiiVOeiUiic* 


^. 


4i 


I 


Orttde  I'ln  10  fe«t.- 

Normal  Bollw  Water^Line.^^ 

*  I  ■■— ^^^^— ^^         nil.  I— — — ^  ■  m^^^m^ 


Fig.  31.    Location  of  Bofler  and  Arrangement  ol  Pipes  for  Low-pressure  Steam-faeatsi 

Systems 

Referring  to  Fig.  31,  and  assuming  a  7  ft-6  in,  or  90  in,  dear  height  of  base- 
ment, and  a  boiler  having  a  72-in  water-line  and  a  length  of  steam-main  of  100  ft 
it  is  evident  that  the  boiler  must  be  located  in  a  pit,  the  depth,  X,  of  which  is 

6  -H  10  4- 18  -|-  72  —  90  »  16  in 

in  order  to  maintain  18  in  between  the  water-line  in  the  boiler  and  the  end  c^ 
steam-main.  The  distance  in  practice  should  not  be  made  less  than  from  1% 
10  24  in.  The  extreme  pressure-load  stated,  H  lb,  in  this  illustration,  is  ne\'er 
approached  in  normal  operation,  when  the  mains  are  designed  for  i-oz  drc^ 
per  100  ft,  but  may  apixoach  the  value  stated  when  the  system  is  being  started 
up  with  cold  radiators,  when  the  rate  of  condensation  is  very  much  higher.  Tbe 
pressure-loss  in  a  pipe  flowing  full  of  steam  may  be  approximated  by 
Babcock's  formula 


W 


^X.  X  (1  + 


(•  -  V) 


in  which  W  is  the  weight  of  steam  flowing  per  minute  in  pounds,  L  the  length  of 
pipe  in  feet,  d  the  diameter  of  pipe  in  inches,  y  the  density  of  the  steam  and  / 
the  loss  in  pressure  in  pounds  per  square  inch. 

One  square  foot  of  direct  radiation  will  condense,  under  normal  conditions  of 
operation,  0.25  lb  per  hr,  and  the  density  of  steam,  3',  is  0.043  lb  for  a  2.3-Ib 
pressure.  The  sizes  of  steam-mains  given  in  the  tables  were  calculated  by  the 
above  formula,  the  pressure-loss,  >,  being  limited  to  i  oz,  or  0.062  lb  pa-  sq  in 
per  xoo  ft  of  straight  pipe.  To  allow  for  the  fittings  approximately  twice  this, 
or  H  ^  per  sq  in  per  100  ft  of  pipe  may  be  assumed.  The  pipe-sizes  for  the  one- 
pipe  system  are  given  in  Table  XXIII,  corresponding  to  the  amounts  of  direct 
radiation  stated  in  the  last  column.  Branches  and  risers  may  be  taken  from 
Table  XXIV,  and  reliefs  for  risers  from  Table  XXV.  For  the  two-pipe  and  also 
the  one-pipe  relief  system  the  steam-main  may  be  reduced  in  size  as  rapidly  as 
the  radiation  carried  will  permit.  The  steam-main  should  not,  however,  be 
of  any  smaller  size  than  risers  called  for  in  Table  XXIV^ 

For  one-pipe  circuit  systems,  unless  the  steam-main  is  frequently  dripped, 
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ttE.  ifAiN  1CT7ST  BE  RUN  ruLL  SIZE  to  the  end,  at  wbidi  point  an  automatic  air- 
'&lve  should  be  installed  and  the  main  dripped  into  the  return.  This  system 
s  seneraUy  used  for  the  beating  of  residences  not  exceeding  two  stories  in 
leisht.     For  buildings  two  stories  or  more  in  height  the  one-pipe  relief  system 


OS 


IUmt^ 


Oil 


lyi'      Raaiator-Ana. 


lUi«_^l>i5^ 


SECOND  AND  Tl  IRD  FLOOR  RADIATORS 


IH' 


- 1  IUU«f  or  Drip 
J  ^y  R«tani  (BMW  Floor) 


Table  znn. 


FIRST-FLOOR  RADIATOR 
Fig.  82.    One-pipe  Relief  System 

Pipe-Sises  for  One-Pipe  Low-pressure  Oravity  Heating  Systems. 

Main-Table 


Steam-main, 
in 

• 

Dry  return,* 
in 

Radiation, 
sq  ft 

I 

I 

40 

2 

I 

75 
za6 
286 

2H 

3 

3H 

2 

2M 

2H 

535 

890 

I  360 

4 
5 

3 
3 

1950 
3  600 

6 

4 

s  900 

8 

4 

12  700 

10 

5 

23  900 

12 

6 

37  000 

*  For  wet  retunu  reduce  one  sixe,  with  iH  in  as  a  minimum  liie. 
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may  be  employed,  in  which  case  the  risers  tuppljnng  the  radiation  for  the  secc-: 
floor  and  above  are  dripped  into  the  return  as  shown  in  Fig.  32.  The  ndrnm^ 
size  for  a  wet  return  should  not  be  less  than  i  ^  in«  as  a  aomller  pipe  is  fikdy 
become  plugged  with  an  accumulation  o£  dirt  and  scale. 

Table  ZZXV.    Pipe-Sizes  for  One-Pipe  Low-Presmre  Gravity  Heaii 

Branch  and  Riser-Table 


Branch- 

Radiation. 

Radiator- 

riser. 

tapping. 

radiator- 
arm. 

sq  ft 

in 

in 

0  to      20 

I 

X 

31  to      24 

I 

iH 

25  to     40 

iH 

tH 

41  to    6o 

iK 

iH 

6i  to    8o 

iH 

iH 

8x  to  xoo 

iH 

2 

lOI  to  200 

2 

2H 

201    to  300 

3 

For  risers  carrying  more  radiation  than  given  by  the  table,  use   the  tabic  fsr 
steam-mains  and  increase  one  size. 

Table  XZV. 


Pipe-Sizes  for  One-Pipe  Low-PrMsore  Gravity  Hmii 
Reliefs  for  Risers  (One-Pipe  Relief  System) 


Riser,  in., 
Relief,  in, 


X 

I 

X 

2 

2H 

3 

2 

3H 

2 

4 

3 


3 


Table  XXVI.    Pipe-Sizes  for  Two-Pipe  Gravity  Systems 


Direct 

Diameter 

Diameter  of 

radiation- 

of  supply, 

dry  rettim,* 

surface 
supplied. 

in 

in 

sqft 

H 

H 

20 

I 

H 

36 

iH 

1 

72 

iH 

iH 

xao 

2 

iH 

280 

2H 

2 

530 

3 

2H 

900 

3H 

2yi 

I  330 

4 

3 

X  930 

4H 

3 

2  760 

5 

3H 

3  730 

6 

3H 

6  000 

8 

4 

X2  800 

9 

4H 

X7  800 

zo 

5 

23  200 

12 

6 

31  000 

*  For  wet  returns,  reduce  one  pipe-dee,  with  xM  in  as  a  mintmi«Hi 
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Plpe^Sizes  lor  Two-P^  Low-FroMim  Omtfty  HMttng  SyttoinSi 
[*able  XXVI  may  be  used  in  determiiiiDg  the  wsesof  mains,  fanncheaandiiaeK 
or  a  two-pipe  gravity  syftem. 


>t«MBOfUPL 


Rctimto 

VjMBOIB'PttVlP 


Hg.  33.    Riier-dkignm  ior  Down-leed  M< 


Vacuum  System 
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Pipe-Sizes  lor  Two-Pipo  Modumieftl  Vftcimm  Syttems. 

of  branch>8upplies  to  radiatora,  risen,  steam-maios,  radiator*retums  with  t^- 
mostatic  valves  and  main-returns  may  be  taken  from  Table  XXVZI.  (Sk 
Example,  Fig.  33.) 

Table  XIVIL    Two-Pipe  Mechanical  Vacttam  Systems 


Size  of 
pipe. 

in 

Rating  direct  radiation 

Radiator-connections 

Steam- 
mains  and 
risers, 

sqft 

Return- 
mains  and 
return-risers, 

sqft 

Size  of 
radiator, 

sqft 

Size  of 
steam- 
connection, 

in 

Size  of 

retum- 
conncctio- 
and  valve. 
in 

H 

I 

2 
2H 

3 

3H 

4 

5 

20 

40 

7S 

zso 
300 
500 

900 

z  soo 

2  000 

3  800 
1  fino 

40 
160 
330 

600 

1  300 

2  400 
4000 
7  300 

Z2  000 
16  000 
22  400 
28  800 
a8  ooo        I 

30 

SO 

75 
ZOO 
Z2S 
Z50 
200 
300 

I 

iH 
iH 
iH 

2 
2 

J-2 

H 

H 

. 

t    * 

t 

J                               1                   w     -      - 

6             1         6  ooo 

1 

8                       .            T^  ooo           1          7  3   ooo 

1    

•  •■>..•••• 

****"****  1 

9 

xo 

Z2 

14 

18  000 
33  000 
37  000 
S5  000 

1    

t    

1    ti    

; !i ;;;;;;;;; 

•  •  •..-.•  —  j 

Tftble  XXVm. 


Direct  Radiation  Required  for  the  Factory  Ofice-Buflding  Shown 
in  Figs.  9  and  S4. 


Room-designation 

Btu- 

loss 
per  hr 

Direct 

rad'n 

required, 

column 

2-i-2S0 

Radiation  to  be  installed 

No. 

radiators 

No.  cols. 

and 

height 

No.  sect's 
each 

radiator 

1  Total, 
sq  ft 

I 

2 

3 

4 

5                6 

7 

Sample  rm 

Hall 

54  900 
19  123 
27  3S8 
19  48a 
7  380 
31  306 
Z9  224 
70  347 
31  306 

2x9 
77 
95 
77 
29 

125 
78 

28X 

X2S 

4 

I 

3 
I 
I 
3 
Z 

4 
2 

3-32" 
3-38" 
3-32" 
3-32" 
3-32" 
3-32" 
3-38" 
3-32" 
3-32" 

13 

IS 
II 

17 

7 
14 
z6 
16 

14 

2Z6 

75 
99 

76i«l 

Laboratory 

Storage 

Toilet 

31 H 
za6 

80 
288 

Z26 

Mgr's  office 

Hall 

Gen'l  office  . . 

Sup't's  office  . .-. . 

Totals 

1   

z  108 
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Pipe-Sizes  for  Indirect  Gravity  Radiati<m.    Multiply  square  feet  of 
xxidirect  radiation  by  2  and  use  Table  XXVI. 

I>e8ig;n  of  One-Pipe  Low-Pressure   Gravity  Heating  System.    Direct 
3tSLdlation.    Let  it  be  required   to  design  a  heating  system  of  this  type 


«Hd'  ^,^'. 


▲Jr-Viln  ud  Dr«p 
to  FlMT 


Stean-Malna 
R«ftiim*H«lna 


- — Rbcn 
«£ — FlAngea 


NOTE>  All  Radiator*  «-Cel. 
SS^hiffh  nnleM  otherwiae 
noted. 

Fig.  34.    Single-pipe  Low-pressure  Steam-heating  System  for  Factoiy  OflSce-buildiog. 

(See,  alao.  Fig.  9..) 


for  the  factory  office-building  shown  in  Figs.  9  and  34,  the  hcat-Iosses  being  as 
previously  calculated  and  given  by  Table  VII.  The  location  of  the  radiators 
are  as  indicated  on  the  floor-plans,  Fig.  9. 
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Direct  RadUtion  Required.    The  total  Btu<Io66  for  each  room  is     , 
in  coiumn  2  of  Table  XXV'III.  The  amounts  of  radiation  required  for  these  haee- 
is  given  in  column  3  and  were  obtained  by  dividing  the  Btu-loss  in  each  caae  ':_ 
250,  the  average  heat-emission  of  direct  radiation  (Btu)  per  square  foot  pr 
hour  for  a  room- temperature  of  70°  and  2  lb  steam -pressure. 

Boiler-CApadty  Required.    The  boiler-capadty  must  be  sucK  that  it  rZ 
carry  the  radiation  installed  plus  the  extra  heat>k>ss  from  the  steam-mal 
return-mains  and  boiler.    The  steam^mains  are  to  be  covered  and  anthn.::- 
fuel  is  to  be  used.    The  fuel-capacity  of  the  fire-pot  is  to  be  sufficient  for  an  - 
hr  firing-period.    Adding  50%  to  the  sq  ft  of  radiation  installed,   1.5  X  i  r: 
^  I  662  sq  ft,  the  boiler-rating  required.    The  fuel-holding  capadl^  <m  tr>- 
fire-pot  should  be  checked  for  the  boiler  proposed  as  previously  stated  uod^: 
Boilers. 

Chimney-Size.  The  size  of  chimney  may  be  taken  from  Table  X\ni,  ai»d 
in  this  case,  is  12  X  12 -in  inside  dimensions,  by  a  40-ft  height.  The  nearer: 
size  for  flue-lining,  Table  XVI,  is  13  X  x8  in. 

Design  of  Piping  System.    The  layout  of  the  basement-mains  and  risers 
for  a  ONE-PIPE  CIRCUIT  SYSTEM  is  given  in  Fig.  34.    The  risers  are  not  drippt^t 
in  this  case.     Steam-main  A  supplies  623  sq  ft  of  radiation,  and,  according  :•• 
Table  XXIII  must  be  3  in  in  diameter.    The  diameter  must  be  carried  to  tbi: 
end  where  it  is  dipped  into  the  return-main  by  a  i  H-in  relief,  as  indicated  i: 
Table  XXIII,  for  a  dry  return-pipe.    In  order  to  keep  the  steam-main  as  cici:^ 
to  basement-ceiling  as  possible,  where  it  passes  beneath  the  floor-girder,  a  rix 
is  made,  and  consequently  a  i  }i-in  drip  must  be  proxided  to  take  care  of  ^34 
sq  ft  of  radiation.    The  main  wet  return  takes  care  of  11 08  sq  ft  of  radiation 
and  is  therefore  made  2-in  diameter^    The  risers  and  branches  are  proportiooei 
by  Table  XXIV. 

GraYlty  Indirect  Heating 

General  Description.  A  satisfactory  means  of  pro\nding  for  the  heat -loss 
in  a  room,  and,  at  the  same  time,  supplying  air-ventilation,  is  accomplished  hr 
this  system.    The  radiators  properly  encased  with  a  sheet-metal  casing,  cov- 

Table  XXIX.  Final  Temperature  of  Air  Paaaing  Ov«r  Indirect  Radiation.  Ex* 
tended-Surface  Type.  Initial  Temperature  of  Air,  0"  P.  Heater,  One 
Stack  in  Depth.    Four-Inch  Spacing  of  Sections 


Velocity  of  air 

through  free 

area  of  heater, 

in  ft  per  min.  »• 

Final  temperature,  /],  ia 
degrees  Fahrenheit 

Steam  at 
2-lb  pressure 

Hot  water, 
180*  F. 

50 
100 
125 
ISO 

I7S 
200 

122 
100 
95 
90 
86 
82 

147 
127 
120 

113 
106 
102 

•  Measured  at  70*  F.    For  first-floor  registers  a  velocity  of  150  ft  per  mfai  thno^ 
ree  area  and  150  ft  per  min  for  second-floor  registers  is  the  usual  aMumpUoa. 


Gra\-ity  lodirect  Heating 


F1|.  St.    Indiiact  lUdiMen,  Cuioci.  Comnctiom,  itc 

provided  with  s  tresh-air  inlet  and  hot-air  duct  connecting  the  radiator  with  the 
(oom -register.    A  redrculatine  duct  tnty  be  provided,  u  indicated,  in  otdei  to 
economize  on  the  heating  in  Ei- 
Iremfly  cold  weather  i(  desired. 
There  ihould  be  ■  sepsnte  ver-    , 
ttcal  hot-air  duct  for  each  register 
to  be  supfdied,  connected  with 
its  own  indirect  radiator.    Al-    ' 
temptinK  to   supply  more  than 
OK    regialer  from   an   indirect 
radiator  ii  not  uiualty  tucces*- 
ful,  or   recommended,  unless  a 
(an  system  is  employed  to  give 
a  pinitive  air-flow  as  with  the 
hot- blast     systtm,      described 
later.     The   bot-air   ducli  for 
the  upper  floors,  for  best  results, 

should  he  double  inpr  as  Uter    _  .        .  _    .  _     ."      . 

ri»wn  under  furTacc-heatins.  "»■  =*  School  Pta  h^  lUdhto  lor  St-» 
The  indircctradiatorisdesigned  orWater 

to  present  a  maximuin  of  heathig-surface  to  the  sir  pasung  over  sartM. 
Among  the  various  standard  types  for  gravity  indirect  heating  may  be  men- 
tioned the  Indirect  Pin  Radiator  (Fig,  36).  Eicelsior.  Steriing  and  Vento. 
Indirect  isdilton  art  now  rated  according  to  Uie  temperature-incremeDt,  or 


1300 


Heating  and  VentUadon  of  Buildings 


rise,  which  they  are  capable  of  giving  to  the  air  passing  between  and  over  tfc* 
tactions  of  the  heater  for  various  velocities  of  air,  initial  temperature,  and  tea- 
perature  or  pressure  of  the  steam,  or  temperature  of  the  hot  water.  Xhc  veijc- 
ities  stated  are,  for  convenience  in  rating,  based  on  air  at  70°.  The  free  or  u&o'-- 
structed  area  means  the  net  area  between  heater-sections  after  deducting  tbf 
area  of  the  projecting  surfaces  from  the  gross  area.  Limitations  of  space  pce^ 
vent  giving  more  than  these  data  for  one  type  of  indirect  radiator. 


w'.rviW 


"t- 


»-rf 


i- 


i4U-i  /ill/ 


un 


133 


*qF: 


:^=*=«. 


-lJ*K-f«p#l 


-^ 


-n? — ^f      +        +    I    +r      ♦        ♦        ♦   I" 


Fig.  37.    Vento  Thirty-inch  Indirect  Heater-aectioa 

Tables  XXIX  and  XXX  give  the  results  of  tests  made  on  Vento,  indirect 
radiation,  American  Radiator  Company.    (See  Fig.  37.) 


Table  ZZX.    Dimensions,  etc.,  Vento  Indirect  Radiatioa 

• 

Size 

Heating- 
surface,  s, 

• 

sqft 

Height, 
in 

Width. 
in 

Free  area 

between 

sections,  (a), 

sq  ft 

1 

30-in  section 

40-in  section 

SO-in  section 

6o-tn  section 

8.00 

10. 75 
13.  SO 
X6.00 

29 '9 
41  U« 
S0  29ia 
6oHi« 

9M 

9H 
9H 
9J8 

0.2S6 

0.3s 

0.428 

0.5IX 

Spacing  of  sections,  4  in  on  centers  for  gravity  air-circulation. 

Weight  of  Air  to  be  Circolated  per  Minute.  ^^  h  -  temperature  of  air 
leaving  register.  /  «  temperature  of  room.  0.24  «  sp  heat  of  air.  B  «  heat- 
loss  of  room  to  be  warmed  in  Btu  per  hour.  V  -  volume  of  air  in  cubic  feet 
per  minute  measured  at  70**. 


Then 


W  -  ///[60  X  o.24('i  -  01.  lb  of  air  per  min 
V  -  PF/ (0.075  -  the  density  of  the  air  at  70') 


Gxavity  Indirect  Heating  1301 

Area  of  Indirect  HMting-Snrfice  Rtqnind*  S,  h  m  mitiftl  temperature  of 
air  entering  indirect  heater,  k  *  final  temperature  air  leaving  beater  ■>  /i  +  s* 
(assumed  temperature-loss  in  hot-air  duct).  V  «  velocity  through  free  area  of 
heater  in  feet  per  minute,  measured  at  a  temperature  of  70*.  F  >»  total  fire- 
area  required  in  heater,  in  square  feet,  a  »  free  area  for  one  section  of  heater 
in  square  feet,    u  *■  number  of  sections  required. 

Then  F  -  7/©  -  W/o.Jsv,  n  -  F/a  and  5  »  n  X  « 

Bxample.  Required  the  amount  of  indirect  low-pressure  steam-surface  of 
the  extended-surface  type,  the  number  and  size  of  sections,  and  the  over-all 
dimensions  of  an  indirect  radiator  to  supply  the  necessary  heat  to  warm  a 
first-floor  room,  the  heat-loss  of  which  is  If  ■>  20  000  Btu  per  hour.  All  the  air 
is  to  be  taken  from  the  outside,  the  temperature  of  which  is  /  0  ■■  o**  F.  The 
inside  temperattu^  to  be  maintained  is  /  -  70*  F. 

Sdtition.  It  is  first  necessary  to  assume  a  temperature,  /i,  for  the  air  entering 
the  room,  in  order  to  calculate  the  amoimt  or  weight,  W,  of  air  required  to  be 
circulated  to  convey  the  heat  required  to  make  up  the  heat-loss  H. 

Assume  ti  -  95"  and  /a  «-  /i  -f-  s  (loss)  -  100";  and  v  -  100  ft  per  mi». 
from  Table  XXDC. 

Then    .  TF  -  20  oco/(6o  X  0.24(100  -  70)]  -  46.3  lb  per  min 

and  V  —  46.3/0.75  -  617  cu  ft  per  min,  measured  at  70**  F. 

Assume  40  in  as  the  length  of  section  desired  in  this  instal]ati«Mi, 

a  -0.3S  (Table  XXX); 

F  «  617/100  «•  6.17,  the  total  square  feet  of  free  area  required; 

n  ■"  617/0.35  *■  18,  the  number  of  sections  of  40  in. 

Vento  is,  therefore,  required,  giving  a  total  heating-surface  of 

5  -  10.75  X  18  -  193.5  sq  ft 

Dividing  this  equally  between  two  indirect  radiators  the  width  of  each  heater 
is  equal  to  nine  (sections)  X  4  (spadng-sections)  -  36  in. 

Low-Pressure  Boiler-Rating  Required  for  Gravity  Indirect  Radiation, 

The  amount  of  beat  given  up  to  the  radiator  is 

h  «  o.24W(ts  ~  A))  X  60  Btu  per  hr 

The  equivalent  rating  in  square  feet  of  direct    radiation  is  therefore  R  >■ 
^/250,  plus  35%  for  radiation  of  mains,  returns,  etc. 

Examiile.    Required  the  equivalent  low-pressure  boiler-rating  to  supply  the 
indirect  radiation  in  preceding  example. 
Solutioo. 

h  ■■  0.24  X  46.3  (100  -  o)  X  60  «  66  672  Btu  per  hr 
R  -  (66  672/250)  X  1.5  -  399  sq  ft 

In  other  words,  i  sq  f  t  of  low-pressure  steam  indirect  radiator  with  gravity- 
circulation  is  practically  equivalent  to  a  sq  f t  of  direct  radiation;  or  the  amount 
of  indirea  surface  is  approximately  0.4  of  the  amount  of  direct  radiation 
required. 

Area  of  Hot-Air  Ducts  for  GrtYity-Circnktion.  A  velocity  of  approxi- 
mately one  third  of  the  theoretical  velocity  attainable  by  natural  draft,  due  to 
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the  smalkr  dennty  of  the  heated  air,  ia  aaaitmed  In  practiGe  in 
the  area  of  the  hot*aJr  ducts. 

Table  ZZZI.    Theoretical  Velocity  iV)  of  Air,  in  feet  per  Second, 

Draft 


I>u*to  Hi 


Height 
of  flue 

Excess  of  temperature 

in  flue  above  external  air 

t 

in  feet,  E 

10* 

15' 

ao» 

25* 

3o' 

50* 

too- 

i     rse* 

I 

x.x 

1.4 

X.6 

X.8 

a.o 

2.5 

3.6 

1       4.* 

5 

a. 5 

3.1 

3.6 

4.0 

4.5 

5.6 

8.x 

J       9.« 

xo 

3.6 

4.4 

5.1 

5.7 

6.6 

8.X 

11.4 

14-0 

IS 

4-4 

5.4 

6.3 

7.0 

7.7 

9.9 

14.0 

17.: 

ao 

5.1 

6.3 

7. a 

8.1 

8.8 

"•4 

x6.r 

19? 

25 

5.7 

7.1 

8.1 

9.0 

9.9 

xa.8 

xS.o 

32.1 

30 

6.3 

7.8 

8.8 

9.9 

X0.8 

X4.0 

19.8 

34  a 

35 

6.8 

8.4 

9-5 

10.7 

XI. 7 

X5.X 

22.3 

26.: 

40 

73 

a. 9 

10. a 

H.4 

12. 5 

x6.i 

22.8     1 

27-? 

Bxamide.  Required  the  siae  of  hot-air  duct  for  each  of  the  indirect  radiators 
in  the  preceding  examples  for  a  first-floor  installation,  the  effective  height  £  bt3L4 
5  ft. 

Solution.  The  excess  of  temperature  in  the  flue  above  the  external  air  L^ 
100  —  o  -  100'.  The  theoretical  velocity  in  the  duct,  from  Table  XXXI.  l- 
8.1  X  60  «  486  ft  per  min.  The  actual  velocity  is  approximately  one  third  0: 
this,  or  162  ft  per  min.  The  weight  of  air  per  minute  passing  through  the  flue  ia 
23  lb,  or 

23/(0.07 1  (density  at  xoo'^)]  -  324  cu  ft 

The  required  area  of  the  flue  is  therefore 

324/162  »  2  aq  ft  «  288  aq  in 

The  gross  area  of  the  register-face  must  be  approximately  1.8  this  amount 
or  518  sq  in,  to  obtain  the  same  free  area  through  the  register-grill  aa  exists  is 
the  flue  or  duct.  Sizes  of  standard  registers  are  given  in  the  section  on  Fur- 
nace-Heating. 

Direct  Hot-Water  Heating 

Systems  in  Use.  Systems  for  heating  with  direct  hot-water  radiators,  like 
the  direct  steam  heating  systems,  may  be  divided  into  two  general  classes,  the 
first  of  which  includes  all  those  systems  operating  by  ORAvmr  only,  depending 
on  the  difference  in  density  of  the  water-columns  in  the  flow  and  retuxn*lioes  to 
cause  circulation.  The  second  dass  includes  those  systems  b  which  a  fokceo 
CIRCULATION  is  maintained  by  means  of  a  pump  placed  on  the  return-line  just 
before  it  enters  the  boiler  or  heater.  These  latter  systems  are  employed  usually 
only  in  large  installations  or  in  district-heating  service. 

GrsTity  Hot-Water  Heating  Systems.  The  gravity  systems  are  divided 
into  the  upfeed  systems,  using  basement-mains,  and  the  downfeed  systems, 
using  overhead  or  attic-mains.  The  upfeed  systems  may  have  either  a  one-pipe 
basement-main  or  two-pipe  basement-mains,  and  the  latter  type  may  have 
either  a  direct  or  a  reversed  return-main.    (See  Figs  38  and  39  for  revened 
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return.)  The  downfeed  sjrstems  may  have  either  snrotE  or  double  risers. 
Either  syBtem  may  be  operated  with  an  open  or  cijOSED  expansion-tank, 
as  shown  in  Figs.  42  to  46.  In  general,  the  downfeed  or  overliead  qystems  are 
more  positive,  permit  the  use  of  smaller  mams  and  risers,  and  provide  for  the 
automatic  removal  of  air  from  the  radiators  and  piping.  It  is  necessary,  how* 
ever,  that  the  headroom  or  clear  space  in  the  attic  should  be  at  least  4  or  5  ft  if 
the  overhead  mains  and  branches  are  to  be  properly  installed.  It  is  sometunes 
possible  to  run  the  overhead  mains  at  the  ceiling  of  the  top  floor,  and  in  such 
cases  the  above  restriction  does  not  apply.  Mains  run  in  attics  must  be 
well  hisulated  to  prevent  freezing.    The  underfeed  systems  are  used  where 

I^ote:-  FlrBt>fIoor.«nppIy  rl«er*«oan«ct{oiis 
to  be  taken  trom  top  of  nAin,  aaU  rlten 
above  lint  at  iAi    AB  NCvntt  Into  tida 
of  mala*  (or  boMooi).  Bm  b«Iaw, 


^^^_ 


EUvalioa  Topical/ 
RadiatorjQroop  • 

IK* 


TWO-PIPE  UP-FEED 
SYSTEM 
R«ren«d  Retom 
for  Oaa-Pipe  Syatflok^ 


m^ 


BASEMENT  HEATING  PLAN 
Figs.  38,  39,  40  and  41.    Hot-water  Heating.    Two-pipe  Up-feed  System 


basement-space  is  available,  and  of  little  or  no  value,  and  the  radiation  is 
located  on  two  or  more  floors;  or  where  attic-space  is  so  limited  that  it  would 
not  be  possible  to  install  overhead  mains  and  branches.  Underfeed  systems 
are  liable  to  prove  unsatisfactory  in  buildings  less  than  two  stori^  in  height,  as 
the  motive  head  with  radiators  on  the  first  floor  only  is  so  slight  that  faulty  or 
deficient  circulation  is  quite  likely  to  result. 

The  Upfeed  One-Pipe  System.  The  upfeed  one-pipe  system  is  hi  very 
general  use  today,  and  is  employed  almost  exclusively  by  the  United  States 
Treasury  and  War  Departments  whenever  upfeed  hot-water  sy.stems  are  to  be 
installed.  In  this  system,  as  shown  in  Figs.  43  and  45,  the  supply-main  rises 
close  to  the  basement-ceiling  just  above  the  boiler  and  grades  down  in  the  direc- 
tion of  flow,  with  a  uniform  grade  of  H  in  in  10  ^t.  Branches  are  taken  from  the 
top  of  this  main  for  supplying  flow-risers  and  the  retum-braoches  are  made  intd 
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the  side  or  bottom.    (F«g.  40.)    Flow-conoectiona  should  always  be  made  fan 
the  top,  or  at  an  angle  of  45'' in  the  case  of  branches  near  the  boikr.  or  for  hcandbEs 


HOT-WATER  HEATtNQ  •  EXPANSION  TANKS 
(OPEN  AND  CLOSED  SYSTEMS) 
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Figs.  42,  43,  44, 45  and  40.    Hot-^rmter  Heating.    Expansion^anks.    One-pipe 

Underfeed  System 

Buppjsnnjr  only  upper-floor  radiators.    It  will  be  seen  that  In  the  case  of  branches 
supplying  radiatots  on  all  floors  the  upper-floor  radiators  may  be  made  to  pull 
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r  augment  the  drcuktion  of  the  first-floor  radiators  by  taking  the  basement- 
ranch  for  the  former  from  the  side  of  the  branch  running  to  the  latter  radiator, 
he  first-floor  branch  is  usually  run  full  size  all  the  way  to  favor  the  lowest 
idiator,  as  shown  in  Fig.  45.  After  having  served  all  the  radiator-branches 
be  main  drops  and  returns  to  the  boiler,  continuing  the  same  size  for  the 
ntire  circuit.  Connections  (Fig.  43)  to  radiators  should  be  made  at  the  top 
n  the  supply-end,  using  a  union  elbow,  and  at  the  bottom  on  the  return-end, 
ising  a  quick-opening  hot-water  radiator-valve  with  union  connection.  By 
his  arrangement  only  one  valve  is  required  to  control  the  radiator.  Since  the 
emperature  of  the  water  in  the  one-pipe  main  gradually  drops,  due  to  the  return 
>f  water  at  a  lower  temperature  from  the  radiators  served  in  the  course  of  the 
nain  around  the  building,  it  is  advisable  to  increase  the  last  radiators  on  the 
nain  from  s  to  zo%  in  area  and  to  increase  the  size  of  branch  and  riser-connec- 
tions at  the  end  of  the  main  by  a  one-pipe  size.  Pipe-sizes  may  be  taken  from 
Tables  XXXII  and  XXXIII.  In  using  the  tables  all  mains  must  be  measured 
back  to  the  boiler,  and  risers  to  any  floor  are  proportioned  to  supply  all  the 
radiation  above  that  floor  as  well  as  the  radiator  actually  installed  on  that 
floor,  as  shown  in  Figs.  43  and  45. 


Table  ZXZIL 


Hot-Water  Heating.    Piping-Sizes.    Open-Tank    (Upfeed   wHb 
Baiement-Bfaias 

Mains  up  to  zoo  ft 


Pipe-size 
in  inches 

Direct 

radiation 

in  square  feet 

Indirect 

radiation 

in  square  feet 

zK 

Z35 

zoo 

iH 

320 

135 

2 

350 

325 

2H 

460 

330 

3 

67s 

500 

3H 

850 

650 

4 

z  zoo 

850 

4H 

Z3S0 

z  050 

5 

I  700 

Z3S0 

6 

3  600 

3  900 

7 

4800 

3900 

8 

6  aoo 

5  coo 

9 

7  700 

6300 

zo 

9800 

7900 

za 

Z4000 

zz  400 

Table  XXXII  was  compiled  by  J.  J.  Hogan,  and  is  to  be  used  for  either  one  or  two- 
pipe  work. 

Length  of  main  must  be  measured  back  to  boiler. 


■<oot^j'f. 


For  mains  over  100  ft,  reduce  capacity  in  the  zatb 

The  Upfeed  Two-Pipe  System.  The  upfeed  two-pipe  system  is  also  in 
very  general  use,  and  if  installed  with  a  reversed  return,  as  shown  in  Figs. 
38  and  3d,  will  give  good  results.  It  a  direct  return  is  used  so  that  the  water 
circulates  first  through  the  radiators  nearest  the  boiler,  and  then  through  each 
succeeding  group  in  turn,  the  ends  of  mains  will  be  slow  in  warming  up,  the  last 
radiators  may  be  cold,  and  the  system  prove  unsatisfactory*    With   the   RS- 
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t$M9  laaasjL   i 

BtMoifirnIi  iMtim) 

Branches  and  Risen 

Pipe-ti2e 

Floor 

First 

Second 

Thiid 

Fon^t^i 

in  inches 

Direct  radiation  in  square  feet 

*A 

30 

45 

55 

70 

X 

6o 

75 

85 

9S 

iH 

1 10 

X30 

X35 

ISO 

iH 

x8o 

195 

3X0 

ajo 

2 

390 

330 

350 

370 

2\i 

400 

490 

52s 

550 

3 

620 

650 

690 

730 

3H 

820 

870 

930 

970 

4 

I  050 

X  130 

I  x8s 

X  aso 

4H 

1335 

I  400 

1485 

z  560 

in 

H-     3 
3     ■=   60 

S       »6so 

in 
H  -         5 

3H   •*       XIO 

6       —  I  oso 

in 

I  —       10 

3  ■=     X7S 
7-1  600 

in 

iM  -        30 
3H  -     360 
8      «>  a  350 

I 
in 
xH  -   30 

4      -380 

Table  XXXIII  was  compiled  by  J.  J.  Hogan,  and  is  to  be  nsed  for  either  one  or  tv^ 
pipe  work. 

VERSED-RETDKN  SYSTEM  each  gTOtip  of  radiators  has  exactly  the  same  length  d 
water-travel,  and  hence  the  resistance  to  be  overcome  is  practically  the  same. 
irrespective  of  the  distance  of  the  radiator-group  from  the  boiler.     It  will  t< 
noted  that  the  return  begins  at  the  first  radiator  served  and  flows  in  the  sake 
niKEcnoN  as  the  flow-main,  increasing  in  size  while  the  latter  decreases.    The 
flow-main  grades  up  uniformly  |^  in  in  10  ft,  and  the  return  grades  down  toward 
the  boiIer<with  the  same  pitch.    Pipe-sizes  may  be  taken  from  Tables  XXXII 
and  XXXIII  as  in  one-pipe  work,  and  the  main-size  reduced  or  increased  as 
rapidly  as  the  change  in  radiation  supplied  will  permit.    It  is  also  custcnnary 
in  government  work  to  install  a  starting-pipe  (Fig.  38),  between  the  main  flov 
and  return  at  the  boiler,  in  underfeed  systems.    This  pipe  ranges  from  i  ?4  to 
3  >^  in  in  size,  depending  upon  the  capacity  of  the  boiler,  and  is  intended  to  assist 
in  the  establishment  of  an  initial  circulation  between  flow  and  return-headers, 
even  before  the  water  in  the  mains  is  moving. 

Eqixalization-Table.  In  Federal-building  work  N.  S.  Thompson  makes  use 
of  the  following  Equalization-Table  in  proportioning  mains  and  risers  serving 
more  than  one  radiator  in  both  upfeed  and  downfeed  systems.  The  equal- 
izing-numbers represent  the  relative  capacities  of  the  different  sizes  of  pipes  for 

Table  XXZIV.    Equalization-Table  for  Mains  and  Risen 


Bxample.     A  i  M-iti,  x  M-in.  and  a-in  pipe  have  a  total  value  of  zio  units,  and  >»f*?Tt 
axe  equivaleat  ia  carcying  capacity  to  a  3  H-in  laaia. 
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tbe  same  friction-pressure  loss  per  loo  ft  of  run,  and  are  proportional  to  the  5/s 
powers  of  the  diameters.  Thus  tbe  weight  of  water  flowing  varies  as  shown  by 
the  relation,  W  «  Kd^,  in  which  W  »  weight,  /  ■>  a  constant,  and  d  «  pipe* 
diameter. 

Details  of  Piping  Systems  and  Connections  for  Direct  Hot-Water 

Heating.  The  distinctive  piping-details  of  each  system  of  hot-water  heating 
have  been  discussed  imder  that  system,  as  described  in  the  preceding  pam- 
graphs.  In  general  all  main  piping  and  branches  must  be  uniformly  graded, 
as  already  indicated,  and  ample  provision  made  for  expansion  and  contraction, 
and  the  ready  removal  of  air  from  all  parts  of  the  system.  Air- traps  or  pockets 
in  a  hot-water  system  are  fully  as  serious  as  water-pockets  in  a  steam  system. 
Hence  a  hot-water  main  grading  down  in  the  direction  of  flow  cannot  be  relayed 
unless  an  ur-outlet  is  provided  at  the  top  of  the  relay.  If  the  main  is  reduced 
in  size  at  any  point  an  eccentric  fitting  must  be  used  to  keep  the  top  of  the 
large  and  small  main  in  the  same  plane  and  avoid  an  air-p6cket.  Not  only 
must  all  the  piping  be  designed  to  permit  the  removal  of  air,  but  free  and  cx)M- 
PLETE  drainage  of  Water  must  be  provided  for  as  well,  so  that  when  the  drain 
or  blow-off  cock  is  opened  at  the  boiler  the  entire  system  can  be  emptied  of  water. 
If  brancfa^mains  are  taken  from  a  header  at  the  boiler  they  must  all  rise  to  the 
SAME  elevation  SO  that  the  tops  of  all  the  branches  will  lie  in  the  same  plane 
2is  they  start  away  from  the  boiler.  The  fittings  on  all  main  piping  and  branches 
must  be  of  the  long-sweep  pattern,  and  all  pipe  should  be  carefully  reamed  to 
lemove  burrs  and  sharp  edges.  Where  the  same  riser  supplies  radiators  on  two 
or  more  floors  the  branches  to  the  radiators  on  the  intermediate  floors  may  be 
connected  with  special  tees  (Fig.  41)  known  as  O.  S.  vittinos,  with  a  deflector 
arranged  to  divert  the  current  of  flow  into  the  outlet  of  the  tee,  and  thus  favor 
the  radiators  on  the  intermediate  or  lower  floors.  By  using  top-flow  and 
bottom-return  connections  at  each  radiator  it  is  possible  to  positively  control 
each  unit  by  a  single  valve,  except  for  the  slight  drctilation  intended  to  prevent 
freezing,  which  takes  place  through  the  He-in-diameter  hole  drilled  in  the  valve- 
disc  or  sleeve,  when  tbe  valve  is  dosed.  If  both  connections  are  made  at  the 
bottom  tappings,  and  only  one  valve  is  used,  it  is  entirely  possible  that  the 
radiator  may  still  be  supi^ed  with  hot  water  through  the  unvalved  connection 
even  when  the  valve  is  closed. 

Air-Remoyal  In  Rot-Water  Systemt.  Suitable  provision  must  be  made  for 
the  removal  of  air  from  all  hot-water  radiators,  wherever  an  upfeed  system  is 
installed.  Usually  small  air-cocks  are  attached  to  the  highest  point  of  each 
fsuiiator  and  are  periodically  <^)ened  to  relieve  any  accumulation  of  air.  If 
these  cocks  are  forgotten  a  radiator  may  become  air-bound  and  fail  to  heat 
because  of  faulty  drculation;  hence  automatic  air-valves  are  sometimes  installed 
for  this  purpose.  The  automatic  air-valve  for  hot-water  radiators  is  not  very 
generally  used,  due  to  its  liability  to  pass  water  as  well  as  air;  but  a  standard 
typt,  made  by  the  Monash-Younker  Company,  may  be  mentioned. 

BziMmtion-Taflks  for  Hot-Water  Heating.  Open-Tank  Systems.  The 
low-pressure  system  of  hot-water  heating  is  not  a  closed  system,  as  provision 
must  be  made  for  expansion  and  contraction  of  the  water  within  the  system. 
An  open  tank  is  provided  at  a  suitable  elevation,  not  less  than  3  ft  above  the 
highest  radiator,  and  connection  made  to  the  nearest  return-riser;  or  preferably 
a  separate  expansion-line  is  run  to  the  flow  or  return-main  in  the  basement. 
The  SIZE  OT  THE  expansion-tank  varies  with  the  amount  of  water  in  the  system, 
and  also  with  the  range  in  temperature  of  same,  and  its  capacity  is  determined 

follows: 

The  increase  in  volume  of  a  given  weight  of  water  heated  from  32*to2i2°is 
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about  W»,  or  approximately  4.33%;  so  that  for  every  23  gal  in  the  sj-strr  . 
32  ^  an  allowance  of  x  gal  must  be  made  in  the  expanston>tank  when  Xht  -kv 
in  the  system  is  raised  to  2x3^.    Cast-iron  radiators  have  an  internal  vohas- 
iH  pints  per  sq  ft,  while  steel  radiators  and  x-in  pipe  hold  about  i  pint  per  <•: 
Assuming  the  internal  volume  of  the  radiators  to  be  about  50%  of  the  cr- 
system,  we  have  for  3  000  sq  ft  of  actual  radiation,  3000  X  2  X  H  g^  -  *" 
gal  of  water.    This  water  will  increase  Hs  X  750  ■•  33  g^  on   beiqg   bm  . 
from  32^  to  3X2^    Hence  an  expansion-tank  of  2  X  33  *  66-gaI  capedry 
necessary,  the  tank  being  made  doubk  the  theoretical  volume  for  pnccu* 
considerations.  ^ 

A  fist  of  expaa8ion>-taiik  capacities  rand  dimensions  is  gjven  is    a  u-! 
(included  with  Figs.  43  to  46),  from  which  a  commercial  tank  may  be  rea 
selected  for  systems  under  6  000  sq  ft.    For  larger  systems  the  size  of  t  . 
should  be  separately  determined  and  the  nearest  commercial  tank-sise.  as  tu. 
from  the  manufacturer's  list,  should  be  spedded.    These  tanks  should  hz^ 
or  xK-in  top  and  bottom  tapfangs  with  K-in  water-gauge  tappings,  for  . 
necting  a  gauge-glass,  at  least  x2-in  long*  on  the  side  of  the  tank  as  sboir^  - 
Fig.  43.    The  tank  must  be  securely  supported  well  above  the  highest  rad;:: 
in  the  ssrstem,  and  in  the  larger  installations  special  framing  must  oftci: 
designed  to  carry  the  weight  of  tank  and  water.    Automatic  expaitston  t- 
equipped  with  a  ball-cock  and  overflow  are  sometimes  installed,  and  the  ahitu  - 
gauge  on  boiler,  and  the  gauge-glass  and  fittings  on  tank  omitted.    These  w 
may  be  covered  with  hardwood  and  varnished  if  it  is  necessary  to  place  tfaem  -^ . 
finished  room  or  apartment. 

Ezpaniion-Tank  Connections.  1  he  most  approved  method  of  cx>nner^. 
an  expansion-tank  to  a  low-pressure  one-pipe  system  is  shown  in  Fig.  43.  w\-  " 
an  expansion-and-vent  line  is  run  from  the  top  of  the  main,  at  the  hiirh  \»^ 
just  above  the  boiler,  and  connected  to  a  return-bend  just  beneath  the  tici 
A  return  drculating-Hne  is  taken  from  the  other  side  of  this  bend  and  conncc^r^ 
with  the  return-main  at  the  boiler.  The  circulation  of  water  in  this  loop  v-3 
prevent  freezing  at  the  tank.  From  the  top  of  the  tank  a  xH-in  vent -lice  i^ 
taken  through  the  roof,  and  a  iM-xn  overflow  is  taken  out  of  this  vent-line  a!  i 
tee  just  above  the  tank.  This  overflow  should  discharge  into  an  open  sink  v 
drain  near  the  boiler  so  that  it  will  be  immediately  evident  to  a  person  in  :rx 
boiler-room,  filling  the  system,  just  when  the  water  has  risen  to  the  over&.-> 
above  the  tank.  The  movable  hand  on  the  boiler  altitude-gauge  can  then  be  >c: 
to  correspond  with  the  middle  of  the  gauge-glass,  and  the  water-lexel  brouc: 
to  this  point  with  the  system  cold.  No  valves  should  ever  be  installed  on  eithc; 
the  expansion  or  the  overflow-lines,  and  in  case  the  system  is  valvcd  at  the  buik; 
the  expansion-line  must  be  connected  on  the  boiler-side  of  this  vaive;  and  where 
two  boilers  are  installed  this  line  must  be  carried  to  a  point  above  the  water- 
Une  in  the  expansion-tank  to  prevent  siphoning  the  water  out  of  the  entire 
system  in  case  it  is  necessary  to  drain  only  one  boiler.  Expansion  or  vent-pipe 
connections  must  always  be  so  made  to  main-piping  in  basement  so  that  oil  is 
will  be  automatically  removed  from  high  points.  Wherever  possible  risers  u: 
branches  to  risers  may  be  used  for  relieving  any  accumulation  of  air  in  the  main- 
piping.  In  SMALL  INSTALLATIONS  the  expansion-Uue  may  be  connected  to  the 
return-riser  of  one  of  the  highest  radiators,  and  no  overflow  other  than  the  xygI 
need  be  provided  for,  as  shown  in  Fig.  46.  This  is  a  cheap  method,  and  shodl 
not  be  resorted  to  unless  extreme  economy  must  be  practised.  The  tank  mu< 
be  in  the  same  room  with  the  radiator  to  prevent  freezing,  as  no  drculatioD  is 
provided  fo-,  and  the  overflow  is  simply  discharged  out  of  doors  and  usiully 
upon  the  roof.    The  usual  result  is  that  an  unsightly  appearancr  is  soon  created. 

The  United  States  Treasury  Department  employs  a  special  vent  and  overflow- 
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oonnectioii  {Fig.  42)  in  oold  climates,  where  there  is  liability  of  the  vent-line  freez- 
ing up  if  run  out  through  the  roof,  due  to  the  condensation  and  freezing  of  vapor 
passing  out  through  this  line.  The  vent-line  is  made  only  a  ft  high  above  the 
tank  90  that  it  is  kept  within  the  building,  and  it  is  equipped  with  a  check- valve 
to  prevent  the  escape  of  water  through  the  same  in  case  the  tank  should  sud- 
denly overflow.  The  closing  of  the  check-valve  will  compel  the  excess  water  to 
pass  down  the  overflow,  and  prevent  the  flooding  of  the  building. 

Closed-Tank  Syattma,  The  PEuassiBLE  tehperatures  in  any  hot-water 
system  are  limited  by  the  pressure  on  the  system,  which  latter  factor  determines 
the  point  at  which  boiling  will  take  place.  The  pressure  at  any  elevation  in  an 
OPEN-TANK  hot-water  system  will  vary  directly  with  the  distance  below  the  level 
of  the  water  in  the  expansion-tank,  and  hence  it  will  be  possible  theoreticaUy  to 
carry  the  water  in  the  boiler  at  a  temperature  corresponding  to  the  hydrostatic 
pressure  at  the  boiler  before  boiling  would  occur.  The  relation  between  hydro- 
static bead,  pressure  and  boiling-point  are  given  in  the  following  table: 

Table  ZZXV.    Relation  between  Hydrottatie  Head,  Presaisre  and  Boiling-Point 


Hydrostatic  head  in 
feet 

Preaanve  in  pounds 
per  square  in 

Boiling-point 


0 

13 

24 

37 

49 

6z 

74 

87 

100 

113 

125 

0 

5 

10 

IS 

30 

25 

30 

35 

40 

45 

SO 

'" 

227 

239 

250 

259 

368 

274 

281 

387 

293 

298 

Practically  it  would  be  quite  impossible  to  carry  temperatures  in  excess  of  2 1 2* 
in  any  part  of  an  open- tank  system,  as  the  high- temperature  water  would  iname- 
diately  rise  into  the  open  tank  and  boil.  In  order  to  overcome  the  limitations 
of  the  open-tank  system,  in  which  water  will  always  boil  as  soon  as  a  tempera- 
ture of  3X2°  F.  is  reached,  various  means  of  increasing  the  pressure  in  these 
systems  have  been  rescMted  to  in  the  attempt  to  carry  a  higher  water-tempera- 
ture in  the  radiators  in  very  cold  weather  than  would  be  possible  with  an  open- 
tank  system.  These  devices  have  usually  been  installed  on  the  expansion-line, 
either  at  the  boiler  or  else  just  below  the  expansion-tank  and  the  static  head 
increased  by  interposing  a  column  of  mercury  in  the  path  of  the  expanding 
water  as  it  flows  into  the  expansion-tank. 

A  common  form  of  the  apparatus,  known  as  the  Honeywell  Heat-Genera- 
tor, is  shown  in  Fig.  44,  in  which  it  is  seen  that  water  entering  the  generator 
from  the  system  will  force  the  mercury  up  the  inner  tube  A  until  a  head  of  20  in 
or  10  lb  is  established,  at  which  time  the  entrance  to  this  tube  will  be  uncovered 
by  the  mercury  and  water  or  air  may  enter  it  and  pass  to  the  expansion-tank. 
Any  excess  of  mercury  above  that  required  to  just  flU  tube  A  is  returned  by  tube 
B  to  the  reservoir  in  the  base.  When  the  system  cools  off  water  can  flow  back 
down  tube  A  as  soon  as  the  mercury-column  drops  in  it,  and  the  slight  head  of 
mercury  then  existing  at  the  outlet  of  this  tube  is  easily  overcome  by  the  head 
of  water  in  the  expansion-tank  above  this  point.  This  increase  of  xo  lb  in  static 
pressure  makes  it  possible  to  carry  a  maximum  water-temperature  of  240^ 
nearly  30*  higher  than  would  be  possible  in  an  open-tank  system.  While  a 
temperature  as  high  as  this  could  theoretically  be  carried  at  the  boiler  in  an 
open-tank  system  with  a  static  head  of  24  ft,  just  as  soon  as  this  water  rose  in  the 
system  it  would  boil,  and  escape  from  the  expansion-tank,  at  the  same  time 
emptying  the  system  of  water.  In  fact  with  the  open-tank  system  the  water 
is  liable  to  be  driven  out  at  a  temperature  of  212°  F.  The  use  of  pressure-gene- 
rators similar  to  the  above  makes  it  possible  to  use  smaller  radiators  in  the 
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heated  rooms,  as  it  !s  entirely  posdble  to  nudntain  steam-tempexmtuns 
radiators  whenever  desired.    Since  higher  temperatures  are  used,  the 
between  flow  and  return-riser  temperatures  becomes  greater  than  in 
tank  s>'Stem,  and  hence  a  greater  motive  head  exists  and  amailc 
risers  may  be  used  with  this  system.    The  Honeywell  Compamy 
the  following  schedule  of  radiator'tappings: 

Table  XXXVI.    Riser-Sites  for  HoneywHl  Qyatem 


J 


Pipe-RISC 
in  inches 

Capacity  in  fquare  feet  of  hot- 
water  radiation 

xst  floor 

2nd  floor 

3rd  floor 

H 
H 

I 

30 
7S 
75  up 

40 
100 

xoo  up 

so 

X2S 

lis  up 

It  should  be  remembered  that  since  radiators  and  pipes  are  sniAller  in  it- 
system  there  is  much  less  water  than  in  the  open-tank  system,  xnakinj;  it  xc  -^ 
sensitive  in  warming  up  and  also  in  cooling  off.  The  gekeratok  should  not  ' 
placed  close  under  the  expsnsion-tank.  Otherwise  than  this  its  location  mav  > 
anywhere  in 'the  ezpansioa-line,  as  the  same  hydrostatic  head  is  always  aosi 
in  addition  to  the  head  of  mercury-column. 


Foniace-Heating 

The  Furnace  and  Its  Location.    The  method  of  warming  or  faeatis^  t 
building  by  what  is  generally  known  as  a  warm-ah"  furnace  b  termed  vttrk.^i'^ 
HEATING.    The  furnace  consists  briefly  of  a  cast-iron  or  steel  heater,  oootain;"- 
a  couBUSTioN-CHAiCBER,  EiRE-FOT  and  GRATE.    The  heater  is  usually  set  in -t 
encased  by  a  double-wall  galvanized  sheet  steel  jacket  (Fig.  47),  although  bni 
is  sometimes  used  instead  of  the  steel  jacket  for  this  purpose.    Furnaces  f>' 
soft  coal  are  usually  designed  with  a  secondary  air-supply  or  ovesdratt  f  r 
admitting  heated  air  just  at  the  surface  of  the  Are  in  order  to  produce  a  more 
perfect  combustion  of  the  volatile  combustible  gases  which  are  fibetated  frua 
this  fuel  immediately  after  firing.    This  o\'erdraf t  should  be  under  po6iti\'e  c<r.- 
trol  so  that  it  may  be  checked  or  closed  after  the  fuel  has  been  coked.    Soft  coal 
may  also  be  burned  efficiently  in  the  underfeed-type  of  furnace  in  whidi  coal  is  fed 
from  l)elow  by  means  of  a  plunger  operating  in  a  feed-chute  discharging  thioi^ 
the  center  of  the  grate.    The  furnace  should  be  located  in  the  basement  in  aa 
approximately  central  position  with  reference  to  the  rooms  to  be  heated,  and 
preferably  toward  the  side  or  sides  from  which  the  prevailing  winds  blow  in  tbe 
winter-time.    This  arrangement  not  only  favors  the  more  exposed  rooms  on  tbe 
floors  above  by  shortening  the  leaders  to  these  rooms,  but  also  makes  it  possible 
to  reduce  the  length  of  the  cold-air  duct,  which  should  always  be  run  from  the 
exposed  side  of  the  building  to  the  cold-air  pit  below  the  furnace.    (Figs.  53  sad 
54.)     In  operation  cold  air  is  drawn  from  the  outside  through  the  oolo-ah 
DUCT,  passed  through  the  space  between  the  heater  and  its  jacket,  and  wanned 
by  coming  in  contact  with  the  outside  heated  surface  of  the  oorabustion<faamber 
and  the  radiator,  which  is  usuallly  just  above  the  combuatloQ-chaiiiber.    It  is 


Letdtn  ud  Suck*.    Tbese  connecting  flues  are  made  up  of  two  MCtiotu, 

(i)  the  nearly  borimatal  round  pipes  in  tbe  biuement,  known  as  leaders  (Figs. 
4H  u)d  49).  which  connect  to  the  collaks  oq  the  top  or  conical  tides  of  the 


bonnet,  and  (i)  the  vertical  rectaogulir  pipes  tailed  stacks  (Fig.  f!0),  i 
mnnect  the  BOOT  at  the  outer  end  of  the  leader,  with  the  double-walled  u 
»0X  (Fig.  fil )  into  which  the  REGisTe«-OlilLLE  covering  the  opening  into  the  room, 
ii  fitted.    The  leaden  ahould  have  ta  upward  pitch  towwd  the  base  ol  the 
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(tack  o(  at  least  i  in  per  foot,  and  for  the  best  results  they  should  not  be  mDn 

thanlrom  ii  lo  isit  in  length.    The  boots  are  made  in  a  great  variety  <rf  sli*pM 

to  suit  actual  conditions,  and  are  amply  adapters  (or  the  purpose  of  changia! 

from  round  leaders  to  i«t' 

angular  stacks.     The  stacki 

arc  usually  mn  between    ibe 

studding  of  interiot  mUi  or 

partitions  (Figs.  50  and  al\ 

since    if    they   are  placed  in 

outside  walls  the  cooling  c3Kt 

reduces  tbeii    efficiency  dm 

only  in  temperature  ol  u. 

but  also  in  velodty  ol  So*. 

The  METAI.  used  for  )«dm 

and  itacks  is  usually  bri^il 

IX  tin,  althoi^h  for  kadns 

larger  than  i ;  in.  gali-aniad 

steel  of  So.  ifi  United  Slata 

Standard    guicc     is    u^iuDf 

employed.     The  coi-crinff  >! 

all  leaders,  boots  and  siads, 

as  well  as  the  furnace  itsel!.  is 

most  important,  and  eilbrri 

bes\-y  grade  of  aabcotos  pafjtr 

is  poated  on  the  outsde.  cr. 

as  in  the  case  of  leaders  ud 

the   furnace    itself,    asbeau 

air-cell  covering,  about  '.ia 

thick  may  be  used  ai>d  scciun! 

with    brass    bands    or  irirc. 

Since   the    stack"!    must  ru. 

generally,  in  a  4-in  studdinc- 

space,  with    a  net  depth  M 

about   z\i    in.    every     tflort 

must  be  made  to  keep  ibca 

as  deep  as  possiblf :   anditnl 

Ifllhing    or    cipanded    melil 

Fig.  SO.    Vertical  Stack  •iih  Side.wall  RegiiUr      should  be  used  in  front  o(  aH 

such  stacks,  which  oidinAHIjr 

have  only  a  single  layer  ol  asbestos- paper  covering.    A  more  eflective  insuLiUJn 

may  be  provided  by  using  a  double-walj,  stack,  in  which  there  is  an  air-i[«.« 

between  (he  inside  and  outada  pipes,  and  no  asbestos  covering  is  used,    jrt 

Table  XLII    for  this   equipment,    as   made  by  the  Ejtcelsior  Steel   Funuui! 

Company.     Attention  of  the  architect  is  here  called  to  the  fact  that  in  the  (sx 

of  large  aecond-Soor  rooms  to  be  warmed  by  one  register,  fr-in  stud  paitidou 

are  generally  required  for  the  Erst  floor. 

Tba  Deaisn  of  a  Fonuce  Heatin(  Srttem. 
HmI-Lom  and  Air  Required.  The  determination  of  the  size  of  ^  funuce. 
and  the  connecUng  leaders,  stacks,  registers,  ducts,  etc.,  is  based  on:  (i)  Tit 
actual  heat-loss  from  each  room  in  the  building,  including  wall  amd  glass-tru§-  , 
mission  losses,  as  well  as  loss  due  to  infiltration;  and  (i)  the  amount  of  sir  to  be  1 
circulated  per  bour,  which  in  turn  Ii  based  on  this  beat-loss.    A  bniUii^  a 
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wanned  or  betted  by  hot  air  by  introdudng  the  air  into  (hp  rooms  at  a  higher 
tempenture  than  that  required  to  be  maintainni  in  the  rooms  at  the  breathitig- 
Mne  (approdmatily  70°  F.)  Hie  air  in  cooling  gives  up  per  pound,  0.J4  Bin 
(specilic  beat  of  air  at  con- 
nant  pressure)  for  each 
decree  drop  in  tempera- 
ture, and  in  this  way  aup- 
pUcs  the  heil  necesury  to 
offset  the  beat-tnnsmia- 
Bon  of  the  walls,  etc.,  and 
It  the  same  time  provide! 
1  supply  of  fresh  air  for 
rentllation.  The  man- 
num  teropeiature  of  the 
lir  leaving  the  heater-csp 
ii  appronmalcly  190°  F., 
md  it  leaves  the  registers 
It  175°  F.,  attowin;  a  drop 
n  temperature  o(  15°  be- 
Iveen  the  f  umace-boiuet 

md  the  registers.    These  Vtg.51,   Vertical  Stack  and  Regliter-hoi 

Egures       are      muimum 

ralues  not  la  be  exceeded.  Ittlieait  it  all  drawn  from  the  outside,  and  the 
iiitside  temperature  is  0°,  then  the  air  is  heated  from  0°  to  igo°,  and 
3xiled,  in  entering  the  room,  from  17s'  to  70*,  or  los*.  In  otiier  words,  0.14 
X105  or  3S  Btu  Is  apparently  thrown  away,  for  every  pound  of  air  tdrculaled. 
CF  all  the  aii  must  be  brought  in  from  the  outside  in  order  to  supply  a  sufficient 
imount  for  ventilation,  then  this  is  the  price  wiiich  must  be  paid  for  ventilation, 
uid  it  wouW  be  the  same,  no  matter  what  system  of  heating  is  employed,  for 
H^ually  good  ventilation.  It  is  almost  invariably  the  case,  however,  that  a  coa- 
uderable  portion  of  the  air  may,  if  desired,  be  recirculated,  in  which  event,  for 
rqual  ventilation  effect,  the  furnace  s>'*lem  of  heating  requires  no  more  eipendi- 
ure  of  heat  in  the  form  of  fuel  burned  than  a  direct  steam  or  hot -water  system, 
ind  is  therefore  just  as  economical  to  operate  when  correctlj-  designed,  installed 
ind  operated.  The  bead  producing  the  flnw  or  circiJalion  is  due  to  the  differ- 
ence in  vdght  between  the  ascending  column  of  heated  air  and  the  weight  of  an 
maginary  column  of  the  colder  intake  air.  The  system  may  be  proportioned 
or  recirculating  all  0*  the  air  during  the  extreme  coM  weather. 

VcUlit  of  Air  to  b«  Clreulaled  per  How.    It  is  first  necessary  to  deter- 
nine  the  weight  of  air  required  per  hour  which  must  be  supplied  to  each  room. 
ligt  f  "  pounds  of  air  to  be  circulated  per  hour; 

It  —  temperature  of  air  leaving  the  registers  (assumed  i;°  loner  than 

the  temperature  leaving  the  fumace-eap  or  bonnet); 
B  -  Btu  to  be  suppUed  to  room  per  hour  as  determined  by  heat-loss 
calculation!  1 
134  (U  —  ')  •  Btugivenupperpowndolalrdrcuiated. 
Then        «■  -H/to.>4((*-*}l. 
The  rnaiimum  value  tor  U  is  17s"  F.,  and  (  -  70°  F. 
rheo     B'  -  fl/is: 

i  •  density  of  air.  entering  at  temperature  175°  —.063; 
Q  m  cubic  (eet  of  warm  air  entering  roam  per  hour 
-  W/J>6i  -  B/x.si. 
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Heat  Required  from  Heater  per  Hour,  Based  on  Recirculation.    Hx 

heat  required  per  hour  from  the  heater  will  depend  on  the  temperature  of  titt 
entering  air  and  will  be  a  maximum  when  all  the  air  circulated  is  taken  fraa 
the  outside  and  a  minimum  when  all  of  the  air  is  recirculated. 

Let        h  "  Btu  required  from  heater  per  hour; 

tt  ■"  temperature  of  Lir  entering  heater  -  65**; 
th  «  temperature  of  air  leaving  heater  >  190*. 

Then     k  -  0.24  W{th  -  Uh 

Snbstituting  the  values  given  above  for  W,  Ih,  and  U* 

h   m  1.2  H. 

Size  of  Furnace.  The  capacity  of  a  furnace  for  heating  air  depends  primanhf 
upon  the  amount  of  ooal  that  may  be  burned  per  hour,  which  is  the  product  d 
the  KATE  OF  coiCBUSTicN  by  the  grate-area.  With  an  assumed  or  fixed  rate  d 
combustion,  the  capacity  of  the  furnace  is  dependent  upon  the  grate-area.  Tht 
grate-area  is  therefore  used  as  a  basis  for  the  rating  and  comparison  of  warm-^ 
furnaces.  The  average  rate  of  combustion  usual  in  furnace-heating  ran^ 
from  3  to  4  lb  per  sq  ft  of  grate-surface  per  hour,  but  in  zero  weather  this  rate 
may  nm  as  high  as  6  lb,  and  is  readily  obtainable  with  the  ordinary  height  v : 
residence-chimney;  that  is,  at  least  35  ft.  A  properly  designed  furnace  will 
have  a  combined  furnace  and  grat&^ffidency  of  from  55  to  60%.  Higher  efi- 
dendes  have  been  obtained  in  tests. 

Commercial  Ratings  of  Furnaces.  Manufacturers  rate  their  furnaces 
according  to  the  amount  of  space,  cubical  contents,  in  the  ordinary  resade&ce- 
construction  they  will  heat  to  70**  F.  in  zero  weather.  Maximum  tempeiatiat 
of  air  leaving  registers-  175^  F.  The  detailed  dimension  and  c^tacity-data, 
other  than  grate-area  and  space  heated,  of  most  furnaces  are  seldom  published 
by  the  manufacturer,  although  there  are  a  few  notable  exceptions.  The  actnal 
size  of  the  furnace  naturally  depends  upon  the  heat-transmission  of  the  waOs, 
floors  and  roofs,  plus  the  infiltration-losses,  as  ah%ady  explained.  The  daiia, 
however,  is  made  that  these  "in  turn  bear  a  reasonably  uodform  relation  to  the 
cubical  contents  of  the  ordinary  house,"  with  the  usual  proportions  and  ratios 
of  wall  to  glass-surface,  and  that  therefore  the  rating,  as  given,  is  justifiable. 
Tables  XXXVU  and  XXXVIII  were  taken^from  the  Warm  Air  Furnace  Hand- 


Table  XXX Vn.    C^iaeity  of  Warm-Air  Funuces  of  Ordinsiy  Conslractioa  ta 

Cubic  Feet  of  Space  Heated 


r— ■ 

Divided  space  in  cubic  feet 

Fire-pot 

1 
Undivided  space  in  cubic  feet 

+  10* 

0- 

—  10» 

Diam- 
eter, 
in 

Area. 

sqft 

+  10* 

0- 

—10" 

1 

12  000 
14  000 
17  000 
22  000 
26000 
30  000 
35  000 

10  000 

12  000 
Z4OOO 
18  000 
22  000 
26000 
30000 

8000 

10  000 

12  000 
14  000 
18  000 
22000 
26000 

18 
20 
22 

24 
26 
28 
30 

1.8 
2.2 
2.6 
3.1 
3.7 
4.3 
4<9 

17  000 
22  000 
26000 
30000 
35000 
40000 
50000 

14  000 

17000 
22  000 
26000 
30000 
35000 
40000 

12  000 

14  000 
17000 
22000  ' 
26000 
30000  1 
3S000 

r 

.i 
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Table  ZZZVIIL    Air-Heating  Capacity  of  Warm-Air  Fomacet 


Fire-pot 

Casing  * 

Total  cross- 
KCtional 

area  of  heat- 
pipes,  a, 
sq  in 

Number  and  sixe  of  heat- 
pipes  that  may  be  supplied 

>iameter, 
in 

Area, 
sqft 

Diameter, 
in 

x8 
ao 

aa 

24 
26 

28 
30 

1.8 
2.2 

2.6 

3.x 

3.7 

4.3 

4.9 

30-32 
34-36 

36-40 

40-44 
44-50 
4M6 
52-60 

z8o 

280 

360 

470 

565 
650 
730 

3-9"  or  4-8" 
/  2-10  and  2-9" 
\  2-9"  and  2-8" 
f3-to"  and  2-9" 
14-9"  and  2-8" 
/  3-10"  and  1-9" 
\2-xo"and5-8" 
/S-io".  3-9" 
\  3-10",  4-9"  and  2-8" 
f  2-12",  3-10^  and  3-9" 
\5-10".  3-9"and2-8" 
f3-i2".  3-xo"and3-8" 
IS-io".  5-9"  and  1-8" 

*Tbe  casing-diameter  should  be  such  that  the  minimum  cross-sectional  area  M, 
t>etween  casing  and  radiator,  will  be  at  least  20%  greater  than  the  total  ooss-sectionAl 
area  of  all  the  heat-pipes,  a,  or  if  *  1.2  X  a  sq  in. 

book,  published  by  the  Federal  Furnace  League,  an  association  of  United  States 
lumace-manufacturers.  This  association  is  no  longer  in  existence.  If  the 
majority  of  the  basement  or  leader^pipes  exceed  12  ft  in  length  or  have  less  than 
X  in  rise  to  the  foot,  or  if  more  than  one  sixth  of  the  outside  surface  of  the  building 
is  glass,  then  the  furnace  should  be  increased  one  or  move  sizes.  The  size  of  the 
furnace  required  can  abo  be  determined  by  the  combined  area  of  the  cross- 
sections  of  the  warm-air  pipes. 

Fumace-Ratixig  Based  on  SfBdeficy  and  Rate  of  Combustion.    The 

Btu  per  hour  that  a  furnace  is  capable  of  imparting  to  the  air  (not  the  room) 
may  also  be  estimated  from  the  grate-area  by  assuming  that  the  average  coal 
used  wiU  contain  approximately  12  ooe  Btu  per  lb.  A  combined  fumace-and- 
grate  efficiency  of  55%,  and  a  maximum  combustion-rate  of  6  lb  per  sq  ft  of 
grate  per  hour  for  maximum  conditions  (coldest  weather)  are  also  usuaUy 
assumed. 

Grtte-Sorface  Required,  Based  on  Redrcnlation.  The  area  of  the 
grate  is  readily  calculated  as  soon  as  the  heat  to  be  supplied  to  the  building  per 
bmir  has  been  determined. 


B  m 

km 

c- 

E- 

Rm 

G- 

km 

Then    h  - 


Btu  to  be  supplied  building  per  hour; 

Btu  requued  ^m  furnace  per  hour  for  heating  the  air  -  .n  B; 

heating  value  Btu  of  coal  per  lb; 

combined  fumace-and-grate  efficiency: 

rate  of  combustion,  poimds  of  coal  per  square  foot  of  grate-surface 
perhr; 

grate-area  in  square  feet; 

G  XC  XE  XR  -  1.2 H. 

area  of  grate  in  square  feet  X  la  000  X  0.55  X  5-5 

36  300  X  G.  which  is  Btu  transmitted  to  the  air  passing  the  fur- 
nace; 

(1.2  Xir)/36300. 
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TKe  usual  asstimptions,  with  AirrBiucrtE  tvel  are: 
C  «■  12  ooo  Btu  per  lb; 

<R  «  4  lb  ordinary  rate  and  5.5  lb  for  maximum  conditions  in  coldest 
weather; 

-E  -o.ss; 

Then     G  -•  A/(i2  000  X  55  X  0.55)  ■■  A/36  300  -  1.2H/36  300. 

Size  of  Loaders  and  Stacks.  The  area  of  the  air-pipes  (leaders  and  stacks) 
equired  for  a  room  depends  upon  the  quantity  of  air  to  be  indroduced  per  min- 
ite  and  the  velocity  with  which  the  air  will  flow  with  natural  circulation. 

Q/60  ■■  cubic  feet  of  warm  air  to  be  introduced  into  the  room  per  minute; 

V  •"  velocity  of  air  in  feet  per  minute  attainable; 

H  *  heat-loss  of  room; 

A  —  area  of  pipe  in  square  feet; 
Q/60  -*  i4  K,  and  substituting  value  of  Q  *  H/z.58; 

A  -H/(95XV). 

The  following  velocities  are  approximately  obtained  in  the  leaders  and  stacks 
for  the  floors  as  stated: 

First  floor,  175  ft  per  min; 

Second  floor,  240  ft  per  min; 

Third  floor,  310  ft  per  min. 

The  above  velocities  have  been  observed  in  practice  in  well-designed  systems. 
Then  for  various  floors,  substituting  in  the  above  equation,  in  square  inches: 

Ai  «  H/iis  for  first-floor  pipes,  leaders  and  stacks; 
At  »  H/160  for  second-floor  pipes,  leaders  and  stacks; 
At  «  H/206  for  third-floor  pipes,  leaders  and  stacks. 

See  Bulletin  No.  112,  Engineering  Experiment  Station,  University  of  Illinois, 

X919- 
Actual  leader  and  stack-sizes  are  based  on  the  above  areas,  using  the  nearest 

half-inch  for  leader  the  diameter  (Table  XL),  and  keeping  the  stacks  of  such 
proportions  that  the  cross-sectional  dimensions  are  never  in  a  greater  ratio 
than  3  to  I.  For  example,  a  stack  4  by  20  in  is  seldom  effective  over  its  full  area, 
as  it  is  too  narrow,  and  as  its  large  rubbing-surface  causes  excessive  friction. 
The  actual  velocities  obtained,  however,  will  depend  upon  the  head  or  pressure 
causing  the  flow  and  the  friction-head,  and  will  seldom  exceed  50%  of  the  theoret- 
ical velocities.  Table  XL  has  been  recommended  by  the  Federal  Furnace 
League  and  gives  the  sizes  of  round  pipe  for  leaders,  the  size  of  wall-pipe  for 
stacks,  and  free  areas  of  registers  to  connect  with  same.  Leaders  over  12  ft  in 
length  should  be  increased  z  in  in  diameter  for  each  5  ft  beyond  12  ft. 

Registers.    The  pree  area  through  the  ordinary  register-grille  is  only  ap- 
proximately 55%  of  the  gross  area,  and  consequently  a  register  must  be  selected 
that  has  a  gross  area  of  double  the  area  of  the  pipe  with  which  it  connects,  in 
order  that  the  air-passage  may  not  be  contracted  and  the  capacity  reduced. 
Commerdal  register-sizes  are  based  on  the  actual  inside  dimensions  of  the  grilled 
opening  and  are  made  either  of  pressed  steel  or  cast  iron,  with  a  variety  of  fancy 
or  plain  grilles.    The  plain  rectangular  grille  is  to  be  preferred,  finished  to  suit 
the  decorative  scheme,  in  black  japan  or  electro-plated  in  brass,  bronze  or 
copper  finish.    Warm-air  registers  may  be  placed  in  the  floor,  but  preferably 
in  ioiide  partitions,  for  first-floor  rooms.    By  using  the  modem  base-board 
lEOislEK,  Fig.  52,  it  is  usually  poisible  to  secure  the  required  capacity  without 
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Table  XL.    Captdtlei  sad  DiaoMiaBS  of  WanB-^Air  Pipiog  and  tU 


Diameter  of 

Proper  aize  of 

Area  of 

Required  srea. 

round  cellar 

* 

rectangular 

riser-pipe. 

of  register-face. 

or  nser-pipe, 

nser-pix>e, 

in* 

in* 

sq  in 

sqin  • 

6 

3       X    9H 

26 

51 

6H 

3H  X    9H 

33 

62 

7 

3}i  Xxi 

38 

72 

iH 

3M  X12H 

44 

84 

8 

3H  X14 

SO 

96 

8H 

4       X14 

57 

ro« 

9 

4       X16 

64 

I20 

9H 

4       X  18 

71 

*l^ 

xo 

4       X  20 

78 

143 

loH 

6       XX4H 

86 

XS« 

IX 

6       X  16 

95 

176 

iiH 

6       XI7>^ 

104 

194 

X2 

6       X  19 

X13 

204 

I2H 

6       X20H 

122 

22a 

13 

6       X22 

132 

24a 

13  H 

8       X  18 

143 

254 

14 

8       X  19 

154 

376 

14H 

8       X20H 

i6s 

298 

XS 

8        X22 

176 

320 

x6 

8       X2S 

20  X 

358 

17 

10       X22H 

227 

410 

l8 

10        X2S^ 

254 

4SO 

19 

12         X23>4 

283 

508 

20 

12         X  26 

314 

554 

21 

12         X28H 

346 

618 

22 

14    X27 

380 

686 

23 

14       X29>^ 

415 

707 

24 

14      X  32 

452 

770 

*  ^1>en  the  required  size  of  pipe  falls  on  the  odd  haU>inch  (as  iH,  8H,  9VS,  etc), 
the  size  may  be  increased  to  the  even  inch  (as  8  iastead  of  yHi  9  instead  ojf  8^^  etc), 
for  the  first-floor  rooms  and  bath-rooms;  provided  that  the  pipes  for  upper-fioor  rooms, 
other  than  bath-rooms,  be  decreased  by  V^  in  when  the  required  sizes  fall  on  the  odd 
half-ioch.  It  is  better,  however,  to  use  pipes  of  the  sizes  given  in  the  above  table,  with 
proper  allowances  for  length  of  pupe,  extra  bends,  etc.,  beyond  straight  runs  X2  ft  Ions. 

resorting  to  floor-registers.  These  base-board  registers  can  be  connected  to  a 
flue  from  3  to  4H  in  deeper  than  the  studding.  Thu  has  been  aocompiislied  by 
making  the  special  base-board  register  so  that  it  projects  2  in  into  the  room  at 
the  floor-line,  necessitating  the  cutting  out  of  the  floor,  and  also  utilizing  the 
space  of  about  i  in  occupied  by  the  lath  and  plaster,  or  a  total  increase  in  depth 
of  flue  of  about  3  in.  For  upper-floor  rooms  registers  should  be  placed  in  inside 
partition  walls,  using  convex  registers  for  shallow  stacks.  As  a  general  rule 
warm-air  registers  should  be  so  placed  as  to  shorten  leader  and  stack-connections 
as  much  as  possible.  The  use  of  a  floor-register  may  be  perxnitted  in  an  entrance- 
hall  for  drying  shoes  and  garments,  but  it  is  unsanitary  and  caimot  fail  to  collect 
dirt  and  fllth  of  all  kinds.  In  case  such  registers  are  used,  however,  suitable 
REGISTER-BOXES  must  be  provided,  and  they  are  preferably  constructed  with 
double  walls. 

Example  in  Famace*Heating.    A  gravity  furnace-heating  system  is  to  be 
designed  for  the  two^story  frame  building  shown  in  Fig.  55,  with  inside  and  out- 
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Tabta  XLL    Tab)*  ot  S 


Siie  or 
pipe. 

Si»  of 

round 
floor- 
regiiter. 

SiHot 

S<uof 

bOTtO 

si«of 

b«e-boird 
U 

Si«of 

t"™                reamer 

««""^         wben  i>«- 

•rherethem     «  no  In^  ■ 

toSep';""^  '^^4^.- 

boK.                     ''°*- 
ID                             is 

loM 

ii 

»  X    8 

S  X    8 

8  XI2 

10  Xi6 

10  Xi6 

J>i  X  10 
3U   XIO 
3M   XIO 

4!i   XIO 
4|^   XII 

6H  XII 
«M  Xu 
SMXU 

6«  Xi8 

8X1) 

11  xia 

JJi  XIO 

3W   XIO 
3!(  XIO 
4|1   X  lO 

4W    X  13 

s     xu 

6Ji  X  11 
6(4  XiJ 

rM  X  IS 

S«  X  IB 
7MXI8 

7    X  !'■■ 
7    X  lo 

8    X  ij' 

ID     X    IJ 

la  X  IS 
13  X  IS 

Number 

M...™... 

i 

»™,. 

Inside. 

Outiide.    . 

.Uck.          1 

i 

3  Xu 

4  XII 

4      XI4 
6      Xi3 
6MXI4 

°'ixli 
jMxI' 

3      XioM 

3      XiiSi 
3?SXI0'i 

a'iXnM 
3SX13H 

sSiXiiH 

SJiX.jH 

>* 

>8M 

i 

60 

Number 

A«B  of  eollar. 

Reglster-iiic. 
coovei  or  w^er. 

11 

8Bnd     9 
8Bnd    9 
!.  9  ""d  10 
9  .nd  10 
S.odio 
lasnd  13 

39 
SI  «nd  63 
61  and  5) 
SlBnd7BH 
6)  and  78  M 
«j«ndT8M 

JSH 

loxl!— loxl* 
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le  texnpentutes  of  70**  and  o**  F.  respectively,  and  the  air  all  recirculated  in 
ro   ^weather.    Transmission  and  infiltration-losses  are  as  computed  in  Table 


Fig.  65.    Fwnaoe-beating  Loyoat    (See  data  in  Table  XLVI) 

XLVI,  which  also  gives  the  size  of  heat-pipes,  leaders  and  stacks,  and  register- 
sizes. 

Size  of  Fnnuice  and  Grata.  The  size  of  the  furnace  is  calculated  on  the 
assumption  that  all  the  air  is  taken  from  the  outside.  The  total  calculated  heat- 
loss  from  building  per  hour  is  124  558  Btu,  which,  multipUed  by  1.2,  and  divided 
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Table  ZUEL    DlniMiiloa*  of  Bnelsior  Single  Foniace-Pfps 

Excelsior  Steel  Furnace  Company 


•,    * 


Measurement 

Site  of  boot- 

Capacity  of 

Capacity  of 

in  inches 

collars,  diameter, 

collars. 

pipe. 

in 

sq  m 

s<i  va 

3      Xio 

8 

sr 

30 

3HXI0 

8 

SI 

35 

3     Xia 

8  and    9 

5X  and    63 

36 

3HXI2 

9 

63 

42 

3HXI3 

9  and  10 

63  and    78 

45 

sHXia 

10 

78 

66 

SHXi4 

xa 

1x4 

77 

SHXi6 

la  and  14 

XX4  and  154 

88 

7MXX6 

■ 

14 

154 

XX3 

Note.  Stacks  5^  in  deep,  made  to  order  only.  With  frictionless  boots,  collars  .'■• 
same  can  be  made  with  a  diameter  equal  to  width  of  stack.  Collars  xz  in  in  diaaaeter 
fomiahed  when  so  ordered. 


Table  ZtlV.    Capaeltiefl  and  IMmenaiona  of  Freab-Air  Doets,  RoocnSs  Btc 


Size  of  hori- 

Size of  hori- 

Cross-section 

Size  of  fresh- 
air-room  ; 

Si»e  of  freeb- 
air  intake 

zontal  portion 

zontal  x>ortion 

area  of  hori- 
zontal portion 
of  fresh-air 
duct, 

length  and 

(area  of 

of  rectangular 
fresh-air  duct. 

of  round  fresh- 
air  duct. 

width  (height 

same  as  depth 

of  cellar). 

woven-wire 

netting,  not 

including 

frame). 

in 

in 

in 

in 

in 

8Xt8 

1-14 

144 

18X48 

Z2XX6 

8Xai 

x-is 

168 

21X48 

14X16        ! 

8Xa4 

1-16 

X9a 

24X48 

i6Xx6        1 

loXai 

1-16 

aio 

2xK6o 

i4Xao        ' 

10X14 

1-18 

a4o 

24X60 

X6X20 

ioXa7 

2-13 

370 

27X60 

18X20 

10X30 

J-14 

300 

30X60 

20X20 

laxa? 

2-14 

•  334 

27X72 

18X24 

iaX30 

2-IS 

360 

30X72 

20X24 

1 

12X33 

a-i6 

396 

33X72 

aaXa4 

1 

iaX3« 

a-X7 

432 

36X72 

a4  X24 

iaX39 

2-17 

468 

39X72 

a4Xa6        t 

14X36 

a-i8 

504 

36X84 

24Xa8 

14X39 

2-19 

546 

39X84 

26X28 

14X42 

2-19 

588 

42X84 

28Xa8 

14X45 

2-20 

630 

45X84 

a8X30 

X4X48 

a-a-i 

672 

48X84 

28  X32 

14XSI 

2-ai 

714 

S1X84 

28X34 

16X48 

a-aa 

768 

48X96 

32X32 

16XSI 

a-23 

816 

S1X96 

32X34        1. 

16X54 

2-24 

864 

54X96 

32X36        , 

16X57 

2-a4 

9x2 

S7X9« 

32X38 

16X60 

2-25 

960 

60X96 

32X40 
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a>le  XLrV. 

SIms  and  CapacitiM  of  Wooden  Rogistet-Paces  for  Cold-Air  Duett 

Nearest  size 

Nearest  size 

Siae 

Net  area 
of  air-space. 

of  round 

pipe  of 

equivalent 

area. 

Sise. 

Net  area 
of  air-space. 

of  round 

pipe  of 

equivalent 

area. 

sq  in 

m 

in 

sq  In 

in 

X2X30 

13s 

13 

24X24 

323 

30 

xaX34 

i6x 

14 

34X36 

349 

20 

iaX30 

303 

16 

24X30 

403 

33 

X4X30 

IS7 

14 

38Xa8 

439 

33 

14X26 

303 

.     16 

30X30 

504 

26 

16X30 

179 

X4 

36X20 

403 

22 

16X34 

315 

16 

36X24 

484 

24 

16X30 

269 

18 

36X30 

605 

28 

18X34 

343 

x8 

36X36 

725 

30 

X8X30 

303 

30 

73X18 

726 

30X30 

334 

369 

16 

x8 

73X30 
73X24 

806 
968 

aoX34 

2oXa6 

291 

x8 

72  X30 

I  210 

20X30 

336 

30 

72X36 

I  450 

TaUo  ZLVI.    Fomace-Hoatiiic  Bzample  (S«e  Fig.  66) 

First  aoor 

Parlor 

Hall 

Dining- 
xoom 

Library 

Kitchen 

) 

Cubic  feet 

Heat-loss.    H,    in 
Btu  per  hour. . . . 
Area  of  heat-pipo, 
H 

xxs^"' 

Diameter  of  leader 

in  inches 

Size  of  register  in 

inches 

3  280 
14  «SS 

127 

13 

12X18 

2  170 
13  400 

1x6 

X2 

Z2X18 

3400 
zx6s5 

xox 

IX 

12XZ5 

2  380 
IX  SIS 

ZOO 
ZZ 

I2XZ5 

3  600 

ZX  XS7 

96 

XX 

12X15 

Beat-loss 
of  kitchen 
is  based  on 
kitchen- 
range 
supplyiBg 
one^half 

the 
required 
amount. 

Second  floor 

Chamber 

No.  r 

Chamber 

No.  2 

Chamber 
No.  3 

Chamber 

No.  4 

Chamber 
No.  !j 

Bath- 
room 

Contents  in  cubic 
feet.. 

3053 

X4  370 

89 

10  H 

SHXI6 
13X14 

X458 
12  000 

75 

zo 

SHX14 
10X13 

I  746 
104x3 

65 

9 
5HXX2 

IOXX2 

Z  306 

9070 

56 

9 
5MXI2 

0XZ3 

z  342 

Z0883 

68 

9 

5HXX2 

X0X13 

576 
5  400 

34 

8 
SHXIO 

10XZ3 

Heat-loss  ia  Btu 

per  hour 

Area  of  heat -pipe, 

•  H       . 

-7-  sqin 

160 

Diameter  of  leader 
in  inches 

Stack,  in  inches . . . 

Site  of  rejfister  in 

inches  * 

*The  net  area  of  register-faces  is  assumed  to  be  55%  of  the  grass  area. 
stea  eqaab  1.8  times  the  area  of  the  leader-pipe. 


The  gross 
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by  36  3oot  the  heat  available  from  i  sq  ft  of  grate  when  burning  5.5  lb  of  atui 
of  12  000  Btu  heat-value  per  pound,  at  55%  efficiency,  gives  4.1  sq  ft  as  t'x 
grate-area.  This  will  require  a  grate  of  28-in  diameter.  This  building  has  1 
net  volume  of  36  000  cu  ft,  and  by  reference  to  Table  XXXVII  it  is  seen  th^i  \ 
28-in  grate  is  recommended  for  this  amount  of  divided  space.  The  furnace,  ii 
this  problem,  has  been  located  practically  in  the  center  of  the  housep  but  on  t^c 
north  side  of  its  east  and  west  axis,  giving  a  direct  cold-air  connectioii  from  tds 
north  wall  and  short  direct  runs  for  most  of  the  leaders. 

Leader-Layout.  The  leaders  may  be  laid  off,  as  shown  in  Fig.  55  and  in  F:^ 
48,  by  dividing  up  the  circumference  of  the  bonnet  into  areas  txoportioxial  t 
the  amount  of  air  to  be  distributed  by  each  leader,  and  then  connecting  cou-r 
and  leader  radially  to  fumaoe-cap,  makins  one  or  more  elbows  in  the  Irader,  i 
necessary  to  connect  with  stack.  Another  method  is  to  nm  practically  cJ 
leaders  direct  from  furnace  to  foot  of  stack  (Fig.  49)  and  cut  the  collars  in  on  the 
angles  at  which  they  intersect  the  casing.  The  former  method  is  recommradrd 
and  requires  less  skill  in  installation.  The  basement  heating-i^an  is  shown  « z 
the  first-floor  plan,  which  also  shows  all  stack-sizes  to  both  flcMrs.  Fioor- 
legisters  have  been  shown  on  the  first-floor  plan  in  order  to  simplify  the  la>x*3t 
and  make  the  plan  clearer.  In  general,  base-board  registers  are  to  be  iwefened. 
The  sum  of  the  areas  of  leader-pipes  is  927  sq  in. 

Hot-BIaat  Heating 

General  Featuret.  The  mechanical  indirect  method  of  heating,  commoclT 
known  as  the  bijOWER  systxh  or  hot-blast  system,  particularly  adapted  to  the 
warming  and  ventilating  of  large  structures,  is  made  up  of  three  units:  (i)  A 
BEATER  constructed  of  pipes,  tubes,  or  cast-iron  sections,  through  which  steam, 
hot  water  or  hot  gas  may  be  passed.  (2)  A  fan  or  bix>wer  to  circulate  air  over 
the  heater-su/faces,  the  air  acting  as  a  heat-carrier  or  medium  of  heat-transfer. 
(3)  A  system  of  ducts  or  pipes  to  convey  the  heated  air  from  the  heater  to 
points  where  heat  may  be  required.  When  the  heater  is  located  between  the 
fan  and  main  duct,  the  combination  is  termed  blow-through,  and  when  the 
fan  is  installed  between  the  heater  and  the  duct,  the  arrangement  is  known  as 
draw-through.  These  two  arrangements  are  shown  in  Fig.  67.  The  dmaw- 
THROUGR  combination  is  more  often  used  for  shop  and  factory-installations 
where  compactness  b  desirable,  the  blow-through  combination  being  used 
principally  for  hot-and-cold  systems  as  installed  in  schools  and  public  buildings. 

Advantagea  of  the  Blower  or  Hot-BIaat  Syatem.  The  advantages  of  the 
blower  or  hot-blast  system  over  those  of  direct  radiation,  briefly  summarixcd, 
are: 

(x)  When  ventilation  is  a  requirement  in  order  to  maintain  a  healthful  atmos- 
phere, this  method  affords  a  positive  means  of  acoomf^shing  this  partlcalarly 
desirable  result,  which  is  entirely  independent  of  the  changing  climatic  con- 
ditions. 

(2)  Wlien  a  standard  humidity  of  the  air  is  to  be  maintained,  a  feature  wHich 
is  becoming  to  be  more  generally  recognized  as  desirable  in  any  heating-and- 
ventilating  installation,  and  quite  essential  to  the  successful  manufacture  of 
some  materials,  the  humidifjring-apparatus  may  readily  be  made  an  integral 
part  of  the  system. 

(3)  A  much  smaller  amoimt  of  radiating-surface  is  required  to  perform  an 
equal  heating-duty,  with  a  consequent  reduction  in  the  number  of  steam-tight 
joints,  unions  and  valves  to  keep  in  repair. 

(4)  The  air-leakage  being  mostly  outward,  the  building  will  in  general  be  freer 
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from  drafts  and  more  uniformly  heated.  If  the  a!r  is  simply  recirculated,  no 
fresh  air  being  taken  into  the  heating  S3rstem  from  the  outside,  the  above  state- 
ment does  not  apply.  The  pressure  of  the  air  in  the  building,  even  when  all  of 
the  air  is  taken  into  the  heating  system  from  the  outside,  is  comparatively  feeble, 
and  some  air  will  enter  by  infiltration  through  the  window  and  door-cracks  on 
the'  windward  side  of  the  building,  although  the  statement  b  often  made  that 
the  leakage  being  all  outward,  prevents  the  infiltration  of  cold  air  from  the 
outside. 

(5)  This  system  is  more  easily  regulated,  and  readily  responds  to  changing 
outside  temperatures. 

(6)  The  air  entering  for  ventilation  may  be  conveniently  cooled  in  summer, 
either  by  the  circulation  through  the  heater  of  cold  water  or  of  brine  previously 
cooled  by  mechanical  refrigeration. 

(7)  Simply  running  the  fan  will  in  itself  greatly  relieve  the  oppressiveness  in  hot 
sultry  weather,  and  when  cold  water  is  circulated  through  the  coils  the  difference 
is  very  noticeable. 

Typical  Arrangements.  When  ventilation  is  not  a  requirement,  or  when  it  is 
relatively  unimportant,  as  is  frequently  the  case  in  shop  or  factory-heating  where 
the  number  of  persons  vitiating  the  air  is  email  compared  with  the  cubical  con- 
tents of  the  building,  the  air  may  be  simply  recirculated,  sufficient  fresh  air 
for  ventilation  being  suppGed  by  infiltration.    The  amount  of  heat  to  be  sup- 
plied the  heater  in  this  case  is  the  same  as  would  be  required  for  a  direct^radiation 
installation.    When  ventilation  is  a  requirement  to  be  met  a  cold-air  mTAKE 
is  provided.    Since  the  amount  of  air  necessary  for  heating  is  generally  in  excess 
of  the  amount  required  for  ventilation  considerable  economy  may  be  effected  by 
recirculating  a  portion  of  the  air.    In  this  case  only  sufficient  fresh  air  is  drawn 
into  the  system  from  the  outside  to  meet  the  ventilation  requirement  and  the 
remainder  of  the  air  necessary  for  heating,  is  recirculated.    This  may  be  readily 
effected  by  an  arrangement  of  ducts  and  dampers  on  the  suction«side  of  the  fan. 
If  the  fresh  air  introduced  is  to  be.  washed  or  conditioned  the  washer  or  humid- 
ifier and  tempering-coil  may  be  added  between  the  inlet  for  the  recirculated  air 
and  the  fresh-air  intake. 

Amount  of  Air  to  be  Circulated  for  Heating.  The  weight  of  air  to  be  cir- 
culated per  hour  for  heating  a  room  or  building  is  found  by  dividing  the  heat- 
ioss  (H)  by  the  amounts  of  heat  given  up  by  i  lb  of  air  in  cooling  from  the  tem- 
perature at  the  duct-outlets  to  the  mean  room-temperature. 

Let  H  i*  heat-loss  of  room,  Btu  per  hr; 

H  —  weight  of  air  to  be  introduced  in  room  j)er  hour; 

/  »  mean  inside  temperature; 

td  ""  temperature  of  air  leaving  duct-outlets. 

Then  ^f  -  n/[o.24(td  -  OJ 

The  temperature  id  depends  upon  the  temperature  of  the  air  entering  the 
heater,  the  velocity  through  the  clear  area,  the  amount  of  heating-surface  and 
the  temperature  of  the  steam.  This  temperature  in  practice  ordinarily  ranges 
from  125*  to  150°  F.  and  may  be  readily  determined  for  any  specified  condition 
by  the  data  given  later  under  Hot-Bbst  Heaters.  The  temperature  of  the  air 
Iea\ing  the  duct -outlets  for  ordinary  installations,  when  the  ducts  are  not  run 
underground  or  in  outside  walls,  may  be  assumed  to  be  the  same  as  the  tempera- 
ture {h)  of  the  air  leaving  the  heater.  Any  loss  in  temperature  in  this  case 
goes  toward  heating  the  building  and  is  therefore  not  a  direct  loss.  If,  how- 
ever, the  ducts  are  run  underground  or  in  outside  walls,  a  considerable  loss  in 
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temperature  may  occur,  which  ia  a  direct  Iocs,  and  must  be  psovided  for  Ir 

INCREASING  THE  TEMFERATUaS  OY  IKE  AIR  LEAViHa  TBS  BEATSa  by  an  amOQS: 

equal  to  the  estimated  temperature-drop  in  the  ducts. 

Temperatura  of  Air  Bntering  Haatar. 

Let  /i  »  temperature  of  air  entering  heater; 
h  *•  outdde  temperature; 
/  «-  mean  inside  temperature; 
/a  "  temperature  of  air  leaving  heater; 
(a)  When  the  air  is  all  recirculated,  /t  « I; 
(6)  When  fresh  air  only  is  circulated,  ti  «>  /o; 

{c)  When  a  portion  of  the  air  is  redrculated  the  resulting  temperature  of  tit 
mixture  of  fresh  and  redrculated  air  may  be  found  by  the  method  of  mixtvme>. 
Let  Mv  "  weight  of  fresh  air,  pounds  required  per  hour  for  ventilation  Oa 
«     cu  ft  per  min  per  person); 
-  o^75  X  X  8oo  X  number  of  persons  (usual  requirements); 
Mr  >  weight  of  air  that  may  be  recirculated; 
if  -  Af »  +  Mr 
E  -  0.24  (Ma  +  Mr)  {id  -  /). 
Having  assumed  or  fixed  the  value  of  /<(>  the  only  unknown  quantity  ia  Mr* 

Mr  -  B/[o.24(td  -  01  -  Mf, 

The  temperature  h  may  then  be  found  as  follows; 

Jf  •  X  (fe  +  460)  -  ^ 
J/f  X  (/  +  460)  -  -B 
{Mv  +  Mr)  (ti  -h  460)  -  w4  +  5 

or  'i  -  U  +  B)/{Mo  +  Mr)  -  460 

Example.  The  heat-loss  H  for  a  certain  factory-building  is  70  600  Btu  per  hr. 
The  number  of  men  employed  is  50.  Mean  inside  temperature  /  —  65*  F. 
Outside  temperature  lo  —  o"  F.  Ventilation  is  to  be  provided  at  the  rate  of 
1800  cu  ft  of  fresh  air  per  hour  per  person.  Assumed  temperature  of  air  leaving 
duct-outlets  is  135**  F. 

Solution.  Mv  •"  0.075  X  1800  X  so  •>  6  750  lb  per  hr  fresh  air  for  ventila- 
tion.   The  weight  of  air  that  may  be  recirculated  is 

Mr  -  706  ooo/[o.24(i35  —  65)]  —  6  750  -  35  273  lb  per  hr 

The  temperature  of  the  air  entering  the  heater  will  be: 

6  7SO  X  (  o  -f  460)  -    3  10s  000 
35  273  X  (65  +  460)  -  18  S16  750 

Ji  -  (21  621  750/42  023)  —  460  -  55*  F. 

If  FRESH  AIR  ONLY  18  to  be  used,  as  in  school-house  and  public-building  heating, 
the  weight  of  air  to  be  circulated  is  determined  directly  by  the  ventilation 
requirement. 

Then        Jf  -  Jf «  «  ^/lo.24(/d  -  /)],  or  /<  -  (^  +  0.24  Mvi)/o.24  M9 

Temperature  of  Air  at  Duct-Outlets.  When  heating,  by  the  hot-blast 
system,  a  building  containing  a  number  of  rooms  having  different  heat-losses 
and  ventilation  requirements,  it  is  obviously  impossible  to  maintain  the  desred 
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nmperatnre  by  contxolttiig  the  tempenture  (h)  of  the  air  leaving  the  iieater  at 
ne  point.  The  temperature  td  of  the  air  leaving  the  duct-outlets  will  ordinarily 
e  different  for  each  room  in  the  building,  as  shown  in  the  following  example. 
*bis  result  is  accomplished  by  the  double  plenum-chamber  system  described 
iter. 

Example.  Let  it  be  required  to  determine  the  temperature  of  the  entering 
ir  {id)  to  offset  the  heat-loss  and  provide  ventilation  for  the  several  rooms  aa 
^ven  in  Table  XLVU.    Inside  temperature  (0  to  be  maintained  is  70". 


Table  XLVIL    Data  for  Bxample 


Room- 
number 

Number 

of 

occupants, 

n 

Vcntilatioa 

Heat-losft, 
H 

Tempera- 
ture of 
entering 
air,  fa 
(see  formula) 

Cubic  feet 

per  hour 

at  7o', 

I  800  Xn 

Weight 

per  hour, 

Mb 

A-i 

A-2 

Hall 

so 
53 

90000 
95  400 
30  000 

6750 
7  laS 

2  250 

32  000 

21  000 

4000 

89. S 
82.2 

77.4 

Temperature  of  Air  Leaving  Heater.  If  all  of  the  air  is  first  warmed  by  the 
TEUPERiNG-coiL  to  70**  F.,  and  a  mixture  of  approximately  (i  —  x)  parts  of 
tempered  air  and  x  parts  of  hot  air  is  to  be  used,  then  the  required  temperature  of 
the  hot  air  leaving  the  heater  may  be  determined,  for  any  i>articular  case,  by 
the  METHOD  OF  MIXTURES  previously  given;  or,  assuming  this  temperature,  the 
proportions  of  hot  and  tempered  air  may  be  determined. 

Example.  Required  the  temperature  of  the  hot  air  (tn)  leaving  the  heater  for 
room  A  —  2,  (Table  XL VII)  if  the  mixture  entering  the  room  is  made  up  of 
one  half  tempered  air  at  70°  and  one  half  hot  air.  The  total  weight  of  air 
entering  the  room  is  7  125  lb  per  hr,  or  3562.5  lb  of  tempered  air  and  3562.5  lb 
of  hot  air. 

Solotieo.  3  562-5  X  (70+460)  -H  3  562.5  X  (/a  +160)  -  7  125  X  (82.2  +460). 
Hence  In  -  94. 

Assuming  a  temperature  of  th  »  120°,  it  is  required  to  determine  the  relative 
proportions,  by  weight,  of  the  mixture  required. 

Let  X  "  parts  of  hot  air  in  mixture.    Then  (i  —  jc)  —  parts  of  tempered  air. 

«(I20  +  460)   +  (l    -  a?)    X  (70  +  460)    -  (82.2    +  460) 

Then 

X  s*  0.244  and  (i  —  x)  —  0.756 

Air  Supplied  for  Ventilating  Purposes  Only.  A  combination  of  direct  radia- 
tion, to  offset  the  heat-loss  H,  and  a  hot-blast  system,  to  supply  the  fresh  air 
needed  for  ventilation,  is  sometimes  installed.  In  this  case  it  is  customary  to 
install  a  heater  of  sufficient  capacity  to  warm  the  air  for  ventilation  to  about  80**. 
The  heater  used  for  this  purpose  is  made  three  sections  deep  and  is  often  termed  a 

TEUPERING-COIL. 

Hot-and-Cold  Systems.  In  order  to  accomplish  the  results  required  in  the 
preceding  example,  the  so-called  Hor-AND-COLD  system  or  dotjble-plenum- 
CHAUBER  SYSTEM  Is  used.    All  of  the  air  drawn  into  the  system  from  the  outside 
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li  first  [Bucd  througb  >  TEiirEBiMc«>iL,  which  is  designed  to  best  tke  ii:  to 
mpproiimately  70°.  A  portioD  of  the  temiiered  air  is  then  pusot  Uuimi^  t 
helper  and  riixd  to  ns°  to  ijo'.    Thea  if  vuyins  propartiona  of  the  hot  uJ 
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FlKliT.  Types  o(  HcBter-Jacketi ' 


Figi.  IB  to  SO.    Detiih  o(  Dncti  (n  Hot-«iid-cold  Heatint  Sjnttmi 

tempered  air  are  correctJy  miied  the  resulting  temperatuR  (IS  is  resdilr  raa- 
trolled  without  vaiying  the  quantity  oi  air  disdiarged,  which  evidently  mua 
remiin  conilant  on  account  of  the  ventilation  requiiement.    There  are  two 
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methods  of  dktribution  lucd,  u  ^lown  in  FSgi.  56  and  58.  Refenins  to  Fig.  5S 
it  is  seen  that  tlie  hot  uul  tempered  air  meet  at  the  end  oi  the  plenum-chamber 
dt  the  entruice  to  the  ducts,  uid  the  tempentiue  of  the  mutuic  is  controlled 
by  the  uixiNtrDAMFEKS,  wbich  may  either  be  hand-opeiaCed  or  placed  under 
automatic  thennostatic  cnntroL  It  will  be  observed  that  the  pleDum-chamber 
is  divided,  and  that  each  duct  lerving  a  room  hat  its  awn  independent  set  of 
mixiiig-dsjnpers.  This  method  of  distribution  is  known  as  the  SINGLE-Ducr 
svsTEU  and  is  frequently  employed  where  the  installation  of  the  double-duct 
sysTEU,  as  descritieii  below,  h  not  feasible  or  is  uodesirable.  Fig.  56  shows  a 
double  set  of  ducts  run  from  the  plenum-chamber  to  the  base  of  each  vertical 
Sue,  one  carrying  the  hot  air  and  the  other  the  tempered  air,  the  miiing  being 
done  at  the  base  of  the  flue  as  shown.  The  mixing-dampers  (Fig.  60)  may  be 
cootiolled  by  hand  by  means  of  a  chain  carried  up  the  tlue  and  run  into  the 
room  at  a  point  several  feel  above  the  Boor-Une,  or  placed  under  automatic 
tliermoetatlc  ointrol  through  the  medium  of  a  compieued-air-operBted  damper. 


Ptp*-C<dt  Hektant.    The  type  of  heater  that  ha*  been  a  standard  for  a 
number  of  yean,  for  bol-blast  work,  is  made  up  o(  (oui  or  eight  vertical  lows. 


Tig.  61.    Pipc-OHl  Heata-ha« 

drpemftig  on  (he  manufacturer,  of  i-in  pipe  ictcwed  into  a  cast-iron  base  and 
!pic«d  from  >K  to  iH  in  od  cecteia,  tlie  pipes  in  each  row  bcdng  crosa^onnected 
M  the  top  by  tbe  use  of  nipple*  and  ells.  The  airangement  of  coils  and  the 
method  of  dividing  the  base  by  a  verdod  partition,  running  longitudinally,  in 
order  t^i  nparate  the  supply  and  return  as  used  by  the  American  Blower  Com- 
liuy,  IK  ihown  in  Fig.  01.    A  base  with  iti  acampanying  pipes  is  termed  a 
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Puts 


number  of  luch  secUom  atdosed  by  i 


SH£Et-SnEL  JACKET,  unully  No.  2 

Cut-Iron  Indirect  H««tera.  Spedal  cast-iron  wdioiu  for  indirect  b«i,.-i 
■re  oflcn  used,  and  Fig.  S2  shom  a  0914100  faeating-miit  or  sectioD.  nuud 
Vento.  manufactured  by  tbe  American  Radiator  Company,  wfaicb  is  quite  wtddr 
used  in  this  clau  of  irork.  A  stace  nude  up  of  Mvenl  sections  has  b  smilla 
niunbrr  of  joints  than  a  plpe-coil  section  of  equal  heating-surface.  Hie  detoi- 
oration  nl  the  cast-iron  sectional  type  of  heater  is  practically  Dothing  except  iai 
the  right-hand  and  left-hand  he»agonal  m'pples  connecting  tbe  units  whi<±  gt 
to  mote  up  a  stack.    There  are  three  standard  lengths  of  Vento  btater  aectioM 


Fig.  02.    Pknol  tbe  Anembly  at  a  Vento  Hater 


TaUeXLVUL 

Vento  B«-BlMl  H«ter-Dsta 

Length  of 
inebei 

Huting- 
.urface.  r.gular 

Fm  area  in  cquan  feet. 

Ratio,  aquaTt 
feet  heating- 

4'(       1        S        1      5« 

40 

le:^ 

0.6S 

:v. 

O.TJ 
0  9t 

II.  SJ 

Salaction  of  Hot-Blast  Heater*.  General  Canditionl.  In  selecting 
the  sac  of  a  heater  for  any  particular  acrvice  tbe  choice  is  baaed  oa  the  final 
temperature  desired  and  the  nEi  akea  Tequired  for  a  certain  aUonaMe  Teiodly. 
Tlut  is.  for  any  ipedfied  initial  and  final  tenuieiature  desired,  and  a  tntiin 
number  of  sections,  a  final  [emperslure  lesulLs  when  tbe  velocity  has  been  find 
in  advance.  Oood  practice  limits  the  velocity  to  the  (-aluea  given  by  the  fol- 
lowing tablet.    High  velocitiea  ate  objecliooable  in  public-building  woA  mi 
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account  oi  the  lesultixig  noise.  The  resistance  through  the  heater  increases 
in  proportion  to  the  square  of  the  velocity,  which  adds  to  the  power  required 
^o  move  the  air  as  the  velocity  is  izicreaaed,  as  will  be  noted  later. 

Rating  of  Hot-Blmst  Heaten.  The  kating  of  an  assembled  heater  of  sev- 
eral sections  (pipe-coil  type)  or  stadu  (Vento  type)  b  based  on  the  TEMPsaATcaE- 
ausE  of  the  air  passing  over  the  heating-surface  for  certain  velocities  through  the 
free  or  unobstructed  area  of  the  heater-faoe.  The  vslocity  is  based  on  the 
-volume  of  air  at  an  assumed  temperature  of  70"  for  convenience  in  rating. 

Let  y  ■>  weight  of  air  to  be  circulated  throu^  heater  per  hour; 
0.075  *"  density  of  air  at  70**; 

A  -  free  area  of  heater  in  square  feet; 

V  "  velocity  of  air  in  feet  per  minute  through  free  area  based  on  70* 
temperature. 
Then 

A  -  M/{6o  X  0.07S  X  K)  -  M/4.5V  sq  ft. 

The  following  tables  will  serve  as  guides  in  selecting  the  veloctty  V  and  the 
KUMBER  or  SECTIONS  OR  STACKS  for  vaiious  purposes. 


Table 


JUlowaUe  Velocities  of  Air  through  Vento  Heaten 
Referred  to  a  temperature  of  70*  F. 


Nnmber  of 
stacks  deep, 
regular  s  in 

on  centers 

Public-building 

work,  velocity  in 

feet  per  minute 

Factory  work, 

velocity  in  feet 

per  minute 

X  000  to  I  500 

X  000  to  X  300 

X  ooo  to  X  200 

900  to  I  too 

800  to  X  000 

X  aoo  to  X  600 
X  aoo  to  I  600 
X  aoo  to  X  600 
X  aoo  to  r  soo 
r  aoo  to  X  400 

Table  L.    If  umber  of  Heater-Sections  for  Pipe-Coil  Heaters  or  Stacks  of  Vento 

Ordinarily  Refuired 


Service 

Number  of 

sections 

or  stacks 

Number  of 
rows  of 
Z-in  pipe 

Public  buildiniEs.  fresh  air.  exhaust-steam 

5 
6 
7 
5 
3 

ao 

24 

aS 
ao 
la 

Industrial  buildinirs.  fresh  air.  4>lb  sauae 

Industrial  buildings,  fresh  air.  exhaust-steam 

Industrial  buildings,  recirculation,  5-lb  steam 

Temoerinir-CQils.  fresh  air.  exhaust-steam 

Temperatttre-Rise.  The  tempeeature-iuse  of  the  air  passing  through  hot- 
blast  heaters  of  various  types  has  been  well  established  by  experiment,  the 
various  manufacturers  having  published  the  results  in  the  form  of  bulletins  and 
catak)gues. 

Example.  It  is  required  to  determine  the  size  of  a  Vento  hot-blast  heater  to 
supply  the  necessary  heat  for  a  public  building,  the  calculated  heat-loss  of  which 
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is  ^  -i  z  420  00b  Btu  per  hr  for  70*  inside  and  0°  outside  temperature.  Tbe 
temperature  of  the  air  entering  the  rooms,  Itf,  is  to  be  approximately  1 20**.  Tfae 
steam-pressure  is  5-Ib  gauge.  The  temperature  of  the  air  entering  the  heaisr 
is^^ 

Solution.  First  determine  from  Table  LI  the  number  of  stadcs  deep  required 
for  F.T.  at  zao**  and  entering  air  at  0°,  using  a  velocity  of  1000  ft  per  wt. 
This  condition  calls  for  a  s-stack-deep  heater.  Then  determine  the  freight  <d 
the  air  to  be  circulated  per  hour. 

M  -  H/[Q.24itd  —  /)]  •  z  430  ooo/[o.24(z20  —  70)1  -  zz8  SS3  lb 

The  free  area  required  is 

A  -  zz8  333/(4.5  X  z  000)  -  2S.Z  sqft 

Table  LI.    Final  Temperatnrea  and  Coadeaiations»  Vento  HoAters 

Regular  sectioD,  Standard  spacing,  s-in  center  to  center,  of  loops.  Steam,  5-Ib  gause. 
C  b  the  condensation  in  pounds  per  hour  per  square  foot  of  beating-surCace.  F.  T. 
is  the  final  temperature  of  air  leaving  heater. 


Velocity  through  heater  in  feet  per  minute,  measured  at 

70» 

Number 
of 

Temperature 

of  entering 

air 

Z  000 

z  200 

z  400   1 

1 

I  600 

stacks 

deep 

F.T. 

c. 

F.T. 

C. 

F.T. 

C. 

F.T. 

C. 

' 

20 

SI 

Z.99 

49 

2.23 

47 

a. 4a 

45 

a. 56 

30 

60 

1.92 

58 

2.17 

56 

a. 33 

54 

a. 46 

z 

40 

68 

1.80 

66 

2.00 

64 

2.Z6 

62 

a. 26 

60 

84 

1.54 

82 

Z.69 

81 

1.89 

80 

a.  OS 

■ 

70 

92 

Z.4Z 

90 

1.54 

89 

I.7Z 

88  ;  Z.85 

■ 

20 

76 

Z.80 

72 

2.00 

69 

a. 20 

66 

a. 36 

30 

83 

Z.70 

79 

z.d9 

76 

2.06 

73 

a. 21 

2 

40 

90 

Z.60 

86 

1.77 

83 

1.93 

8z 

a.  10 

60 

103 

1.38 

zoo 

1.54 

98 

1. 71 

96 

r-85 

■ 

70 

ZIO 

Z.28 

Z07 

Z.42 

105 

Z.57 

X03 

i.6s 

• 

20 

97 

Z.65 

92 

Z.85 

88 

2.06 

85 

a. 22 

30 

103 

i.S6 

98 

1.7s 

94 

Z.9Z 

91 

a. OS 

3 

40 

109 

1.47 

104 

1.64 

zoo 

1.79 

97 

t.^5 

60 

120 

1.28 

ZI6 

1.44 

113 

Z.58 

zzo 

1.71 

1 

70 

126 

Z.20 

Z22 

Z.34 

ZI9 

1.46 

ZZ6 

r.57 

■ 

20 

lis 

Z.S2 

zzo 

Z.73 

105 

1. 91 

zoz 

a. 08 

30 

120 

1.44 

IIS 

1.63 

no 

z.80 

Z06 

1  95 

4 

40 

124 

1.35 

ZI9 

Z.52 

1x5 

Z.68 

zzz 

Z.82 

60 

134 

Z.I9 

129 

1.33 

125 

Z.46 

Z22 

1  59 

■ 

70 

138 

Z.09 

134 

z.23 

131 

Z.37 

128 

z.49 

• 

20 

130 

1.41 

124 

Z.60 

119 

Z.78 

ZZ4 

1.93 

JO 

134 

1.33 

Z28 

z.si 

123 

1.67 

Z18 

Z.80 

S 

40 

138 

1.26 

132 

z.42 

127 

Z.56 

Z23 

Z.70 

60 

I4S 

z.09 

Z40 

z.23 

136 

Z.38 

133 

1.50  1 

■ 

70 

149 

z.oz 

144 

Z-Z4 

141 

Z.27 

138 

Z.40 

• 

20 

142 

Z.30 

136 

Z.49 

130 

z.65 

Z26 

Z.8z 

30 

145 

Z.23 

139 

Z.40 

134 

1.56 

Z30 

1. 71 

6 

40 

148 

1.15 

143 

Z.32 

138 

1.47 

134 

z.60 

60 

155 

z.oa 

150 

1.Z5 

.146 

1.29 

14a 

1.40  . 

1 

70 

•  •  • 

•  ■  •  * 

■  •  ■ 

•  «  •  • 

•  •  • 

•  *  •  • 

•  *  • 

•  •  •  • 

' 

20 

152 

Z.2Z 

Z46 

1.39 

141 

Z.55 

136 

1.70  , 

7 

30 

155 

Z.Z5 

149 

Z.3Z 

144 

Z.46 

139 

1.60 

40 

158 

Z.08 

153 

Z.24 

Z48 

1.39 

143 

1.51 
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Tabl«  U  (Contiao^d).    final  TMupmnturM  and  Condentations,  Vento  Heattrs 


Velocity  through  heater  in  feet  per  minute,  measured  at  70° 

Number 

of 

stacks 

deep 

Temperature 

of  entering 

air 

z  000 

I  200 

z  400 

z  600 

F.T. 

C. 

F.T. 

C. 

F.T. 

C. 

F.T. 

C. 

X   ' 

■ 

a 

• 

3 

4 
5 
6 

> 

7 
8 

—20 

—  10 

0 
-20 

—  10 

0 
—20 

—  10 

0 
-20 

-10 

0 
—20 

—  10 

0 

—  20 

—  10 

0 
—20 

—  zo 

0 

—  20 

—  10 

0 

•  •  • 

35 

49 
56 
63 

75 
80 
86 
96 

lOI 

106 

X14 
1X8 

133 
Z39 

133 
Z35 
141 
144 
147 
151 
153 
156 

•  •  •  • 

•  •  •  a 

3.34 
3.22 

3.Z3 

X.99 
3.03 

1.93 
X.84 

1.86 
1.78 
1.70 
X.73 
Z.64 
X.56 

1.59 
X.53 

X.44 
1.47 
1. 41 
1.35 
X.37 
X.3Z 
X.35 

•  «  ■ 

•  ■  • 

33 

44 
5Z 
58 

69 
75 
81 

90 

95 

xoo 

Z07 

XZI 

115 

Z3I 

125 
Z29 

134 

137 

X4a 

144 
147 
X50 

•  •  •  ■ 

•  •  •  • 

2.46 
3.46 
3.35 

3.23 
3.38 
3.X8 
3.08 
3.13 
3.03 
X.93 
1. 95 

X.86 

X.77 
I.8Z 

1.73 
x.65 
X.69 
X.63 

X.54 
1. 58 

x.51 
1.44 

•  •  • 

•  •  • 

•  •  • 

40 
47 
54 
64 
70 
76 
84 
89 
95 
xoo 

zos 
109 

Z15 
119 

Z23 
Z28 

131 

135 

138 
141 

Z44 

•  •  «  • 

•  •  •  • 

•  •  •  • 

3.69 
3.56 
3.43 

3.5Z 

3.39 
3.27 

3.34 

3.32 
3.Z3 
3.  15 

3.06 
X.96 

3. 03 

1.93 
Z.84 

Z.90 

x.8x 

x.73 
1.77 
x.69 
Z.62 

•  •  • 

•  •  • 

37 
44 
5Z 

59 
66 

73 
78 
84 
90 
94 
99 
Z04 
no 

114 
ZI8 

X23 
136 

Z30 
Z33 

136 

139 

•  •  •  • 

•  ■  ■  • 

•  •  •  • 

3.92 

3.77 
2.62 
3.70 
3.60 
3.46 
3.51 
3.41 
3.31 

2.34 
3.34 
3.14 
3.22 
3. 13 
3.03 
3.08 

X.99 
X.9O 
Z.96 
Z.87 
Z.78 

Referring  to  Table  XLVlli  and  choosing  a  60-in  length  of  units,  $  in  on  centers, 
it  is  found  that  the  free  area  per  section  is  0.92  sq  ft.  The  number  of  sections 
required  across  the  face  of  the  heater  is 

A/o.g2,  or  35.Z/0.92  -  27 

The  heating-surface  per  section  is  16  sq  ft.  The  total  heating-surface  is  there; 
fore 

5  -  5  X  27  X  z6  -  2  160  sq  ft 

and  the  condensation  per  hour  is 

2  160  X  1.56  (Table  LI)  -  3  37©  lb 
to  be  supplied  by  the  boiler,  or  by  exhaust-steam,  at  5-Ib  pressure. 

Deiign  of  Air-Ducts 

Prestitre-LoM.  The  frictional  resistance  of  air  flowing  through  smooth 
sheet-metal  ducts,  commonly  termed  pressure-loss,  measured  in  inches  of 
water,  for  70^  air  and  for  a  length  of  duct  equal  to  zoo  ft,  is  given  by  the  follow- 
ing formula: 

h  -  0.000136  X  (R/A)  X  p« 

in  which'lS  is  the  perimeter  of  the  duct  in  feet,  A  the  area  of  duct  in  square 
feett  V  the  velocity  of  the  air  in  feet  per  second,  and  h  the  pressure-loss 
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iMtwirp]  in  iDcfaes  o(  mter-cohiiiin.    For  raond  ducts  Ibe  Bbove  fens 


Cnbic  Feet  irf  Air  per  Mioutc .  Q 


D«ga  of  Ait-Dutta  1335 

I  sonND  i>ix:t  for  voiiooi  vdodtia,  aod  (be  pibsktik-iogs  or 
tzsisTAMCc  for  vukiui  qiuudCHB  of  air  Sonisg,  may  be  (ound  without  aolving 
he  above  eqiutioo. 

Cubic  Feet  of  Air  per  Minute,  Q 

ii  Hii  a  M  ««i «  IS  ! 


I 

10  ® 


Mi 

■"I 


istib  What  should  be  the  nze  of  a  round  duct  required  to  ccmvey  i  500 
of  lir  per  minuce  i>[th  a  velodty  of  i  800  It  per  min;  and  what  is  the  ptca- 
oatpu  ISO  ft  of  duct. 


1336 


Heating  and  Ventflation  of  Buildings 


Pans 


SofasUbo.  Locate  i  50Q  on  the  upper  side  of  the  pipe-diagram  in  ¥ig»  64,  asd 
pass  horisontally  downward  until  the  1  800-f t-veibicity<  diagonal  Ime  is  intcT- 
sected.  The  duct  which  comes  nearest  to  the  required  size  has  a  diameier  ol 
12  in.  At  this  intersection  pass  to  the  right  side  to  the  base-line  and  read  o^S- 
in  water-pressure  loss. 

AHowable  Valocity  of  Air  2n  ]>acti  and  Flues.  In  order  to  Kmit  the  resist- 
ance or  pressure-loss  in  the  duct  system  the  designer  should,  in  general,  keep  the 
velocities  within  the  limits  stated  in  Table  LII.  In  public-buildini^  vrork  the 
air  should  be  delivered  to  a  room  at  a  velocity  that  will  insure  its  movement 
to  the  desired  points  in  the  room  without  objectionable  draft  or  noise  in  passes 
through  the  register-grills. 

Table  LII.    Allowable  Velocities  ia  Hot-Blast  Systems 


Types  of  buildings 


Allovirable 

velocity  in  feet 

per  ntinute 


Public  buildings 

Through  free  area  of  wall-registers 

Through  free  area  of  floor-registers 

Vertical  flues  to  registers 

Connections  to  base  of  flues 

Main  horizontal  distributing  ducts 

Manufacturing  plants 
In  plants  where  the  occupation  is  more  or  less  sedentary  and 
the  employe  sits  all  day  feeding  automatic  machinery: 

Main  ducts 

Branches 

In  plants  where  the  employe  stands  all  day,  as  in  machine- 
shops,  foundries,  etc.: 

Main  ducts 

Branches 


400—  soo 
300-  300 
600-  7  so 
800-x  000 
I  500-2  500 


X  300-C  500 
600-      900 


X  500*2  400 

900-1  500 


The  vdocity  through  the  fan-outlet,  under  the  ordinary  conditions  that  obtain  in  heatic^ 
work»  varies  from  x  500  to  2  500  ft  per  min. 

Table  Lm.    Metal  Oauges  fer  Ducts 

American  Blower  Company 


Heating  and  ventilating 

Thickness  and  weight 

1 

Blowpiping  and 
exhaust  work 

Diameter 
in  inches 

United 
States 
standard 
gauge- 
number 

Thickness  in  inches 

and  weight  in  pounds 

per  square  foot 

Diameter 
in  inches 

1 

United 
Sutes 
stanoard 
gauge- 
number 

6-x8 
19-36 
38-48 
50-60 
63-73 

36 
34 

33 

30 
x8 

in          lb  per  sq  ft 
0.1087           0.91 
0.035             x-x6 
0.0313           x.41 
0.037S           X.66 
0.05               3.x6 

3-  5 

6-  8 

9-15 

X6-34 

36-30 

36 
33 

ao 

18 

Design  of  Air-Ducts 


1337 


Sbe«t-Metal  Pipes  and  Docts.  The  recommended  ^Ruge  (United  States 
eet-metal  gauge)  for  various  sizes  of  galvanized  sheet-steel  pipes  for  heating 
id  ventilating  work,  blowpiping  and  exhaust  work,  is  given  in  Table  LUI. 

Pressure-Loss  of  Rectangular  Ducts.  The  simplest  method  of  determining 
lis  is  to  proportion  the  system  for  round  ducts  throughout,  and  then  transfer 
>  RECTAXGULAK  SIZES  giving  equa'  pressure-losses  (not  equal  areas)  by  means  of 
able  LIV. 


Table  LIV.    Hound  and  Rectangular  Ducts  of  Bqnal  Pretsare-Loises 


Side  of 

4 

6 

8 

10 

13 

14 

IS 

16 

18 

30 

23 

34 

rectangidar 

■■^ . : . '     -  - ^ ■     ■■                          ^m—^t^ 

duct  in 

inches 

Equivalent  diameters  in  inches 

c 

4 

4.4 

■    • 

•    • 

•    • 

«    • 

•     m 

S 
6 

4-9 

■    • 

•   • 

S.4 

6.6 

«    • 

7 

5.8 

7.0 

m     m 

8 

6.x 

7.6 

8.8 

9 

6.S 

8.0 

9-3 

10 

6.8 

8.4 

9.8  IX. ol    .. 

IX 

7.1 

8.8 

10.3  IX. 5 

•    • 

13 

7.4 

9.3 

10.7 

13.0 

13.3 

13 

7.6 

9.6 

XI. X 

13.5 

13.7 

_ 

14 

7.6 

9.9 

II. 5 

ia.9ii4.3  15.4 

15 

8.3il0.3 

XI. 9 

I3.4'l4>7<i6.o  16.5 

x6 

8.4)I0.5 

I3.3'x3.8'is.3'x6.5  17. 1  X7.6 

17 

8.6[io.8|i3.6|l4.a'l5.7ll7.o'x7.6,i8.3 

l8 

8.9!ix.x 

13.0  14-6  16.1,17.4  18.1,18.7,19.8 

X9 

9.x'ix.4 

13.3  iS.o|i6.s;i7.9li8.6.i9.3,30.4 

30 

9.3|ix.6!r3.6'iS.4'i7.oji8.4't9.o'i9.7  ao.9 

33 

.0 

33 

9.7Jx2.i|x4-a|i6.x,X7.8.i9.3:x9.9  30.6 

31.9 

33 

.1 

24 

.3 

24 

IO.O|I3.6  14. 8, X6.8|IS. 5,30.0,30.8  3X.S 

33.8 

34 

.0 

25 

.2:26.4 

36 

xo.413.1 

I5.4>I7.3;I9.2I30.8|2I.6,33.3 

33.8 

35 

.1 

36 

.3|27.5 

38 

I0.8|X3.5  X5.9|X8.o|X9.8  3X.5  23.4:23X 

34.6 

36 

.0 

27 

.328. 5 

30 

IX.O|X3.9  x6.4|l8.S|30.5i23.3  3J.X  33-9 

25.4 

36 

.8 

38 

.3139. 5 

3a 

ix.3|X4.3  x6.9|l9.xl2X.x:33.9|23.8  34.6 

36.3 

27 

.7 

29 

.1I30.S 

34 

ix.6,14.7117.3  I9-6'2X.6|23.S  24.4  26.3 

36.9 

38 

•  5 

30 

.031.3 

36 

XX.0|lS.x'l7.7'2O.X'3».3'24.3i25.It26.O 

37.7 

39 

.3 

30 

.8J33.3 

38 

X3.3 

15.4  X8.2I3O.6  33.8  34.8125.8126.7 

38.4 

30 

.0 

31 

5,33.1 

40 

X3.5 

XS.7ii8.6t3X.x  33-3  25.4  26.4127.3 

29.1130 

.8 

33 

•  4 

33.9 

42 

X3.7'i6.x|i9.0!3x.6  33.8;2S.9;26.9  27.9l29.8l3x 

.4 

33 

.0 

34. 5 

44 

X3.olx6.4'i9-4 

33.0'34-3;26.s'27.5l28.5 

30.331 

.3 

33 

.7 

35.3 

46 

X3.3'l6.7 

19. « 

33.4'24.8|37.o|28.i|29.I 

3l.o!33 

.8 

34 

.6 

36.3 

48 

X3Slx7.0 

30.1 

33.8  35.3  37.5'28.6i29.6 

31.633 

•  4 

35 

.3 

37.0 

50 

X3.7,I7.3'20.4 

23.3.25.7  38. o!29. 2:30.3 

33.3,34 

.1 

35 

.9 

37.6 

5a 

I3.9'i7.6|20.8|33.6  36.3'38.5'29.6|30.7 

33.9134 

.7 

36 

.538.3 

54 

X4.X 

X7.9,3X.X|34.0;36.6  39.o  30.X!3I.3;33.4 

35 

.3 

37 

.3;38.9 

S6 

X4-3 

l8.3;3X.s;24.4,37.0i39.5'30.6>3X.7 

33.9 

35 

■9  37 

.8  39-6 

58 

14. 6 

X8.4 

21.8  34.7|37.4;30-o;3l.l  332 

34.4 

36 

.438 

.4 

40.3 

60 

14-7 

X8.7 

33.1  35.l|37.8  30.5|3I.6  32.7 

34.9 

37 

I '39 

.  I 

40.9 

6a 

X5.0 

19.0 

33.4  2S.5t28.3;30.9 

32.1133. 2 

35-4 

37 

.7J39 

.6 

41.6 

64 

X5.I 

19-3 

33.7  a5'9  28.6131.3 

33.6(33.7 

35.9 

38 

.3 

40 

.3 

43.2 

66 

15-3 

19.5  33.0  36.3|39.0j31.7 

33.OJ34.3 

36.4 

38 

.7 

40 

.8 

42.8 

68 

15. 5 

19.7  23-3  26.5  29.432.1  33. 4.34. 7'36. 9 

1                   1          1          1          1 

39 

.3 

41 

.4 

4; 

J  4 
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Ssftmiile.    What  is  the  width  of  a  rectangular  duct  6  in  high  equivakst 
the  pressure-loss  for  a  duct  i24n  in  diameter?    Solution*    22  in. 


Table  tV. 

Friction  Pressure-Lou  of  90^  Elbows 

Radius  of  throat  in  diam- 
eters of  pipe 

H 

H 

H 
x6 

I 
xo 

7.5 

6 

3 

1 

3     <     ^ 

« 

J     "» 

Number  of  diameters  of 
straight  pipe  of  equiva- 
lent pressure-loss 

67 

30 

4-3 

4.« 

S.a 

1 

S  f 

1 

Example.  A  duct  13  in  in  diameter  and  120  ft  long  contains  two  90^  elbcv^ 
The  ratio  of  the  radius  of  throat  to  pipe-diameter  is  3.  The  amount  of  air  flov- 
ing  is  I  500  cu  ft  per  min  and  the  velocity  i  800  ft  per  min. 

Solution.    The  total  equivalent  length  of  duct  is 

1 30  +  (2  X  4.8)  -  129.6  ft 

The  pressure-loss,  from  the  diagram  of  Fig.  64,  is  0.48  in  per  100  ft.      The  io^is 

0.48  X  ( 1 29.6/100)  -  0.62  in  of  water 

The  pressure-loss  through  register-grills  may  be  taken  at  0.023  in  for  i 
velocity  of  400  ft  per  min  through  free  area.  The  gross  area  of  registers  i^ 
twice  the  free  area.  The  pressure-loss  in  standard  air-washers  for  a  vdodtr 
of  400  ft  per  min  through  the  free  area  may  be  assumed  to.be  0.15  in  of  water. 
In  the  case  of  humidifiers,  in  which  the  spray  is  directed  against  the  flow  d 
air,  a  pressure-loss  of  0.55  in  of  water  may  be  assumed  for  preliminary  estimatci. 
The  values  assumed  for  this  loss  vary  with  different  manufacturers.  Toe 
pressure-loss  through  hot-blast  beaters  may  be  taken  from  Table  LV^I. 


Table  LVl.    Friction  of  Air  through  Vento  Beaters 

Friction-loBs,  in  inches  of  water,  due  to  air  passing  through  Vento  stacks, 
tion.    Standard  5-in  spacing  of  k)0p8.    Air-temperature  70°  F, 


Regular  <ec- 


Velocity 

One 

Two 

Three 

Four 

Five 

Six 

Se^m   ' 

in  feet 

stack 

stacks 

stacks 

stacks 

stacks 

stacks 

stacks 

per  minute 

800 

0.037 

0.070 

0.X03 

0.X3S 

O.X67 

0.200 

0.232   . 

900 

0.047 

0.08S 

O.Z39 

O.X70 

0.21X 

0.252 

0.293 

X  000 

0.059 

0.Z09 

o.x6o 

0.3XX 

0.262 

0.3x3 

0.364 

z  xoo 

O.07X 

0.132 

O.X93 

0.255 

0.316 

0.377 

0.43« 

I  200 

0.084 

0.157 

0.230 

0.303 

0.376 

0.449 

0.523    ' 

X  300 

0.099 

0.X85 

0.27X 

0.356 

0.44a 

0.528 

0.6x4   ' 

X  400 

0.XI5 

0.214 

0.314 

0.4X4 

0.S13 

0.6X3 

0.713 

X  500 

O.X32 

0.246 

0.360 

0.474 

0.588 

0.703 

0.8x6 

X  60Q 

O.X50 

0.280 

0.410 

0.540 

0.670 

0.800 

0.930 

I  700 

O.X69 

0.316 

0.463 

0.609 

0.756 

0.903 

X.049 

X  800 

O.X90 

0.354 

0.5x8 

0.683 

O.84B 

x.oxa 

X.177 

Effect  of  Temperature  on  Prestttre-Loitei.    The  preceding  data  on  pres- 
sure-losses in  ducts,  registers  and  heaters  are  based  on  an  air-temperature  of  70*. 
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or  other  temperatures,  the  presmre-losses  are  to  be  muhipKed  by  the  ratio, 
ensity  of  air  at  actual  temperature  to  density  at  70".  These  ratioe  are  given 
1  Table  LVII.  For  heaters  use  the  average  temperature  of  the  air  passing 
trough  the  heater. 


'able  LVII.    Ratios  of  Density  of  Air  at  Actual  Temperature  to  Density  at  70"  F. 


Temperature 

Factor 

Temperature 

Factor 

100 

130 

130 

0.94s 
0.910 
0.890 

140 
ISO 
x6o 

0.880 
0.86s 
0.8SO 

Deaigii  of  Duct  Syttemt.  There  are  two  schemes  used  in  PnopoRTioinNO 
^in-DUcrs:  (i)  the  velocity  method,  and  (2)  the  method  of  equal  friction  pres- 
sure-loss per  toot  ol  length.  The  first  method  involves  the  fixing  of  the  veloci- 
ties (see  Table  Lll)  in  the  various  sections,  and  the  gradual  reduction  of  the 
i^elodty  frcHn  the  beginning  of  duct  to  the  point  of  discharge.  In  this  case  the 
pressure-loss  is  computed  separately  for  each  section  having  a  different  velocity 
and  the  various  pressure-losses  added  together  to  obtain  the  total  loss  in  pres- 
sure. The  second  method  is  used  principally  in  the  design  of  duct  systems  for 
factory-heating.  The  velocity  in  the  outlet  farthest  from  the  fan  is  fixed  and 
the  area  and  diameter  of  thb  branch  are  determined  by  the  volume  of  air  to 
be  delivered.  The  friction  pressure-loss  per  100  ft  of  a  duct  of  this  size  b  deter- 
mined by  the  diagrams  in  Figs.  63  and  64.  The  remainder  of  the  main  duct  is 
then  proportioned  for  this  same  pressure-loss  per  100  ft. 

Example.    The  first  method  is  illxistrated  in  Fig.  65,  showing  a  single-duct 
system.    The  risers  are  figured  for  a  velocity  of  600  ft  per  min,  or  10  ft  per  sec; 


Slngie-Dnelflyflem        *    V  '  < 


Fig.  65.    Single-duct  System 

and  400  ft  per  min,  or  6.6  ft  per  sec;  through  free  area  of  register-grilL  The 
velocity  in  the  longest  main,  B,  is  900  ft  per  min,  the  volume  of  air  to  be  delivered 
2  000  cu  ft  per  min,  and  the  temperature  120*. 

Solution.    The  area  of  the  riser  required  is 

2  000/600  -  3H  sq  ft,  or  480  sq  in 
An  18  by  27-in  riser,  giving  466  sq  in  area,  is  used.    Tlie  area  of  main,  B,  is 

2  000/900  m  2.22  sq  ft,  or  320  sq  in 
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The  Bxe  of  the  dnct  ii  ii  by  17  in.  The  dkmcter  of  >  rauDd  dud  for  tfar  na 
frictioD-loM  for  the  riier,  fran  T«ble  LIV,  u  14  in,  ud  (or  the  ntaia.  B.  r^-j  - 
Relerring  to  the  diifmii  in  Fig.  64,  the  pcesauK-km  (or  the  riaer  is  oj>j;  u 
per  loo  ft.  For  the  main  the  pre»ure-lou  ji  ox^  in  per  100  (t.  The  anii:  ia 
one  elbon  tm)  tbe  rinr  one  elboir,  and  the  ratio  of  radlui  at  throat  to  diaacn 


n  both  caMS.    The  eqmvaleDt  lenctb  of  m 

100  +  {4.8  Xao/iJ)  -  308  ft 
and  the  [Mcssure-loas  ii 

oj>9  X  {k>8/icio>  -  0.187  in 
Tbe  equivalent  length  of  rjier  it 

34  +  (4.8  X  14/")  -  44  ft 
and  the  preuure-bss  li 

O.0J3  X  (44/100)  -  0,014  in 


Aisuming  ttui  a  fivcaectioa  Vento  holer  is  employed,  with  >  vdodty  (Gg- 
tued  tbrough  Int  area)  of  i  »o  ft  per  min,  the  preMute-k>»  tlirough  tlie  heater 
18  0.37S  in  [Table  LVI).    The  total  resatance  againu  which  the  fan  muit 

□,114  ia+  0.376  in  —  0.6a  in 

liaaed  on  70°  air.    Amuniiig  the  lemperatuie  of  Ibe  air  to  be  iki*,  the  resgt> 

0.60  X  0.91  (Table  LVIl)  -  0.55  in 


Stoal-FlataFaii.  TheitandardCypeof  fulhat  haibeeniuedforaDmnberof 
yean  in  bot-blait  woric  i>  known  aa  the  steel^laik  tan,  the  cmatcnctioD  of  the 
wliecl  being  ilKiwn  in  Fig.  67.     Ai  tlie  uune  ioqilies,  [be  wheel  and  casing  of  tliia 
fan  aie  conMnicted  of  sted  plate 
and  B^tL  •tructurai  sectioni,  the 
wheel    having    eight    to   twelvo 
blado,  straight  or  slightly  curved 
at  the  periphery,  and  in  a  direc- 
tion   oppodte    to   the  Totatkni. 
5teel-[^te  fans  aic  dengnated  by 
number,    this  numl>er  being  the 
:  height  of  the  fan-    1 


izi,  Fig.  68,  ha>  recently  entered 
the  field  of  heating  and  ventilat- 
ing, and  on  account  of  its  higher 
efficiency,  quieter  running,  and 
relatively  wooller  siie  for  the  same 

capacity  than  the  Heel-plate  fan,        pig_  gj^    Standard  Sted-plate  Fu-wlied 
it  ii  rH[Hdly  supplanting  the  latler. 

The  higher  efficiency  is  accounted  for  by  (he  material  reduction  of  the  air- 
reuMance  or  pressure-bead  loss  by  frictioa  through  the  fan,  due  to  the  iborter 
blades  and  the  larger  inlet,  which  is  of  practically  tbe  same  diameter  as  the 
wheel  itself.  This  fan  deserves  more  than  passing  Biention  as  it  represents 
perhaps  the  greatest  single  improvement  ever  made  in  the  design  of  a  centftf- 

RatlBg  of  PuM.  The  volume  of  air  at  70*  which  a  fan  will  deliver  (cuinc  feet 
per  minute}  vaiiea  with  the  resistance  against  which  it  opentes.  In  order  to 
choose  a  fan  from  Table  LIX,  the  resistance  (static  pressure)  must  tint  be 
determined  by  tbe  duct-design,  and  after  the  size  of  the  heater  has  been  chosen 
and  its  resistance  dcteimined.    The  speed  and  brake  hotsc-power  required  to 
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drive  the  fan  we  ■lio  sUted  in  the  tifala.    The  tcmpenliue  of  the  air  haadn 

by  the  Im  with  DiAW-imoucB  apparstui  'a  higher  Una  70°,  eacept  (or  ■  iu 

which  is  connected  ahead  of  a  tempering-coil,  unially  a  two-iectiaii-tleep  beaie 

The  tabulated  weed,  vdume  and  brake  horw-power  to  maiDtain  the  preK^ 

must   be    multiplied    by    the   faoor 

__^  given  in  Table  LVUI  for  tcmperatcrf 

other  than   70*.    The  above  hctir 

in  this  table  arc  the  stjuan:  idoD  • 

the  ratios  of  the  density  ol  tixnii: 

70°  F.  to  iti  density  at  the  tcmpen- 


TabI*  LTIIL    Factors  far  Oiiaiiil.  Tit- 


Fig.  W,    Stdcco  Wheel  or  T\iibiDe-tnie  tm- 


degnei 

Fahrenheit 

Pacton 

140 

I  .oil 

t.OM 

I.O«4 

AppUetHon  of  Hot-Blait  Heatinc-Data 

Tin  ApflBcatlon  of  the  Forefoinc  Data  on  hot'blait  beatiog  to  a  faci'Ky- 

building  follows  (see  Fig.  09).    The  calculated  heat-loas  is  i  413  910  Btu  per  br 

Condltlana.    Air  redreutoted  and  inside  temperature  maintained   at  60' 

Velocity  of  air  through  healer,  from  1  ooo  to  i  100  ft  per  min.     Velocity  ol  u: 

at  last  outlet  in  duct  system,  i  ij$  ft  per  mia.    Tempentuie  at  air  deiiiind 

by  heater,  145°. 

Weigbt  of  Air  to  be  CircidatMl  per  Wnule.    This  (a 

1  413  Q3o/Io.i4(i4S  -  6o)i6o|  -  I  i6j  lb 

Site  of  Heater.  This  condition.  Go°  initial  and  145*  final  tempenlurn 
require*  a  heater  five  alarts  deep  (Table  LI),  imd  a  velocity  oC  i  000  ft  per  mia 
through  free  area  at  a  lemperature  of  70°.  The  volume  of  air  per  miauu 
measured  at  70°,  to  be  bandied  by  the  heater  and  fan  is 

I  iG]/o.t>7S  ~  ij  506  cu  Ft  I 


The  total  number  of  se 


IS  required  is 
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PLAN 
Tig.  60.   Hot-blast  Heating  for  a  Factory-building.    (See  Ezampk  for  CompuUtioni) 
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The  total  heating-surface  is 

85  X  i6  -  I  360  sq  ft 

Weisht  of  Steam  or  Condenaatioii  per  Hour.    This  is 

1 360  X  1.09  <TaUe  LI)  -  1 482  lb 

The  equivalent  amount  of  direct  radiation  is 

I  482/0.25  »  5  939  sq  ft 

Deticn  of  Duct  System.  The  round  ducts  will  be  designed  for  eqoal-frictica 
pressure-loss  per  foot  of  length.  The  final  velocity  at  the  last  or  most  remote 
outlet  from  fan  will  be  taken  at  1375  ft  per  min.  The  friction  pressore-loss  for 
this  velocity,  as  read  from  the  diagram  in  Fig.  64,  is  0.25  in  of  crater  per  100  ft 
of  length.  There  are  to  be  eighteen  outlets.  The  total  volume  of  air  to  be  (fiy 
charged,  measured  at  145"  F.,  is 

1 163/0.065  «  18  000  cu  ft  per  min 

or 

18  000/18  "  1 000  cu  ft  per  min  per  outlet 

The  cross-sectional  area  of  the  outlet  or  last  section  is  i  ooo/i  275  tq  ft,  oor> 
reqx>nding  to  a  circular  section  with  a  diameter  of  12  in.  The  brancb-outJets 
may  all  be  made  the  same  size  and  provided  with  dampers  to  adjust  or  equafis 
the  flow.    The  friction  pressure-loss  in  the  duct  system  is  therefore 

(aza/xoo)  X  0.25  «  0.53  in  of  water 

The  size  of  each  section  of  duct  is  determined  by  locating  the  qoantky  of  air 
at  the  right  of  the  diagram  and  passing  horizontally  to  the  intenectioQ  with  tbe 
0.25-in  pressure-loss  Hne. 


Table  IX 

Data  for  Deeign  of  Ducts  in  Fig.  it 

Section 

Quantity 
of  air  in 

cubic  feet 

per  minute 

145"  F. 

Duct- 
inches 

Vdoctty 
in  feet  per 

minute 

Measured  length 
plus  aUowairae  for 
ells,  in  feet          1 

A 

B 
C 
D 
E 
F 
G 
H 
I 
J 

X  000 
a  000 
3  000 
4000 
5  000 
6000 

7  000 

8  000 
9000 

•18000 

za 

16 
18H 

I  275 

2S+IlX(6+3)l-34 

15 

IS 

15 

IS 

IS 

IS 

IS 

35 +[2.4(6 +10)1 -73 

228s 

Total  length -212 

1 

Selectioa  of  Fan  for  Draw-Through  Arrangement.    The  static  pftssore 
rating  required,  referred  to  a  temperature  of  7o^  is: 

Pressure-loss  in  heater  (data  from  Table  LVI)  ■■  0.26  in 
Pressure-loss  in  duct  (data  from  chart,  Fig.  64)  «  0.53  in 


Total  -  0.79  m 
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rhe  actual  presfiure-loss  will  be  somewhat  less,  owing  to  the  fact  that  the  air- 
iperature  is  higher  (145"  F.)  and  the  density  less  than  for  air  at  70**  F.  The 
ual  estimated  pressure-k>ss  is  therefore  assumed  to  be  H  in. 

rhe  volume  of  air  the  fan  must  handle  in  this  example  is  18  000  cu  ft  per  min, 
asured  at  145°  F.  As  stated  under  Rating  of  Fans*  to  maintain  a  constant 
ssure  the  tabulated  speed,  volume  and  horse-power  must  be  multiplied  bjr 
;  square  root  of  the  ratio  of  densities,  or 

V  0.075/0.066  -  1.07  (nearly)  (Table  II) 

We  therefore  select  from  Table  LIX  a  Ian  having  a  capacity,  measured  at 
•  F.,  equal  to 

18  000/1.07  "16  822  cu  ft  per  min  (approximately  17  000) 

len  operating  with  a  static  pressure  of  li  in.  A  No.  8  Sirocco  fan  fulfills  this 
iiuirement.  The  tabulated  speed  and  horse-power  when  multiplied  by  the 
:tor  ix>7gives 

196  X  1x37  -»  210  R.P.M. 
id 

3.76  X  1.07  "  4.02  brake  horse*power 

Selection  of  Fan  for  Blow-Through  Arrangement  In  this  case  the 
n  may  be  called  upon  to  handle  air  at  a  temperature  of  o"*  F.,  or  lower.  Assum- 
g  the  same  weight  of  air,  or  70  000  lb  per  hr,  to  be  handled  by  the  fan  at  a  static- 
ressuce  of  H  in»  the  volume  at  o^  is 

70  000/(0.086  X  60)  -  13  566  cu  ft  per  min 

ef  erring  to  Table  LVin,  the  ratio  between  the  speed,  volume  and  power  neces- 
Lry  to  produce  the  same  pressure  for  air  at  0°  and  air  at  7o^  is  found  to  be 
.932.    We  therefore  choose  a  fan  with  a  capacity  of 

13  566/0.932  ■■  14  557  cu  ft  of  air  at  70* 

nd  with  a  static  pressure  of  %  in. 

Fan-Engine.  When  high-pressure  steam  is  available  an  automatic  high- 
peed  engine  is  frequently  empbyed  for  fan-driving,  and  the  exhaust  from  the 
ngiae  is  used  in  the  first  section  of  the  heater. 

Selection  of  Motor  for  Fan-Driving.  It  is  considered  good  practice  to  add 
rom  10  to  15%  to  the  brake  horse-power,  as  determined  from  the  fan-tables, 
or  the  rating  of  the  motor,  to  aUow  for  a  possible  overload  due  to  the  fact  that 
he  fan  may  not  be  operated  under  exactly  the  same  conditions  as  to  pressure 
\nd  speed  as  those  under  which  it  was  originally  rated.  For  the  preceding  exam- 
)le  (Draw-Through  Arrangement)  a  5-horse*power  motor  would  be  selected. 

Additional  Heating  Requirement.  It  is  frequently  desirable  to  proportion 
:he  heating-apparatus  large  enough  so  that  the  fan  may  be  shut  down  at  night 
tnd  started  up  about  two  hours  before  the  shop  or  factory  is  opened  in  the 
morning.  In  this  event  it  may  be  safely  assumed  that  the  temperature  of  the 
air  in  the  building  will  not  be  below  30**  F.  when  the  fan  is  started,  and  that 
the  air  is  all  recirculated.  The  fan  and  heater  must  be  of  sufficient  capacity 
to  take  care  of  the  heat-k>ss  from  the  building,  including  the  infiltration,  and 
in  addition  to  warm  up  the  contained  air  from  30**  to  60°  in  two  hours.  Assum- 
ing the  same  data  as  given  in  the  preceding  example,  the  additional  heat  n* 
quired  will  be,  if  the  cubic  contents  of  the  building  are  328  000  cu  ft, 

(338  000  X  0.08  X  0.24  X  3o)/2  «  94  464  Btu  per  hr 
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llul  amounts  to  to  increue  ol  ippro^mUdy  7%  In  tbe  heatioK  requiiaauiti 
as  previously  calculated,  and  u  readily  provided  for  by  incteaaiiig  the  stain- 
presiure  carried  in  the  heater  to  apptoiinutely  lo-lb  gaufc.  Catalocues.  bul- 
letins, etc.,  on  tbe  subject  of  hot-blast  hCBting,  air-waihing  and  humidificatioa 
may  be  obtained  from  the  American  Blower  Company,  the  B.  F.  Sturtevant  Con- 
pany,  the  BuSalo  ForEe  Company,  and  the  Cairier  Air  Conditioning  Company. 

Venttlatiaa 

Tlatanl  atld  Haehanleal  Ventilation.    Ventilation,  whether  natuzal  <i 

UBCUAmcAL,  coosisu  in  the  diqilacement  of  vitiated  air  from  an  apartment  and 


I 


i 
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iU  repUoemeat  by  fresh  air.  To  tUte  that  the  air  tn  an  apartment  is  renewed 
any  siven  number  of  times  per  hour  is  not  strictly  accurate,  as  a  positive  change 
does  not  actually  occur;  the  incoming  air  mixes  with  and  dilutes  the  foul  air  to  a 
point  suitable  for  healthful  respiration.  In  katural-ventilation  systems  the 
movement  of  the  air  in  flues,  ducts,  etc.,  is  induced  solely  by  the  thermal  head 
produced  by  the  difference  between  the  density  of  the  column  of  air  in  the 
ducts  and  that  of  the  outside  atmosphere;  the  higher  the  temperature  in  the 
ducts  the  more  powerful  the  draft.  The  direction  and  velocity  of  the  wind 
materially  affect  the  natural  ventilation,  retarding  or  accelerating  the  move- 
ment of  the  air  through  ducts  and  flues,  according  to  the  exposure  of  the  building ' 
and  the  position  of  inlets  and  outlets.  In  mechanical  ventilation  the  move- 
ment of  air  is  maintained  by  means  of  various  t3rpes  of  fans,  driven  by  a  steam- 
en^ne,  electric  motor,  or  other  prime  mover.  With  fans  of  known  efficiencies 
the  results  can  be  accurately  estimated.  The  principal  advantages  of  the  use 
of  mechanical  systems  of  heating  and  ventilation  have  already  been  stated 
under  Hot-Blast  Heating. 

Systems  of  Ventllstion.  Ventilation  systems  are  also  broadly *(Hvided  into 
two  general  classes  known  as  the  upward  system  and  the  downwako  system. 
The  17PWARD  SYSTEM  (Fig.  70)  is  generally  used  for  audience-rooms  where  there  is 
strong  natural  tenden(;y  for  the  heat  given  off  by  the  large  number  of  occupants  to 
rise  and  take  with  it  the  vitiation-products  due  to  respiration.  The  air  is  sup- 
plied NEAR  THE  PLOOR-UNE  through  mushroom  ventilators  in  the  floor,  or 
through  the  hoUow  pedestals  of  the  chairs  themselves,  or  through  low  registers. 
The  vmATED-AiR  OUTLETS  ARE  IN  OR  NEAR  THE  CEILING.  This  system  makes  it 
rather  difficult  to  heat  the  room  in  advance  of  the  arrival  of  the  audience  as  the 
outlets  allow  the  wanned  air  to  escape  almost 
as  rapidly  as  it  caa  be  introduced.  The 
DOWNWARD  SYSTEM  is  very  generally  used 
in  school-rooms,  hospitals,  institutions,  etc. 
The  occupants  are  not  as  closely  placed  as 
in  the  former  case,  and  a  more  even  distri- 
bution of  air  and  more  imif  orm  heating  can 
be  secured  when  the  air  is  supplied  eight 

FEET  OR  MORE    ABOVE    THE  PLOOR,  and  the 
VrriATEO    AIR    REMOVED   AT   OR   NEAR  THE 

PLOOK-LXNE.  On  account  of  the  elevation 
of  the  inlets  abovethe  headsof  the  occupants 
there  is  little  liability  of  drafts,  and  if  the 
outlets  are  on  the  same  side  wall  as  the  in- 
lets there  is  very  little  opportunity  for 
short-circuiting  between  inlet  and  outlet, 
since  the  incoming  air  must  flow  out  across 
the  room  to  the  cold  outside  wall  before  it 
can  cool  and  drop  to  the  floor-level.  It  is, 
however,  necessary  in  the  downward  system, 
to  overcome  the  natural  tendency  of  the 

heated  air  from  the  bodies  of  the  occupants  to  rise  and  oppose  the  uniform 
downward  tendency  of  the  incoming  fresh  air.  The  selection  of  either  system 
must  depend  entirely  on  the  conditions  to  be  met.  These  have  been  outHned 
in  the  above  paragraphs. 

Distribution  of  the  Air.  In  general,  it  should  be  observed  that  whether 
upward  or  downward  ventilation  is  employed  there  should  always  be  a  definite 
system  of  vitiated-air  removal,  designed  to  provide  for  uniform  distribution  and 
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prevent  short-circuiting  between  inlets  and  outlets.  A  practically  ooespk,^ 
diffusion  can  only  be  attained  when  inlet  and  outlet  are  piaoed  in  the  tsrri^ 
inside  wall,  with  the  former  at  least  from  7  to  8  ft  above  the  latter.     Mclzife:! 
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Fig.  72.    Heating  and  Ventilating  Symbols 

INLETS  and  MUSHROOM  VENTILATORS,  in  ofder  to  secure  a  better  mechaoics] 
distribution  of  the  air,  are  being  made  use  of  in  many  systems  of  upward  ventila- 
tion for  audience-rooms  with  fixed  seats.  In  this  case  a  false  floor  or  plenuv 
CBAMBER  must  be  constructed  just  below  the  main  floor  through  which  the  zm 
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to  be  suppliML    Moahfoom  ventUator-heads  (Fig.  71)  are  then  kMxtod  under 
second  or  third  seat  and  adjusted  to  give  a  uniiorm  (fischaxge  of  tempered 
over  the  entire  seating-area.    These  heads  are  either  mounted  on  an  ad^ 


lUnmdClL  I*  Jype. 

FSg.  73.    Heating-boQer  Coanectlons 

justable  spindle  (Fig.  70),  which  is  supported  centrally  in  the  cast-iron  floors 
sleeve  or  flange,  or  else  they  have  a  nonr«djaBtablc  spiodk  simihrisreupported, 
and  are  eauipped  with  a  control-ilamper.    In  either  case  the  adimtable  head  or 
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damper  must  be  locked  poskively  in  the  finally  adjusted  position.  In  the  cui 
of  concrete  floors  it  is  veiy  desirable  to  use  a  cast-iron  sLeeve  and  ^*^^e»  (F^. 
70)  rather  than  a  gahranised  sleeve  and  cast-iron  flange. 

The  Effect  of  Vitiated  Air.    The  amount  of  cakbon  dioxide  prraest  z 
vitiated  air  has  been,  until  recently,  quite  generally  understood  to  be  the  eieasz 
of  danger  that  should  be  kept  witldn  safe  limits.  Dr.  Ira  Remsen  has  pointed  ?.- 
that  the  presence  of  carbon  dioxide  in  itself  is  not  dangerous  to  hesJclt  excc^z 
that  it  reduces  the  supply  of  oxygen  by  displanng  it.    Carbon  dioaade  is  err 
poisonous,  but  the  organic  impurities  that  are  exhaled  at  the  same  time  wii: 
other  gases  that  are  given  off  may  prove  a  menace  to  health.    The  ill  effects  c: 
breathing  air  in  a  poorly  ventilated  room  are  due  to  the  small  quantities  x 
decomposing  organic  matter  and  unhealthful  gases.    The  carbon  dioxide  fc- 
erated  by  the  lungs  and  given  off  at  the  same  time  as  the  other  impurities  serve 
more  or  less  as  an  indicator  of  the  presence  of  the  real  danger.     Any  lowcni:^ 
of  the  os^genHSUppIy  that  is  actually  required  for  the  proper  and  neccssa.7 
transformation  of  the  potential  heat-value  of  the  food  into  the  physical  aad 
nervous  energy  requned  to  keep  ^e  human  machine  running,  and  to  readZb* 
supply  the  additional  demand  made  upon  that  machine  to  perform  eztenul 
work,  means  that  industrial  workers  who  perform  their  duties  in  a  vitiated 
atmosphere  do  so  at  the  expense  of  a  lowered  vitality,  and  are  natiirally  ks 
productive.    Satisfactory  ventilation  consists  not  only  in  constantly  supfilyinf. 
in  a  pure  condition,  fresh  air  free  rROtf  nusT  az«d  other  dipusities,  at  the 
proper  temperature  and  with  the  proper  amoukt  op  moisture  present,  be: 
also  in  efficiently  removing  the  vitiated  air.    This  cannot  be  positively  accon- 
plished  during  the  heating-season  by  simply  opening  the  doors  and  windovs. 
Some  mechanical  means  must  be  employed.    Many  physicians,  however,  d> 
not  believe  in  mechanical  ventilatton  for  hospitals,  and  advocate  ventilatioa 
by  the  open- window  method;  and  many  hospitals  are  now  oonstnicted  withoct 
any  provision  for  mechanical  ventilation  except  for  the  toilets  and  operating- 
rooms  for  which  exhaust-fans  are  provided. 

Relation  between  Humidity  and  Temperature.    The  proper  and  bealthfd 
relative  HUMiDrrY  OF  the  air  in  buildings  has  only  in  recent  years  been  gives 
the  thought  and  attention  it  rightfully  deserves.    Heated  or  warmed  air, 
whether  purposely  introduced  into  a  building  for  warming,  or  natural^  entering 
by  infiltration,  on  being  expanded  by  heat,  has  its  percentage  of  mobtureor  rela- 
tive humidity  lowered,  and  consequently  its  capauty  for  absorbing  moistuxc 
greatly  increased.   There  is,  therefore,  experienced  the  sensation  due  to  so-called 
DRY  HEAT.    This  causes  an  excessive  and  unnatural  evaporation  of  moistiire 
from  the  skin  and  from  the  membranes  of  the  respiratory  organs.    Evaporatioo 
takes  place  by  the  direct  application  of  heat  and  is  essentially  a  refrigerating  or 
oooting  process.    The  abstraction  of  heat  from  the  body  for  this  purpose,  nat- 
urally tends  to  lower  the  surface-temperature,  and  one  feels  several  degrees 
cooler  than  the  temperature  recorded  by  the  thermometer  in  the  room.    Dr. 
H.  M.  Smith's  many  observations  and  experiments  upon  the  sensations  produced 
by  DIFFERENT  Pi^CENTAGES  OF  SATURATION,  led  him  to  make  the  following  state- 
ment: "It  may  be  accepted  as  a  cardinal  rule  that  if  a  room  is  at  68'  and  is  not 
warm  enough  for  any  healthy  person,  it  is  because  the  relative  huiodity  is 
too  low."    A  STANDARD  RELAxrvE  HUMIDITY  may  be  obtained  when  mecfauiial 
ventilation  is  used  by  the  addition  of  a  humidifier  to  the  system.    The  subject 
of  AiR-coNDTTioNiNO  is  fully  treated  in  Heating  and  Ventilating,  Vol.  I,  by 
Harding  and  WiUard. 

Requtrementi  for  Good  Ventilation.    There  is  qiute  a  diversity  of  opinioo 
among  various  authorities  as  to  what  constitutes  good  vENnLATiov  in  many 
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inmtaaces.    The  following  data  by  G.  D.  Small  represent  good  practice  in  this 


Tfpat  of  Bufldingf.    Air-ChaogM  to  bo  Allewod 

Portions  above  grade One  change  per  hour. 

Ofxice-Builduigs    Basement,  general Four  changes  per  hour. 

Mechanical  plant Ten  changes  per  hour. 

X^A.CTORY-BuiLDiKGS  which  have  no  mechanical  or  natural  ventilation,  one 

change  per  hour.    For  factories  in  which  large  doors  from  the  outside  are 

frequently  opened,  about  four  air-changes  per  hour. 
Kjesioences  which  have  loose  windows,  two  changes  per  hour. 
Cbusches.   Four  changes  per  hour,  except  small  rooms,  which  should  have  five 

or  six  changes  per  hour.    These  data  for  churches  contemplate  mechanical 

ventilation.    Tlie  majority  of  public  buildings  and  many  of  the  factories 

require  ventilation  or  the  fan  system  of  heating. 

The  Utoal  Requirements  for  Air  Supplied  per  Person  are  at  Follows 

yr,_...  _■„  /Ordinary from  35  to  40  cu  ft  per  min 

"^^™^^"\  Epidemic 80  cu  ft  per  min 

Air-change 

Detention-rooms 6  min 

Toilet-rooms 6  min 

Bath-rooms  and  duty-rooms 8  min 

Kitchens 3  nun 

Serving-rooms zo  min 

Fumigating-rooms 10  min 

Workshops 25  cu  ft  per  min 

Prisons 30  cu  ft  per  min 

Theaters from  20  to  30  cu  ft  per  min 

Meeting-Halls 30  cu  ft  per  min 

Schools 30  cu  ft  per  min  per  child  and  40  cu  ft  per  min  per  adult 

The  Usual  Tfme-Interrals  for  One  Air-Change  are  as  Follows 

Hotels 

Room  Air-change  Room  Air-change 

Engine-room 6  min  Caf 6 8  min 

Kitchen iHs  min  Lobby  under  balcony. .     8  min 

Restaurant 6  min  Main  lobby 30  min 

Base-toilet 5  min  Banquet-hall 15  min 

Billiard 10  min  Retiring-room 10  min 

Barber-shop 8  min  Kitchens 8  min 

Dining-room 15  min  All  others 15  min 

Palm-room zs  min  Toilets , 6  min 

Buffet 8  min 

LlBSARBS 

Corridors 15  min  Inside  rooms 8  min 

Basement-rooms IS  min  Comer  rooms 7  min 

Reading-rooms 13  min  Toilet-rooms. 5  min 

Laundries  should  have  an  air-change  every  4  to  6  min. 

Non.    RsdiatSoo  on  sides  of  buildings  tabjectcd  to  prevafling  and  odd  winds  should 
be  incxcMed  10%  up  to  the  xoth  floor  and  15%  above  that  iloor. 
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Veotnation-Laws.  The  number  of  vzirrxLAnoN-LAws  has  increased  wr- 
rapidly  in  the  last  few  years,  not  only  as  regards  the  number  of  states  wb  :■ 
have  added  such  laws  to  their  oodes.  but  also  as  to  the  aoope  aod  effectivecess 
these  statutes.  In  many  cases  a  spedal  ventilation-officer  or  comtniiwifw!  hia 
been  appointed  to  see  to  the  enforcement  and  extension  of  the  requirements  ir 
compulsory  ventilation,  so  that  it  behooves  the  architect  or  engineer  to  htcact 
thoroughly  familiar  with  the  law  of  the  state  or  states  wherein  lie  practKas. 
A  summary  of  the  law  recently  enacted  by  the  legislature  of  the  state  ol  Ob^ 
b  given  in  the  following  paragraphs  as  an  example  of  the  regulatioos  wi'i 
which  architects  and  engineers  must  conform  in  preparing  plans  and  apedsci- 
tions.  This  law  as  well  as  the  law  of  Massachusetts,  attempts  to  provide  verr 
definite  regulations  for  heating  and  ventilating  all  classes  of  buildinss.  Fadr; 
legislation  in  other  states  will  undoubtedly  take  a  more  specific  form,  estabfishb; 
complete  and  definite  codes  for  the  heating  and  ventilation  not  only  of  puiki: 
buildings  but  of  workshops,  factories  and  mercantile  establishments  as  wdL 


Requirements  of  the  Department  of  Inspection  of  tiie  Indnstfial 
Commission  of  Ohio  for  the  Heating  and  yeatOatioa 
of  Public  BuOdings,  Hospitals,  Asylums  and 

Homes 

Tempeiatura 

A  heating  system  shall  be  installed  which  will  uniformly  heat  the  varioos 
parts  of  the  building  to  the  following  temperatures  in  aero  weather. 

Theaters  and  Asseubly-Halls.  All  parts  of  the  buildings,  except  storagt- 
rooms,  65'  F. 

Churches.  Auditorium,  social  and  assembly-rooms,  65°  F.  All  other 
parts  of  the  building,  except  storage-rooma,  70**  F. 

School-Buildings.  Corridors,  hallways,  play-rooms,  toilets,  assembly- 
rooms,  gymnasiums  and  manual-training  rooms,  65**  F.  All  other  parts  of  the 
buildings,  70"  F. 

Hospitals,  Asylums  and  Houes.  Operating-rooms,  85*  F.  All  other  parts 
of  the  buildings,  ezGept  storage-rooms,  70**  F. 


Chance  of  Air 

The  heating  system  shall  be  combined  with  a  system  of  ventilation  which  at 
normal  temperature  will  change  the  air  the  following  number  of  times,  or  supply 
to  each  person  the  following  number  of  cubic  feet  of  air  per  hour. 

Theaters.    Parlors,  retiring,  toilet  and  check-rooms,  six  changes  per  hour. 

Auditoriums,    i  200  cu  ft  of  air  per  person  per  hour. 

Assembly-Halls.  When  used  in  connection  with  a  school-building,  k>dge- 
building,  club-house,  hospital  or  hotel,  six  changes  per  hour;  and  in  all  other 
assembly-halls,  i  200  cu  f  t  oif  air  per  hour  per  person. 

Churches.  Auditoriums,^as8embly-rooms  and  social  rooms,  aiz  changes  per 
hour. 

ScBOOL-BumDHNSs.  All  parts  of  the  buildings,  except  corridors,  haib  and 
storage-rooms,  six  changes  per  hour. 
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Asttma,  lioOTTALS  ahd  Houes.    (x)  Room  with  fixed  capacity: 

Adults  Children        Babie» 

Hospitals,  contagious  and  epidemic 6  ooo  4  000           3  000 

Hospitals,  surgical  and  medical 3  000  2  400           x  500 

Penal  institutions x  800  x  800 

All  other  buildings. 1800  1500 

(2)  Rooms  with  variable  capacities: 

Hospitals,  contagious  and  epidemic X2  times  per  hour 

Hospitals,  surgical  and  medical X2  times  per  hour 

AU  other  buildings. 6  times  per  hour 

Rooms  acoonmiodating  four  or  less  persons  need  not  be  provided  with  a  system 

of  ventilation. 

Radiators 

No  radiator  shall  be  placed  hi  any  aisle,  foyer  or  passageway  of  a  new  theater, 
assembly-hall  or  church,  but  such  radiators  may  be  placed  in  recesses  in  the 
walls. 

RegisCen 

No  floor-registers  shall  be  used  in  theaters,  assembly-halls,  or  hospitals. 

No  floor-registers,  except  foot-warmers,  shall  be  used  in  a  school-building. 

Floor-registers  may  be  used  in  churches. 

Otherwise  all  vent-registers  shall  be  placed  not  more  than  2  in  above  the  floor* 
line,  and  warm-air  registers  not  less  than  8  ft  above  the  floor-line  (except  when 
such  registers  are  used  when  a  change  of  air  is  not  prescribed). 

9fttemB  to  be  Installed  Where  a  Change  of  Air  is  Required 

The  ssrstem  to  be  installed  when  a  change  of  air  is  required  shall  be  either  a 
gravity  or  mechanical  furnace  system,  gravity  indirect  steam  system,  or  hot- water 
system;  mechaniral  indirect  steam  or  hot-water  system,  or  split  steam  or  hot- 
water  system;  except  in  hospitals,  where  a  direct-indirect  system  may  be  used 
in  connection  with  an  exhauat«fan.  The  fresh-air  supply  shall  be  taken  from 
outside  the  building  and  no  vitiated  air  shall  be  reheated.  All  vitiated  air  shall 
be  conducted  through  flues  or  ducts  and  be  discharged  above  the  roof  of  the 
building. 

ExcEPTioKS.  Standard  ventilating  stoves  may  be  used  in  the  following 
buxicfings: 

Assembly-halls  seating  less  than  100  persons. 

Churches  seating  less  than  100  persons. 

AU  school-buildings,  hospitals,  asylums  and  homes. 

Fomacee 


Furnaces  may  be  used  in  all  classes  of  buildings. 


Gravity  Indirect  Hot-Water  or  Steam-Radjator  Systeme 

Indirect  hot-water  or  steam-radiators  shall  be  located  in  basement  fresh-air 
rooms  directly  at  the  base  of  masomy  hot-air  flues,  and  shall  be  properly  coo* 
netted  to  same  with  galvanized-iron  housing. 
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Indirect  Sadiating-Suxf ace  for  Heating  and  VentOatiag 

One  square  foot  of  radaating-surfaoe  shall  be  provided  to  heat  not  store  thi: 
the  following  number  of  cubic  feet  of  air  per  hour: 

Height  Steam  «%&a 

First  story Joo  1:1 

Second  story 250  lii 

Third  story joo  cnc 

Fourth  story « 250  zs^ 

For   Heating   Waix-Susfaces   and   Glass-Surfaces.    The    amount 
radiating-surface  for  the  heating  of  the  glas^surface  and  wall-surface  shall  r  - 
be  less  than  that  obtained  by  adding  together  the  glass-surface  and  one  kyv^. 
the  exposed  wall-surface,  both  in  square  feet,  and  multiplsring  by  the  foQora 
factors: 

Hat 
Height  Steam     vaur 

First  story. 0.7        i  s^ 

Second  stoiy 0.6       o.^ 

Third  story 0.5       o.;i 

Fourth  story 0.4       05 

AccELEBATtNO  OR  ASPIRATING  CoiLS  FOR  Vent-Flues.  Vent-flues  used  3 
connection  with  a  gravity  indirect  steam  or  hot-water  ^stem  shall  be  providd 
with  accelerating  coils  pUced  z  ft  above  the  vent-openings. 

Mechanical  Pan  Plennm  Syatem 

This  system  shall  be  designed  with  furnaces,  tempering  coils  or  blast-coii 
so  as  to  furnish  heated  air,  and  is  to  have  cleaning-screens,  fan  plenum  chamber, 
galvanized-iron  or  masonry  horizontal  ducts,  masonry  hot-air  flues,  clectr» 
motor,  gas  or  gasoline  engine,  or  a  low-pressure  steam-engine  opcrstiQi^  on  a 
steam-pressure  not  to  exceed  35-lb  gauge  to  operate  fan  and  sudi  other  device  as 
is  necessary  to  make  this  a  complete  working  system.  All  parts  and  appaimtof 
in  connection  with  the  installation  are  to  be  cNf  ample  size  to  make  a  pafeaif 
free  and  easily  working  system,  which  must  thoroughly  heat  all  portions  of  the 
building  without  forcing. 

Velocity  of  Air 

The  velocity  of  the  air  traveling  through  ducts,  flues,  etc,  shall  never  exceed 
the  following  number  of  feet  per  minute: 

Feet  per 
Ducts,  Flues,  etc.  minute 

Fresh-air  screens,  small  mesh .^ 600 

Fresh-air  ducts,  gravity  system .* 300 

Fresh-air  ducts,  mechanical  system 850 

Tempering  coils,  gravity  system 300 

Tempering  coils,  mechanical  system 1 000 

Furnaces,  gravity  system 400 

Furnaces,  mechanical  system 900 

Trunk-ducts,  mechanical  system 1 000 

Laterals,  branches  and  single  ducts,  mechanical  S3^tem 750 

Vertical  flues,  mechanical  system 500 
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Vertical  waim-air  flues,  gravity  lyatem,  first  stoiy 300 

Vertical  wann-«ir  flues,  gravity  system,  secoad  story. 350 

Vertical  warm-air  flues,  gravity  S3rstem,  third  story 390 

Vertical  vent-flues  less  than  20  ft  high 300 

Vertical  vent-flues  from  20  to  33  ft  high. 350 

Vertical  vent-flues  from  33  to  46  ft  high 390 

Vertical  vent-flues  from  46  to  60  feet  high 440 

Wann-air  registers 300 

Vent-registers. 300 

Maximum  Speed  of  Fans 

The  maximum  speed  of  fans  used  in  connection  with  either  an  exhaust  or 
plenum  system  of  heating  or  ventilating,  under  normal  conditions,  shall  never 
exceed  the  following: 

Diameter  of  fan  in  inches. .. .     18      24      36      48      60      72      96    120    x8o 
Revolutions  per  minute 700    550    400    300    225    175    150    125      75 

Location  of  Haattr-Room 

No  heater-room  shall  be  located  under  the  auditorium,  stage,  bbby,  passage- 
way, stairway  or  exit  of  a  theater;  nor,  under  any  exit,  passageway,  public  hall 
or  lobby  of  an  assembly-hall,  church,  school-building,  asylum,  hospital  or  home. 
This  applies  to  new  buildings,  and  a  changed  location  of  a  heater-room  in  an 
existing  building.  No  cast-iron  boiler  carrying  more  than  lo-lb  pressure  01 
steel  boiler  carrying  more  than  30-lb  pressure  shall  be  located  within  the  main 
walls  of  any  school-building. 

Standard  Fire-Proof  Heater-Room  for  New  Building! 

All  furnaces  and  boilers,  including  the  breeching,  fuel-rooms  and  firing-spaces 
shall  be  enclosed  by  brick  walls  not  less  than  12  in  thick,  or  by  monolithic  con- 
crete walls  not  less  than  8  in  thick.  The  ceiling  over  the  same  shall  not  be  less 
than  the  following:  reinforced-concrete  slab,  4  in  thick;  brick  arches,  4  in  thick, 
covered  with  i  in  of  cement  mortar  and  supported  by  fire-proof  steel  with  the 
necessary  tie-rods;  or  hollow-tile  arches,  6  in  thick,  covered  with  2  in  of  concrete, 
plastered  on  the  under  side  and  supported  by  fire-proof  steel  with  the  necessary 
tie-rods. 

Spedficatioiia  fo^'Fnmace-Work 

The  following  form  is  given  as  a  guide  to  architects  in  preparing  the  specifi- 
cations for  fumace-woric: 

SpEancATioNs  for  Furnace- Work  in  Residence  for  Mr .to  bb 

BUILT  AT 

Architect 

Foraace.  Furnish  and  set  up  complete,  where  shown  on  basement-plan,  one 
(. . .  name . . .)  furnace,  or  approved  equal,  portable-pattern,  with  double  casings. 
Connect  the  furnace  with  the  chimney  with  a  No.  22  galvanized-iron  smoke-pipe 
of  the  same  size  as  the  collar  on  the  furnace;  all  bends  or  turns  to  be  made  with 
three-piece  elbows;  the  pipe  to  be  strongly  supported  by  wire,  and  to  be  kept 
12  in  below  the  celling. 

Air-Pit.  Excavate  for  and  build  a  cold-air  chamber  under  the  furnace  not 
less  than  18  in  deep,  with  8-in  brick  walls,  laid  and  plastered  with  cement;  also 
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oemeot  the  bottom  of  the  chamber.  Build  the  oold-air  duct  under  oeDar-Aoor, 
where  shown  on  plan,  —  ft  long,  14  in  deep  in  the  dear,  and  —  in  wide,  vith 
ades  of  hard  brick  in  cement,  and  with  the  sides  and  bottom  smoothly  plastered 
with  cement.  Cover  the  duct  with  3-in  flagstones  with  tight  jointSk  leavins 
opening  of  proper  side  for  the  wooden  box  to  be  buih  by  the  caipentcr  (wooden 
box  should  be  included  in  carpenter's  spedfications). 

Hot-Air  Pipes.  Furnish  and  properly  connect  with  fnniace  and  register-boxes, 
leaders  and  stacks  of  the  following  sizes,  all  to  be  made  of  bri^  IX  tin,  and  the 
•tacks  are  to  be  double  with  an  air-space.  All  turns  in  leaden  to  be  made  by 
three-piece  or  four-piece  elbows,  and  the  stacks  to  have  boots  or  starten  oi 
approved  pattern. 

Sites  of  PIpea  and  Ragisten 


Ran xi"     leader. 

Parlor 11  ^"  leader, 

Dtning-room xa"     leader. 

Library toH"  leader. 

Chamber  No.  x .  .• xo"     leader, 

Chamber  No.  3 9"     leader, 

Chamber  No.  3 8H'' leader: 


BO  stack 

x»"  X  14"  r^iiter. 

tj"Xx5"RSirtcr 

noitack 

12"  X  15"  register 

nostadc 

12"  X  14"  register 

4"  X  is" 

stack. 

xo"  X  14"  register 

4"  X  13" 

stack. 

xo"  X  ij"  regkier 

4"  X  13" 

stack, 

xo"  X  la"  register 

J 


Regiatiffi.  All  registers  are  to  be  of  sizes  given  in  the  forefoing  list,  of  the 
(. .  .name. . .)  or  approved  equal,  manufacture;  japanned,  except  those  in  the 
first  story,  which  are  to  be  electro-bronze-plated.  All  floor-registers  are  to 
be  set  in  iron  borders  corresponding  with  the  registers. 

Register-Boxes.  All  register-boxes  to  be  made  double;  for  first-atory  boxes 
the  JOISTS  ARE  TO  BE  UNED  WITH  TIN  and  provided  with  ceiung-piates  the 
full  size  of  the  registers,  with  plaster-collars  attached,  so  that  pipes  and  boxes 
can  be  removed  without  disturbing  the  plastering  or  drfaring  the  ceiling. 

Miscellaneous.  All  horizontal  pipes  in  the  basement  are  to  be  round,  and 
where  they  pass  through  partitions  they  are  to  be  provided  with  collars,  so  th^t 
the  pipes  can  be  removed  without  disturbing  the  plastering.  All  leaders  are  to 
be  provided  with  dampers  and  tin  tags  designating  the  different  rooms  they 
supply;  and  whenever  pipes  nm  near  woodwork  the  same  is  to  be  properly 
covered  with  tin  and  protected  from  any  danger  from  fire.  The  contractor  is 
to  remove  all  rubbish  made  by  him,  dean  up  all  ironwork,  leave  the  whole 
apparatus  in  complete  working  order,  and  fumiah  a  poker  of  pioper  sixe. 

Guarantee.  The  contractor  is  to  guarantee,  if  he  furnishes  the  lieating^ 
drawings,  that  the  furnace  shall,  under  proper  management,  heat  all  rooms 
with  registers  connected  with  the  furnace,  to  70*  F.,  when  the  temperature 
outside  indicates  o**.  In  the  event  of  the  failure  of  the  furnace  to  do  this, 
the  contractor,  at  his  own  expense  and  without  unnecessary  delay,  is  dther 
to  make  the  furnace  heat  said  rooms  or  substitute  another  furnace  that  ^ 
heat  them. 

Hot-Air-and- Water  Combinatlon-PiimMet 

Combination-Fttmacet.  It  is  quite  difficult,  if  not  imposi^le.  to  heat 
dwellings  covering  throughout,  more  than  i  400  sq  ft  with  warm  air  alone. 
On  account  of  the  much  hirger  exposure  and  the  increased  length  of  leaders, 
it  becomes  necessary  to  supplement  the  warm  air  with  an  auziliaiy  beat  whicb 


Specifications  to  FtaiM»-W«tk  1360 

can  be  curled  to  remote  and  cKpoied  paK»  of  the  home,  ind  vhicfa  mH  not 

be  affected  by  pressure  of  wind  or  long  and  crooked  pqnu    For  supplying  this 

auxiliary  heat;  hot  water  has  been  found  best  adapted  as  a  nile*  and  a  variety 

of  coMBiNATxoN-FuaKACES  are  now  made  which  contain  provisions  for  heating 

water  which  may  be  carried  by  pipes  to  radiatore  located  in  those  parts  of  the 

bouse  most  difficult  to  heat  by  warm  air.    Such  combination-systems  have 

been  used  with  success.    The  construction  of  the  parts  for  heating  the  water 

varies  with  different  makes  of  fiimaces.    Some  furnaces  have  a  portion  of  the 

fire-pot  hollow,  and  the  water  is  heated  there;  others  have  a  separate  heater 

suspended  over  the  fire-pot.    As  a  rule,  the  parts  of  the  house  which  should 

be  heated  by  the  hot  water  are  the  halls,  bath-rooms,  and  periiaps  the 

rooms  on  the  north  or  west  sides  of  the  house.    The  same  rules  govern  the 

size  of  the  radiators  and  piping  and  the  manner  of  inBtalling  as  in  an  entire 

hot-water  plant. 

Spaciflcation  for  Hot- Water  Heatlng-Apparatos  in  a  Residenea 

This  specification  contemplates  a  complete  upfeed  two-pipe  gravity  hot-water 
heating  system,  to  be  installed  in  accordance  with  the  drawings  covering  the 
same. 

Heater.  Furnish  and  set  up  in  cellar,  where  shown  on  plan,  one  (. .  .name. . .) 
water-boiler,  or  approved  equal,  guaranteed  free  from  all  flaws  and  defects. 
The  heater  to  be  set  on  a  substantial  foundation  of  hard  brick  laid  in  cement 
mortar  and  put  in  by  the  heating-contractor.  Furnish  and  deliver  one  set  of 
fire-tools,  consisting  of  one  poker,  one  slice-bar  and  one  fine  brush  and  handle. 

SsMko-Pipe.  Connect  the  boiler  to  the  chimney  by  means  of  smoke-pipe 
made  of  No.  32  galvanized  iron,  the  diameter  of  the  pipe  to  be  equal  to  the 
outlet  on  the  heater. 

Trimmings.  The  boiler  is  to  be  provided  with  one  thermometer  registering 
from  So**  F.  to  250"  F.,  and  one  Standard  altitude  gauge.* 

Witer-Conneetions  and  Blow-ofT.  Feed-water  with  its  supply-pipe  will  be 
brought  within  6  ft  of  the  boiler  by  the  plumber  and  left  with  one  H-in  cast-iron 
fitting  for  boiler-connection,  which  is  to  be  made  by  this  contractor,  with  suit- 
able cock.  Draw-off  cock  to  be  placed  on  lowest  point  of  system  and  to  be 
fitted  for  hose-attachment. 

Pipes.  Fmmish  and  mn  aO  necessary  flow  and  return-mains  of  ample  size, 
connecting  them  to  radiators  with  risers  of  ample  size  to  insure  the  free  flow 
of  hot  water  to  and  from  the  radiators.  All  connections  from  risers  to  radiaton 
to  be  made  bdow  floors. 

Quality  of  Materials.  All  materials  used  in  the  construction  of  this  apparatus 
are  to  be  the  best  of  their  respective  kinds,  all  fittings  to  be  heavily  beaded  and 
made  of  the  best  gray  iron  with  dean-cut  threads,  and,  when  practicable,  Y's 
and  45**  L's  are  to  be  used. 

Reaming.  The  ends  of  all  pipes  used  m  the  construction  of  this  apparatus 
are  to  be  reamed  and  all  obstructions  removed  before  pipes  are  placed  in  position. 
All  flow  and  return-mains  in  the  basement  are  to  be  supported  by  neat,  strong, 
adjustable  hangers,  arranged  to  suit  expansion  and  contraction,  and  properly 
secured  to  timbers  overhead.    At  ail  points  where  pipes  pass  through  ceilings, 

*  An  altftude-gauge  indicates  the  amount  of  water  in  the  system  and  is  a  convenient 
attachment  which  avoids  the  necessity  of  consulting  the  gauge-glass  in  the  tank.  It 
can  be  dispensed  with  if  desired. 
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floors,  or  ptrtkioni,  tin  tWmMm  an  to  be  provided  and  the  lioles  pKotocted 
with  floor  or  ceUtng-pIates. 

Bzpuitioii-Taiik.  The  expoiulon-taiik  is  to  be  constructed  of  galvnnlaed  irib, 
and  is  to  be  furnished  with  a  proper  gauge-glass  with  brass  mountings  complete. 
.It  is  to  be  placed  at  least  3  ft  above  the  highest  radiator  in  a  sukaMe  place 
and  supported  on  a  proper  shelf.  From  this  tank  an  overflow-pipe  wiD  be 
run  to  the  basement  or  other  suitable  place  with  a  vent-pipe  thiousti  the  roo4 
properly  flashed. 

Radiators.    Furnish,  set  up,  and  pipe  the  folbwing  radiators: 


Rooms 


Main  hall 

Sitting-roon 

Library 

Dining-room 

Sitting-room  chamber. 

Library  chamber 

Dining-room  chamber, 

Kitchen  chamber 

Bath-room 


Nomber 
of  radiators 


I  indirect  radiator 
I  indirect  radiator 
I  direct  radiator 
I  direct  radiator 
I  direct  radiator 
X  direct  radiator 
X  direct  radiator 
X  direct  radiator 
I  direct  radiator 


9  radiators 


aqft 


lao 
40 

60 
40 


36 
3a 
3* 


Sta 


J 


In  all  there  are  to  be  284  sq  ft  of  direct  surface  and  228  sq  ft  of  indirect;  total 
furface,  5x2  sq  ft.  The  direct  radiators  to  be  (. .  .name. . .)  hot-water  pattern, 
or  approved  equal,  38  in  high. 

Air-Valvaa.  Each  radiator  is  to  be  provided  with  a  nickel-plated  key-type 
air-valve. 

Radiator-Valvas.  Each  direct  radiator  is  to  be  promptly  connected  to  tlv 
system  of  piping  with  a  quick-opening  nickel-plated  radiator-valve  and  union 
elbow. 

Indirect  Radiation.    The  indirect  radiators  are  to  consist  of  two  stacks  of 

(...name...)   hot-water  radiation,  or  aK>roved  equal,   connected  together 
with  tight  joints  and  firmly  suspended  from  the  basement-ceiling  by  suitable 
wrought-iron  hangers.    The  stacks  are  to  be  so  piped  and  himg  as  to  permit 
a  noiseless  and  constant  flow  throughout  of  the  heated  water.    Each  stack 
is  to  be  enclosed  in  a  galvanized-iron  chamber  with  proper  fresh-air  inlet-duct 
and  a  corresponding  outlet-duct  for  warm  a.ir,  connected  to  the  register  in  the 
room  which  the  stack  is  intended  to  heat.     The   registers  are  to  be  of  the 
(. .  .name. . .)  pattern,  electro-bronze-plated,  and  of  the  following  sizes:  hall. 
12  by  19;   sitting-room,  14  by  22  in.    Registers  are  to  have  floor-borders  and 
to  be  set  in  register-boxes.    The  duct  connecting  the  stack  and  repster  is  to 
be  so  arranged  that  all  fresh  air  coming  in  will  be  properly  heated  and  coa- 
veyed,  with  least  loss,  to  its  destination.    In  arranging  indirect  boxes,  care 
is  to  be  exercised  in  getting  ample  space  for  cold  air  under  the  stack,  and  a 
corresponding  space  for  warm  air  over  the  stack. 

CoToriag  of  Pipe.    All  flow  and  return-pipes  and  fittings  in  cellar  above  the 
floor  are  to  be  properly  covered  with  i-in  hkir4elt  neatly  sewed  up  in  canvas 
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«nd  paiated  one  coat  of  good  white  lead,  or  oo'vcred  with  asbestos  or  magnesia 
sectional  covering,  with  canvas  cover,  and  secured  by  lacquered-brass  bands. 

BoQer-CovOTiag.  AS  exposed  parts  of  the  boiler,  except  the  front,  are  to 
1)e  covered  with  plastic  asbestos,  x  H  in  thick,  neatly  applied  and  trowded, 
smooth. 

Woi%inawsWp.  AH  work  is  to  be  done  in  a  neat,  substantial  and  workman- 
like manner,  and  the  apparatus,  when  completed,  is  to  be  thoroughly  tested 
and  left  in  good  working  order. 

Ouarantee.  The  contractor  is  to  guarantee,  if  he  is  to  furnish  the  heating- 
drawings,  that  the  apparatus  he  installs  will  be  of  ample  capacity  to  evenly 
maintain  a  temperature  of  70*  F.  in  the  rooms  in  which  radiators  are  located, 
when  the  outside  temperature  is  at  zero,  and  that  the  apparatus  throughout 
will  have  a  free  circulation  when  in  operation. 

Steam-Heating  for  Reaidencet 

Oenenl  Reqnlremente.  For  very  large  residences,  the  author  would 
lecommend  steam-heat,  all  of  the  prindpal  rooms  to  be  heated  by  indirect 
radiation,  and  only  the  batb-room,  halls,  and  perhapa  the  attic  and  one  or  two 
rooms  on  the  north  side,  which  generally  includes  the  dining-room,  by  direct 
radiation.  For  dining-rooms  a  special  direct  radiator,  containing  a  warming- 
closet,  is  made.  The  air-supply  to  the  indirect  stacks  should  be  very  large 
and  provided  with  a  damper,  so  that  the  supply  may  be  regulated  according 
to  the  weather.  The  boilers  used  in  residence-heating  are  generally  of  the  cast- 
iron  sectional  type  described  on  page  1278.  The  single-pipe  system  is  com- 
monly used  in  dwellings,  all  indirect  radiators,  however,  being  two-pipe. 

Spedfleatloa  for  a  Low-PreMure  Stesm-Heatliig  Appantiit  for 

Heating  by  Direct  RsdUtioii 

intentioa.  This  specification  is  intended  to  cover  everything  necessary  to 
fully  finish  and  inrtall  in  the  above-mentioned  building  a  complete  steam-heat* 
ing  system  in  strict  accordance  with  the  plans  and  this  specification,  as  prepared 
by ,  architect. 

Plans.  The  drawings  herewith  are  intended  to  show  only  the  location  of  the 
boiler,  piping  and  radiators;  the  arrangement  of  the  piping  will  be  left  largely 
to  the  contractor,  subject  to  the  approval  of  the  architect. 

Oeneial  Reqnirementa.  This  contractor  is  to  provide  all  necessary  tools  and 
appliances  for  the  erection  and  completion  of  the  work,  and  when  completed, 
is  to  remove  all  apparatus,  refuse  and  d^ris  from  the  building  and  grounds, 
leaving  the  work  in  a  dean,  uninjured  and  perfect  condition.  No  cutting  of 
any  description  tending  to  weaken  the  building  structurally  is  to  be  undertaken 
without  consulting  the  architect.  This  contractor  is  to  be  fully  responsible  for 
the  safety  and  good  condition  of  the  work  and  material  embraced  in  this  contract 
until  the  completion  and  acceptance  of  the  same.  All  work  is  to  be  of  the  best 
qusHty,  and  should  at  any  time  improper,  Imperfect,  or  unsound  material  or 
faulty  workmanship  be  observed,  whether  befcwe  or  after  same  has  been  built 
into  the  structure,  this  contractor,  upon  notice  from  the  architect,  is  to  remove 
same  and  substitute  good  and  proper  material  and  workmanship  without  delay 
in  place  thereof,  in  default  of  which  the  architect  is  to  effect  same  by  other 
means  as  may  be  deemed  best,  and  is  to  deduct  the  cost  of  such  alterations  from 
the  sum  due  the  contractor  under  this  contract. 
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Systoau    The  heatk«  is  to  be  effected  by  direct  ndutfondiatrifaotedtlmnsg^ 
out  as  shown  on  the  dmwint8»  and  the  circulation  of  the  steam  is  to  be  by  the 

ooe-pipe  circuit  system. 

BoUer.  This  contnulor  is  to  buikl  the  foondatioa  for  the  boiler,  wfaoe 
shown,  12  in  deep,  of  common  hard  brick  laid  in  cement  mortar.  Hie  is  t» 
leave  an  ash-pit  for  the  boiler  of  proper  size,  12  in  deep,  cemented, 
water-tight.  He  is  to  furnish  and  set  up  one  (. .  .name. . .)  cast-iron 
or  apivoved  equal,  boiler,  provided  with  6-in  low-i»essuie  brass-cased 
gauge,  ¥rater-gauge,  and  glass,  gauge-cocks,  combination-column,  safety-vaKis 
and  blow-off  valves,  and  all  other  usual  and  necessary  trimmings  to  complete 
the  boiler,*  and  a  full  set  of  fire-tools,  consisting  of  one  slidng-bar,  one  hne, 
one  poker,  and  a  cleaning-brush.  He  is  to  cover  the  boiler  with  i  yi-m  of  asbestos 
cement,  neatly  troweled  to  a  smooth  finish. 

Water-Sap^y.  The  plumber  is  to  bring  the  water-supply  to  within  6  ft  of 
boiler,  but  this  contractor  is  to  make  connection  with  boiler  with  H-in  ^ran 
pipe,  stop-cock  and  check-valve. 

Saoke-Pipe.  Contractor  is  to  cxmnect  the  boiler  with  the  chimney  with  a 
round  smoke-pipe  made  of  No.  32  galvanized  iron  with  suitable  baianoe^damper. 
This  oonnection  to  be  of  same  size  as  left  for  this  purpose  by  maker  of  bailer. 

Main  Pipes  and  Risers.    The  steam-main  is  to  be  run  full  size  for  the  entire 
length  and  provided  with  an  automatic  air-vent  at  the  end  of  the  ran.     It  is 
to  be  of  ample  size  to  carry  all  the  risers  and  radiators  attached  to  the  system, 
and  is  to  be  graded  i  in  in  10  ft  in  the  direction  of  the  flow.    From  the  top  of 
this  main  the  various  branches  are  to  be  taken  to  radiators  and  risers,  the 
connections  fcv  which  are  to  be  so  made  that  no  traps  are  formed.    If  a  trap 
cannot  be  avoided,  a  drip  connected  with  the  return-main  is  to  be  instaOed. 
Radiators  on  first  story  are  to  be  connected  direct  to  steam-main.    Radiators 
for  the  second  and  third  floors  nuny  be  taken  off  the  same  riser.    The  main, 
after  serving  the  last  radiator,  is  to  diop  bebw  the  water-line  of  the  boiler, 
and  its  size  reduced,  and  it  is  to  run  back  to  the  boiler  as  a  wet-retum-main. 
The  steam-oudnat  the  end  of  the  run  is  to  be  24  in  or  more  above  the  water-fine 
of  the  boikr.    The  boUer  is  to  be  installed  in  a  pit  if  necessary  to  acomplish 
this. 

Pipes  and  Fittings.  All  pipe  used  throughout  is  to  be  of  the  best  quality 
wronght-iron  or  steel  pipe  of  standard  weight  and  thidmess,  with  d»  ends 
reamed,  free  from  imperfections,  and  true  to  shape.  All  threads  are  to  be 
clean-cut,  straight  and  true.  AO  flttings  are  to  be  of  the  best  heavy  gray  iron, 
with  taper-threads»  and  are  to  be  heavily  beaded.  No  Inferior  pipe  or  fittings 
will  be  allowed. 

Sttpporti.  All  piping  is  to  be  supported  by  approved  expansion-hangers  or 
rollers,  not  to  exceed  10  ft  apart.  Neat  cast-iron  floor  and  ceiKng-pIates  are 
to  be  used  where  pipes  pass  through  floors,  ceilings  and  partitions. 

Radiators.  Direct  radiation  is  to  be  furnished  to  the  amount  enumerated  on 
the  drawings  of  the  (. .  .name. . .)  make,  or  approved  equal. 

Kiidiator-yalTea.  The  radiators  are  to  be  furnished  with  removable  disk- 
type  umon  valves,  rough  nickel-pUCed,  and  are  to  have  hard-wood  hand-wheds. 

Air-Valvaa.  Radiators  throughout  the  entire  building  are  to  be  fttmished 
with  (. .  .name. . .)  automatic  air-vaWes,  or  approved  equal. 

*  For  hooae-heatfaig  plants  it  »  well  to  specify  also  "one  automatic  damper-regulitor 
of  approved  pattern,  with  connectkm  for  operating  dtaft-door  and  cold-air  check" 
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Pipe-Covoriiif .  All  pipes  in  the  cellar  above  the  floor  are  to  be  covered 
with  i-in  asbestoA  (or  magnesia)  sectional  covering  with  canvas  cover  and 
secured  by  lacquered-brass  bands. 

Painting  and  Bronsing.  M  radiators  and  exposed  pipes  in  rooms  or  halli 
are  to  be  neatly  painted  two  coats  of  best  radiator-enamel,  or  bronzed  in  desired 
colors. 

Finally.  When  completed,  the  apparatus  is  to  be  tested  to  lo-Ib  steam- 
pressure  and  made  tight  at  that  pressure,  said  test  to  be  conducted  under  the 
supervision  of  the  architect.  Fuel  for  the  test  is  to  be  furnished  by  the  owner, 
«iid  when  accepted^  the  apparatus  is  to  be  turned  over  to  the  owner  in  com* 
plete  working  order.  All  valves  and  stuffing-boxes  are  to  be  properly  packed 
and  the  plant  completed  in  all  its  parts,  it  being  understood  that  this  contractor 
is  to  furnish  all  mtsceUaaeous  material,  tools,  labor,  etc,  necessary  to  complete 
the  work  in  a  fiistpdass  and  workmanlike  manner. 

Onaraatee.  This  contractor  is  to  guarantee  that  when  the  apparatus  is 
completed  it  wiH  be  free  from  all  mechanical  defects  and,  if  he  is  to  furnish 
the  design  and  layout,  that  the  installation  shall  be  of  ample  capacity  to  heat 
all  rooms  where  radiation  is  placed  to  a  temperature  of  70"  F.  when  the  outside 
temperature  ia  o*  F. 
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CHIMNEYS* 
By 

L.  A.  HARDING 

rOBMEILT   ntOTESSOt    OT    MECHANICAL    EMOIMEEKING,    PElflfSTLVAmA    SZASK 

COLLEOE 

Draft.  To  bum  a  hid  at  a  given  rate  (pounds  per  square  foot  of  grate-sorlaGr 
per  hour)  requires  a  definite  weight  of  air  to  be  suppUed  for  oombuatioci.  TV 
air  passes  under  the  grate  and  through  the  fuel-bed  and  meets  with  considenfak 
resistance  in  its  flow,  not  on^  through  the  fuel-bed,  but  through  or  around  the 
boiler-tubes  and  smoke-flue  or  breeching.  The  motive  force  causing  the  air-dov 
in  a  natural-draft  plant  is  supplied  by  the  chimney.  The  difference  betweeo 
the  atmospheric  pressure  and  the  pressure  existing  at  any  point  in  the  furnace 
or  in  the  flue  is  termed  the  dratt  at  that  particular  point.  This  pressure  is 
ordinarily  measured  by  means  of  a  U  tube  filled  with  water,  the  draft  being 
recorded  in  inches  of  water,  and  is  the  difference  in  the  heights  of  the  water- 
columns  in  the  two  legs  of  the  U  tube. 

Height.  The  nnENsmr  of  DKArr  that  a  chimney  is  capable  of  produciog  at 
the  base  is  a  function  of  its  height,  the  temperature  of  the  flue-gaaes,  and  the 
temperature  of  the  outside  air,  which  is  generally  assumed  to  be  60*.  The  tem- 
perature of  the  flue-gas  is  ordinarily  assumed  to  be  550**.  The  intensity  of 
draft  produced,  per  foot  height,  measured  in  inches  of  water  is 

E  ■>  0.007X  L 

L  -  height  of  chimney  above  grate,  m  feet.  The  flue-gas  temperatore  is  taken 
at  550°  and  the  outside  temperature  at  60^.  Ordinarily  o.8ff  is  taken  as  rep- 
resenting the  AVAILABLE  DKAFT,  in  Order  to  aUow  for  the  cooling  of  the  chimney- 
gases.  Then  o.SH  must  be  equal  to  or  greater  than  the  sum  of  the  expected 
draf t-bsses  as  given  in  the  following  paragraphs. 

Draft-Lonea.  The  dkatt-losses  through  the  fuel-bed  depends  upon  the 
rate  of  combustion  required  and  the  kind  of  fuel.  This  loss  may  be  appton- 
mated  by  using  the  data  in  Table  I. 

The  LOSS  OF  DEAFT  between  the  grate  or  furnace  and  a  point  just  beyond  the 
damper-box  of  a  boiler  is  about  as  shown  in  Table  II  when  the  boilers  are  oper- 
ated at  normal  rating:  bituminous  coal  burned  at  the  rate  of  from  25  to  jo 
lb  per  sq  ft  of  grate-surfaoe  per  hour. 

The  loss  of  draft  throui^  the  boiler  will  depend  largely  upon  the  method  of 
baffling  empk>yed,  and  increases  with  the  per-cent  rating  at  which  the  boiler  is 
operated.  The  predpitating-figures  should  be  increased  by  approximately 
55%  when  the  boiler  is  operated  at  150%  of  its  rated  capacity,  and  by  75% 
when  it  is  run  at  200%  rating. 

Velocity  of  Gaaea  through  Flue  and  Chimney.  In  preliminary  estimates 
5  lb  coal  per  boiler  horse-power  devebped,  and  24  lb  air  per  lb  of  coal  is  usually 

*  See,  also,  Chunneys  for  Heating  Boilen,  page  xaSt;  Floes  for  Kitchen  Rat^a  aad 
Fireplaces,  page  laSa,  and  Selection  of  Chimney  Flues,  page  zaSa. 
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Tkble  L    LoM  of  Dnfl  botw— n  Fonaot  and  Aab-PIt  to  Bom  Coal 


Kind  of  coal 


111..  Ind..  Kan.,  bituminous.  .  . . 
Ala..  Ky..  Pa..  Tenn..  bituminous 
Md..  Pa.,  Va.,  W.  Va.«  somibitu- 

minous 

Anthraeito  pea 

Anthracite  buckwheat  No.  z . . . . 


L 


Combustion-rate,  R,  in  pounds  of  dry  coal 
per  square  foot  of  grate  per  hour 


Z5 


30 


»S 


30 


35 


40 


Force  of  dfaft  in  inches  of  water 


.X4 

.20 

.26 

.33 

.40 

.48 

.x6 

.23 

31 

.40 

•  49 

.60 

.18 

.26 

.35 

.45 

.57 

.71 

.30 

.45 

.64 

.88 

1.23 

«   •   • 

.43 

.68 

1. 00 

X.50 

•   •   • 

•  •  • 

45 


•  57 
.72 

.87 


Table  n.    LoM  of  Draft  between  Orate  er  Furnace  and  a  Point  Just  beyond 


Horisontal  return  tubular  . 

Babcock  &  Wilcox 

Stirling 

Vertical  tubular 


.  25  to  .  30  in  of  water 
.  30  to  .  3S  in  of  water 
.51  in  of  water 
.  43  in  of  water 


assumed.  The  customary  allowable  velocities  op  cases  in  chimneys,  when 
the  design  is  based  on  1 30  lb  of  the  flue-gas  per  hour  per  rated  boiler  horse-power, 
varies  from  17  ft  per  sec  for  a  diameter  of  stack  equal  to  24  in,  to  31  ft  per  sec 
for  a  73-in  or  laiger  diameter.  These  figures  ooncspond  to  a  weight  of  0.68 
and  i.zo  lb  per  sq  ft  of  area.  The  formula  that  is  supposed  to  give  the  most 
economical  diameter  for  an  unlined  ftael  chisua^  or  stack,  and  used  by  many 

engineers  in  this  country  is  ^  ■•  4.68V  (h.p.)s,  in  which  d  is  the  iostde  diameter 
in  inches  and  h.p.  is  the  rated  capacity  of  the  boilers  served. 

The  following  figures  are  frequently  used  by  engineen  for  approximating  the 
loss  of  draft  in  flues  or  breechings: 

(i)  Horisontal  flues,  square  or  rectangular,  from  0.13  to  0.15  in  of  water  per 
100  ft.  Increase  these  values  50%  for  brick-lined  flues.  Loss  of  draft  for  ea^ 
right-angle  bends,  0.05  in  of  water. 

(2)  When  economizers  are  to  be  installed  the  temperature  of  the  flue-gas  is 
reduced  to  from  250*^  to  335*,  and  the  total  head,  H,  should  be  calculated  on  a 
basis  of  these  temperatures. 

(3)  The  loss  of  draft  through  the  eoonomizers  should  not  be  figured  lesi 
than  0.3  in  of  water. 

(4)  The  turns  which  the  flue  makes  in  leaving  the  damper-box  of  the  boiler, 
where  it  enters  the  main  flue  and  at  the  stack,  should  be  considered  and  allowed 
for. 

(5)  It  is  customary  to  make  the  flue  or  breeching  approximately  from  xo  to 
15%  greater  in  area  than  the  stack  to  which  it  connects.  The  cross-section  is  re- 
ductd  m  proportion  to  the  volume  of  gas  to  be  handled  as  the  flue  passes  the 
boilers  in  succession.    The  width  of  the  flue  or  breeching,  where  it  enters  the 
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«» 


chimney,  Aould  nevrr  «ratod  one  thiid'  the  oatiide  diameter  of  the 
its  baae. 

Biaiii^la.  The  method  of  procedure  in  determining  the  dimensioiis  of  a 
chimney  and  breeching  b  ezpkuiied  in  the  following  examine. 

Three  150-z  h.p.  return  tubular  boilers  with  a  total  of  i  500  sq  ft  of  beatr?.?- 
surface  are  to  be  served.  The  total  area  of  the  grate-surfaoe  is  90  sq  ft.  Tbt 
measured  length  of  the  breedung  is  40  ft.  The  gas  makes  two  right-an^le  tnrt^. 
one  at  the  entrance  to  the  breeching,  and  one  on  entering  the  chimney.  T^e 
fuel  assumed  is  Penn^lvaaia  bitumixuws  coal.  If  5  lb  of  coal  per  boiler  hocs:- 
power  per  hour  is  assumed  as  the  fuel-consumption,  the  rate  of  combusticic  ja 
(3  X  150  X  5)/9o  ■■  25  lb  per  sq  ft  of  grate>surface  per  hour. 

The  weight  of  flue-gas  per  second  is 

(3  X  120  X  iSo)/(6o  X  60)  -  IS  lb 

Assuming  a  temperature  of  550",  the  volume  of  the  flue-gas  per  second  is 
15/0.0393  *-  382  cu  ft.  Assuming  an  allowable  velocity  through  the  chimney - 
area  of  25  ft  per  sec,  the  required  area  is, 

382/25  -  15.3  sq  ft 

corresponding  to  54-in  diam,  approKiraatoly  The  area  of  the  flue  is  to  be 
15%  greater,  or 

I5<3  X  1.15  «"  i7'6  sq  ft 

at  the  last  boiler  next  to  the  chimney.  The  chimney  must  produce  suffidec: 
draft  to  overcome  the  foUowing  resistance.  The  loss  of  draft  through  fuel-bc«i 
based  on  a  rate  of  combustion  of  25  lb  per  sq  ft  per  hr  (Table  I)  is  0.31  in.  The 
loss  of  draft  through  return  tubular  boilers  (Table  II)  is  0.27  in.  The  loss  of 
draft  through  the  breeching  is 

0.15  X  40/100  ■>  0.06  in 

The  loss  of  draft  occasioned  by  two  turns  is 

2  X0.05  »o.ioia 
The  total  loss  is 

0.31  -H  0.27  -I-  0.06  +  o.io  -  0.74  in 
Then 

H  —  0.74/0.8  *  0.92  in 

or  approsdmately  i  in. 

Substituting  this  value  of  H  in  the  equation 

H  -  0.007 zL 

the  heighti  L,  of  the  stack  is 

1/.0071  «■  140  ft 

measured  above  the  grate. 

Kent's  Chimney-Formulas.  The  following  chimney-formulas  by  William 
Kent  are  largely  used  by  engineers  in  this  country :  The  formula  is  based  on 
the  assumption  that  the  friction-head  in  the  chimney  is  considered  equivalent 
to  a  dinainution  of  the  area  by  an  amount  equal  to  a  lining  of  inert  gas,  2  in  in 
thickness. 


Size  of  Chimneys  lor  Steam-Boilers 
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If  i(  ■■  the  actual  area  in  square  feet; 

E  ■>  the  effective  area  in  square  feet; 
i>  *  the  diameter  in  feet; 

Then         E  ^A  ~  0.60 VX 

The  draft-power  of  a  chimnQr  varies  directly  as  the  effective  area,  £,  aad  ^ 
the  square  root  of  the  height,  L,    The  formula  for  the  horse-power  oi  a  doBX" 

will  take  the  form,  h.p.  «  CEy/L,  in  which  C  is  a  constant.    The  Talne  ri . 
as  obtained  by  Kent  from  an  examination  of  a  large  number  of  cfainmcfs  s 
3.33  when  5  lb  of  coal  is  burned  per  boiler  horse-power  per  hour. 
The  formula  for  the  horse-power  rating  of  a  chiomey  is,  therefocev 


or 


h.p.  -  i.ZiEVTm  3.33  {A  -o.6Vi<)Vl" 
£  -  0.3  h.p./vT 


The  Babcock  &  Wilcox  Company  recommend  that  when  the  fuel  used  is  km* 
grade  bituminous  coal  of  the  Middle  or  Western  States,  the  sixes  given  in  Taiik 
III  be  increased  from  25  to  60%,  depending  upon  the  nature  oi  the  coal  and  tk 
capacity  desired.  If  the  gas  makes  more  than  two  turns  it  is  advisable  to  incrtu 
the  diameter  given  in  the  table  by  one  sise.  The  height  must  be  incrcMstA  tf 
least  30%  if  economizers  are  used.  Table  III  may  be  applied  to  heatmff-boflea 
the  equivalent  rating  in  square  feet  of  direct  radiation  bdng  appraziinately  eqsal 
to  the  horse-power  rating  X  100. 

CUnineyi  for  Tall  O Aee  «ad  Loft-Bnfldingt.  The  chimney  or  stack  fcr  1 

tall  building  is  a  special  case  in  which  the  height  is  frequently  fixed  by  the  hq^ 
of  the  structure  itseH  or  the  height  of  the  adjoining  buildings.  In  this  cut  1 
diameter  is  assumed  and  the  method  outlined  in  the  preceding  ^»*»"r?r  appfied. 


General  Formulai  for  the  Design  of  Brick  Chlmneyt.      See  Fig.  t 

Let        P  m  horizontal  wind-pressure  in  poxmds  per  square  foot,  ordinaz^y 
assumed  as  35  lb  per  sq  ft  for  round  chixnneys 
XX  ■■  any  section  distant  a  from  top  of  chimney 


(t±i). 


projected  area  above  xx 
horizontal  wind-load  in  pounds 


y  ■■  distance  from  xx  to  center  of  gravity  of  portion  above 
J/  m  wind-moment  in  foot-pounds 


''Pty 


m 


Pkopexties  of  Sechon 

ix  •>  outside  diameter 
d%  "  inside  diameter 

c  -  J1/2 

/  ■-  moment  of  inertia  of  section 
A  >  area  of  section  in  square  feet 
-  0.7854  ((f»»  -  J,«) 

~  «  section-modulus 
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/  _  0.098a  {dt*  -  df*) 

c  d\ 

W  «  weight  of  chimney  above  xx,  in  tons 

Si  •■  compressive  stress  at  edge  on  leeward  side  due  to  VF,  in  tons  per 

square  foot 
St  *  compressive  stress  at  edge  on  leeward  side  due  to  if ,  in  tons  per 

square  foot 

Leeward  side,       Si  --j  +  I  -r-  (compression)  I 

Sw  and  Si  should  not  exceed  the  following  values,  in  tons  per  square  foot,  for 
Radial  Brick  Chimneys: 

Maximxtm  tension  Maximum  compression 

Below  150  ft 2  to  3  H  300  ft  and  below 19 

From  150  to  aoo  ft. . .  i  to  i  )^  Above  aoo  ft 31 

Above  aoo  ft o 

Foundations.    Calculate  wind-moment,  Mx  for  chimney  above  ground-line. 


Ml  »Ph 


^m 


I  »  length  of  side  of  square  base  in  feet 

ill  a  /'  «  area  of  base  in  square  feet 

/      /» 

^  ■■  -r  *  section-modulus  of  base 

c      6 

Wi  ■  combined  weight  of  chimney  and  foundation 

Example.  It  is  required  to  determine  the  maximum  compresdon,  in  tons  per 
sq  ft  at  the  base  of  the  column,  for  the  chimney  shown  in  Fig.  2,  and  also  the 
maximum  soil-pressure  in  tons  per  sq  ft.  The  assumed  wind-pressure  is  25  lb 
per  sq  ft.    (See  General  Formulas  for  the  Design  <^  Brick  Chimneys,  and  Fig.  1.) 

The  area  of  section  at  base,  A  »  0.7854  (16*  —  12.3')  *■  80.9  sq  ft. 

The  section-modulus  at  base,  I/c  -  [o.o983(t6«  —  x3.3<)]/i6  -■  257. 

The  total  weight  of  brick  column  (Table  V)  is  IT  «  495  tons  (interp  olated). 

The  projected  area  of  column  is  H  X  (8.75  +16)  X  180  -  3  338  sqft. 

The  horizontal  wind-load,  R  *  3  338  X  25  »  55  700  lb  ■■  37.8  tons. 

The  moment-arm  of  IS  isy  -  H  X  i8o[(2  X  8.75)  +  x6]/(8.75  +  z6)  «  81  ft. 

The  wind-moment,  M  -81  X37.8  «3  252  ft  tons. 

Si  «  495/80.9  M  6.3  tons  per  sq  ft. 

5i  "  ^  2  as^/^SJ  "  8.7  tons  i>er  sq  ft. 

The  maximum  compression  on  the  leeward  side.  Si  -^St  ■>  6.2  -I-  8.7  »»  14.9 
tons  per  sq  ft.  The  maximum  tension  on  the  windward  ude,  5i  —  5i  «  —  2.2 
tons  per  sq  ft.    The  following  ooiQputations  are  for  a  square  base: 

FouMDATioN.  The  length  of  base,  /  ■•  25.5  it,  Ai  mlt  m  650  sq  ft,  I/c  " 
25-5'/6  «  814.  The  weight  of  foundation,  based  on  1.9  tons  per  cu  yd,  is  266 
tons.  The  weight  of  the  4H-in  lining  is  36  X  11  X  0.063  *  25  tons.  The  total 
weight  of  column,  lining  and  foundation,  is  Wi  -  495  +  25  -f-  266  -  786  tons. 

The  moment-arm  for  R  may  be  assumed  the  same  as  before,  or  81  ft.  Then 
ii  "  2  252  ft-tons.    The  section-modulus  of  the  base,  I/c  «  l*/6  «  8x4. 

Si  «  786/650  -  1.2  tons  per  sq  ft.    5i  -  3  252/814  «  3.8  tons  per  sq  ft. 

The  maximum  soil-pressure.  Si  +St  •  z.3  +3.8  «  4  tons  per  sq  ft. 
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Table  V.    Dead-Load  of  Radial-Brick  ChimaejrB  In  Tons  o<  1 000  Pounda  * 


Height 

■ 
Inside  diameter  at  top.  in  feet 

in  f^ct 

3 

4 

5 

6 

7 

«        9 

10 

90 
xoo 

IXO 
X20 

130 

140 
ISO 
160 

I70 
x8o 
X90 
200 

210 

220 

90 
no 
138 
160 

98 
120 

143 
X70 
3oa 

237 
277 
317 
362 

XIO 

131 
155 
I8S 
ai8 
256 
296 
340 
388 

122 
143 
167 
I9« 
231 
270 
311 

357 
410 

•  •  •  •  » 

'iei" 

x88 
2x8 
252 
290 
^30 
375 
425 
480 

535 
600 

•  •  •  •  • 

•  •  •  • 

x8o 
206 
237 
273 
310 

353 

402 

4S4 
SIO 

570 

632 

295 

337 
375 
423 
475 
537 
592 
657 
727 
804 

'318' 
357 
400 
447 
500 

555 
617 
685 
760 

843 

*  These  values  are  interpolated  from  curves  by  the  M.  W.  Kellogg  Company,  and  are 
or  round  radial-brick  chimneys  exclusive  of  the  weight  of  the  foundation. 

Table  VI.    Width  of  Foundationa  at  Base  for  Radial-Brick  Chimneys  * 


Height 

Inside  diameter  at  top.  in  feet 

in  feet 

3 

4 

5 

6 

7 

8 

9 

10 

90 
100 
no 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
250 

t 

ft  in 

11  6 

12  6 

13  6 

14  6 

15  6 



ft  in 

X2  0 

13  0 

14  3 

15  3 

16  6 

17  9 

19  0 

20  6 
22  0 

t  >  •  •  • 

ft  in 

13  0 

14  0 

15  0 
x6  0 

17  3 

18  6 

19  9 

21  0 

22  6 



ft  in 

13  9 

14  8 

15  6 

16  6 

17  8 

18  xo 

20  0 

21  6 
23  0 

•  «  »  •  • 

ft  in 

iV  6 

16  6 

17  6 

18  8 

19  9 

21  0 

22  6 

23  9 
25  6 

27  0 

28  6 



•  «  «  •  • 

ft  in 

16  0 

17  0 
x8  0 

19  3 

20  3 

21  6 

23  0 

24  3 

26  0 

27  6 
29  0 

..... 

ft  in 

20  0 
31  0 

22  3 

23  6 

25  0 

26  6 

28  3 

29  9 
31  6 
33  0 

ft  in 

•  ■  •  •  ■ 

21  3 

22  3 

23  6 

24  9 

26  3 

27  6 

29  3 

30  9 
32  6 
34  3 
37  0 

•  These  values  are  interpolated  from  curves  by  the  M.  W.  Kellogg  Company.  The 
maximum  unit  soil-pressure  at  the  outer  edge  of  the  foundation,  due  to  dead  and  wind- 
loads,  does  not  exceed  2  tons  per  square  foot. 

Reinforced-Concrete  Chimneys.  Area  of  Steel  Reinforcement  Re- 
quired. The  following  formulas  are  used  by  one  concern  in  the  design  of  rein- 
furced-concrete  chimneys: 

A/  •  wind-moment  at  section  considered,  in  inch-pounds; 
W  -  weight  of  shell  above  section  considered,  in  pounds; 
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D  «  outside  diameter  of  shell,  m  feet; 
d  «i  inside  diameter  of  shell,  in  feet; 
R  -  radius  of  steel  ciide,  in  inches; 
r  -  radius  of  neutral  core  -  ygD[i  +  (rf/Z>)«l  feet; 
WR  -  moment  of  stability  from  weight  of  shell,  in  inch-pounds; 
5  «  i6  ooo,  the  allowable  fiber-strees  in  the  steel  in  pomids  per  square  icii 
A  -  total  cross-sectional  area  of  steel  rods  required  at  section  cxMiaidered. :: 

square  inches; 
A  »2{M  —  Wr)/SR  "«  number  of  bars  X  cross-sectional  area  of  one  bir 

The  bars  used  are  ordinarily  K-in  square,  twisted  bars,  each  with  a  crcs- 
sectional  area  of  0.5635  sq  in.  The  thickness  of  the  shell,  if  made  witlvx:  ^ 
taper,  is  ordinarily  6  in,  and  if  constructed  with  a  taper  the  shell  is  made  5  n 
in  thickness  at  the  top  and  increased  H  in  in  thickness  for  each  5  ft  in  bea^ 
The  maximimi  compression  due  to  the  wind-moment  and  dead  load  in  zi. 
concrete,  at  the  base,  is  ordinarily  limited  to  350  lb  per  sq  in.  The  same  fonaoL? 
apply  in  this  case  as  in  the  design  of  brick  chimneys  (Fig.  1). 

Example.  A  retnforced-concrete  chimney  has  the  foflowmg  cfimensii"-^ 
150  ft  high;  no  taper;  9  ft  inside  diameter;  thickness  of  shell  6  in;  oats-i 
diameter  10  ft;  weight  of  shell  335  950  lb.  It  b  required  to  determine  the  Ik-ui 
cross-sectional  area  of  reinforcement. 

J^  -  25  X  10  X  150  X  X50/2  *  2  8x2  500  ft-lb  «i  33  750000  in^; 
r  -  X0/8X  (i  +  (9/io)«]  -  2.3  ft  -  27.6  in; 
R  -58111: 
A  -  2t33  750  000  -  (335  250  X  27.6)1/16  000  X  58)  -  53  sq  in; 

If  ^-in  square  bars  are  used,  it  requires  53/0.5625  «  94  bars. 

Table  Vn.    Reinforced-Conerete  Chimneys.    Dimensions.     (Fig.  S) 
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F[|.  3.    DeuiU  oi  Tdl  ReinEoiccd- 


ClUDlDe7 


Tbe  W(bn  Chimney   Compuiy,   Chicago,   lU..  dojgned  and  anutructed, 

Jipan,  iar  Ihe  Oriental  Comproeol  CompaBy,  lor  the  copper  amelter.  It  wu 
complttel  in  Janiiuy,  1917,  and  nnki  with  the  highest  in  the  world,  being 
579  it  ibove  the  louodatioiit  and  16  H  It  in  lutenial  diameter  at  the  top. 
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Salf^Susttiiiing  Steel  Chimiieye*  are  largely  used,  espedaOy  for  taD  dniBae;^ 

of  iron-works  and  power-houses  from  150  to  300  ft  in  height. 

"The  advantages  dafaned  are:  Greater  strength  and  safety;  wnalW  sp^r 
required;  smaller  cost  by  30  to  50%  as  compared  with  brick  chimneys;  avuti- 
ance  of  infiltration  of  air  and  consequent  checking  of  the  draught,  cnmra-;. 
in  brick  chimneys.  They  are  usually  made  cylindrical  in  shape,  with  a  wide 
curved  flare  for  10  to  25  ft  at  the  bottom.  A  heavy  cast-inm  baae-plate  & 
provided,  to  which  the  chimney  is  riveted,  and  the  plate  is  secured  to  a  massif 
foundation  by  holding'<lown  bolts.    No  guys  are  U9ed."t 

The  largest  self-sustainikc  steel  choiney  in  the  world  (1919)  is  that  boS: 
by  the  Chicago  Bridge  and  Iron  Works  at  the  plant  of  the  United  Verde  Coppr 
Company,  Clarkdale,  Arizona.  It  is  30  ft  9  H  iu  in  diameter  and  400  ft  ■ 
height.  The  thickness  of  plates  varies  from  ^  in  at  the  top  to  >H«  in  for  tbc 
bell-shaped  portion  at  the  bottom.  The  weight  of  steel  is  800  000  lb.  The 
stack  is  anchored  to  the  foundation  by  thirty-six  bolts,  each  4  in  in 
upset,  and  H^ced  equidistant  in  a  bolt-circle  of  25  ft  4H  i&  radius. 
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The  governing  feature  in  the  design  of  a  self-sustaining  steel  chiicket  01 
STACK  is  the  force  of  the  wind.  The  cylinder  above  any  horizontal  plane  secti;« 
may  be  assumed  to  act  as  a  cantilever  beam  in  which  the  bending  moment,  in 
foot-pounds,  is 

in  which  H  is  the  height  in  feet  above  the  section  considered,  D  the  diameter  ia 
feet  and  P  the  assumed  pressure  of  the  wind  in  pounds  per  square  foot  on  a  \Tr- 
tical  cross-section.  The  fiber-stress  5,  in  pounds  per  square  inch,  according  to 
the  formula  for  flexure,  is  5  -■  Mel  I.  For  hollow  cylinders  of  large  diamet^ 
and  small  thickness,  the  moment  of  inertia  l^irR^i^  in  which  K  »  mcaa 
radius  in  feet  (equivalent  to  <;  in  the  flexure  formula)  and  /  ■*  thirkn«^s  of  shell 
in  inches.    Hence 


5  -  MR/\2icR\  -  o.id^M/D%    and  /  -  o.io6J//5D*. 
The  stress  S  is  tensile  on  the  windward  side  and  compressive  on  the  leeward  side- 

*  Compiled  from  data  furn»bed  by  Robins  Fleming, 
t  Mechanical  Enfcineers'  Poci-et  Book.     Kent. 

X  These  dimensions  were  taken  from  a  pamphlet  published  by  the  Philadelpbia  Eoginecr* 
ing  Worlu. 
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Xhere  is  also  a  small  compressive  stress  due  to  the  weight  of  the  stack.    The 
value  of  P  may  be  taken  at  25  lb  per  sq  ft  and  of  5  at  16  000  lb  per  sq  in,  as  given 
In  the  Specifications  for  the  Structural  Steel  Work  for  Buildings,  Chapter  XXX. 
As  stacks  are  built  for  durability  as  well  as  strength  it  b  often  advisable  to 
increase  the  theoretical  thickness  of  the  shell.    No  plate  should  be  used  with  a 
thickness  less  than  \i  in.    It  is  important  that  the  stack  be  securely  anchored 
to  the  foundation.    Many  methods  have  been  proposed  for  determining  stresses 
in  anchor-bolts.    As  the  problem  depends  for  its  solution  on  the  physical  con- 
ditions of  stack,  base  and  bolts,  no  exact  analysis  is  possible.     (See  editorial  dis- 
cission after  article,  Anchor-Bolt  Tension,  in  Engineering  News,  April  30, 19x4.) 
The  most  severe  assumption  is  that  the  bolts  are  screwed  up  with  a  high  initial 
't'ension.    The  anchor-bolt  ring  can  then  be  considered  in  the  same  way  as  a  ring 
of  the  blinder.    The  maximum  stress  at  any  point  of  the  bolt-drcle  is  devel- 
oped when  the  wind  is  blowing  parallel  to  the  radius  through  that  point.    The 
stress  for  each  circumferential  inch  is  o.io6Af/(2Ri)«,  iRx  being  the  diameter 
of  the  bolt-circle.    Let  h  be  the  circumferential  distance  in  inches  between 
adjacent  anchor-bolts,  N  the  number  of  bolts  equidistant  on  the  bolt-drde  and 
W  the  weight  of  the  stack.    For  the  anchor-bolt  on  the  windward  side  there  is  a 
tensile  stress,  5w,  due  to  the  wind, 

Sv>  -  o.io661f/(2Ri)»  J 
Since  h  -  (aRi  X  12  X  T)/iV 

Deducting  the  weight  of  the  portion  of  the  stack  between  adjacent  bolts,  the 
maximum  tensile  stress  in  any  anchor-bolt  may  be  expressed  by  the  equation 

5tt,.«(2lf//?iiV)  -Wm 

Radial-Brick  Chimneys.  These  chimneys  are  built  with  spedal  blocks 
formed  to  suit  the  circular  and  radial  Unes  of  each  section  of  the  chimney  so 
that  the  finished  brickwork  has  joints  of  an  even  thickness  throughout  and  a 
perfectly  smooth  surface.  The  blocks  being  much  larger  than  common  bricks, 
there  are  only  from  one  third  to  one  half  as  many  joints.  Radial-brick  chim- 
neys are  always  circular  in  plan  above  the  base.  The  best  form  of  base  is  octag- 
onal in  cross-section  so  as  to  permit  the  breeching  to  enter  the  chimney  at  a 
flat  surface  and  at  the  same  time  comply  best  with  the  rules  of  stability. 
Except  for  chemical-works,  refineries,  furnaces,  etc.,  radial-brick  chimneys  are 
built  with  a  single  shell,  a  lining  only  being  provided  in  the  immediate  vicinity 
of  the  flue-entrance.  All  radial  bricks  arc  perforated  vertically  and  this  insures 
thorough  burning  and  allows  the  mortar  to  enter  the  perforations,  thus  forming 
a  vertical  anchorage. 

Radial  blocks  for  chimney-construction  have  been  used  extensively  in 
England,  Germany,  France  and  Russia  since  1870.  They  were  not  introduced 
into  this  country,  however,  until  1898.  About  forty-five  years  ago  (1869  or 
1S70)  Alphons  Custodis,  of  Diisseldorf,  Germany,  originated  a  method  of  building 
tall  chimneys  of  perforated  radial  blocks,  made  from  selected  clays  and  burned 
at  a  very  high  temperature,  and  in  1898  an  American  company  *  was  formed 
for  the  purpose  of  erecting  chimneys  by  this  method  of  construction.    Since 

*  Alphons  Custodis  Chimney  Construction  Company,  New  York  City. 
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that  time  the  oompany  through  various  agencies  has  built  more  thas  c 
thousand  chimueys  in  aU  parts  of  the  world.  The  tallest  chimney  oi  *ic 
world  (1919),  585  feet  high  and  60  ft  in  internal  diamefrr  at  the  hof^  tc 
built  by  this  company  in  1918  for  the  Anaconda  Copper  Compaxiy,  »t  A2»> 
cooda,  Mont. 

Mr.  H.  R.  Heinicke,*  of  Chenmits,  Germany,  builder  of  the  460-ft  stack  x 
Halsbriicke*  Germany,  has  employed  radial  bricks  made  especially  lor  0:3 
diimney.  This  firm  through  k>ng  and  costly  research  has  done  much  to  nm? 
dumney-building  a  sdenoe.  The  chimney  at  Halsbriicke  is  a  voy  rtauak±'i 
one  on  account  of  its  propovtiooa.  In  a  height  of  460  ft,  the  diameter  al  -Jt 
top  is  only  8  ft,  whereas  the  58s-ft  stack  at  Anaconda,  Mont.,  has  a  dtamcte 
of  60  ft  at  the  top. 

The  Heine  Chimney  Company  f  has  erected  many  important  faigji  damtstp. 
The  essentia]  difference  in  the  methods  of  construction  used  by  this  cocopiiP 
from  those  of  the  other  clumney<onatructors  is  that  the  Heine  Ghimney  Ccs- 
pany  uses  perforated,  iNTEKLOCKDrG,  radial  bricks.  It  is  daimed  that  tij 
Interlocking-feature  has  an  advantage  over  the  straight-sided  bricks  in  actJc 
as  a  preventive  of  deep  weathering  of  the  joints  and  of  ab-leaks.  In  additL<: 
to  this  it  is  claimed  that  the  circumferential  strength  of  the  walls  when  b^ 
of  this  type  of  brick  is  considerably  greater  than  when  built  with  plain-s»^: 
or  corrugated  bricks.  The  perforations  in  these  bricks  are  fewer  but  larger  tbi 
those  of  some  of  the  other  constructors.  The  brickwork  is  laid  on  ftiU-mortr 
beds  with  shoved  joints.  These  large  perforations  allow  the  mortar  tc  fdt 
in  them,  thus  forming  pms  which  give  the  ivalls  great  strength  and  enable  tk-: 
to  withstand  the  stresses  due  to  expansion  caused  by  the  high  temperature  -.4 
the  flue-gases.  In  walls  more  than  one  brick  thick,  the  bricks  aze  laid  up  is 
English  bond,  that  is,  with  alternate  header  and  stietcher-couraes.  This  tm- 
pany  advocates  this  method  of  construction  even  in  chimneys  built  with  the 
ordinary  straight-sided  common  building-bricks.  Among  the  many  impoftasi 
chimneys  constructed  by  the  Heine  Chimney  Company  is  the  one  erected 
at  the  St.  Joseph  Lead  Company's  plant,  at  Herculaneum,  Mo.  The  heigitt 
of  this  chimney  is  350  ft  and  the  inside  diameter  at  the  top  20  ft.  (See  page 
1706.) 

The  M.  W.  Kellogg  Company  |  has  designed  and  built  many  ladial-brid 
chimneys  for  power-plants,  chemical-works  and  other  purposes.    Several  of  tbe 
important  chimneys  put  up  by  them  are  mentioned  in  the  list  of  tall  cfaimnr>3 
(page  1379).     Some  of  the  details  of  construction  differ  from  those  of  the  other 
companies  mentioned.    One  of  the  points  of  difference  is  the  detail  relating  to 
the  corrugations  on  their  bricks.    These  corrugations  are  H  hi  wide  and  H  ia 
deep  and  are  placed  along  the  vertical  sides  of  the  bricks  as  they  lie  in  the  wal. 
The  adhesion  between  the  bricks  and  morUu:  is  increased  by  this  increased  area. 
It  is  claimed  that  tests  made  show  that  this  is  the  case.    On  account  of  these 
corrugations  it  is  not  considered  necessary  to  embed  any  ironwork  In  these 
chimneys  to  prevent  the  development  of  cracks  due  to  heat-expansioa.    Iron- 
work has  sometimes  been  inserted  when  plain-sided  bricks  have  been  used.    It 
is  claimed  that  this  design  is  somewhat  heavier  than  that  employed  by  sone 
other  constructors,  this  company  holding  that  it  is  not  safe  to  figure  on  wind- 
pressure  of  less  than  25  lb  per  sq  ft  of  projected  area.    Among  the  many 
tall   chimneys  erected  by  this  company  may  be  mentioned  espedalb*  the 

*  H.  R.  Helidcke,  Incorporated,  New  Yoik  City. 
t  The  Heine  Chimney  Company,  Chicaieo,  HI. 
iTheM.  W.  KeUogg  Compaay,  New  YodL  City. 
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noey  at  Douglas,  Ariz.,  erected  far  tbe  Capper  Qiieen  ConioIMated  Mining 

npany 

liere  are  other  reliable  companies  which  design  and  construct  taJQ  chimneya 

>se  mentioned  here  were  the  pioneers  in  this  work. 

Partial  List  of  Tall  Chimneys  Orer  300  Peat  la  Halght 

It  is  to  be  noted  that  this  list  is  constantly  added  to  froai  year  to  year.' 

Diam. 
Height,   inside 
ft        at  top, 
ft 

naconda,  Mont.,  Anaconda  Copper  Co.  (1918) 585       60 

acoma,  Wash^  American  SmeldBg  ft  Refining  Co.  (19x7) ...  573       25 

iaganoseki,  Japan,  Oriental  Compressol  Co.  (19x7) 570       26K 

treat   Falls,  Mont.,  Boston  &  Montana  Consolidated  Copper 

and  Silver  Mining  Co.  (1907) 506        $0 

^reiberg.  Saxony,  Genxiany,  Halsbriicke  Foundry 460         8 

llasgow,  Port  Dundas,  Scotland,  F.  Townsend 454 

rlasgow,  St.  RoUox,  Scotland,  Tenant  &  Co 436  H 

erome,  Ariz.,  United  Verde  Extension  Mining  Co.  (19x8) 425        30 

!reusot,  France,  Messrs.  Musprath  Chemical  Works 406 

i'larkdale,  Ariz.,  United  Verde  Copper  Co 400        309^ 

ill  Paso,  Tex.,  Consolidated  Kansas  City  Smelting  &  Refining 

Co.  (1916) 400        30 

layden,  Ariz.,  American  Smelting  &  Refining  Co.  (19x1) 400        25 

isLSt  Helena,  Mont.,  American  Smelting  &.  Refining  Co.  (X917) .  400        x6 

ialifax,  Dean  Clough  Mill,  Scotland,  Messrs.  Crossley's 38 x 

•Gaston,  Pa.,  C.  K.  Williams  &  Co.  (x9xx) 375  7 

Lancashire,  Bolton,  England,  Dobson  &  Barlow 367 

Rochester,  N.  Y.,  Eastman  Kodak  Co.  (two)  (X906,  19X  x) 366,  9  and  13 

"onstable  Hook,  N.  J.,  Orford  Copper  Co.  (two)  (X900,  x9xo). .  365        10 

Garfield,  Utah,  Garfield  Smelting  Co.  (19x3) 350        22 

Herculaneum,  Mo.,  St.  Joseph,  Lead  Co 350        20 

Boston,  Mass.,  Fall  River  lion  Co 350        xx 

>^ewark,  N.  J.,  Heller  Merz  Co  (X904) 350  8 

East  Newark,  N.  J.,  Clark  Thread  Co 335 

Baraien,  Prussia,  Gerxnany,  Wessenfield  &  Co 331 

Edinburgh,  Scotland,  Gas-Works 329 

Copper  Hill,  Teim.,  Tennessee  Copper  Co 325        20 

Indianapolis,  Ind.,  Indianapolis  Traction  Co 320        13 

Huddersfield,  England,  Brook  &  Son,  Fire-day  Works 3x5 

Smethwick,  England,  Adams  Soap-Works 3x2 

'Providence,  R.  I.,  Rhode  Island  Suburban  Railway  Co 308        16 

New  York  City,  N.  Y.,  New  York  Steam  Co.  (1904) 308        15 

Carlisle,  England,  P.  Dickon  &  Son 300 

Bradford,  England,  Mitchell  Brothers 300 

*  Constructed  by  the  Alphons  Custodis  Chimney  Coastniction  Company,  New  Yoik 
:ity. 
t  Reinforced  concrete,  The  Weber  Chimney  Company,  Chicago,  lU. 
j  Constructed  by  H.  R.  Hcinicke,  Incorporated,  New  York  City. 
(  Self-sustaining  steel  chimney,  the  largest  (of  this  type)  in  the  world  (x9X9). 
Ii Constructed  by  The  Heine  Chimney  Company,  Chicago,  lU. 
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b  J 


Height  in--*:; 

ft  at  \K-' 
ft 

^Garfield,  Utah,  American  Smelting  and  Refining  Co.  (1905) 300  5c 

•Hayden,  Ariz.,  American  Smelting  and  Refining  Co 300  2  s 

t  Douglas,  Ariz.  Copper  Queen  Consolidated  Mining  Co 3cx>  22 

tTacoma,  Wash.,  Tacoma  Smelting  Co 300  iS 

IMcGill,  Nev.,  Steptoe  Valley  Traction  Co 300  13 

^Brooklyn,  N.  Y.,  Nichols  Chemical  Co.  (1905) 300  ir 

^laymont,  Del.,  General  Chemical  Co.  (1912) 300  3 

*  Constructed  by  the  Alphons  Custodia  Chimney  Constniction  Company,  NewYod 
City. 

t  Constructed  by  The  M.  W.  Kellogg,  Company,  New  York  City. 
X  Reinforced  concrete,  The  Weber  Chimney  Company,  Chicago,  lU. 
I  Constructed  by  H.  R.  Heinicke,  Incorporated,  New  York  City. 
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htbeaulics,  plumbing  and  drainage,  iixumi- 
naung-gas  and  gas-piping 

By 
J.  J.  COSGROVE 

CONSULTING   SANITARY   ENGIl^ES 

(i)   HTDRAULICS 

Water  is  practically  an  incompressible  liquid,  weighing,  at  the  average  temper- 
ature of  63°  F.,  62.355  lb  to  the  cu  ft  and  8.335  lb  to  the  gallon.  These  figures 
change  slightly  with  changes  in  temperature  and  atmospheric  pressure,  and  a 
slight  variation  for  the  same  temperature  will  be  found  in  different  works. 

PresBure  of  Water.  The  pressure  of  still  water  in  pounds  per  square  inch 
against  the  sides  of  any  pipe  or  vessel  of  any  shape  whatever  is  due  alone  to  the 
HEAD,  or  height  of  the  surface  of  the  water  above  the  point  considered  pressed 
upon,  and  is  equal  to  0.433  lb  per  sq  in  for  every  foot  of  head  at  62^  F.  The 
fluid-pressure  per  square  inch  is  equal  in  all  directions.  To  find  the  total  pres- 
sure of  quiet  water  against  and  perpendicular  to  any  surface,  whether  vertical* 
horizontal,  or  inclined  at  any  angle,  whether  it  be  flat  or  curved,  multiply 
together  the  area  in  square  feet  of  the  surface  pressed,  the  vertical  depth  of  its 
center  of  gravity  below  the  surface  of  the  water,  and  the  constant  624.  The 
product  will  be  the  required  pressure  in  pounds.  This  may  be  ezpiessed  by 
formula  as  follows: 

P"  62^  AD 
in  which 

P 
A 
D 


the  pressure  in  pounds  of  quiescent  water  on  the  surface  considered; 

the  area  pressed  upon  in  square  feet;  and 

the  vertical  depth  in  feet  of  center  of  gravity  of  surface  considered. 


Table  A. 


Pressure  in  Pounds  per  Square  Inch  for  Different  Heads  of 

Water  in  Feet 


,  Head. 

ft 

0 

I 

2 

3 

4 

5 

6 

7 

8 

9 

0 

0.433 

0.8661  1.299 

X.732 

2.165 

2.598 

3.031 

3.464 

3.897 

10 

4.330 

4.763 

5.196 

5.629 

6.062 

6.495   6.928 

7.361 

7.794 

8.227 

20 

8.660 

9.093 

9.526 

9.959 

IO.J92 

10.8251  11.258 

11.691 

12.124 

12.557 

1 
30 

12.990 

13.423 

13.856  14.289 

14.722 

15.1551  15.583 

16.021 

16.454 

16.887 

1   40 

17.320 

17. 753 

18.186,  18.619 

19.052 

19.485'  19  918 

20.351 

20.784 

2x.ai7 

SO 

21. 650;  22. 083 

22.516  22.949 

23.382 

23.815  24.24S 

24.681 

25.114 

25  547 

60 

25.980  26.413 

26.846 

27.279 

27.712  28.I45|  28.578* 

29.011 

29.444 

29.877 

70 

30.310 

30.743 

31.176  31.609 

32.042  32.475'  32.908 

33.341 

33.774 

34.207 

80 

.^.640 

35.073 

3S.So6|  35. 9.39 

36.372  36.80s 

37.238 

37.671 

38.104 

38.537 

90 

38970 

39  403 

39.836.  40.269 

40.702;  41.13s 

41.568 

42.001 

42.436 

42.867 

The  pressure  for  greater  heads  can  be  readily  found  by  multiplication  or  addi- 
tion; thus,  the  pressure  for  a  head  of  x  10  ft  is  ten  times  that  for  x  i  ft.  The  pres- 
sure for  1x8  ft  is  equal  to  the  pressure  for  no  ft  plus  that  for  S  ft. 
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Flow  of  Water  in  Pipaa.    Owing  to  the  many  practical  and  variable  coe-  > 

^itions  which  affect  the  flow  of  water  in  pipes,  such  as  the  smoothneas  of  tse  i 
pipe,  number  and  character  of  the  joints,  bends  and  valves  in  the  pipe,  to  aj  | 
nothing  of  the  size  and  length  of  the  pipe,  all  formulas  for  the  yclocit>  tad 
discharge  of  water  ia  and  through  pipes  can  only  be  considered  as  ap[>ro>zuB2te. 
The  following  formulas  and  data  are  taken  largely  from  the  National  T^ 
Company's  Book  of  Standards,  1902  edition.  They  agree  fairly  wdl  trin 
similar  tables  by  Kent  and  Trautwine,  both  of  whom  devote  much  space  to  tkf 
subject.  The  quantity  of  water  passing  through  a  given  pipe  is  governed  b> 
the  sectional  area  of  the  pipe  or  outlet  and  the  mean  VELOcmr.  The  velodn 
depends  primarily  upon  the  FKESSTJac  or  head,  and  is  greatly  affected  bv 
FRICTION,  which  again  varies  with  the  smoothness  of  the  bore,  the  diamettr 
and  length  of  the  pipe,  and  whatever  obstructions  there  may  be  in  tbe  pipe. 
The  HEAD  is  the  vertical  distance  from  the  surface  of  the  water  in  the  rear  mir 
to  the  center  of  gravity  of  the  lower  end  of  the  pipe  when  the  discharge  is  isio 
the  air,  Or  to  the  level  surface  of  the  lower  reservoir  when  the  discharge  is  nodcr 
water.  When  the  pressure  is  produced  by  mechanical  means,  the  head  oi  water 
in  feet  may  be  readily  determined  by  the  following  table: 


Table  B.*    For  Conyertiag  Pressure  hi  Poonda  per 

Water  hi  Feet 


Square  Inch  into  Head  d 


Pres- 
stire 


o 
10 
20 
30 
40 
so 
60 
70 
80 
90 


23.0947 

46.1894 

'69.2841 

92.3788 

IIS.473S 
13S.5683 
161.6639 
184.7576 
207.8523 


2.309 
25.404 
48.499 
71.594 
94  688 
117.78 
140.88 
163.97 


x87.07{i89 
210.16  212 


4 
27 
50 
73 
96 
120 

143 
166 


.(»9 
714 
808 

903 
99« 
09 

19 

28 

38 

47 


6 
30 
53 

76 

99 
122 

T4S 
168 

191 

214 


918 

033 

118 

213 

307 

40 

SO 

59 

.69 

.78 


9 
32 

55 

7« 

lOI 

124 

I4T 
I7D 

194 

217 


22» 
333 

4^7 

522 

62 
71 

8t 

90 

.00 

09 


XI 
34 
57 
80 

103 
126 

150 
173 
196 
219 


547 
642 

737 

831 

93 

02 

12 

21 

31 

40 


13 

36 
60 

83 

106 

129 
152 
175 

198 
221 


857 

952 

046 

141 

24 

33 

42 

52 

6^ 

71 


x6 

39 
62 

85 

108 

131 
154 
177. 
200. 
224. 


Tfi6  18.476 
261  41.570 
3561  64.665 
760 
85 
95 
04 


450 
55 

64 
73 
83 


87 
no 

133 

157 
180 


92  1 203 

02  1226 


14 
23 
33 


43  Sac 

66  9TS 

90.060 

113-16 

136  26 

159  35 
i8a..t5 
54 
64 


*  Tables  A  and  B  are  exact  for  water  at  62*  F.  and  for  atmospheric  pressure  at  14.7 
lb  per  sq  in. 


To  find  the  valodty  of  water  diacharged  from  a  pipe-line  longer  than 
four  times  its  diameter,  knowing  the  head,  length  and  inade  diameter,  use  the 
following  formula: 


4/     M 
▼  L  +  S4' 


in  which 

V  "  approximate  mean  velocity  in  feet  per  second; 

m  ">  coefficient  from  the  table  below; 

d  -  diameter  of  pipe  in  feet; 

k  "•  total  head  in  feet; 

L  **  total  length  of  line  in  feet. 

The  following  coefficients  are  averages  deduced  from  a  large  number  of  espoi- 
Bttnts.  In  most  cases  of  pipes  carefully  laid  and  in  fair  coodttitMB^  th^  should 
give  results  varying  not  more  than  from  5  to  10%. 
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• 

▼tfoM  ttf  CocOdmt  m 

Diameter  of  pipe  in 

feet 

J    hd 

▼  L-\-SAd 

0.05 

o.io 

0.50 

X 

1.5 

2 

3 

4 

m 

m 

m 

m 

m 

m 

m 

m 

0.005 

39 

31 

33 

35 

37 

40 

44 

47 

O.OI 

34 

35 

37 

39 

A2 

45 

49 

53 

0.09 

39 

40 

43 

4S 

49 

Sa 

56 

59 

0.03 

41 

43 

47 

SO 

54 

57 

60 

63 

0.05 

44 

47 

5> 

54 

56 

<o 

64 

67 

O.IO 

47 

SO 

54 

S6 

58 

6a 

66 

70 

o.ao 

48 

51 

55 

58 

60 

64 

67 

70 

Bzample.    Given  the  head,  A  «  50  ft;   the  length,  £  ■•  5  280  ft  and  the  diam- 
eter, ^  ■-  2  ft;  to  find  the  velocity  and  quantity  of  dischaige. 
Substituting  these  values  in  the  foregoing  formula,  we  get 


In  column  headed 


y  L  +  ni      Vs2! 


X50 


280+ X08 


*/ioo 


136 


find  o.xo,  which  is  the  value  nearest  to  0.136, 


+  S4<i 

and  look  along  this  line  until  colunm  headed  a  is  reached;  then  read  62  as 
the  value  of  coefficient  m. 
Then  v  -  62  x  0.136  *  8.432  ft  per  sec»  the  velocity  required. 

To  find  the  discharge  in  cubic  feet  per  second,  multiply  this  velocity  by 
area  of  cross-section  of  pipe  in  square  feet. 

Thus,  3.1416  X  (i)'  X  8.432  ^  26.49  cu  ft  per  sec. 

Since  there  are  7.48  gal  in  a  cubic  foot,  the  discharge  in  gallons  per  second  * 
2649x7-48-  198.2. 

The  above  formula  is  only  an  approximation,  since  the  flow  is  modified  by 
bends,  joints,  incrustations,  etc. 

To  find  the  head  in  feet  necessary  to  give  a  stated  discbarge  in  cubic  feeC 

use  the  formula 

0.000704  ^  (Ir  +  54  ^ 


A- 


in  which 


k  -  total  head  in  feet; 

L  »  total  length  of  line  in  feet; 

d  » (fiameter  of  pipe  in  feet; 

Q  «  quantity  of  water  in  cu  ft  per  second. 

Bxampls.  Given  the  diameter  of  pipe,  d  -  0.5  ft;  the  length  of  pipe,  L  « 
ao  ft;  and  the  quantity  of  water  to  be  discharged,  q  ->  3.07  cu  ft  per  sec;  to 
find  the  necessary  head. 

Substituting  these  values  in  the  above  formula,  we  get 

0.000704  X  94  X  (20+  27) 


A« 


(o.5)« 
0.000704  X  94  X  47 
0^125 


"■  9-95  ^U  the  required  head. 
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The  following  formula  is  simpler  and  can  be  lued  whea  54  ^  ia 
Z«  is  so  small  as  to  be  negligible: 

0.000704  Q'xL 

If  the  pipe  instead  of  being  straight  has  easy  curves  (say  with  radius  not  \sa 
than  five  diameters  of  the  pipe)  either  horizontal  or  vertical,  the  discharge  *  J 
not  be  materially  diminished  so  long  as  the  total  heads  and  total  actual  leo^ct-j 
of  pipe  remain  the  same,  but  it  is  advisable  to  make  the  radius  as  much  m.oe 
than  five  diameters  as  can  conveniently  be  done. 

To  find  the  diameter  of  a  pipe  of  given  length  to  deliver  a  given  quantity  of 
water  under  a  given  bead  use  the  following. 


d  -  0.234  V  ~T" 


hi  which 


d  M  diameter  of  pipe  in  feet; 

Q  *  cubic  feet  per  second  delivered; 

L  "  length  of  line  in  feet; 

h  ■■  head  in  feet. 

Example.  Given  the  head,  h «  700  ft;  the  length  of  pipe,  L^  s  000  ft: 
the  quantity  to  be  delivered,  Q  «•  4  cu  ft  per  sec;  required  the  (iKameter  of  pipe 
necessary. 

Substituting  these  values  in  the  foregoing  formula,  we  get : 


4/16x3000  ■/— —  -      ^ 

d  -  0.234  V -  0.234  V  68.S7  -  0.545  >t  -  6.54  in 

"        700 

To  find  the  diameter  of  pipe  required  to  deliver  a  given  quantity  of  water 
with  a  given  head. 

Role,  (i)  Reduce  the  head  to  feet  per  100  ft;  (2)  from  Table  C,  page  1385. 
find  the  discharge  for  the  head  thus  obtained  through  a  pipe  i  ft  in  diameter; 
(3)  divide  the  required  discharge  by  that  obtained  from  Table  C;  look  for  the 
quotient  in  the  column  of  Table  D,  page  1386,  headed  Ratio  of  Discharge,  etc., 
and  opposite  it,  in  the  adjoining  columns  of  the  table,  will  be  found  the  re- 
quired diameter. 

Note.  The  use  of  Tables  C  and  D  gives  results  sufficiently  correct  for  pipes 
less  than  700  diameters  in  length.  * 

Bzample.  If  the  head  of  water  from  a  reservoir  to  the  point  of  delivery  is  20 
ft  in  a  distance  of  i  860  ft,  what  is  the  diameter  of  a  pipe  required  to  ddiver  6 
cu  ft  of  water  per  second? 
20  ft  head  in  i  860  ft  >  20/18.60  ft  in  100 ft,  or  x.075  ft  in  100 
From  Table  C  we  find  that  the  discharge  per  second  with  a  head  of  1. 136  is 
3.989  cu  ft;  for  a  head  of  1.075  it  would  be  about  3.8  cu  ft.  Dividing  the  re- 
quired discharge  6,  by  3.8  cu  ft  per  sec,  we  have  1.58.  From  Table  D  the 
diameter  of  pipe  having  a  ratio  of  discharge  equal  to  1.58  is  found  to  be  about 
14H  in;  therefore  we  must  use  a  15-in  pipe  to  obtain  the  required  discharge.  If 
the  required  discharge  is  in  gallons,  divide  by  7.5  to  reduce  to  cubic  feet  If  in 
cubic  feet  per  minute,  divide  by  60  to  reduce  to  feet  per  second. 
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ible  C.    Vdoctti—  and  DisdhngM  Tlsoiigh  a  Stnicht,  SmoiDtli  Pipe  One 
Foot  in  Diameter  and  One  Miie,  or  s  aSo  Diameters,  in  Lengtli 


lead  in  feet 
per  loo  ft 

Head  in  feet 

permile 

Vdocity  in 
feet  per  sec 

Discharge  in 
cubic  feet 

per  sec 

Discharge  in 
cubic  feet 
per  14  hours 

O.QS68 

3 

X.13 

0.8914 

76982 

0.07S8 

4 

1.31 

X.028 

88862 

0.0947 

5 

1  47 

1.150 

99403 

0.1136 

6 

i.6x 

1.300 

X00  309 

X18033 

0.132s   • 

7 

1.74 

0.IS14 

8 

1  86 

1.455 

125  740 

0. 1703 

9 

'?S 

I  539 

X32969 

0.1894 

10 

3.06 

I  633 

X4I  X4S 

0.2273 

la 

2.27 

1.783 

153964 

0.2653 

1^ 

2.45 

1.924 

166233 

0  30JO 

2. 63 

2  057 

X77  724 

0.3400 
0.3788 

18 

3.78 

2. 183 

X88611 

30 

2.93 

2.30X 

198806 

0.473S 

25 

3.38 

2  572 

222  156 

0.5683 

30 

3  59 

3.8x9 

243604 

0.6639 
0.7S70 

3S 

388 

3047 

363360 

40 

4.  IS 

3  267 

282288 

0.8523 

45 

4.40 

3  451 

298209 

0.9470 

SO 

464 

3.638 

3x4352 
344649 

1.136 

60 

5.06 

3989 

1.326 

70 

S49 

4  3" 

372470 

i.sis 

80 

S85 

4  602 

397613 

1.704 

90 

6.33 

4.900 

423435 

X  894 

100 

6  56 

S  144 

444312 

3.083 

XIO 

6.87 

5  395 

466138 

3.373 

120 

7x8 

m 

487209 

3.053 

130 

747 

S06822 

X40 

776 

6094 

526521 

3.841 

X50 

8.05 

6.332 

546048 

3030 

160 

830 

6.534 

564576 

3  2X9 

170 

«S5 

6  7X5 

S80176 

3  408 

180 

8.80 

6903 

§96  418 

359; 

190 

9.04 

7  100 

613440 

3.788 

30O 

9.38 

7  376 

638704 

4  301 

325 

9.84 

7.6Q6 

664848 

4.735 

250 

X0.4 

8x68 

705728 

Sf? 

27S 

10.8 

8.483 

733844 

5.683 

300 

II. 3 

8914 

769834 

6.639 

350 

X3.3 

9.631 

831  x68 

7  576 

400 

13  I 

10.38 

888634 

8.533 

450 

139 

10.91 

943056 

9  47 

500 

14.7 

XI. 50 

994033 

10. 4Z 

550 

15  4 

13.09 

1044576 

II. i6 

600 

x6.x 

13  64 

X  093096 

13.30 

650 

16.7 

13. II 

1  132704 

13.2s 

700 

17  4 

13.66 

• 

X  x8o  324 

14  30 

750 

18.0 

14  13 

I  320  8.V 

IS  IS 

800 

18.6 

X4  55 

X  357  408 

I     16.09 

8so 

19  I 

15  00 

I  396000 

1704 

900 

19. 6 

15  39 

X339696 

1799 

9SO 

30.3 

IS  94 

X  377  3i6 

I      18.94 

1  000 

30.8 

16  33 

I  41X  4S6 

22  73 

X  200 

23  7 

17  83 

X  539  648 

26  52 

X  400 

34  s 

19- 24 

X  663  .\i6 

30.30 

I  600 

363 

30  57 

X  777  248 

M  08 

X  800 

27.8 

31  83 

X  886  113 

3787 

2000 

293 

23.01 

X  988064 

47  35 

3  500 

32.8 

25  72 

3  331  560 

5681 

1, 

3000 

35  9 

28   19 

3436040 
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Ratio  of  dis- 

IUtioofd» 

Diameter 

Diameter 

charge  to  that 

Diameter 

Dianiflker 

chaxse  to  the 

dpipc, 

in 

of  pipe, 
ft 

through  a 

i-ft  pipe 

with  the  same 

of  pipe, 

in 

of  pipe, 

ft 

z-ftpipe 
with  the  SB9t 

head  per  mile 

hesMlpersik' 

I 

0.0833 

0.0090 

I2V4 

t.042 

1.106 

xH 

0.1250 

o.ooss 

X3 

X.063 

1.231 

2 

0.1667 

0.0113 

14 

X.X67 

X.490 

aW 

0.2083 

0.0198 

IS 

X.2S0 

X.746 

3 

0.2500 

0.0310 

16 

X.333 

*  053 

3W 

0.2917 

o.04$8 

17 

f.417 

a3B8 

4 

0.3333 

0.0643 

x8 

x.s 

a-7S4 

4H 

0.37SO 

0.0857 

19 

X.S83 

3x53 

5 

0.4167 

0.IX19 

20 

1.667 

3-^        ' 

SV4 

0.4583 

0.1422 

21 

1.7S 

4051 

6 

0.5 

0.X767 

22 

X.«33 

4.SSK 

6W 

0.5417 

0.2XS9 

23 

1.9x7 

S.0B4 

7 

0.5833 

0.2600 

24 

a 

5-649 

7V4 

0.6250 

0.3090 

24H 

2.052 

6.000 

8 

0.6667 

0.36SX 

26 

a.x67 

6.9X3        1 

8H 

0.7083 

0.4220 

28 

2.133 

8.319 

9 

0.75 

0.4871  . 

30 

2.5 

9.8x2 

9W 

0.7917 

O.SS7S 

3oV4 

2.52X 

10. 0 

xo 

0.83.T3 

0.6337 

32 

a.667 

II. 6 

lO^ 

0.8750 

0.7157 

34 

2.833 

LS.5            1 

IE 

0.9167 

0.8044 

36 

3 

IS-S 

iiV4 

0.9583 

0.8987 

38 

3.167 

17.8 

12 

I 

X 

40 

3.333 

2D.a          , 

I 

This  table  shows,  also,  the  relative  diKharging  capacities  of  long  pipes.  Thus, 
one  i2-in  pipe  b  equal  to  two  9-in  pipes,  to  nearly  six  6-in  pipes,  or  to  thiity- 
thiee  3-in  pipes. 
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Vilto  S.    riMr  of  Water  In  Hi 

ThomsoB  Meter  Company 
To  find  the  diBcbaiye  in  saUoos,  multiply  by  7^17 


Pres- 
sure in 
main, 
lb  per 
sqin 

Discharge  in  cnbic  feet  per  minute  from  the  pipe 

Condition  of 
discharge 

Nominal  diameters  of  iron  or  lead  aervtce-pipe  in  inches 

H 

H 

H 

X 

iV^ 

2 

3 

4 

6 

Through 

asftof 

service- 
pipe;  no 
back- 
pressure 

30 
40 
SO 
60 

75 
100 

130 

X.IO 

1.27 
1.42 
X.56 

1.74 
2.01 

2.29 

1.9a 
2.22 
2.48 
2.71 
3.03 
3  50 
3.99 

3.0X 
3.48 

3«9 
4.26 

4.77 
5. SO 
6.28 

6.X3 

7.08 

7.92 

8.67 

9  70 

IX. 20 

12.77 

X6.58 
19. 14 

2X.40 
23.44 
26.21 
30.27 
34.51 

33.34 

38. SO 
43.04 
47.15 
52.71 
60.87 
69,40 

88.16 
101.80 
1x3.82 
124.68 

139.39 
160.96 

183.52 

173  85 
200.75 
224.44 
245.87 
274.89 
317.41 
361.91 

444.63 
513.42 
574.02 
628. 8x 
703.03 

8x1.79 
925.58 

Through 
100  ft  of 
aervioe- 
ptpe;  no 
back- 
I^resstftre 

30 
40 
50 
60 

75 
100 

X30 

0.66 

0.77 
0.86 

0.94 
1.05 
X.22 

X.39 

X.X6 
X.34 
I. so 
X.65 
1.84 

2.X3 

2.43 

1.84 

2.X2 

2.37 
2.60 
2.91 
3.36 
383 

3.78 
4.36 
4.88 
5.34 
5.97 
6.90 
7.86 

XO.40 
12. 01 
13.43 
14. 71 

16.45 

18.99 

2X.66 

2X.30 

24.59 

27.50 
30.12 
33.68 
38.89 
44.34 

58.19 
67.19 
75  13 
82.30 
92. ox 
106.24 

X2X . X4 

1x8. 13 
136.41 
152.51 
167.06 
186.78 
215.68 

245.91 

317.23 
366.30 
409.54 
448.63 
501.58 
579.18 
660.36 

Through 
100  ft  of 
service- 
pipe  and 
15-ft  ver- 
tical rise 

30 
40 
SO 
60 

75 
XOO 

130 

o.SS 
0.66 

0.75 
0.83 
0.94 
x.xo 
X.26 

0 

2 

96 
IS 
31 
45 
64 
9a 

X.S3 

x.8x 

3.06 
2.29 

a. 59 
3.02 

3.48 

3. XX 

3.72 
4.24 
4.70 

532 

6.2X 

7.X4 

8.57 
XO.24 
XX. 67 

12.94 

14  64 

17. 10 
19.66 

17.55 
20.95 
23.87 
26.48 

29.96 
35.00 
40.23 

47.90 

57  20 
65.18 
72.  ?8 
81.79 
95.55 
X09.82 

97.17 
116.01 
132.20 
146.61 
i6s  90 
19382 

232.75 

260.56 
311.09 
354.49 
393  13 
444.85 
519  72 
597.31 

Through 
xoo  ft  of 
service- 
pipe  and 
30-ft  ver- 
tical rise 

30 
40 
50 
60 

7S 
100 
X30 

0.44 
0.S5 
0.6s 
0.73 

0.«4 

x.oo 
X.X5 

0.77 
0.97 
1. 14 
X.28 

1.47 
1.74 
8.02 

x.22 
I. S3 

1.79 
2.02 
2.32 

2.75 
3. 19 

2.50 
3.  IS 
3.69 
4. IS 
4.77 
S.65 
6.55 

6.80 
8.68 
10.16 
XI.  45 
13.15 
15.58 
X8.07 

14.  XI 

17.79 

20.82 

23  47 
a6.95 

31-93 
37.02 

38.63 
48.68 
56.98 
64.22 
73.76 
87.38 
10X.33 

78.54 

98.98 

115.87 

I30.S9 
14999 
177.67 
306.04 

211.54 

266.59 
312.08 

351  73 
403.98 
478.5s 
554.96 

Table  E  may  also  be  used  when  the  pressure  is  in  feet-head  of  water  by  reducing 
the  head  in  feet  to  pounds  per  square  inch  by  Table  A.  Thus,  if  we  wish  the 
discharge  per  minute  through  a  H-in  pipe  100  ft  long  with  a  head  of  70  ft,  we 
find  from  Table  A  that  a  head  of  70  ft  corresponds  to  a  pressure  of  30  lb  per  sq 
in,  and  from  Table  E  we  find  the  discharge  through  a  f4-in  pipe  100  ft  long  with 
a  pressur*  of  30  lb  to  be  x.84  cu  ft  per  minute. 
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Table  F.    Friction  of  Water  In  Pipes  Band  on  BOia  and 


The  following  table  gives  the  friction-loss  in  pounds-pressure  per  sqixare  ^  i 
for  EACH  zoo  ft  of  length  in  clean  iron  pipes  of  different  sizes,  dischargios  ^-^f^ 
quantities  of  water  per  minute.  This  friction-loss  is  greatly  increased  by  Ixi^l- 
or  irregularities  in  the  pipe. 

To  find  the  friction-head  in  feet,  multiply  by  a.3 


Sizes  of  pipes,  inside  diameter 

t 

Gallons 

per  minute 

Hin 

zin 

iH  in 

z>4in 

2  in 

2Hin 

3  in 

41a 

5 

3.3 

0.84 

0.31 

0.12 

10 

130 

3.16 

I. OS 

0.47 

0.12 

»  •  •  >  • 

15 

28.7 

6.98 

2.38 

0.97 

0.26 

ao 

50.4 

12.3 

4.07 

Z.66 

0.4a 

...... 

35 

78.8 

19.0 

6.40 

2.62 

0.64 

0.2Z 

o.xo 

0.2: 

30 

27.5 

9  15 

3. 75 

0.9Z 

1 

3S 

37.0 

12. 4 

5.05 

Z.22 

»••«•• 

40 

48.0 

16.  z 

6.52 

Z.60 

o.ao 

1 

45 

ao.3 

8.15 

a. 02 

50 

24.9 

zo.o 

2.44 

0.81 

0.35 

0.09 

75 

56.1 

22.4 

5  32 

Z.8O 

0.74 

0  23 

100 

39.0 

9.46 

3.20 

1.31 

0-33  ' 

125 

149 

4.89 

I  99 

0.49 

150 

az.2 

7.00 

a85 

0  CO 

175 

28.1 

946 

3  85 

0  94 

200 

«••••• 

37.5 

12.47 

5.02 

X.22 

250 

Z9.66 

7.7«  1 

1.89 

300 

28.06 

XI. a 

a.tf 

3SO 

15-2 

^.65 

400 

195 

4.73 

450 

250 

6. ex 

500 

30.8 

7  43 

600 

''■**' 

9  54  1 

700 



1 

14.32 

Water-Pipe  is  usually  tested  to  300  lb  pressure  per  square  inch  before  defivcxy, 
and  a  hammer-test  should  be  made  while  the  pipe  is  under  pressure.  The  nsial 
length  for  each  section  of  cast-iron  water-pipe  is  from  x  2  ft  4  in  to  12  ft  6  in,  de- 
pending upon  the  depth  of  the  socket,  each  length  making  approximately  12  ft 
of  pipe  when  laid.  Pipes  from  2  to  4  in  diameter  are  sometimes  made  in  8  or 
9-f  t  lengths. 
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8tf6  PpMSurcs 


axid  BqniTaletit  HMite  of  Wiater  for  Cast-Iron  Pipes  of 
Dtfleront  Sises  «ad  Thfeknessos 

Cftlculated  l^  F.  H.  Lewis  from  Fanning's  Formula 


Size  of  inpe.  in 

Thick- 

4 

6 

8 

10 

X3 

X4 

ness, 

in 

* 

•k 

&£ 

1^ 

• 

1- 

S4i 

• 

V 

• 

K 

113 

258 

49 

XX3 

18 

42 

p« 

ft 

ft 

lU 

•  •  ■  ■ 

«  •  •  • 

•  *  •  • 

•  •  •  • 

•  •  •  • 

«  •  •  • 

H 

324 

Si6 

134 

380 

74 

171 

44 

XOX 

24 

55 

•  •  ■  « 

•  •  •  « 

Ms 

336 

774 

199 

458 

130 

300 

89 

205 

63 

143 

42 

97 

W 

»  ■  • 

274 

631 

186 

429 

132 

304 

99 

338 

74 

170 

nu 

•  «  ■ 

.  • . 

•  ■  • 

177 

408 

137 

3x6 

X06 

344 

H 

«  •  • 

324 

516 

174 

401 

138 

316 

»Ms 

*  •  • 

•  •  •  • 

•  «  ■  ■ 

3X3 

488 

X70 

392 

H 

•  ■  • 

« •  •  * 

■  •  •  a 

249 

574 

303 

465 

»M« 

. . . 

■  ■  • 

•  ■  •  • 

•  •  «  • 

«  •  •  • 

•  •  •  ■ 

234 

538 

X 

•  •  •  • 

•  •  •  ■ 

•  •  «  • 

•  •  •  • 

*  •  •  • 

366 

6X2 

i6 

i8 

30 

34 

30 

36 

H 

S6 

139 

41 

95 

•  •  • 

•  *  • 

•  •  •  • 

•  •  •  • 

•  •  •  « 

»  •  •  • 

•  ■  ■  • 

•  ■  •  • 

»M6 

&4 

IW 

66 

X52 

SI 

XI8 

30 

69 

■  •  «  * 

•  •  •  « 

•  •  ■  • 

•  •  •  • 

H 

113 

258 

91 

3IO 

74 

X70 

49 

113 

24 

55 

.... 

■  ■  •  ■ 

>M« 

140 

323 

1x6 

267 

96 

22X 

66 

157 

39 

90 

•  ■  •  • 

•  ■  •  • 

H 

I6S 

387 

141 

325 

H9 

•274 

86 

198 

54 

124 

32 

74 

i«« 

196 

452 

i66 

382 

141 

32s 

105 

342 

69 

159 

44 

lOX 

I 

324 

516 

191 

440 

164 

378 

124 

386 

84 

194 

57 

131 

iVi 

316 

497 

209 

48X 

161 

371 

114 

263 

82 

189 

iW 

«  •  • 

256 

589 

199 

458 

144 

332 

X07 

247 

iH 

•  •  ■ 

•  «  • 

237 

546 

174 

40X 

132 

304 

i^i 

•  •  • 

•  •  • 

•  •  •  ■ 

•  B  •  • 

204 

470 

157 

362 

iH 

.  • . 

•  •  • 

■  •  • 

■  •  •  • 

«  •  ■  ■ 

234 

538 

X83 

419 

iH 

*  •  • 

■  ■  • 

•  •  •  » 

•  •  •  • 

•  ■  ■  • 

•  ■  K  • 

207 
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Weichts  of  Lesd  and  Gsskots  for  Pipe- Joints 
Dennis  Long  &  Company 


Diameter 

Lead. 

Gasket, 

Diameter 
of  pipe. 

Lead. 

Gasket, 

of  pipe. 

lb 

lb 

lb 

lb 

ux 

in 

3 

2.5 

0.135 

13 

xs 

0.350 

3 

35 

0.170 

I      ^t 

x8 

0.375 

4 

4  5 

0.170 

x6 

33 

0.500 

6 

6S 

0.300 

x8 

26 

0.500 

8 

9.0 

0.300 

20 

33 

0.635 

10 

130 

0.350 
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Denab  Long  &  Comptay,  Inc.,  LouisviUe,  Ky. 

Diam- 

Thick- 

Weight 

DiaxD' 

Thick- 

Weight 

Diam- 

Thick- 

Wcis*i: 

eter, 

ness, 

per  ft. 

eter. 

ness, 

per  ft. 

eter. 

neaop 

P«f=, 

in 

in 

lb 

in 

in 

lb 

in 

in 

lb 

3 

H 

la^ 

16 

H 

139 

30 

2 

€io 

M« 

IS 

H 

152 

36 

H 

334 

H 

x8 

I 

175 

I 

5B2 

We 

aoH 

z8 

H 

lao 

xH 

432 

H 

23 

H 

146 

xM 

482 

4 

H 

17 

H 

171 

iH 

S32 

H^ 

ao 

I 

197 

iH 

587 

^ 

23M 

iH 

»3 

iH 

^ 

«• 

a6^ 

iH 

249 

iH 

613 

H 

30 

20 

HU 

148 

xH 

734 

6 

^6  + 

30 

H 

x6i 

2 

786 

H 

34 

H 

190 

42 

I 

445 

Mei 

38Vi 

I 

216 

xVi 

471 

H 

A2H 

iH 

247 

x^i 

5te 

H 

S2 

iW 

276 

xH 

629 

8 

M« 

40 

iH 

305 

x^ 

fe 

M 

43H 

iH 

334 

xH 

734 

Me 

49^4 

24 

94 

191 

iH 

794 

H 

56 

H 

22s 

iH 

853 

W 

68 

I 

258 

2 

912 

10 

?1« 

SO 

iH 

293 

48 

iH 

5T2 

H 

54 

iH 

327 

iH 

€37 

• 

M« 

60 

iH 

361 

iH 

70« 

H 

68 

iH 

395 

iW 

?6B 

H 

82 

iH 

•     430 

- 

iH 

ass 

xa 

H 

70 

i?4 

465 

iH 

90t 

M« 

76 

30 

»M« 

258 

iH 

967 

H 

8a 

56 

278 

2 

I  G34 

H 

99 

I 

319 

60 

xM 

797 

% 

117 

iH 

360 

xH 

8te 

14 

91» 

85 

iH 

40s 

i\i 

964 

H 

94 

iH 

448 

jH 

X049 

H 

1x3 

iH 

489 

iH 

X  X33 

H 

137 

iH 

S32 

iH 

I  216 

i6 

Me 

100 

iH 

575 

2 

1300 

H 

108 

Hi 

6x9 

2H 

1470 

There  is  no  standard  weight  of  pipe  for  any  given  pressure. 

Private  Water-Supply.    Pumpa 

Private  Water-Supplies.  The  architect  is  frequently  required  to  fumisk 
a  water-supply  for  isolated  buildings,  and  even  in  cities  it  is  becoming  quite 
common  for  manufacturing  establishments  and  large  buildings  to  have  their 
own  water-supply;  so  that  some  knowledge  of  the  various  methods  of  sup- 
plying water  is  requisite.  Power-pumps  are  of  so  many  kinds  and  an  intri- 
cate in  construction  that  no  attempt  will  be  made  to  describe  them. 

The  Hydraulic  Ram.  Where  a  small  stream  of  water  having  a  fall  of  2  ft 
or  more  flows  near  the  premises,  an  hydraulic  ram  may  be  used  to  great  advao* 
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''  tags  to  fnnuih  W4tci  for  domcBtic  pnipoics,  oi  evta  fan  trngation.    The  lam 

«]eliven  wUti  into  an  open  tank.    Water  cao  be  conveyol  by  a  ram  is  ooo  ft 

'   when  elevated  sao  ft,  provided  there  u  luffideDt  fall.    The  drive-pipe  Hipplyins 

-    tbe  nun  ibould  be  30  or  40  (t  long  to  give  the  necoBiy  momentum.    The  use 

of  the  ram  ii  the  moat  economical  method  of  pumpinj  watB-,  as  then  is  no 

cxpeote  for  maiotenantc  except  for  repairs,  and  the  cost  of  instaUatioc,  also,  is 

Tb«  Captddes  of  flte  Ufa  Rams  are  given  Id  tlie  following  table.  The 
capadtJCT  are  determined  from  the  table  by  multiplying  the  available  supply  of 
crater  per  minute,  or  the  rated  amount  of  water  a  Rife  ram  will  use,  by  the  factor 
found  in  the  table  at  tbe  intenecdcn  of  the  line  giving  the  fall  available,  tor  the 
«lrive-pipe,  and  the  column  showing  the  height  the  water  is  to  be  devatcd.  The 
lactor  for  a  lo-ft  fall  and  so-(t  discharge  is  igi,  atid  this  multiplied  by  the  supply 

of  water  per  minute  will  give  the  delivery  per  day.    This  is 

showD  by  the  example  worked  out  ia  the  coniei  of  the  table. 

These  capacities  are  based  on  efficiencies  dependent  on  the 

ratio  of  fan  to  Ufl.     A  fall  of  10  ft  and  a  Dfl  of  so  ft  give  a 

ratio  of  I  to  s,  and  an  elEdency  ol  eeH%.    The  effidendes 

of  Rife  lams  based  on  various  ratios,  are  also  given  in  the 

table. 
Dmp  Valla  and  Plniicer-Pampi.    Tie  common  method 

of  obtaining  a  private  water-supply  ia  to  drive  a  deep  wdl 

tinlil  a   suffident    supply  of 

water  is  obtained.    The  depth 

to  which  a  wdl  must  be  driven 

will,  of  course,  depend  vpaa 

the  locality,  and  can  only  be 

determined   by  drillings.    As 

the   well    is   driven,  a  latge 

wrought-iiDD  pipe  is  sunk  to 

form  the  casing.    Casings  are 

seldom   leas  than   S  or  more 

than  10  in  inude  tUameter,  S 

in    bung   the   common   size. 

When   the   walei-pocket    has 

been  reached,  the  water  will 

usually  rise  and  stand  in  the 

[npe  levenl  hundred  feet  above 

lis  bottom,  and  the  amount  of 

water    that    can    usually    be 

pumped  from  such  welU,  «ith- 
Hfr  1.    WorUrg-   out  lowering  the  water,  Uprac-      j^  j.    D«p^„fl  WoeUni- 
^ft-r.  ^'"^y    unlimited.    The    cost         bad  tor  Bdt-attach>neiit 

wui  ni«ip  ^(  drilling  deep  wdb,  per  foot 

of  depth,  mtxcDtHG  the  caboig,  diflen,  of  onirse,  with  the  strata,  locatinn  and 
other  Ion]  mndilions.  As  a  rule,  however,  it  will  averaji:  about  Is  per  foot  (01  a 
well  driven  through  rock  and  K  per  foot  for  a  well  through  sand.  For  rainng 
the  water  into  an  open  tank  a  single-acting  pump  consisting  of  a  working- 
head,  (Fig.  1),  which  operates  a  cylinder  placed  in  a  smaller  pipe  lowered  into 
the  well  through  whicb  the  water  is  raised,  is  commonly  employed.  The 
cylinder  should  preferably  be  placed  below  the  water-line  in  the  well,  and  is 
usually  coimccted  with  the  working-head  by  wooden  sucker-rods.    Tbe  working- 
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Table  of  Water  SeQoired  for  Rife  Sama 


Dimensions 

Siseof 

SiMOf 

J      t  * 

Gallons  per 
minote 

Least  no. 
of  feet  of 

i 

f 

Num- 

drive- 

deliv- 

required 

faOl 

Weistr 

ber 

Height, 
ft     in 

Length, 
ft     in 

Width, 
ft     in 

pipe, 
in 

ery- 

pipe, 

in 

to  operate 

engine, 
gal 

recom- 
mended, 
ft 

ih 

10 

2     X 

3    a 

I    8 

xM 

9i 

3to        6         3 

IP 

IS 

a    I 

3    4 

X    8 

iW 

H 

5  to      xa 

3 

IT5 

•ao 

«   3 

3    8 

I    9 

2 

I 

10  to      x8 

9 

2Z* 

35 

a    3 

3    9 

I    9 

2H 

I 

XI  to       34 

9 

asc 

30 

a    7 

3  xo 

X  xo« 

3 

iH 

x5to      35 

a 

^5 

40 

3    3 

4    4 

a   0 

4 

2 

30  to      75 

9 

6x> 

8o 

7    4 

8    4 

a    8 

8 

4 

xsoto    3SO 

a 

asoc 

•l20 

12 

S 

375  to    750 

a        1 

3O30 

fiao 

8    9 

9    6 

3    8 

la  (two) 

6 

7SO  to  X  500         3 

5500 

Single. 


t  Duplex. 


Table  of  Capacitiei  of  Rife  Raxai 


Power- 
bead 
orfaU 
in  ft 


2 
3 
4 
5 
6 

7 
8 

9 

•10 

xa 

X4 
16 
X8 
ao 
22 

24 
a6 
a8 
30 


Height  or  bead  in  feet  the  water  is  to  be  delivered 


4 
540 

xo 

19a 
301 
432 
540 

XS 
xa8 

X92 

356 
345 
43a 
505 

ao 

96 

144 
192 

240 
30a 
378 
432 
485 
540 

30 

64 
96 

128 
160 

192 

235 
270 
300 
360 

430 
S05 


Example 

With  a  supply  of 
X  400  gal  per  min. 
lo-ft  fall,  50-ft  ele- 
vation. No.  X20  en- 
gine will  deliver 
268  800  gal  per  day . 
i4ooXi92»a688oo 


40 

•50 

60 

70 

80 

90 

43 

39 

58 

24 

72 

43 

37 

27 

34 

96 

77 

«4 

55 

43 

38 

X20 

96 

80 

<59 

60 

53 

144 

X15 

96 

8a 

7a 

64 

168 

134 

xia 

96 

84 

75 

192 

154 

X28 

no 

96 

86 

216 

173 

144 

X24 

X08 

96 

252 

•192 

x6o 

137 

X20 

107 

301 

230 

192 

X65 

X44 

X28 

353 

370 

324 

X92 

x68 

150 

432 

333 

aS7 

220 

X92 

X7I 

486 

390 

303 

247 

3:6 

X93 

540 

430 

336 

288 

340 

ai4 

475 

370 

303 

264 

235 

520 

40S 

346 

388 

256 

470 

37S 

32R 

77R 

SOS 

430 

354 

300 

540 

465 

40s 

336 

1 

100 


39 

43 
57 
67 

77 
86 

96 
X15 
X35 
X54 
173 
X92 
aia 

330 

350 

360 

388 


120 


34 

3D 

43 
50 
64 
72 
80 

96 
XX2 

ia8 

144 
xOo 
176 
192 


X40 


26 

31 
36 

55 
63 
68 
82 

96 
xxo 

124 

X37 
X5I 
164 


160 


aoB  178 
224  X92 


340 


206 


27 

31 

43 
54 

60 

72 

84 

96 

xc8 

X30 
132 
144 

is6 

168 


180!  aoc 


I. 


a4l 

38' 

43< 

i 

S3 

6i! 

96' 
xo7| 


25 

39 

43 
57 

86, 
96' 


x8o 


Xl8  IC5! 

X28|  XI5' 

139  125 1 

149,  isi 

160  144 


*  Multiply  factor  opposite  power-head  and  under  PDiiPHrG*BXAD  by  the  number  of 
gallons  per  minute  vsed  by  the  engine;  the  result  will  be  the  number  of  galione  Dsur- 
ERED  per  day. 

The  efficiency  developed  is  governed  by  the  ratio  of  fall  to  pumping-head. 

75%     for  a  ratio  of  z  to  aH 


The  efficiency  of  rife  rams  is  based  on. . . . 


70% 


for  a  ratio  of  x  to  j 
66?^%  for  a  ratio  up  to  i  to  18 
60%     tor  a  ratio  up  to  i  to  2) 
50%     for  a  ratio  up  to  x  to  jo 
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head  may  be  operated  by  hand,  or  by  a  crank-rod  attached  to  a  pumping- jack, 
windmill  or  engine.  With  a  single-acting  pump  the  plunger  is  raised  and 
lowered  once  with  every  revolution  of  the  driving-wheel,  the  principle  of  oper- 
ation being  the  same  as  in  an  ordinary  hand  suction-pump.  Fig.  2  shows  a 
simple  arrangement  for  operating  a  working-head  by  belt-power.  This  is 
known  as  a  deep-well  power  working-head.  A  deep-well  pump  (Fig.  2)  differs 
from  a  suction-pump  in  that  it  will  raise  water  from  any  depth,  whereas  a  suc- 
tion-pump in  practice  will  raise  water  only  about  20  ft.  A  suction-pump  may 
be  placed  at  any  point  in  relation  to  the  well,  and  will  draw  the  water  any 
reasonable  horizontal  distance.  The  deep-well  pump,  on  the  other  hand,  must 
be  set  directly  over  the  well,  but  it  will  then  deliver  the  water  at  any  desired 
point.  The  amount  of  water  pumped  in  a  minute  by  any  single-acting  pump 
is  determined  by  the  diameter  of  the  suction-cylinder,  the  length  of  stroke,  and 
the  number  of  strokes  per  minute.  The  table  following  gives  the  capacity  per 
stroke  for  cylinders  of  different  diameters,  and  for  strokes  of  different  lengths. 
To  find  the  capacity  per  minute,  multiply  the  values  given  in  the  table  by  the 
revolutions  per  minute.  The  usual  speed  of  single-acting  working-heads  and 
pumping-jacks  is  from  25  to  30  revolutions  per  minute.  Cylinders  over  2H  in  in 
diameter  should  have  a  substantial  iron  working-head. 


Table  Showing  Capad^  of  Single-Acting  Pompe  of  Given  Diameter  and 

Length  of  Stroke 


Diam. 

of 
cylin- 
der in 
inches 

Length  of  stroke  in  inches 

6 

8 

10 

12 

14 

x6 

18 

20 

24 

( 

Capacit] 

f  per  stro 

kein  gal 

Ions 

iH 

iW 

0.0319 
o.Q3»S 
0.0459 
0.062s 

0.042s 
0.0513 
0.0612 
0.0833 

0.0S3I 
0.0642 
0.0765 
0.1041 

0.0637 
0.0770 
0.0918 
0.1249 

0.0743 
0.0890 
0.1071 
0.1457 

0.0848 
0.1027 
0.1224 
0.1666 

0.0955 
0.1156 

0.1377 
0.1874 

0.1062 
0.1280 
0.1530 
0.2082 

0.1274 
0.1541 
0.1836 

0.2499 

2 

3H 
2M 
2H 

0.0816 
0.X033 
0.1275 
0.IS43 

0.1088 

0.1377 
0.1700 

0.20S7 

0.1360 
0.1721 
0.2125 

0.2571 

0.1632 
0.2063 
0.2550 
0.3085 

0.1904 
0.2410 
0.297s 
0.3598 

0.2176 

0.2754 
0.3400 

0.4114 

0.2448 
0.3096 
0.3825 
0.4626 

0.2720 
0.3442 
0.4250 
0.5142 

0.3264 
0.4128 
o.sicx) 
0.6170 

3  • 

3V4 
3H 

3H 

0.1836 
0.2154 
0.2499 
0.3668 

0.2448 
0.2872 
0.3.132 
0.3824 

0.3060 
0.3594 
0.416s 
0.4780 

0.3672 
0.4312 
0.4998 
0.5736 

0.4284 
0.5030 
0.5831 
0.6692 

0.4896 
0.5748 
0.6664 
0.7648 

0.5508 
0.6466 
0.7497 
0.8605 

0.6120 
0.7182 
0.8330 
0.9561 

0.7344 
0.8624 
0.9996 
1.1470 

4 

aH 

0.3264 
0.3684 
0.4131 
0.4602 

0.4352 
0.4912 
0.5508 
0.6136 

0.5440 
0.6141 
0.6R85 
0.7671 

0.6528 
0.7368 
0.8262 
0.9204 

0.7616 

0.8596 

0.9639 
1.0730 

0.8704 
0.9R24 
1 . 1016 
1.2270 

0.9792 
1 . 1050 

1.2393 
1.3800 

1.0880 
1.2280 
1.3770 
1.5340 

1.3056 
1.4730 
1.6524 
1.8400 

Hot-Air  Engines.  These  are  very  extensively  used  for  pumping  water  for 
country  houses,  as  they  are  absolutely  safe,  require  little  attention,  and  have 
no  valves,  springs  or  gauges  to  get  out  of  order.  They  are  also  adapted  to  al- 
most any  kind  of  fuel,  such  as  coal,  coke,  wood,  gas,  or  kerosene  oil.  They 
will  pump  from  either  a  shallow  or  a  deep  well,  but  are  best  adapted  to  wells 
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ia which  the  surface  of  the  water  is  within  30  ft  of  the  top  of  the 
best  known  hot-air  engines  are  the  Rider-Encsson,  which  have  been  in 
f ul  operatbn  for  many  years.  These  engines  have  ca|)acities  ranging  t\ 
to  3  500  gal  per  liour  and  will  deUver  water  from  50  to  350  ft  alMiwe  tst 
surface  of  water  in  the  well,  although  the  higher  the  water  is 
will  be  the  quantity  delivered.  The  cost  of  these  engines, 
tached,  varies  from  $110  for  the  smallest  size,  having  a  capacity  of  150  gal  per 
hour  raised  50  ft,  to  $540  for  the  largest  size,  having  a  capacity  of  3  500  gal  per 
hour  raised  50  ft.  The  smaller  siae  requires  about  i  quart  of  keioaeDe  or  j  ^ 
of  anthracite  coal  per  hour.  Hot-air  engines  should  be  placed  doae  to  xm 
source  of  supply,  and  when  the  latter  is  a  deep  well  the  engine  msat  be 
placed  so  that  the  pump-rod  will  be  in  a  vertical  line  above  the  cylinder  ix 
the  well,  the  operation  of  pumping  being  the  same  as  that  of  tbe  ocdinarr 
single>acting  deep-well  pump.  It  is  not  practicable  to  draw  water  more  this 
from  30  to  35  ft,  in  height,  with  any  form  of  suction-pump,  because  of  tk 
difikulty  of  keeping  the  pipe,  valve  and  fittings  absolutely  air-t|gfaft.  Fct 
further  information,  see  the  catalogue  of  the  Rider-Ericaaon  Kngiifcc  Compsny. 


Action  of  Whid  and  Capacities  of  Pampteg  Whidmffla 


Velocity 
per  hour 
in  miles 


3 
5 
8 

10 

IS 
20 

2S 
30 
40 
50 

60 

80 

100 


Prasure* 

per  square 

foot  in 

pounds 


Description  of  wind 


0.O4S 
0.125 

0.33 

0.5 

1. 125 

2 

3.12s 

45 

8 

12. 5 

18 

33 

so 


Just  perceptible 

Pleasant  wind 

Presn  breese 

Average  wind 

Good  working  wind . 

Strong  wind 

Very  strong  wind 

Gale 

Storm 

Severe  storm 

Violent  storm 

Hurricane 

Tornado 


Action  of  wind  and  windmins 


WindmiUs  wilt  not  run 
Might  start  if  lightly  loaded 
Will  start  pumping 
Pumps  nicely  if  properly  loaded 
Does  excellent  work 
Gives  best  service 
BAaximum  results  secured 
Should  be  furled  oot  of  wind 
Wdl-<X)nstructed    mills   and 

towers  safe  if  properly  erected 
Buildings,  trees,  etc.,  might  be 

injured 
Buildings,  trees,  etc.,  woold 

be  injured 
Ruin 


Froi  1  the  above  table  it  will  be  seen  that  the  only  available  winds  are  those  faloirisf; 
with  a  velocity  of  from  3  to  25  miles  per  hour,  and  that  a  xs-mile  wind  can  be  utiHse^ 
to  the  best  advantage.  It  is  therefore  advisable  to  load  a  windmill  for  a  x5-raile  wind. 
It  then  starts  pumping  in  an  8-mile  wind,  does  excellent  work  in  a  15-mfle  wind  and 
reaches  tbe  maximum  results  in  a  35-mile  wind. 

*  The  pressures  per  square  foot  in  pounds  will  vary  slightly  from  the  values  given 
according  to  the  formula  which  is  used  to  obtain  such  pressures.  Soe,  also,  Chajjcer 
XXVII,  pages  iosa-3,  Chapter  XXX.  page  1199,  and  page  ryi?. 


Windmills.  In  the  country  and  on  large  suburban  estates,  windmills  are 
extensively  used  for  pumping  water.  Aside  from  the  noise  of  operation,  the 
only  objection  to  the  windmill,  where  it  can  be  used,  is  the  irreguUnty  of  its 
supply,  but  with  a  large  storage-tank  this  is  not  a  serious  objection  when  used 
for  domestic  purposes  only.  Professor  Thurston  says,  regarding  wiodmills: 
"In  estimating  the  capacity,  a  working-day  of  eight  houfs  is  asaumed*  but  the 
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achine,  when  used  for  pumping,  may  actually  do  its  work  twenty-four  hours  a 
ly  for  flays,  weeks,  and  even  months  together,  whenever  the  wind  is  stifiF  enough 

turn  it.  It  costs  for  work  done  only  one-half  or  one-third  as  much  as  steam, 
>t-air,  or  gas-engines  of  similar  power."  The  action  of  wind  of  different 
;locities»  the  pressure  per  square  foot  of  sail-surface  and  its  relation  to  the 
imping  capacity  of  pumps  can  be  found  in  the  following  table,  compiled  by 
airbanks,  Morse  &  Company. 

The  windmill  operates  the  plunger  in  the  well,  the  process  of  pumping  being 
\e  same  as  that  of  the  single-acting  pumps  described  above.  The  foIk>wing 
ible  of  capacity  was  prepared  by  Alfied  R.  Wolff,  and  is  sufficiently  accurate 
^r  all  practical  purposes: 


CapMitj  of  the  Wfaidmill 

Desig- 
nation 
ofmiU 
wneel, 

ft 

Veloc- 
ity of 

wind  in 
miles 

perhour 

Revolu- 
tions of 
wheel  per 
minute 

Gallons  of  water  raised  per  minute 
to  an  elevation  of 

Equiva- 
lent 
actual 
useful 
h.p. 
developed 

25 

ft 

50 
ft 

75 
ft 

100 

ft 

ISO 

ft 

200 

ft 

8^ 

lO 
12 

14 
i6 
i8 

20 
25 

X6 
i6 
x6 
x6 
i6 
l6 
i6 
i6 

40  to  50 
35  to  40 
30  to  35 
28  to  35 

25  to  JO 

22  to  25 
20  to  22 

16  to  18 

6.192 

19  179 
33-941 

45  139 

64.600 

97-682 

124.950 

212.381 

3.0x6 
9563 
17.952 
22.569 
31.654 
52.16s 
63  750 
106.964 

•  •  ■  • 

6.638 
II. 851 

15.J04 
19.542 

32.513 
40.800 
71.604 

•    •    •    • 

4.750 
8.435 

IX. 346 
16.150 
24.421 
31  248 
49725 

•  «   •   • 

•  ■    •    • 

5.680 
7-807 

9  771 
17.48s 
19284 
37.349 

■  *  •  • 

•  «  ■  • 

•  ■  •  • 

4-998 

8.075 

12. 2x1 

15.938 
26.741 

0.04 

O.X2 

0.21 
0.28 

0.41 
0.61 
0.78 
1  34 

The  horse-power  of  windmills  of  the  best  constructbn  is  profMrtional  to  the 
squares  of  their  diameters  and  inversely  as  their  velocities;  for  example,  a  10- ft 
mill  in  a  16- mile  breeze  wilt  develop  0.15  horse-power  at  65  revolutions  per  min- 
ute; and  with  the  same  breeze: 

a  20-ft  mill,  at  40  revolutions  per  minute;  z  horse-power; 
a  25-ft  mill,  at  35  revolutions  per  minute,  iH  horse-power; 
a  30-ft  mill,  at  28  revolutions  per  minute,  3^^  horse-power. 

The  wheels  of  very  few  windmills  are  larger  than  25  ft  In  diameter.  There 
are  no  pumps  which  will  enable  the  user  of  a  windmill  to  utilize  the  increased 
power  obtained  from  winds  of  high  velocity,  so  that  in  practice  the  amount  of 
water  pumped  by  windmills  in  high  winds  is  but  little  more  than  is  pumped  by 
the  same  mills  in  winds  having  veloctties  of  from  x  2  to  18  miles  per  hour.  For 
this  reason  it  n  customary  to  regulate  windmills  to  govern  at  about  25  miles  an 
hour.  Theoretically  the  increase  in  power  from  increased  velocity  of  wind  b  equal 
to  the  square  of  its  proportional  velocity;  as,  for  example,  the  25-ft  mill  rated 
above  for  a  16-mile  wind  will,  with  a  32-mile  wind,  have  its  horse-power  increased 
to  4  X  iH  •■  7  horse-power.  A  windmill  "will  run  and  produce  work  m  an  8- 
mite  breeze."  Windmills  have  also  been  used  for  the  generating  and  storage 
of  electricity  for  small  lighting-plants.* 

Air-Lift  Process.  Compressed  air  is  now  being  used  to  an  increa^ng  extent 
for  raising  water  from  artesian  wells.  The  process  in  general  consists  of  sub- 
merging a  discharge-pipe  in  a  dosed  well,  with  a  smaller  pipe  inside  delivering 

*  See  Kent's  Mechaakal  EogiBcen'  Pockst-Book. 
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oompressed  air  into  it  at  the  bottom.    The  compressed  air  by  its  inbere^  -i 
pansive  force  lifts  a  column  of  mingled  air  and  water  which  is  coavcy<ec! :    i 
open  tank,  to  permit  of  the  escape  of  the  air.    If  desired  the  water  zoay  tae-  i 
conveyed  by  gravity  into  a  series  of  closed  tanks,  and  forced  by  air-press4ir'  i 
different  parts  of  a  building,  the  only  machinery  required  being  an  air^  - 
pressor  and  power  for  driving  it     The  slip  of  the  bubble  constitutes  the  -- 
loss  of  energy  in  the  air-lift.    The  method  of  piping  a  well  differs  accordin.'  i 
its  general  conditions  and  the  quantity  of  water  to  be  pumped.     **Xo  two  t 
are  alike,  and  consequently  the  method  of  piping  which  might  be  stppih: 
one  would  be  unsuited  to  another."    Information  as  to  the  best  metiwd 
piping  any  particular  well  may  be  obtained  from  the  IngersoU-Serigeant  l^- 
Company. 

Advantages  of  the  Air-lift  Process.    From  two  to  six  times  as  much  v^.:  * 
nay  be  obtained  from  a  given  diameter  of  well  as  with  any  other  known  syKfr 
^?ecause  there  are  no  valves,  c>'lindecs,  or  rods  to  hinder  the  rapid  discharft 
water.    One  air-compressor  operates  any  number  of  wells,  which  may  be  i: 
diitancc  apart  so  as  not  to  affect  one  another.    There  is  nothing  out^de  t.- 
engine-room  to  look  after  or  wear  out.    Nothing  but  common  pipe  in  the  «i 
Sand  or  gravel  does  no  harm.    The  cost  of  raising  i  ooo  gal  of  water  b>'  :ir 
method,  including  fuel,  labor,  oil,  interest  on  cost  of  well,  boiler,  compr&ii: 
foundations,  pipes,  real  estate,  erection  and  taxes,  including  15%   for  dcpr^ 
elation,  runs  from  2H  cts  down  to  ^  ct,  according  to  the  size  of  the  pb^ 
height  of  lift,  and  other  local  conditions.    With  the  average  outfit  of  mediur 
or  small  aae,  it  is  usually  under  iH  cts.*   The  air-lift  process  is  now  ex:  -- 
sively  used  in  ice-works,  breweries,  cold-storage  houses,  textile  mills,  dye-wcM-U 
etc.,  and  a  great  variety  of  industrial  plants,  and  for  the  water-supply  u 
quite  a  number  of  the  smaller  cities.    In  Newark,  N.  J.,  pumps  of  this  lyjt 
are  at  work  having  a  total  capacity  of  i  000  000  gal  daily,  lifting  water  fr.<3 
three  8-in  artesian  wells. f 

Pneumatic  Water-Supply  Systems.    The  pneumatic  system  of  supph-b^ 
water  to  buildings  is  used  extensively  in  buildings  and  institutions  remote  fnc 
public  water-supplies.     With  the  pneumatic  system,  instead  of  an  open  e!^ 
vated  tank,  a  closed  water-light  tank  of  iron  or  steel  is  used,  and  this  tank  nut- 
be  located  at  any  level,  for  the  water  is  forced  from  it  by  means  of  compresxd 
air  confined  in  the  top  of  the  tank.    This  fact  makes  it  possible  to  bur>''  the  ttii 
in  the  ground  below  the  frost -line,  away  from  the  heat  of  the  sun,  and  where  the 
water  will  have  an  almost  uniform  temperature  the  year  round.    The  water  is 
protected  from  possible  contamination  from  insects,  rats,  birds,  dust,  or  otlkf 
agencies,  while  the  tank  takes  up  no  valuable  space  above  ground,  imposes  so 
weight  upon  the  attic-floor  of  a  building,  and  does  not  disfigure  the  landscape 
The  principle  of  operation  is  this:   Air  is  compressible,  while  water  is  not.    If 
then,  water  is  pumped  into  a  closed  tank  at  the  bottom,  it  wilt  trap  the  air 
within,  and  the  more  water  pumped  in,  the  greater  the  compression,  of  the  air 
The  elasticity  of  the  air,  then,  w^ill  force  the  water  out  again,  whenever  a  faucet  y 
opened,  and  the  water  will  continue  to  flow  as  long  as  the  air  is  under  sufficient  (ve«- 
sure  in  the  tank.    In  practice  the  air  would  become  absorbed  by  the  water  in  th« 
tank,  and  in  a  short  time  become  exhausted,  if  it  were  not  supplied  as  fast  as  used. 
This  is  accomplished  by  injecting  a  proportionate  amount  of  air  with  each  stroL? 
of  the  pump,  by  means  of  a  snipter-valve  air-compressor,  or  other  device.    Ail 
connections  to  the  tank  are  taken  from  the  bottom,  to  prevent  the  escape  of  air 
which  would  occur  if  the  connections  were  taken  from  the  top  of  the  tank. 

*.  IngersoII-Raad  Drill  Company,  St  Louis.  Mo.  t  Kent 
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Horse-Power  Required  to  Raise  Water  to  Different  Heights 

General  Prindiiles.  The  power  required  to  raise  a  certain  quantity  of  water  to 
a  certain  height  varies  directly  with  the  quantity  to  be  raised,  and  also  with  the 
height.  For  instance,  it  requires  twice  as  much  power  to  raise  200  gal  per  minute 
10  ft  high  as  it  does  to  raise  100 gal  to  the  same  height  and  in  the  same  time;  and  to 
raise  100  gal  20  ft  high  requires  twice  as  much  power  as  it  does  to  raise  100  gal  xo 
ft  high.  To  find  the  theoretical  horse-power  necessary  to  elevate  water  to  a  given 
height,  multiply  the  number  of  gallons  per  minute  by  8.335,  the  weight  of  i  gal, 
and  this  result  by  the  total  number  of  feet  the  water  is  raised,  that  is,  from  the 
surface  of  the  water  to  the  highest  point  to  which  the  water  is  raised,  and  the 
result  gives  the  power  in  foot-pounds;  divide  by  33  000,  and  the  quotient  is 
the  horse-power.  To  the  theoretical  power  a  liberal  allowance  must  be  made 
for  the  inefficiency  of  the  pump.  For  a  cylindcr-pump  add  from  75  to  100%. 
To  the  actual  height  to  which  the  water  is  to  be  raised  add  the  friction-loss  in 
feet,  given  in  Table  F,  page  1388,  when  the  discharge  is  to  be  piped  any  distance. 

Example.  Find  the  theoretical  horse-power  required  to  raise  100  gal  per 
minute  120  ft  high,  through  a  3-in  pipe,  200  ft  long. 

S<rfutioa.  From  Table  F,  the  friction-head  for  100  gal  per  min  in  a  3-in  pipe, 
100  ft  long,  is  1.3 X  X  2.3  or  3  ft.  For  200  ft  it  will  be  6  ft,  which,  added  to  120, 
gives  126  ft  for  the  height.  Then  theoretical  horse-power-  xoox  8.35  x  126/ 
33  000 «  3.2  h.p.  The  actual  horse-power  required  will  probably  vary  from 
5  to  6,  according  to  the  efficiency  of  the  pump.  The  mistake  of  using  too 
small  a  discharge-pipe  can  easily  be  seen  from  Table  F.  For  instance,  if 
one  attempted  to  force  100  gal  per  minute  through  100  ft  of  2-in  pipe, 
the  back-pressure  would  be  equivalent  to  raising  the  water  22  ft  high.  The 
fuel  used  would  be  correspondingly  increased.  Right-angle  turns  are  to  be 
avoided,  as  the  friction  is  very  materially  increased,  being  practically  equal  to 
the  friction  of  25  ft  of  straight  pipe. 


Table  of  Effective  Fire-Streams 

Unng  TOO  ft  of  il^i-in  OTdinary  best-quality  rubber-lined  hose  between  nozzle  and 

hydrant  or  pump 


Smooth  no«zle 


Pressure  at  hydrant,  lb 
Pressure  at  nozzle,  lb. . . 

Vertical  height,  ft 

Horizontal  distance,  ft. 
Gal  discharBed  per  min 


9Un 


32 

30 

48 
37 


54 
SO 
67 
50 


6S 
60 

73 
54 


90  ,1x6  ,127 


75 
70 
76 
63 
137 


S6 

80 

79 
62 


^iin 


34 
30 
49 
42 


57  69     80  I  91 

50  60      70  80 

71  77      81  I  85 

S5  61  I  65  !  70 


147  |i23    159  ,174    iSS  !20i 


Smooth  nozzle 


I  m 


Pressure  at  hydrant,  lb 
Pressure  at  nozzle,  lb . . . 

Vertical  height,  ft 

Horizontal  distance,  ft. 
Gal  discharged  per  min 


37  1  62 
30  ' 
SI 
47 
161 


50 

73 

61 

208 


75      87 
60     70 

79     85 

67      72 

228  I 246 


100 
80 
89 
76 

263 


iV^in 


42 
30 
52 

50 

2C36 


70   '    84 
50   I    60 

75      83 

66  !  72 


98 
70 
88 


112 
80 
92 


77  I  81 
266    291  ,314    336 


Fire-Streams.  The  following  is  an  extract  from  a  paper  read  by  John 
R.  Freeman  at  a  meeting  of  the  New  England  Waterworks  Association, 
entitled  Some  Exxieriments  and  Practical  Tables  Relating  to  Fire-Streama» 
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''When  unlined  Knen  hoM  b  utad  the  hktion  or  presune-laas  is  trnm  S  . 
60%,  increasioff  with  the  pressure.  This  kind  of  hose  is  best  for  inside  J5c  - 
short  lengths.  Mill-hose  is  better  than  unlined  linen  hose  for  Ions  lexsr~ 
but  ordinarily  the  best  quality  of  smooth  rubber-iined  hose  is  superior  to  t^ 
mill-hose,  having  less  f rictiooal  resistance.  The  ring-nozzie  is  inicrior  to  isx 
smooth  nozzle  and  actually  delivers  less  water  than  the  smooth  noszle.  Fj 
instance,  the  H-in  ring-nozzle  discharges  the  same  quantity  of  water  ms  1 
94-in  smooth  nozzle,  and  a  i-in  ring-nozzle  the  same  as  a  H-in  saziooth  jkoz^ 
Two  hundred  and  fifty  gallons  per  minute  is  a  good  standard  Sre-stteaa  a 
80-lb  pressure  at  the  hydrant;  xoo-Ib  pressure  should  not  be  exceeded  tsj^ 
for  very  high  buildings  or  lengths  of  hose  exceeding  300  ft. " 

Note*  oa  the  CenetmctioA  el  Cylindrical  Wooden  Tanks  ^ 

Material  should  be  either  cedar^  cypress,  juniper,  fir,  yellow  pine,  or  wlir:£ 
pine,  free  from  imperfections  and  thoroughly  air-dry.  Clear  Louisiaiia  nc^ 
Gulf  cypress  makes  the  most  durable  tanks. 

Staves  and  Bottom  of  tanks  of  greater  capacities  than  15  000  ^al  should  be 
made  of  2H-in,  dressed  to  about  2H  in,  stock  for  tanks  ts  ft  and  not  cxcttdtui 
x6  ft  diameter  or  16  ft  deep.  For  larger  tanks  3-in,  dressed  to  about  2S  ^, 
stock  should  be  used.  For  smaller  tanks  2-in  stock  may  be  used.  Sta\e» 
should  be  connected  about  one-third  the  distance  from  the  top  by  a  H-^ji 
dowel  to  hold  them  in  position  during  erection.  The  bottom  planks  should  Se 
dressed  on  four  sides,  and  the  edges  of  each  plank  should  be  bored  with  hcin 
not  over  3  ft  apart  for  H-in  dowels. 

Taper.  The  batter  to  each  side  should  not  be  less  than  H  in  nor  more  thaa 
H  in  per  ft. 

Hoops  should  be  of  round  wrought  iron  or  mild  sted  of  good  quality.    Vrai^ 
iron  is  preferable  because  it  does  not  rust  as  easily  as  steel.    There  should  be  d>> 
welds  in  any  of  the  hoops.    Where  mwe  than  one  length  of  iron  is  necessary, 
lugs  should  be  used  to  make  the  joints;  and  when  more  than  one  piece  is  neoessary 
the  several  pieces  constituting  one  hoop  should  be  tied  together  in  preparing  for 
shipment.   Hoops  for  fire-tanks  should  be  of  such  size  and  spacing  that  the  stress 
in  no  hoop  will  exceed  12  500  lb  per  sq  in  when  computed  from  the  area  at  root 
of  thread.    For  general  purposes,  a  stress  of  15  000  lb  per  sq  in  is  permissible. 
On  acccount  of  the  swelling  of  the  bottom  planks,  the  hoops  near  the  bottosi 
may  be  subjected  to  a  stress  greater  than  that  due  to  the  water-pressure  aioae; 
additional  hoops,  therefore,  should  be  provided.    For  tanks  up  to  20  ft  in  diam- 
eter, one  hoop  of  the  size  used  next  above  it  should  be  placed  around  the  bottom 
opposite  the  croze  and  not  counted  upon  as  withstanding  any  water-pressure. 
For  tanks  20  ft  or  more  in  diameter,  two  hoops,  as  above,  should  be  used 
Hoops  with  UPSET  ends  must  not  be  used.    The  top  hoop  should  be  pbced 
within  2  in  of  the  top  of  staves,  so  that  the  overflow-pipe  may  be  inserted  as  hij^b 
as  possible.    Hoops  should  be  so  placed  that  the  lugs  will  not  be  in  a  verti^^ 
line.    No  hoc^  should  be  less  than  H  in  in  diameter.    All  should  be  cleaned 
of  mill-scale  and  rust  and  painted  one  coat  of  red  lead,  lampblack  and  boiled  oil 
before  erecting. 

Note.  The  strength  of  a  tank  depends  chiefly  on  its  hoops.  Round  hoops 
are  specified  because  they  do  not  rust  rapidly;    a  slight  amount  of  rust  does 

*  These  notes  have  been  condensed  from  specifications  published  by  the  In^Kctioa 
Department  of  the  Factory  Mutual  Fire  Insurance  Company,  31  Milk  Street,  BosKa:  a 
inoet  excellent  pamphlet. 
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.  have  the  same  weakoiing  effect  as  on  a  flat  hoop,  and  fouod  hoops  aie  not 
sly  to  burst  when  the  tank  swells,  as  tbey  will  sink  into  the  wood. 

Spacing  of  Hoops.    The  hoops  should  be  spaced  so  that  each  one  will 

^e  the  same  stress  per  square  indi,  and  no  space  should  be  greater  than  31  in. 

meet  thb  requirement  the  hoops  must  he  spaced  quite  ckise  together  at 

;  bottom,  the  space  between  them  gradually  increasing  towaids  the  top. 


I.H 


00 


sf 


Fig.  4.    Iflg  for  Tuk-boopB 


Hot  QTer  18  InobM 


Fig.  6.    Support  for  Bottom  of  Tank 

Fig.  3  shows  the  proper  spacing  of  hoops  for  a  tank  18  ft  in 
diameter,  with  18-ft  staves.  The  spacing  for  seven  other 
sizes  of  tanks  is  given  in  the  pamphlet  referred  to.  It 
may  be  computed  by  the  following  formula: 

strength 


Spacing  of  hoops  in  inches 


2JS  X  diameter  in  feet  x  B 


For  strength  of  a  94-in  rod  use  3  75o;  of  a  H-in  rod,  s  250; 
of  a  x-in  rod,  6  875;  and  of  a  iVi-in  rod,  8  625. 

H  is  the  distance  from  surface  of  the  water  to  center  of 
hoop  in  feet. 

Szampie.  How  far  apart  should  i-in  hoops  be  placed,  at 
15  ft  3  in  from  top  of  tank,  on  a  tank  20  ft  diameter? 

Soltttion.  Spacmg  -  — -  8^  in 

3.6  X  30  X  15 

Logs  should  be  as  strong  as  the  hoops.  A  lug  similar  to 
Fig.  4  is  simple  and  fulfils  the  requirement  for  strength. 
Malleable  lugs  are  required. 

Support  The  weight  of  the  tank  should  be  supported  entirely  from  its 
bottom;  and  in  no  event  should  any  weight  come  on  the  bottom  of  the  staves. 
The  planks  upon  which  the  tank-bottom  rests  should  cover  at  least  one-fifth 
the  area  of  the  bottom,  should  be  not  over  18  in  apart,  and  of  such  thickness 
that  the  bottom  of  the  staves  will  be  at  least  i  in  from  the  fioor  (see  Fig.  5). 

The  Discharge-Pipe  shoukl  preferably  leave  the  bottom  of  the  tank  at  its 
center  and  extend  up  inskie  of  the  tank  4  in,  to  allow  the  sediment  to  collect 
in  the  bottom  of  the  tank. 


Fig.  8.  Diagrsm 
o(  HoQ|>«psdng 
forTukt 
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The  0*aiflow-Pip«  ihould  be  placed  u  neu  the  lop  of  Ibe  luik  ax  poasi« 

dischitgiiig  cither  tbrough  lide  at  bottom,  as  may  be  desired.     An  ova±* 
u  mucb  lo  be  preferred  to  ft  tcUtalc,  u  the  latter  is   Uabic   to    get   tm:  o 

H*atiiic.     Tu;ks  ol  moderate  lize  need  to  be  provided  with  tome  mean!  = 

prevent  freeiiag.    When  a  tank  is  in  an  enclosed  room,  aa  in  a  mill-tow^,  'ji 

best  method  is  to  kee|i  the  room  warm  by  a  coil  of  sleam-pipc  with  a  rttun:  .: 

the  boiler-room.    A  covered  lank  out  of  doors  may  olten  be  umilarly  bested  ;y 

placing  the  steun-pipc  in  the  bottom  of  the  tank.     With  a   tank    located  '.-. 

a  high  trestle,  or  al  a  distance  from  the  steam-supply,  it  is  often   biipci.:- 

cable  to  arrange  a  return-pipe.    Id  this  case  iiteam  may  be  blown  directly  bi 

the  water  in  the  tank.     A  i-in  pipe  Is  generally  sufficient  for  this  purpose. 

should  be  carried  to  the  top  of  the  tank  and  there  bend  over  and   dip  Ai^-- 

wards,  so  that  iu  outlet  it  about  i  ft  bdow  tbe  high-water  line.     A  cb^L 

valve  shoukl  be  placed  in  t^ 

tlii.luftMntalB>iUi«Nr)p*  sleara-pipe.  near   its  point   ■ 

discharge,    to    prevent    wjt.f 

being  drawn  back  by  sii^r 

off.  The  walcx  in  Sre-ta-^L- 
must  be  kept  from  f  rrczinc . 
means  of  a  water-beater  win,; 
either  heals  a  coil  In  the  li-i. 
or  circulates  a  current  of  vs:j 
through  the  tank- 

Fn»tpTooBii(    for    Pipes. 

The    discharge-pipe     from   i 

tank  OD  a  trestle,  or  from  i-:ic 

elevated  above  a   roof,  dl.-: 

he   protected    from    freetic^. 

The   common    praclicE    i^  to 

enclose  the  pipe  in  a  douWt, 

Hi.  8.    MMbod  of  FmnixDafing  Pipes  triple,  or  quadruple  boa  madf 

of  boards  and  tarred  paper,  a 

shown  in  Fig.  6.     If  steam  is  supplied  lo  the  tank,  the  steam-pipe  is  canitJ 

inside  the  box.     In  .\"ew  England,  New  York  Suie  and  Canada  the  quadnipi 

boxing  is  generally  used,  whereas  in  the  milder  regions  to  the  south  triple  « 

double  boxing  is  used.     The  Ijoxing  should  always  be  carried  down  into  lit 

ground  below  the  frost-line,  and  a  good  tight  joint  made  al  the  underside  tJ 

COTsrs.  For  economy  in  heating  and  to  prevent  birds,  leavi^  etc..  ffom 
getting  into  the  water,  all  out-of-door  tanks  should  be  covered.  A  double 
cover  is  recommended  consisting  of  a  light  flat  covet  made  of  matched  boanli 
supported  by  joists  which  span  the  top  ol  the  tank,  and  above  this  a  shingW, 
conical  roof.  To  prevent  the  covering  from  being  blown  off,  it  should  be  firoilv 
fastened  to  the  top  o(  the  tank  by  straps  of  iron.  In  order  to  keep  out  llie 
wind  particular  attention  should  be  given  to  making  a  tight  jouit  where  tbt 
roof  rests  on  the  top  of  the  slaves. 

Scut Hes_  should  be  arranged  in  both  the  conical  and  flat  covers  to  give  accrts 
to  the  inside  of  the  tank  and  a  subsUnlial,  permanent  ladder  erected  to  give 
cuy  access  to  the  top  of  the  laok. 
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\pprox< 
imate 

net 
capac- 
ity, 
gal 


lOOOO 

IS  000 

20  000 

25  000 
30000 
50000 

75000 
100  000 


Size. 

Outside 

dimensions 


Aver- 
age 

diam- 
eter. 

ft     in 


13  4 

X4  6 

15  6 

17  6 

18  0 

23  O 

24  6 
a8  6 


Length 

of 
stave, 

ft 


X2 

14 

x6 
z6 
z8 
20 

34 

34 


Thickness  of 

lumber  after 

being  machined 


Staves, 
in 


aV4 

2M 
2H 

2?4 
2H 


Bot- 
tom, 
in 


2V4 

aU 

2H 

2H 
2H 

2H 

2M 
2M 


A, 
in 


3H 

3H 

3W 
3U 

3W 

3H 
3W 


B. 

in 


C. 

in 


2H 

2H 
2% 

2H 

2l^ 

:^ 

2H 


Hoot» 


Num- 
ber of 


XX 

14 

!   5 
II 

4 

12 

4 
16 

4 
19 

4 

6 
21 

5 
29 


Size, 
in 


H 


9 


H 
H 
H 

X 

iH 

X 


Pumps  for  Fire-Streams.  The  dimensions  of  steam-pumps  for  fire-pro- 
tection in  buildings,  approved  by  the  Board  of  Underwriters,  can  be  found  in 
the  following  table. 


Underwriter  Stesm  Fire-Pumps 

Size  in  inches 

Boiler  h.p.  required. 
A.S.M.B.  standard 

Sire  in  inches 

Over-all  dimen-  ' 

* 

sions  of  largest 

pump  of  given 

capacity 

«       Proper  capacity 
^    for  priming-tank 

as 

Diameter  of 
steam-piston 

©a 

h 

in 

7 

0 
in 

"I 

10  f 

J 

1 

w 

in 

...        Discharge- 
s'            pipe 

0 

> 

in 

1 

S 
.S2 
A. 

in 

1 

> 

in 

in 

'51 

K 

in 

i 

c 

JC 

'S 

in 

h.p. 

ft     in 

ft  in 

ft  in 

1 

(M 

500^14 

7H 

80 

8 

6 

3 

4 

3 

2 

X 

9    H-5    2 

7    5    2S0| 

(16 

8 

750 

|I6 
<x6 

9 

9M 

12 

12 

"5 

10 

7 

3Vi 

4 

3^6 

2M 

•H 

9  s 

5    2 

8    0 

375 

xooo 

jl8 

10     12 

toH  10 

ISO 

12 

8 

4 

5 

4 

« 

xVi  10    8 

1 

SlH 

8  xo 

SU) 

1500^      30       12      I16 

200 

14 

10 

5 

6 

S       2h 

ii'«!i2  s 

S    7 

8  XX    750 

The  capacities  given  in  last  column  are  desirable;  but  in  case  the  suction-pipe  b  short 
and  the  lift  low,  a  tank  of  not  leas  than  one-half  the  capacity  stated  may  sometimes  be 
used. 
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Hotet  OB  Steel  Tasks* 

Steel  Tanks  of  sLaes  commonly  used  for  fire-protection  cost  from  40  to  laeH^ 
more  than  wooden  tanks.  The  additional  cost  for  large  tanks  is  rdatS-z  7 
less  than  for  small  tanks.  A  steel  tank  of  about  40  ooo-gal  ca.padty  or  o^c 
can  be  erected  on  a  steel  trestle  at  about  the  same  cost  as  a  wooden  tank,  srs.* 
a  saving  can  be  made  in  the  cost  of  supports  by  making  a  hemisphcricil  or 
conical  bottom  to  the  steel  tank  and  supporting  the  tank  directly  on  the  k^ 
of  the  trestle,  thus  saving  the  expense  of  horizontal  supporting  beams.  A  sUad 
tank  is  superior  to  a  wooden  tank  for  the  following  reasons:  (z)  It  will  iaf 
for  an  indefinite  time  if  kept  thoroughly  painted  inside  and  out,  wfa£rca>  «. 
wooden  tank  will  have  to  be  replaced  in  from  twelve  to  thirty  years,  iis«£r 
in  about  fifteen  years;  (a)  it  will  be  absolutely  tight  when  once  weQ  enxti^i 
and  properly  cared  for,  whereas  a  wooden  tank  will  shrink  and  leak  if  the  wttr- 
gets  low;  (3)  it  will  not  be  at  all  likdy  to  burst  suddenly,  if  originally  concfn.> 
designed,  even  if  painting  is  neglected,  for  experience  shows  tha^  a  few  spots 
will  first  rust  through  and  thus  show  the  weak  condition  by  small  leaks 
a  wooden  tank,  if  neglected,  may  burst  its  hoops  suddenly  and  cause  » 
damage.  The  objections  to  steel  tanks  are  that:  (i)  They  require  skilled  boite 
makers  to  erect  them,  thus  adding  considerable  to  the  cost  when  erected  at  i 
distance  from  a  boiler-shop;  (2)  they  are  more  difficult  to  protect  against  frees- 
ing;  (3)  they  give  more  trouble  by  swEAnNO  when  placed  in  a  RiilI>to«er;  '^i 
they  deteriorate  rapidly  if  painting  is  neglected. 

Stresses  in  Cylindrieal  Tanks. t  The  intensities  of  stresses  in  !b  pa 
sq  in  found  in  cylindrical  tanks  are  as  follows:  A  tensile  stress  due  to  fa>'dru> 
static  pressure  at  any  vertical  joint  or  section  of  the  shell  of  a  tank  filled  wilb 
water, 

S  -  62.5  HD/{2  X  12  /)  -  2.6  HD/t 

A  compressive  stress  at  any  horizontal  joint  or  section,  due  to  the  weight  ol 
the  stack, 

S  -  W/iirD  X  12  /)  -  0.026  W/Dt 

A  stress  at  any  horizontal  joint  cr  section,  tensile  on  the  windward  side  and 
compressive  on  the  leeward  side,  due  to  the  wind,  St  »  0.106  J//D^.  (See 
Self -Sustaining  Steel  Chimneys,  page  1376  )  In  the  above  equation,  H  i-  ha^ 
of  tank  in  ft  above  section  considered,  D  «  diameter  in  ft,  I  •>  thickness  ci 
shell  in  in,  W  •-  weight  of  tank  in  lb,  and  M  »  bending  moment  in  ft-lb.  Tbe 
conditions  for  overturning  from  wind  are  most  severe  when  the  tank  is  emptjr. 

Stand-Pipes  were  much  used  for  storage-reservoirs  at  one  time.  They 
usually  varied  from  12  to  30  ft  in  diameter  and  from  35  to  120  ft  in  height. 
A  tank  built  in  1889  at  Greenwich,  Conn.,  was  80  ft  in  diameter  and  30  f t  io 
height.  Its  capacity  was  i  300  000  gal.  A  stand-pipe  built  in  1876  at  Winons, 
Minn,  was  4  ft  in  diameter  by  210  ft  in  height.  The  steel  cylinder  was  sur- 
rounded by  a  masonry  tower.  A  long  list  of  failures,  mostly  due  to  fault}' 
design,  are  recorded  against  the  stand-pipe.  Because  of  this  and  the  superior 
advantage  of  the  elevated  water-tower,  few  are  now  built.  General  Specifica- 
tions for  Elevated  Steel  Tanks  on  Towers,  and  for  Stand-pipes  (Trans.  Ata.  Soc. 
C.  E.,  Vol.  64, 1909,  pages  548  to  566),and  General  Specifications  for  Steel,  Water, 
and  Oil-Tanks  (Proc.  Am.  Ry.  Eng.  Asso.,  vol.  13,  191 2),  are  both  reprinted  is 
Ketchxmi's  Structural  Engineers'  Handbook. 

*  Inspection  Departmeat  of  the  Factocy  Mutual  Insunooe  Company,  Boston. 
t  Fnm  Notes  by  Robins  Fkming. 
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Coatents  In  Cubie  FmC  md  U.  8.  OaUoni  of  PIpM  tad  Cylinders  of 
Varicms  Diamtten  and  Ono  Foot  in  Length 
X  gallon  -i  ajx  cu  in.    i  cu  ft  »  7.4805  gal 


Fori 

ft  in        1 

Fori 

ft  in       i 

Fori 

ft  in 

length 

TX* 

length          1 

1 

v^  • 

length 

Diam- 

Diam- 

Diam- 

eter in 

Cuft. 

U.S. 

eter  in 

Cuft. 

U.S. 

eter  in 

Cuft, 

U.S. 

inches  * 

also 

gal 

inches 

also 

gal. 

inches 

also 

gal. 

area  in 

231 

area  in 

231 

area  in 

231 

sqft 

cu  in 

sqft 

cuin 

sqft 

cu  in 

U 

0.0003 

0.0025 

6^4 

0.2485 

1. 859 

19 

1.969 

14  73 

Me 

0.0005 

0.0040 

7 

0.2673 

1-999 

X9^i 

2.074 

X5  51 

H 

0.0Q08 

O.00S7 

7V4 

0.2867 

2.145 

20 

2.XB2 

16.3a 

M» 

O.OOIO 

0.0078 

IH 

0.3068 

2.295  1 

aoH 

2.292 

rj.is 

^i 

0.0014 

0.0102 

iH 

0.3276 

2.450 

21 

2.40s 

17  99 

M« 

0.0017 

0.0129 

8 

0.3491 

2.611 

21  Vi 

2.521 

18.86 

H 

o.ooai 

0.0159 

8M 

0.371a 

a.  777 

22 

2.640 

19  75 

»H6 

o.ooa6 

0.0193 

6H 

0.3941 

2-948 

22H 

2.761 

20.66 

^4 

0.0031 

0.0230 

m 

0.4176 

3  "5 

«3 

2.885 

21. 58 

»M« 

0.0036 

0.0269 

9 

0.4418 

3  30s 

23^ 

3.012 

22  53 

li 

0.0042 

0.0312 

9M 

0.4667 

3  491 

24 

3  142 

23  50 

^Me 

0.0048 

0.0359 

9Vi 

0.4022 

3682 

25 

3  409 

25.50 

X 

0.005s 

0.0408 

9^4 

0.5185 

3  879 

26 

3.687 

27  58 

iH 

0.0085 

0.0638 

10 

O.S4S4 

4080 

37 

3.976 

29  74 

1 4 

0.0123 

0.0918 

xoM 

0.5730 

4.286 

28 

4.276 

31.99 

1^4 

0.0167 

0.1249 

loVi 

0.6013 

4-498 

a9 

4.587 

34  31 

2 

0.02x8 

0.1632 

xo^4 

0.6303 

4  71s  ! 

30 

4909 

36.72 

aM 

0.0276 

0.2066 

11 

0.6600 

4  937 

3X 

5.341 

39  21 

2M 

0.0341 

0.2550 

11 M 

0.6903 

5  164 

3a 

5.585 

41-78 

2H 

0.04x2 

0.3085 

11  Vi 

0.7213 

5  396' 

33 

5.940 

44.43 

3 

0.0491 

0.3672 

11^4 

0.7530 

5  633  1 

34 

6.30s 

47.16 

3'4 

0.0576 

0.4309 

12 

0.7854 

5  875  1 

35 

6.661 

4998 

3^6 

0.0668 

0.4998 

12^^ 

0.8522 

6.375  i 

36 

7.069 

52.88 

3H 

0,0767 

0.5738 

13 

0.9218 

6.8951 

37 

7.467 

55.86 

4 

0.0873 

0.6528 

13^ 

0.9940 

7  436  . 

38 

7.876 

589a 

4^ 

o.ogSs 

0.7369 

14 

1.0690 

7  997  ' 

39 

8.296 

62.06 

44 

0.X134 

0.8263 

uM 

1.1470 

8.578 

40 

8.727 

65  28 

4^ 

0.1231 

0.9206 

15 

1.2270 

9.180 

41 

9.168 

68.58 

S 

0.1364 

1.0200 

15^4 

1.3100 

9.801  ' 

4a 

9.621 

71  97 

S!4 

0.IS03 

1.1250  1 

16 

1.3960 

10.440 

43 

10.085 

75.44 

54 

0.1650 

1.2340  < 

i6H 

1.4850 

11.110 

44 

10.559 

78.99 

sn 

0.1803 

1.3490 

17 

1.5760 

11  790 

45 

11.045 

82.62 

6 

0.1963 

1.4690 

17W 

1.6700 

12.490 

46 

11  541 

86.33 

6' 4 

0.2131 

1.5940 

x8 

1.7680 

13.220 

47 

12.048 

90.13 

64 

0.2304 

1.7240 

i8^i 

1.8670 

13.960 

1 

48 

12.566 

94.00 

*  Actual. 

To  find  the  capacity  of  pipes  greater  than  those  given,  look  in  the  table  for  a 
pipe  of  one-half  the  given  size  and  multiply  its  capacity  by  4,  or  one  of  one- 
third  its  size  and  multiply  its  capacity  by  9,  etc.  To  find  the  WEIGHT  of  water 
in  any  of  the  given  sizes,  multiply  the  capacity  in  cubic  feet  by  the  weight  of  a 
cubic  foot  of  water  at  the  temperature  of  the  water  in  the  pipe. 

To  find  the  capacity  of  a  cylinder  in  U.  S.  gallons,  multiply  the  length  by  the 
square  of  the  diameter  and  by  0.0&34. 
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Diameter  in  feet  and  inches,  area  in  square  feet,  and  U.  S.  galkMis  capaoty  far  z  b 

in  depUi 

I  gaQon  «  33X  cu  in  «  o»x337  cu  ft 


Diam 

Area. 

Gal. 

i-ft 
depth 

Diam, 

Area, 

Gal. 

I-ft 
depth 

Diam. 

Area. 

Gal. 

i-ft 
depth 

ft    in 

sqff 

ft 

in 

•qft* 

ft 

in 

•qft* 

X 

0.785 

587 

5 

8 

25.22 

188.66 

19 

a83  SJ 

2I2C  9 

I     I 

0.92a 

6.89 

5 

9 

25. 97 

194.25 

19 

3 

291  04 

«77  x 

X       2 

1.069 

8.00 

5 

10 

26.73 

199.92 

19 

6 

29«6s 

2334  = 

X      3 

1.227 

9.18 

5 

IX 

27  49 

aos.67 

19 

9 

306.35 

»9I  7 

X      4 

1.396 

10.44 

6 

28.27 

211.51 

ao 

314  16 

23SO  I 

X      S 

I  576 

11.79 

6 

3 

30. 6S 

229.50 

ao 

3 

322.06 

2400  i 

X      6 

1  767 

1322 

6 

6 

33.18 

248.23 

ao 

6 

33P.oS 

2469  I 

X     7 

1.969 

14.73 

6 

9 

35  78 

267.69 

ao 

9 

338. X6 

35396 

X     8 

2.182 

16.32 

7 

38.48 

2S7.88 

ai 

346.36 

3591  0 

I     9 

2.405 
2.640 

17  99 

7 

i 

41.28 

303.8i 

ai 

3 

354  66 

36s3  c 

I    10 

19.75 

7 

44.18 

330.48 

ai 

6 

363  OS 

2715  s 

I    II 

2.885 

21.58 

7 

9 

47  17 

352.88 

ai 

9 

371.54 

2779  i 

a 

3  142 

23.50 

8 

SO.  27 

376.01 

aa 

380.13 

2643  -^ 

2     I 

3  409 

25  SO 

8 

3 

53  46 

39988 

aa 

3 

388.8a 

a9ai>  f> 

*     2 

3.687 

27.SB 

8 

6 

S6.7S 

424.48 

aa 

6 

397.61 

3974  3 

a    3 

3976 

29.74 

8 

9 

60.13 

44982 

aa 

9 

406.49 

JC*3  J5 

a      4 

4.276 

31.99 

9 

63.62 

475.89 

23 

415  48 

3108  c 

3      5 

4.587 

34  31 

9 

3 

67.20 

502.70 

23 

3 

424  S6 

3175  9 

2     6 

4  909 

36.72 

9 

6 

70  88 

530.24 

23 

6 

433  74 

3244  6 

^  J 

5.241 

39  21 

9 

9 

7466 

558.51 

23 

9 

443  01 

3314  0 

5.585 

41  78 

10 

78.54 

587.52 

24 

452. 39 

3384  1 

a     9 

5  940 

44  43 

10 

3 

82.52 

617.26 

24 

3 

461.86 

34S3  c 

2    10 

6.305 

47  16 

10 

6 

86.59 

647.74 

24 

6 

471.44 

3526  6 

a    II 

6.681 

4998 

10 

9 

90.76 

678.95 

24 

9 

481  II 

359B9 

3 

7.069 

52  88 

II 

95.03 

710.90 

25 

490.87 

3672  c 

3      I 

7.467 

55.86 

11 

I 

99  40 

743  58 

25 

3 

SCO  74 

3745  « 

3     2 

7.876 

58.92 

II 

103.87 

776.99 

2S 

6 

510. 71 

*20  3 

3     3 

8.296 

63.06 

II 

9 

108.43 

811. 14 

as 

9 

520.77 

38956 

3      4 

8.727 

65.26 

12 

113. xo 

846.03 

a6 

530  93 

3971  6 

3      f 

9.166 

68.58 

12 

3 

117.86 

881.6s 

a6 

3 

541  19 

4048.4 

3      6 

9.6ai 

71.97 

12 

6 

122.72 

918.00 

a6 

6 

551  55 

4125  9 

3      7 

10.085 

75  44 

12 

9 

127.68 

955.09 

a6 

9 

S63.00 

4204  I 

3      8 

X0.559 

78.99 

13 

132.73 

992  01 

a7 

572.56 

42S3C 

3     9 

11.045 

82.62 

13 

3 

137.89 

1031.S 

27 

3 

588.31 

43627 

3    10 

11.541 

86.,« 

13 

6 

143x4 

X070.8 

a7 

6 

593.96 

604. 8x 

4443  I     , 

3    XI 

12.048 

90.13 

13 

9 

148.49 

I110.8 

27 

9 

4524  3 

4 

12.566 

94  00 

14 

153.94 

1151 .5 

a8 

615.7s 

4606  3 

4      X 

1309s 

97.96 

14 

I 

159.48 

11930 

a8 

3 

626.80 

46888 

4     a 

13  63s 

102.00 

14 

165.13 

1235  3 

a8 

6 

637  94 

4772  X 

4      3 

14. 186 

106.12 

14 

9 

170.87 

X278.2 

28 

9 

649  18 

48562     , 

4      4 

14  748 

110.32 

15 

176.71 

1321.9 

29 

660.52 

4941  0 

t  1 

15  321 

114  61 

IS 

3 

182.65 

1366.4 

29 

3 

671.96 

50266 

IS  90 

118.97 

IS 

6 

188  69 

1411. S 

29 

6 

66349 

51"  9 

4      7 

16.50 

123  42 

I.S 

9 

19483 

1457. 4 

29 

9 

69s  13 

51999 

4      8 

17.10 

127.95 

16 

201.06 

1504.1 

30 

706.86 

5287  7 

4      9 

17.72 

132. S6 

x6 

3 

207.39 

155 1  4 

30 

3 

718.69 

53762 

4    10 

18  35 

137  25 

16 

6 

213.82 

1590. S 

30 

6 

730.6a 

54654 

4     XK 

18.99 

142.02 

16 

9 

220.35 

1648.4 

30 

9 

742.64 

S5SS  4 

5 

1963 

146.88 

17 

226.98 

X697.9 

31 

754.77 

56461 

5      X 

20  29 

151.82 

17 

3 

233  71 

1748. a 

31 

3 

766.99 

5737  5 

5     a 

20.97 

156.83 

17 

6 

240.53 

1799.3 

31 

6 

779  31 

5829: 

5      3 

21.65 

X61.93 

17 

9 

247.45 

1851 . I 

3X 

9 

79X.73 

59226 

5      4 

22. 34 

167.12 

18 

254  47 

1903  6 

32 

804. as 
8x6.86 

60x6. a 

S      S 

23.04 

X72.38 

18 

3 

26I-S9 

1956.8 

32 

1 

61x0.6 

5     6 

2376 

177.72 

18 

6 

268.80 

aoio.8 

3a 

829.58 

62057 

5      7 

2448 

X83.XS 

18 

9     276.12 

ao6s.5 

3^ 

9 

841.39 

6301.5 

* 

*  Also  cubic  feet  for  4  ft  in  depth. 
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CfljflritT  of  CJitunt^  mil  TAoki 
Number  of  barreb  (31 H  gal)  in  dstems  and  tanks 


Diameter,  ft 

Depth, 

1                           1                           1 

1 

ft 

5 

6 

7 

8 

9 

10 

II 

12 

13 

5 

23.3 

33.6 

45. 7 

59.7 

75.5 

93.2 

112.8 

134.3 

157. 6 

6 

a6.o 

40.3 

54.8 

71.7 

90.6 

Ill.O 

130.6 

135.4 

161.1 

189.1 

7 

33.7 

47.0 

64.0 

83.6 

105.7 

158.0 

188.0 

220.6 

8 

37.3 

53.7 

73.1 

95.5 

120.9 

149.2 

180.5 

214.8 

252.1 

9 

42.0 

60.4 

82.2 

X07.4 

136.0 

167.9 

203.1 

241.7 
268.6 

283.7 

10 

46.7 

67.1 

91  4 

X19-4 

151. 1 

186.5 

225.7 

315.2 

II 

SI. 3 

Ui 

100.5 

X31  3 

166.2 

205.1 

248.2 

295.4 

346-7 

12 

S6.o 

109.7 

143-2 

181. 3 

223.8 

270.8 

322.3 

378.2 

13 

60.7 

87.3 

118. 8 

155.2 

196  4 

242.4 

2934 

349.1 

409. 7 

14 

653 

94.0 

1279 

167.1 

211. 5 

a6i.i 

315-9 

376.0 

441-3 

11 

70.0 
74.7 

100.7 
107.4 

137.  X 
146.2 

179.0 
191. 0 

226.6 
241.7 

289.8 
298.4 

338.5 
361. 1 

403.8 

429.7 
456.6 

472.8 
504-3 

17 

793 

114. 1 

155-4 

202.9 

256.8 

317.0 

3836 

.■^5.8 

i9 

84.0 

120.9 
127.0 

164.5 

214.8 

272.0 

335-7 

406.2 

483.4 

567.3 

19 

88.7 

X73.6 

226.8 

287.0 

354  3 

428.8 

510.3 

598.0 

20 

93.3 

134  3 

182.8 

238.7 

302.1 

373  0 

451-3 

537.1  '  630.4  1 

Diameter,  ft 

Depth, 

14 

IS 

16 

17 

18 

19 

20 

21 

22 

1 

I8a.8 

209.8 

238.7 

269.5 

102.1 

336.6 

373-0 

411.2 

451-3 

219.3 

asi.8 

286.5 

323.4 

362.6 

404.0 

447.6 

493.5 

541.6 

7 

25S.9 

293.7 

334.2 

377  3 

423.0 

471  3 

522.2 

575. 7 

631.9 

8 

298.4 

335.7 

382.0 

431  2 

483.4 

538.6 

596.8 

658.0 

72^-1 

9 

339.0 

377.7 

429.7 

485.1 

543.8 

605.9 

671.4 

740.2 

812.4 

10 

36s  S 

419  6 

477.4 

539.0 

604.3 

6733 

740.6 

746.0 

822.5 

902.7 

11 

402.1 

461.6 

52s  2 

592  9 
646.1 

667.7 

820.6 

904.7 

99*9 

la 

438.6 

503  5 

5729 

725.1 

807.9 

895.2 

987.0 

1083.2 

13 

47S.a 

545. 5 

620.7 

700.7 

785.5 

875.2 

969.8 

IC69.2 

1173. 5 

14 

5II-8 

587.5 

668.2 

754.6 

846.0 

942.6 

1044.4 

I151.S 

1263  7 

IS 

S4«3 

629  4 

7x6.2 

808.5 

9064 

1009.9 

III9.O 

1233.7 

I3S4-0 

16 

584  9 

671.4 

773  9 
811. 6 

86a. 4 

966.8 

1077  a 

1193-6 

1315  9 

1444.3 

17 

621.4 

713.4 

9x6.3 

1027.2 

1044.6 

1268.2 

1398.2 

1534  5 

18 

658.0 

755.3 

8594 

970.2 

1087.7 

1211.9 

1342.8 

1480.4 

1624.8 

19 

694. S 

797.3 

907.1 

1024.1 

II48.I 

1279.2 
1346. 5 

14X7.4 

1562.7 

1715-1 

ao 

731. 1 

8393 

9549 

1078.0 

1208.5 

1492.0 

1644.9 

180S.3 

Diameter,  ft 

Depth, 

23 

24 

25 

26 

27 

28 

29 

30 

5 

493-3 

537.1 

582.8 

630.4 

679  8 

731.1 

784.2 

8393 

6 

592.0 

644.5 

699.4 

756.5 

815.8 

877.3 

941.1    » 

1007- 1 

7 

690.6 

752.0 

815  9 

882.5 

951.7 

1023  5 

1097  9 

"75-0 

8 

789  3 

859  4 

932.5 

1008.6 

1087.7 

1169.7 

1254  8 

1342.8 

9 

887.9 

966.8 

1049. I 

"34  7. 

1223.6 

1316.0 

I4I1.6 

1510.7 

10 

966.6 

1074.2 

1165.6 

ia6o.8 

1359  6 

1462.2 

1568.2 

1678.5 

II 

1085.2 

I181.7 

1282.2 

13868 

1495  6 

1608.7 

1723.0 

1846.4 

la 

X183.9 

1289. I 
1396. 5 

1398.7 

1512.9 

.  1631.5 

1754.6 

1882.2 

2014.2 

13 

ia82.6 

1515.3 

1639.0 

1767. 5 

1900.8 

2039.0 

2182.0 

14 

ijSi.a 

1503.9 

1631. 9 

1765. I 

1903.4 

2047.1 

21959 

2343.9 

'1 

1479  9 

1611.4 

1748.4 

1891.1 

2039  4 

21933 

2352.7 

2517.8 

16 

1578.5 

1718.8 

1865.0 

2017. a 

2175.4 

2339  5 

X 

268S-6 

!i 

1677.2 

1826.2 

1981.6 

2143.3 
2269.4 

2311.3 

2485.7 
2631-9 

2853.5 

I77S.9 

1933.6 

2098.1 

2447.3 

2823.3 

3021.3 

19 

X874.S 

2041.1 

2214.7 

23954 

2583.2 

2778.1 

2980.1 

3189.2 

ao 

1973.2 

2148.5 

2321.2 

2521.5 

2719.2 

2924.4 

3x37.0 

3357. 0 

For  taaki  that  are  tapering,  meuure  the  diameter  four-tenUia  (xom  lacge  ciuL 
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NnmlMr  of  U.  S.  Galloos  in  AecfeuBfolar  Tanks 

For  One  Foot  in  Depth 

z  ca  ft  "■  7.4805  gal 


Width, 
ft 


2 

3.5 

3 

3  5 

4 

45 

5 

5-5 

6 

6.S 

7 


Width, 
ft 


2 

2.S 
3 

3  5 
4 

4  5 
5 

5.5 
6 

6.5 

7 

75 

8 

8.5 

9 
95 

10 

10. 5 
II 

II. 5 

13 


Length  of  tank,  ft 


29.92 


2.S 


37.40 
46.7s 


44  88 
56x0 
67.32 


•  ■  •  • 


3-5 


52.36 
65.45 
78.54 
91.64 


59  84 
74  80 

89  77 
X04.73 
X19.69 


4-5 


67.321  74 
84.16I  93 

100.99  112. 

1x7.821x30. 

134.65149 


151.48 


•  •  •  • 


168 
187 


8x 

51 

21 

91 
61 

31 

01 


5.5    I     6 


82 
102. 
123 
144 
164 
18s. 
205. 
226. 


29 

80 

43 

00 

57 
14 
71 
28 


89 

1X2 

134 
157 

X79 
201, 
224. 
246. 
269. 


77 
21 

65 
09 
S3 
97 
41 
86 
30 


6-S 


97 

I3X 

X4S 

170 

194 
218. 

243. 

267. 
391. 
316- 


25 

56 

a? 


10473 

I3DS: 
XS7  3, 


18183.^' 
209  15' 
»(a3563 
iz  afo.!U, 
43288  cc 

74|3i4.lil 

QSI34C.3C. 


Length  of  tank,  ft 


7  5 


112.21 
140.26 
16B.31 
196.36 
224.41 
252.47 
2S0.52 

308.57 
336.62 
364.67388 
392.72418 


8 


119 
149 
179 
209 

239 
269 
299 
329 
359 


420.78 


448 
478 


69 
6x 

53 
45 
37 
30 
22 
14 
06 

98 
91 
83 

75 


8.5 


127.17 
158.96 
190.75 
222.54 
254.34 
28f.i3 
317  92 
349  71 
381.50 
413  30 
445  09 
476.88 
508.67 
540.46 


X34  65 
168.31 
202.97 
235  63 
269.30 
302.96 
336.62 
370.28 

403  94 
437  60 

471.27 
504  93 
538.59 
572.25 
605.92 


9.5    10 


142.13 
177.66 

213.19 
248.73 
284.26 

319.79 
355-32 
3908s 

426.39 
461.92 

497.45 
532.98 
568.51 
604.0s 
639.58 
675. IX 


149.61 
187.  ox 
224.41 
26X.82 
299.22 
336.62 
374.03 

411  43 
448.83 
486.33 
523  64 
561.04 
598.44 
635.84 
673.25 
7x0.6s 
748.05 


10.5 


IX 


157.09 
196.36 

235  63 
274.90 
314.18 
353  45 
392.72 
432.00! 

471.27! 
5X0. 54 1 
549811 
589.08 
628.36 
667.63; 

706. 90; 

746  X7l 

785.4s, 
824.73 


164.57 
205.71 
246.86 

288.00 
329  14 

370.28 
411  43 
452. 57 
493  71 
534  85 
S7S.OO 

6x7. X4 
658.28 
690.42 
740.56 
781.71 
822.86 
864.00 
905.14 


II. S 


12 


172.QSJ  179  S3 
ai5.06|    224  4i| 

258.07  269.3:! 

301.09  314. i8| 

344.10  35906! 
3B7.11  403  94 
430.13  448831 
473. X4I  493  71 1 
516.1s  538.59 ' 
SSO.16  58347; 

602.18  628  36 I 

645.19  673.24 • 

688.20  718  12 

731.21  7<a.oo 
774.23  807.89 

817.24  852. n 

860.26  897  661 
90326   9«2.s6| 

946.27  987.43' 
989.29|i<a2.3  I 
. .> . .    1077.2  ) 


To  find  weight  of  water  in  pounds  at  62*  F.,  multiply  the  number  of  gaUoos 
by  8^. 

Example.  To  find  number  of  gallons  in  a  rectangular  tank  that  is  7.5  ft  by 
10  ft.,  the  water  being  4  ft  deep.  Look  in  the  extreme  left-hand  column  for 
7.5  and  opposite  to  this  In  the  column  headed  10  read  561^,  which  being 
multipH^  by  4,  the  depth  of  water  in  the  tank,  gives  2244.2,  the  number  of 
gallons  mjuhwd. 
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(a)  PlUlfBIllG  AND  DRAINAGB 

eliable    Rules   for   Plambing  and  Drainage.     The  water-supply  of 

dings,  including  the  apparatus  for  heating  water,  the  system  of  drainage 
sewage,  and  the  various  fixtures  connected  therewith,  are  installed  by  the 

nber,  usually  in  accordance  with  specifications  prepared  by  the  architect 
subject  to  municipal  regulations.  An  efficient  and  safe  system  of  plumbiiig 
matter  of  vital  importance.    The  following  may  be  used  as  a  reliable  guide 

iny  locality. 

Extracts  *  reoM  the  Rules  and  Regitlations  of  the  Department  of 
Buildings  op  the  City  or  New  York,  Adopted  April  23,  191 2 

Definitions  of  Tems 

[i2)t  The  term  private  sewer  is  applied  to  main  sewers  that  are  not  con* 
ucted  by  and  under  the  supervision  of  the  Department  of  Sewers. 
[li)  The  term  house-sewer  is  applied  to  that  part  of  the  main  drain  or  sewer 
lending  from  a  point  2  ft  outside  of  the  outer  wall  of  building-vault  or  area  to 
connection  with  public  sewer,  private  sewer  or  cesspool. 

(14)  The  term  house-drain  is  applied  to  that  part  of  the  main  horizontal 
lin  and  its  branches  inside  the  walls  of  the  building- vault  or  area  and  eztend- 
;  to  and  connecting  with  the  house-sewer. 

(15)  The  term  soil-pipe  is  applied  to  any  vertical  line  of  pipe  extending 
rough  roof,  receiving  the  discharge  of  one  or  more  water-closets  with  or  with* 
t  other  fixtures. 

(16)  The  term  waste-pipe  is  applied  to  any  pipe,  extending  through  roof, 
cei\ang  the  discharge  from  any  fixtures  except  water-closets. 

(17)  The  term  vent-pipe  is  applied  to  any  spedal  pipe  provided  to  ventilate 
e  system  of  piping  and  to  prevent  trap-siphonage  and  back-pressure. 

Materials  and  Workmanship 

Soil-IHpe  and  Vent-Pipe.  (19)  All  cast-iron  pipes  and  fittings  must  be 
icoated,  sound,  cylindrical,  and  smooth,  free  from  cracks,  sand-holes  and 
:her  defects,  and  of  uniform  thickness  and  of  the  grade  known  in  commerce  as 
xtra  heavy. 

(20)  Pipe,  including  the  hub,  shall  weigh  not  less  than  the  following  average 
eights  per  linear  foot: 


Diameters 


am, 

3  in, 

4  in 
sin 

6  in 

7  in 
Sin 

10  in 
lain 


Weights  per 

linear  foot. 

lb 


$H 

13 

17 
20 

27 

33H 
45 
54 


*  These  numbered  paragnpbs,  from  (12)  to  (174)*  extracU  from  Building  Regulations, 
ue  unedited,  except  in  those  details  which  aSect  typographical  uniformity  throughout 
the  book.    Editor-in-chief. 

t  Paragnph-Dumbers  are  the  same  as  those  in  the  Officisl  Regulatioos.  Missing  num- 
t)en  indicate  patagrapfas  poipoaelr  omitted. 
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(22)  AU  joints  must  be  madeivith  picked  oakum  and  molten  lead  and  be  sMti 
gas-tight.  Twelve  (12)  oz  of  fine,  soft  pig  lead  must  be  used  at  each  jcesi:) 
each  inch. in  the  diameter  of  the  pipe. 

(24)  Wrought-iron  and  steel  water-pipes,  vent-pipes»  waste-pipes  and  tiL^ 
pipes  must  be  galvanized. 

(29)  All  brass  pipe  for  soil-pipes,  waste-iHpes,  and  vent-p^>es  and  soider-c^- 
pies  must  be  thoroughly  annealed,  seamless-drawn,  brass  tubing  of  staakrJ 
iron-pipe  gauge. 

Lead  Waste-Pipes.  (37)  The  use  of  lead  pipes  is  restricted  to  the  saur 
branches  of  the  soil-pipes  and  waste-pipes,  bends,  traps,  and  roof-ooonectk:: 
of  inside  leaders.  Sboat  branches  of  lead  pipe  shall  be  construed  to  meaa  k: 
more  than 

8  ft  of  iH-in  pipe 

5  ft  of  3-in  pipe 

2  ft  of  3-in  pipe 

3  ft  of  4-in  pipe 

(38)  All  connections  between  lead  pipes  and  between  lead  and  bxaas  or  ct^xcr 
pipes  must  be  made  by  means  of  wiped  solder  joints. 

(39)  All  lead  waste,  soil,  vent,  and  flush-pipes  must  be  of  the  best  qualT^^, 
known  in  conimerce  as  Z>,  and  of  not  less  than  the  following  weigbts  per  linear  Kk  r. 


Diameters 


xM  in  (for  flush-pipes  only) 

iWin 

sin 

3  in 

4  and  4H  in 


Weiafatsper 
ari 

lb 


3 
4 
6 
8 


(40)  All  lead  traps  and  bends  must  be  of  the  same  weights  and  thickDessc 
as  their  corresponding  pipe-branches.  Sheet  lead  for  roof-flashings  miK  he 
6-lb  lead  and  must  extend  not  less  than  6  in  from  the  pipe,  and  the  joint  vc^Ci 
water-tight. 

(41)  Copper  tubing  when  used  for  inside  leader  roof-connections  must  b-e 
seamless-drawn  tubing  not  less  than  22  gauge,  and  when  used  for  roc»f-flashiass 
must  be  not  less  than  x8  gauge. 

Yard,  Area  and  Other  Drains 

(54)  All  yards,  areas,  and  courts  exceeding  l5  sq  ft  in  area  must  be  drained 
into  the  sewer.  A  shaft  open  at  the  top  and  not  exceeding  25  sq  ft  in  area,  and 
which  cannot  be  connected  in  back  of  a  leader,  yard,  court,  or  area  diain-tnp, 
may  be  drained  into  a  publicly  placed,  water-supplied,  properly  tapped  and 
vented  sloi>-sink. 

(59)  These  drains,  when  sewer-connected,  must  have  connections  not  less 
than  3  in  in  diameter.  They  should  be  controlled  by  one  trap,  the  leader-tnp 
if  possible. 

Leaden 

(60)  Every  building  shall  be  kept  provided  with  proper  metallic  gutters  and 
rftin-Ieaders  for  conducting  water  from  all  roofs  in  such  manner  as  shall  protect 
the  walls  and  foundations  of  said  buildings  from  injury.  In  no  case  shaO  the 
water  from  any  rain-leader  be  allowed  to  flow  upon  the  sdewalk  or  adjoining 
property,  but  the  same  shall  be  conducted  by  proper  pipes  to  the  sewer.  If 
there  be  no  sewer  in  the  street  upon  which  the  buildings  front,  then  the  water 
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om  said  leaders  shall  be  conducted  by  proper  pipes  below  the  surface  of  the 
dewalk.  to  the  street-gutter,  or  may  be  conducted  by  extra-heavy  cast-irnn 
ipe  to  a  leeching  cesspool  located  at  least  20  ft  from  any  building.  No  plumb- 
ig  fixtures  shall  discharge  into  a  leeching  cesspool. 

(61)  Inside  leaders  must  be  made  of  cast  iron,  wrought  iron,  or  steel,  with 
3of-connections  made  gas-tight  and  water-tight  by  means  of  a  heavy  lead  or 
opper-drawn  tubing  wiped  to  a  brass  ferrule  or  nipple  calked  or  screwed  into 
he  pipe. 

(62)  Outside  leaders  may  be  of  sheet  metal,  but  they  must  connect  with  the 
louse-drain  by  means  of  a  cast-iron  pipe  extending  vertically  5  ft  above  the 
Tade-level. 

(63)  Leaders  must  be  trapped  with  cast-iron  running  traps  so  placed  as  to 
>revent  freezing. 

(64)  Rain-water  leaders  must  not  be  used  as  soil-pipes*  waste-pipes  or  vent- 
>ipes,  nor  shall  any  such  pipe  be  used  as  a  leader. 

The  Hottse-Sewer,  House-Drain,  House-Trap  and  Fresh-Air 

Inlet 

(70)  The  house-drain  must  properly  connect  with  the  house-sewer  at  a  point 
2  ft  outside  of  the  outer  front  vault  or  area-wall  of  the  building.  An  arched  or 
other  proper  opening  in  the  wall  must  be  provided  for  the  drain  to  prevent 
damage  by  settlement. 

(71)  The  house-drain  if  above  the  cellar-floor,  must  be  supported  at  inter- 
vals of  to  ft  by  8-in  brick  piers  or  suspended  from  the  floor-beams,  or  be  other- 
wise properly  supported  by  heavy  iron-pipe  hangers  at  intervals  of  not  more 
than  10  ft. 

(72)  No  steam-exhaust,  boiler  blow-off,  or  drip-pipe  shall  be  connected  with 
the  house-drain.  Such  pipes  must  first  discharge  into  a  proper  condensing  tank, 
and  from  this  a  proper  outlet  to  the  house-sewer  outside  of  the  building  must  be 
provided.  In  low-pressure  steam-^stems  the  condensing  tank  may  be  omitted, 
but  the  waste-connection  must  be  otherwise  as  above  required. 

(73)  The  house-drain  and  house-sewer  must  be  run  as  direct  as  possible, 
with  a  fall  of  at  least  H  in  per  ft.  all  changes  in  direction  made  with  proper 
fittings,  and  all  connections  made  with  Y  branches  and  one-eighth  and  one-six- 
teenth bends. 

Size  of  House-*Sewer.  (74)  The  house-sewer  and  house-drain  must  be  at 
least  4  in  in  diameter  where  water-closets  discharge  into  them.  Where  rain- 
water discharges  into  them,  the  house-sewer  and  house-drain  up  to  the  leader* 
connections  must  be  in  accordance  with  the  following  table: 


Diameter  of 

For  a  fall  of 

For  a  fall  of 

• 

M  in  per  foot. 

H  in  per  foot. 

in 

8Q  ft  of  drainage- 

sq  ft  of  dfuinage- 

mmm 

area 

area 

3 

z  200 

iSoo 

4 

asoo 

3200 

5 

4S00 

6000 

6 

8otx> 

10  000  , 

7 

12400 

X5600 

8 

18000 

22500 

9 

25000 

31500 

10 

41  000 

59000 

12 

69000 

98000 
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(75)  Full-size  Y  and  T-branch  fittings  for  hand-hole  dean-outs  mu^  be  -n 
vided  where  required  on  house-drain  and  its  branches.  No  dean-out  nee-i  j 
larger  than  6  in  in  diameter. 

(76)  An  iron  running-trap  must  be  placed  on  the  house-drain  near  the  w-.| 
of  the  house,  and  on  the  sewer-side  of  aU  connections,  except  a  Y  fitting  csrd  n 
receive  the  dischaige  from  an  automatic  sewage-lift,  oil-separa.tor  or  a  err- 
pipe  where  one  is  used.  If  placed  outside  the  house  or  below  the  cdBar-D-  * 
it  must  be  made  accessible  in  a  brick  manhole,  the  walls  of  which  must  be  ^  z 
thick,  with  an  iron  or  flagstone  cover.  When  outside  the  house  it  must  ne^ 
be  less  than  3  ft  below  the  surface  of  the  ground. 

(79)  A  FRESH-AIR  INLET  must  be  Connected  with  the  house-drain  just  hisdr 
of  the  house-trap  and  extended  to  the  outer  air,  terminating  with  a  retura-br  ^ 
with  open  end  i  ft  above  the  grade  at  most  available  point,  to  be  determined  > 
the  superintendent  of  buildings  and  shown  on  plans.  Tlie  fresh-air  inkt-:<:« 
must  be  of  the  same  diameter  as  the  house-drain.  An  automatic  device  apprc^  fc 
by  the  superiatendent  of  buildings  may  be  used  when  set  in  a  noanner  si*..- 
factory  to  him. 

Note.  The  fresh-air  inlet  and  running  trap  prescribed  by  Sections  76  anc ' 
are  not  required  in  many  cities,  and  it  is  better  to  omit  them  where  not  r.-- 
quired. 

Soil-Pipes,  Waste-Pipes  and  Vent-Pipes 

(81)  All  main,  soil,  waste  or  vent-pipes  must  be  of  iron,  steel,  or  brass. 
(90)  The  diameters  of  soil-pipes  and  waste-pipes  must  not  be  less  than  tk« 
given  in  the  foUowing  table: 


Main  soil-pipes 4  in 

Main  soil-pipes  for  watendosets  on  five  or  more  floors 5  in 

Branch  soil-pipes 4in 

Main  waste-pipes 2  in 

Main  waste-pipes  for  kitchen-sinks  on  five  or  more  fkxirs 3  in 

Branch  waste-pipes  for  laundry-tubs i\\  in 

When  set  in  ranges  of  three  or  more a  in 

Branch  waste  for  kitcheii-«inks a  in 

Branch  waste  for  urinals 3  in 

Branch  waste  for  other  fixtures i^ta 


(97)  The  SIZES  OF  VENT-PIPES  throughout  must  not  be  less  than  the  foQo¥- 
ing: 

For  main  vents,  2  in  in  diameter;  for  water-closets  on  three  or  more  floofs^ 
3  in  in  diameter;  for  other  fixtures  on  less  than  seven  floors,  2  in  in  diameter; 
3-in  vent-pipe  will  be  permitted  for  less  than  nine  stories;  for  more  than  right 
and  less  than  sixteen  stories,  4  in  in  diameter;  for  more  thad  fifteen  and  less 
than  twenty-two  stories,  5  in  in  diameter;  for  more  than  twenty-one  stories  tk 
size  of  vent-pipe  shall  be  determined  by  the  superintendent  of  building. 

For  fixtures  other  than  water-closets  and  slop-sinks  and  for  more  than  eight 
stories,  vent-pipes  may  be  i  in  smaller  than  above  stated. 

Traps 

(loi)  Every  fixture  must  be  separately  trapped  by  a  water-sealing  trap  placed 
as  close  to  the  fixture-outlet  as  possible  and  no  trap  shall  be  placed  moie  thsa 
a  ft  from  any  fixture. 
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Cxoa)  A  set  of  not  more  than  three  wash-trays  may  connect  with  a  single  trap, 
or  into  the  trap  of  an  adjoining  sink,  provided  both  sink  and  tub  waste-outlets 
are  on  the  same  side  of  the  waste-line  and  the  sink  is  nearest  the  line.  When  so 
connected  the  waste-pipe  from  the  wash-trays  must  be  branched  in  bebw  the 
^w^ater^seal. 

(103)  The  discharge  from  any  fixture  must  not  pass  through  more  than  one 
Irap  before  reaching  the  house-drain. 

(109)  All  earthenware  traps  must  have  approved  heavy  brass  floor-plates 
properly  secured  to  the  branch  soil-pipe  and  bolted  to  the  trap-flange  and  the 
Soint  made  gas-tight.  The  use  of  rubber  washers  for  floor-connections  is  pro- 
hibited. All  floor-flanges  must  be  set  in  place  and  inspected  before  any  water- 
closet  Ls  set  thereon. 

(izo)  No  trap  shall  be  placed  at  the  foot  of  main  soil-  and  waste-pipe  lines, 
(iza)  The  siies  lor  traps  must  not  be  less  than  those  given  in  the  following 
table: 


Traps  for  water-closets 4  in  in  diam. 

Traps  for  slot^-sinks a  in  in  diam. 

Traps  for  kitchen-sinks a  in  in  diam. 

Traps  for  wash-trays 2  in  in  diam. 

Traps  for  urinab 3  in  in  diam. 

TrafM  for  shower-baths a  in  in  diam. 

Traps  for  other  flxtures x^i  in  in  diam. 


Traps  for  leaders,  areas,  floor  and  other  drains  must  be  at  least  3  in  in  diam- 
eter. 

Water-Cloteta 

(134)  In  tenement-houses,  lodging-houses,  factories,  workshops,  and  all 
public  buildings  the  entire  water-closet  apartment  and  side  walls  to  a  height 
of  6  in  from  the  floor,  except  at  the  door,  must  be  made  water-proof  with  asphalt, 
cement,  tile,  metal,  or  other  water-proof  material  as  approved  by  the  superin- 
tendent of  buildings. 

(127)  The  general  water-closet  accommodation  of  any  building  cannot  be 
placed  in  the  cellar  nor  can  any  water-closet  be  placed  outside  of  a  building, 
except  to  replace  an  existing  water-closet. 

(130}  In  all  sewer-connccted  occupied  buildings  there  must  be  at  least  one 
water-closet,  and  there  must  be  additional  closets  so  that  there  will  never  be 
more  than  fifteen  persons  per  closet. 

(123)  in  lodging-houses  there  must  be  one  water-closet  on  each  floor,  and 
when  there  are  more  than  fifteen  persons  on  a  floor,  there  must  be  one  additional 
water-doset  for  every  fifteen  additional  persons  or  fraction  thereof. 

(135)  Water-closets  and  urinals  must  never  be  connected  directly  with  or 
flushed  from  the  water-supply  pipes,  except  when  flushometer-valv^  are  used. 

(139)  Iron  water-closet  and  urinal-cisterns  and  automatic  water-closets 
and  urinal-cisterns  are  prohibited  unless  approved  by  the  superintendent  of 
building. 

(140)  The  copper  lining  of  water-closets  and  urinal-cistems  must  not  be  Hghter 
than  lo-oz  copper. 

(141)  Water-doset  fltish-ptpes  must  not  be  less  than  iM  in  and  urinal  flush- 
pipes  X  in  in  diameter,  and  if  of  lead  must  not  weigh  less  than  aH  lb  and  a  lb 
per  Un  ft    Fluah-ooapttngs  must  be  of  full  siiee  of  the  pipe. 
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Sinks  and  Wash-Tuba 

(147)  In  all  houses  sinks  must  be  entirety  open,  on  iran  legs  or  bcac^ 
without  any  enclosing  woodwork. 

(148)  Wooden  wash-tubs  are  prohibited,  except  when  used  in  faotels* 
rants  or  bottling  establishments  for  washing  dishes  or  bottle 
artificial  stone  tubs  will  not  be  permitted  unless  approved  by  the 
of  buildings. 

Testing  the  Plumbing-System 


(171)  The  entire  plumbing  and  draining-system  within  the  buil^ifng  must  he 
tested  by  the  plumber,  in  the  presence  of  a  plumbing  inqiector,  tinder  a  w«ff- 
test.  AH  pipes  must  remain  uncovered  in  every  part  until  th^  liave  sucoesr 
fully  passed  the  test.  The  plumber  must  securely  dose  all  openings  as  diiecied 
by  the  inspector  of  plumbing.  The  use  of  wooden  plugs  for  this  puipoee  b 
prohibited. 

(172)  The  water- test  will  be  applied  by  closing  the  lower  end  of  tbe  rata 
house-drain  and  filling  the  pipes  to  the  highest  opening  above  tbe  roof  vnis 
Water.  The  water-test  shall  include  at  one  time  the  house-drain  and  brandies^ 
all  vertical  and  horizontal  soil,  waste  and  vent  and  leader-lines  and  all  braoda 
therefrom  to  point  above  the  surface  of  the  finished  floor  and  beyond  tbe  £2- 
ished  face  of  walls  and  partitions.  If  the  drain  or  any  part  of  the  S3rstem  is  tc 
be  tested  separately,  there  must  be  a  head  of  water  at  least  6  ft  above  aU  parts 
of  the  work  so  tested,  and  special  provision  must  be  made  for  induding  a2 
joints  and  connections  in  at  least  one  test. 

(173)  After  the  completion  of  the  plumbing-work,  in  any  new  or  altered 
building  and  before  the  building  is  occupied,  a  final  smoke-test  must  be  apf&d 
in  the  presence  of  the  plumbing-inspector.  Except  that  for  a  building:  not  over 
six  stories  in  height,  a  peppermint-test  may  be  applied. 

(174)  The  material  and  labor  for  the  tests  must  be  furnished  by  the  plumber. 
Where  the  peppermint-test  is  used,  2  ozjof  oil  of  peppermint  must  be  provided 
for  each  line  up  to  five  stories  and  cellar  in  height,  and  an  additional  ounoe  of 
oil  of  peppermint  must  be  provided  for  each  line  when  lines  are  more  than  nvt 
stories  in  height. 

Traps 

A  trap  is  a  device  which  permits  the  free  passage  of  liquids  through  it,  and 
also  of  any  solid  matters  that  may  be  carried  by  the  liquid,  while  at  the  same 
time  preventing  the  passage  of  air  or  gas  in  either  direction.    Traps  used  fcir 
plumbing  purposes  are  shaped  so  that  an  amount  of  water  sufficient  to  dose  tbe 
passage  and  prevent  the  passage  of  air  will  stand  in  them  at  all  times.    The 
prindple  of  the  common  trap  is  shown  in  Fig.  7.    The  pipe  7*  receives  the  waste 
from  a  sink  or  wash-basin,  while  the  lower  end  B  connects  with  the  sewer. 
Sewer-gas  rises  in  pipe  B,  but  is  prevented  from  passing  to  the  fixture  by  the 
water  which  stands  in  the  trap.    The  depth  of  water  through  which  gas  must 
pass  to  effect  a  passage  is  termed  the  water-seal.    The  water-seal  in  the  trap, 
Fig.  7,  is  the  distance  S.    All  plumbing-pipes  which  connect  with  a  sewerage- 
system  require  to  be  trapped  to  prevent  sewer-gas  from  passing  through  them 
to  the  fixture  and  into  the  room  in  which  the  fixture  is  located. 

Ventilation  of  Traps.    When  a  considerable  body  of  water  rushes  down 
through  a  pipe  it  forms  a  suction,  and  if  the  pipe  is  made  air-tight,  this  suction  • 
is  often  sufficient  to  prevent  enough  water  remaining  in  the  trap  to  form  a  seal, 
thus  leaving  an  opening  for  the  passage  f  I  sewer-gas,  as  in  Fig.  8.    By  connectiDg 
the  upper  bend  of  a  trap  with  the  outs-'de  air  by  means  of  a  pipe,  as  at  V,  F|g.  8^ 


Ttaps 
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te  sucdon  will  be  stopped,  and  the  water  in  the  pipe  T  wfll  not  latt  bdow  the 
vel  of  the  outlet  at  h.  Several  oon-dphoning  traps  have  been  patented  for 
le  purpose  of  obviating  the  necessity  of  back-venting,  but  they  are  used  to  a 
>inpfiiratively  limited  eitent.    There  are  also  several  varieties  of  back-pressuxe 


Fig.  7.    Water-seal  of  Tiap 


Fig.  8.    Water-trap  Unsealed 


traps,  designed  to  prevent  the  sewage  from  flowing  back  into  the  house-drain. 
These  are  in  the  nature  of  check-valves,  and  are  used  principally  in  seaport- 
towns  where  tide-water  might  possibly  force  the  sewage  back.  The  more  com- 
mon shapes  of  lead  traps  used  in  plumbing,  with  their  trade  names,  are  shown 


FoilB     > 


^ 


Haifa 


^ 


a 


V 

n 


Raanlng  T 


Fig.  9.    Types  of  Traps 


in  Fig.  9.  The  same  shapes  are  also  made  of  cast  iron.  The  pipes  maiked  V 
are  the  vent-connections.  The  drum-trap  shown  in  Fig.  10  has  a  deeper  seal 
than  those  shown  in  Fig.  9,  and  is  commonly  used  under  kitchen-sinks,  bath-tubs 
and  ?ruh-trays.  Drum-traps  are  not  easily  siphoned,  even  when  not  vented. 
The  tnpi  for  water<loaets  are  commonly  formed  in  the  fiitore. 
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OrvaM-Trapi.  The  mite-ntcr  ftom  lutGhm-«ii)u  Aliray*  cootaim  co- 
^denble  giBaac,  which  if  pennilted  lo  entn  the  soil-pipe  system  is  liable  to  dug 
the  |Hpes  by  xlbeting  to  the  walla.  In  cettaia  iocalities  sroiae  gives  macb  b^i 
trouble  tluui  in  others  due  to  the  diemJcal  oimpoation  oE  the  wa4eT-  In  C-j- 
orado  and  many  other  places  it  is  cecessaiy  to  connect  the  waate  from  kildic:- 


Pig.  H>.    Dram-trap  Fig.  11.    Ouldoor  Gnaie^np 

tluks  with  a  large  greau-trap,  which  collects  and  holds  the  grease,  but  pennib 

the  water  to  pass  into  the  sewer  system.     After  a  time  the  Bcciunulated  greue 

fills  the  trap  and  must  be  removed.     On  account  of  this  it  is  desirable  to  uk  i 

large  trap,  and  whenever  ptt^sible  it  should  be  placed  underground,  just  outride 

the  house,  and  as  nev  to  the  ainli  aa  practicable.     Crease-traps  to  be  pfacnl 

underground   are   commonly    made  fi 

34-ia  vitHfied  drain- tile  or  cement  pipt 

and  should  be  about  4  ft  deep.     Tbey 

may  also  be  built  of  bridi  in  rocau 

mortjir.       Fife.     11     shows    >    sertioa 

through   such    a   grease-trap  and    the 

Inlet  and  outlet-pipes.     HTien  the  sink 

is  in  a  basement  or  an  upper  stoty.  or 

when  the  building  occupies  the  entire 

lot,  the    grease-trap    must  be  placed 

under   the  ^ntt.     When   so   placed,    a 

round  lead  trap  ii  or  14  in  in  rtiamclcr 

may  be  used,  with  a  large  trtp-xrew 

in   the   top  for  removing   the  gtnse. 

Fig.  12  shows  a  section  through  ludi  a 

Fa.  13.    Lead  Grease-tap  <"?  ""d  ^^'  ""^  '"  "hich  the  tonn«- 

tiona  should  be  made.     A  better  torn 

ol  greue-tmp  is  made  of  cast  Iron.     Some  city  ordioaucea  require  that  inside 

greaw-tnps  ahall    have  a  chilling-jocliet  for  the  purpoee  of  more  perfectly 

■eiantiag  tbe  grease  vtd  thus  preventing  any  of  it  from  entering  tlu  wasle- 

pipea.     To  be  elective,  ■  grease-trap  muit  have  a  capadUr  of  At  icul  Ivia 

theamouct  of  ^my  water  that  will  be  discharged  into  it  at  any  anc  tiou 
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8iipply-P|pM.    These  may  htoi  lead,  bnia%  falvanized  argn,  tin*Uiied  lead, 
or  block  tin.    Lead  pipe  offers  the  least  resistance  to  the  flow  of  water,  is  easily 
t>ent  to  suit  any  situation,  and  easy  curves  are  readily  made.    It  is  generally 
considered  more  durable  underground  than  galvanized-iron  pipe.    The  grade 
known  as  i4,  or  strong,  is  the  lightest  that  should  ever  be  used,  and  when  the 
supply  is  taken  from  city  mains,  in  which  there  is  a  considerable  pressure,  AA, 
or  extra-strong  pipe,  should  be  used.    Galvanized-iron  pipe  is  probably  more 
extensively  used  than  any  other  material  for  water-supply  pipes  in  buildings, 
except  where  nickel-plated  pipe  is  required,  in  which  case  brass  piping  is  com- 
monly used.   Brass  pipe  used  for  water-sup^y  should  be  what  is  known  as  moN- 
PIPE  SIZE.    Brass  piping  is  preferable  to  galvanized  iron  or  lead  for  conveying 
hot  water,  and  is  largely  used  m  the  better  class  of  buildings.    Tin-lined  iron 
and  lead  pipes  and  pipes  of  block  tin  are  usually  considered  as  ofFeriug  the 
greatest  resistance  to  corrosion  or  chemical  action,  and  should  always  be  used 
for  conveying  ale,  beer  and  other  liquors.    Tin-lined  iron  pipe  is  made  by  pouring 
melted  tin  into  a  wrought-iron  pipe.    While  in  a  fluid  state  the  tin  is  inseparably 
united  to  the  iron,  and  the  result  is  one  solid  pipe  composed  of  two  metals  which 
CANNOT  BE  TORN  APART.    It  is  essentially  different  from  iron  pipe  merely 
dipped  in  tin,  and  immeasurably  superior  to  iron  pipe  lined  with  a  separate 
tin  pq)e  that  will  become  detached.    Its  fittings  are  lined  with  tin  to  match. 
Hot  water  will  not  injure  it,  rats  will  not  gnaw  it,  and  thieves  will  not  cut  it 
out.    Either  hot  or  cold  water  may  stand  in  block-tin  pipes  and  yet  be  drawn 
from  them  pure  and  free  from  poison  or  rust.    Lead-lined  pipe  is  made  in  the 
same  way  and  insures  delivering  the  water  to  the  house  just  as  it  comes  from  the 
mains  unchanged  by  the  chemical  action  which  often  results  from  contact  with 
wrought-iron  pipe. 

SMunleta-Drawn  Benediet  IHckel  Tubing  is  wted  to  some  extent  for  the 
exposed  plumbing-pipes  in  high-class  residences,  office  and  public  buildings. 
Bdng  iHire  white  metal  throughout  it  cannot  rub  or  wear  brassy  os  become 
discolored.  It  b  made  in  all  the  regular  iron-pipe  sizes,  and  necessary  fittings 
are  supplied  of  the  same  metal.* 

Hoose-Tankt.  Where  the  pressure  in  the  street-mains  is  not  great  enough 
to  furnish  a  sufficient  volume  of  water  for  supplying  the  fixtures  at  all  times,  or 
in  cases  of  a  private' water-supply,  a  tank  should  be  placed  in  the  attic,  or  ele- 
vated at  least  6  ft  above  the  highest  fixture  to  be  supplied.  In  some  cases  the 
fixtures  in  the  k>wer  story  are  supplied  direct  from  the  street  mains,  while  those 
in  the  upper  story  me  supplied  from  a  tank.  The  advantage  of  a  tank  is  that  it 
will  fill  gradually  from  a  very  small  stream,  and  thus  form  a  reservoir  from 
which  a  larger  volume  can  be  drawn  in  a  shorter  space  of  time  than  could  be 
obtained  direct  from  the  service-pipes.  Storage-tanks  shouM  always  be  pro- 
vided with  an  overflow-pipe  of  ample  size  and  when  supplied  from  the  street- 
mains  the  supply  should  be  controlled  by  a  ball-cock  and  float.  Storage-tanks 
of  moderate  size  are  preferably  made  of  wood  lined  with  planished  or  tinned 
copper.  Sheet  lead,  zinc  or  galvanized  iron  should  not  be  used  for  lining  tanks 
containing  water  for  drinking  or  cooking  purposes,  and  are  not  as  durable  as 
copper,  even  when  the  effect  on  the  water  need  not  be  considered. 

The  Size  of  Tank  Required  will  depend  largely  upon  the  character  of  the 
supply.  Tanks  supplied  from  the  street-main  in  which  the  pressure  is  fairly 
constant  need  not  have  a  capacity  exceeding  i6o  gal.  Where  the  water  is 
pumped  into  the  tank  by  a  windmill  or  hot-air  engine,  the  tank  should  have  a 
capacity  sufficient  for  a  three  or  four  days'  supply  at  least. 

*  For  further  iafocmatkm  oontuk  the  Benedict  &  Bumbam  Manufacturing  Company, 
Witcrbury,  Coos. 
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Amount  of  Water  Roqoirod  for  yariout  Purposes.  The  amount  of 
water  required  for  household  purposes  has  been  found  to  be  about  25  gal  for  eadi 
person,  large  or  small,  but  waste  will  triple  that  amount  sometimes.  A  horse 
will  drink  about  7  gal  per  day  and  a  cow  from  5  to  6  gal  per  day.  A  carriage  it- 
quiren  from  9  to  16  gal  for  washing. 

Size  of  Supply-Pipes.  The  proper  diameter  of  supply-pipes  depends  upon 
several  considerations,  such  as  the  number  and  size  of  faucets  that  are  likdy  to 
be  dischaiging  water  at  the  same  time,  the  urgency  of  the  demand,  the  length  of 
the  pipes  and  number  of  angles,  and  upon  the  pressure.  There  is  no  objectioa 
to  having  a  pipe  larger  than  is  realty  necessary,  except  from  the  standpoint  of 
cost.  Service-pipes  should  always  be  one  size  larger  than  the  tap  in  the  street- 
main.  The  following  table  affords  a  fair  guide  for  proportioning  the  supi^y- 
branches  to  plumbing-fixtures.  If  the  pressure  b  less  than  ao  lb  per  sq  in  the 
system  may  be  rated  as  low  pressure,  and  if  above  20  lb  as  high  pressure. 


Supply-branches 


To  Bath-cocks 

Basin-cocks 

Water-closet  flush-tank. 
Water<loset  flush-valve 

Sits  or  foot-bath 

Kitchen  sinks 

Pantry  sinks 

Slop^inks 

Urinals 


Low 

High 

pressure. 

pressure. 

in 

in 

Htoz 

Hto   H 

^ 

H 

H 

H 

xMtoiH 

xHtoiH 

H  to  H 

H 

W  to  H 

Hto  H 

H 

H 

H  to  H 

Hto  H 

H  to  H 

Hto  H 

With 'high-pressure  systems,  dwellings  of  five  or  six  rooms  are  sometfanes, 
for  economy,  supplied  entirely  through  H-in  pipe. 

Minimum  Diameter  of  Waste-Pipes.  The  following  are  con^ered  as 
the  smallest  diameters  allowable  for  waste-pipes.  The  diameters  required  in 
New  York  City  are  given  on  page  1410. 

Bath  and  sink -wastes,  iVi  in. 

Basin  and  urinal -wastes,  xH  in. 

Wash-trajrs,  iH  in  from  each  compartment,  entered  into  4>in  drum-trap  and 
a-in  outlet  from  trap. 

Water-closet  trap.  2>i  in. 

Approximate  Spacixig  for  Tacks  on  Lead 


Sice  of  pipe, 
in 

Vertical  pipe 

Horiaontal  pipe 

Distance  apart 

Distance  apart 

Hot. 
in 

Cold, 
in 

Hot. 

in 

Cold, 
in 

H 
H 
H 

19 
20 

2X 

aa 

24 

25 

26 

27 
18 

a9 
30 

X4 
IS 
16 

17 
x8 
x8 

n 

x8 

19 

ao 

ax 

aa 

Lead  Pipe 
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I>*si8iiation  of  Lead  Pipe.  The  different  thicknesses  of  lead  pipe  were 
>rmerly  designated  by  letters  as  in  Table  H,  page  1418,  but  are  now  more 
dinmonly  designated  as  in  Table  G,  following,  which  may  be  considered  as 
eaeraUy  accepted  by  dealers. 

Table  O.    Welithts  and  Sises  of  Lead  Pipe 


CaHber 


>4-in  Tubing 

Fish  seine 

9i-in  Aqueduct 

Extra  light 

Light 

Medium 

Strong 

Extra  strong 

Vi-in  Aqueduct 

Extra  light 

Light 

Medium 

Strong 

AA 

Extra  strong 

Extra  extra  strong. . . 

^i-in  Aqueduct 

Extra  light 

Light 

I  Medium 

Strong 

Extra  strong 

Extra  extra  strong... 
H-in  Aqueduct 

Extra  light 

Light 

Medium 

Strong 

Extra  strong 

Extra  extra  strong. . 
li-m  Aqueduct 

Extra  light 

Light 

i-in  Aqueduct 

Extra  light 

Light 

Medium 

Strong 

Extra  strong 

Extra  extra  strong. . 
iH-in  Aqueduct 

Extra  light 

Light 

Medium 

Strong 

Extra  strong 

Extra  extra  strong. . 


Weight 
foot 


lb 


X 
X 

3 


X 

X 

X 
3 
2 
3 


X 
X 

a 
3 
3 
3 

X 
X 

a 
a 
3 
3 
4 
X 
3 

a 

X 

3 
3 
3 
4 
4 
5 
3 
3 
3 
3 
4 
6 
6 


ox 


6 

4 
8 

9 

13 

■    • 

8 

•  • 

ID 
X3 

•  ■ 

4 
13 


X3 

4 
X3 

8 
8 

•  • 

8 

4 
8 

•  • 

8 

•  ■ 

8 

8 

8 

4 

•  • 

13 

8 

•  ■ 

8 

X3 
X3 

•  •    < 

X3 


Caliber 


xVi-in  Aqueduct 

Extra  light 

Light 

Medium 

Strong 

Extra  strong 

Extra  extra  strong. . 
x9i-in  Extra  light 

Light 

Medium 

Strong 

Extra  strong 

3-in  Waste 

Extra  light 

Light 

Mediurn 

Strong 

Extra  strong 

Extra  extra  strong. . 
3V4-in  Waste 

Light 

Medium.  Ms  thick. 

Strong,  Vi  thick.... 

Extra  strong,   9io 
thick 

Extra  extra  strong. 

Hthick 

S-io   Waste 

Light 

Medium.  9is  thick. 

Strong.  V4  thick — 

Extra  strong.   M« 
thick 

Extra  extra  strong. 

Hthick 

3>4-in  Waste 

Strong.  H  thick.... 

Extra  strong.   Me 

thick 

4-in   Waste 

Medium 

Strong.  Vi  thick 

Extra  strong.   M« 
thick 

Extra  extra  strong. 

Hthick 

S-in  Waste 


Weight  per 
foot 


lb 


3 

3 
4 
5 
6 

7 
9 
3 

4 
5 
6 
8 
3 
4 
5 
7 
8 

9 

10 

4 

6 

8 

XX 

14 

17 
4 
6 

9 

13 

16 

30 
5 

15 

x8 
5 

10 

16 
33 

8 


oz 


8 


13 

8 
8 
8 


8 
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Coils  of  supply-pipe  weigh  about  200  lb;   aqueduct  about  90   li>;    sactkz- 
pipe,  100  to  180  lb  each. 

Block-tin  pipe  is  stronger  for  a  given  weight  per  foot  than  te&d  pipe  or  trs- 
uned  lead  pipe.    As  compared  with  lead  pipe  its  strength  is  as  39^  to  i. 

Tin-lined  and  lead-lined  iron  pipe  is  made  with  inside  diameters  €A  H.  ?«.  i. 
iH,  i\^  and  2  in,  and  in  lo-ft  lengths,  threaded  ¥nthout  couplings.  Xin-lisic 
and  lead-Uned  fittings  are  also  made  (see  page  1415). 


Weights  and  Sizas  of  Sheet  Laad 


Thickness,  in. . . 

H4 

Ho 

\U 

He 
full 

H4 

>fc 

W 

M 

H 

fuU 

\k      H 

» 

Lb  per  sq  ft 

4U    3 

1 

3H 

4 

5 

6 

8 

10 

". 

14 

16  j  ao  1 

24  . 

Table  H.    Thickneaa  and  Strength  of  Lead  Pipes 


Mean 

Safe 

1 

Mean    Saie 

Cali- 
ber, 

in 

Mark 

Weight 

per 

foot, 

lb  oz 

Thick- 
ness, 
in 

burst- 
ing- 
pres- 
sure. 

work- 
ing 
pres- 
sure. 

Cali- 

ber- 

in 

Mark 

Weight 
per 
foot. 

lb  oz 

Thick- 
ness, 
in 

j  burst-  work- 
ing* t    isg 
pres-     pres- 
sure,    sure.  ! 

H 

• 

lb 

lb 

lb 

1      lb 

1 

AAA 

'  I  12 

0.18 

1968 

492 

1 
1 

I 

A 

4    0 

o.ax 

857  '    214  , 

H 

AA 

X    5 

o.is 

1627 

406 

X 

B 

3    4 

0.17 

745        l«6  ' 
S6i        140 

H 

A 

X    a 

0.13 

Z38X 

347 

X 

C 

2    8 

0.14 

H 

B 

X    0 

0.125 

X342 

33.'! 

I 

D 

2    4 

O.X2S 

Sl«  1     129  . 

H 

C 

0  14 

O.ZI 

X  X87 

296 

I 

£ 

2    0 

O.XO 

475 

Ii3 

H 

•  •  •  • 

0  10 

0.087 

X085 

271 

X 

•  •  «  • 

X    8 

0.09 

325 

«i 

Me 

•    a     •     • 

0   9H 

0.08 

775 

193 

iM 

AAA 

6  12 

0.27s 

962 

240  ' 

H 

AAA 

3    0 

0.25 

1787 

446 

iV4 

AA 

5  12 

0.25 

823 

305  . 

H 

•  .  •  • 

2     8 

0.225 

X6SS 

413 

iM 

A 

4  IX 

0.21 

685 

171 

Vi 

AA 

2     0 

o.z8 

X393 

343 

iW 

B 

3  II 

O.X7 

546 

XJ6 

H 

A 

I  10 

0.16 

1285 

3ai 

iH 

C 

3    0 

0.13s 

420 

105 

H 

B 

I    3 

0.125 

980 

245 

m 

D 

2    8 

0.X25 

350 

«7 

H 

C 

X     0 

o.io 

782 

X9S 

iH 

.... 

2    0 

0.095 

322 

80 

H 

D 

0    9 

0.065 

468 

117 

iw 

AAA 

8    0 

0.29 

742 

xas  1 

H 

a   •  ■   • 

0  10 

0.07 

556 

139 

iH 

AA 

7    0 

0.25 

TOO 

175 

H 

•   •   •   • 

0  12 

0.09 

625 

156 

iH 

A 

6    4 

0.22 

626 

157 

H 

AAA 

3    8 

0.23 

XS48 

387 

iW 

B 

5    0 

0.18 

S06 

X26 

H 

AA 

2  12 

0.21 

1380 

345 

H 

C 

4    4 

O.IS 

430 

X07 

H 

A 

2     8 

0.18 

I  152 

288 

Vi 

D 

3    8 

0.14 

315 

7« 

H 

B 

2     0 

0.16 

987 

246 

IW 

ft  •  •  • 

3    0 

0.12 

245 

61 

9i 

C 

I    7 

0.117 

795 

198 

194 

B 

5    0 

•  •  «  • 

X16 

H 

D 

X     4 

0.10 

708 

177 

i94 

C 

4    0 

■  •  «  • 

93 

W 

AAA 

4  14 

0.29 

I  462 

365 

194 

D 

3  xo 

0.I2S 

318 

79 

W 

AA 

3    8 

0.225 

X  225 

306 

2 

AAA 

10  11 

0.30 

61X 

152 

94 

A 

3    0 

0.19 

1072 

268 

2 

AA 

8  14 

0.25 

511 

127 

94 

B 

2    3 

0.X5 

865 

216 

2 

A 

7    0 

0.21 

405 

XOI 

94 

C 

X    12 

0.125 

782 

19s 

2 

B 

6    0 

0.19 

360 

90 

94 

D 

I    3 

0.09 

SOS 

126 

2 

C 

S    0 

0.16 

a6o 

65 

I 

AAA 

6    0 

0.30 

X  230 

307 

2 

D 

4    0 

0.09 

200 

so 

z 

AA 

4    8 

0.23 

910 

a27 

•  •  • 

•  •  ■  • 

«  •  •  • 

•  •  •  • 
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Size  inside 

diameter 

in 

Weight  per  foot. 

OS 

1 

1      Size  inside 
1       diameter 
1            in 

Weight  per  foot. 

lb 

H 

Me 

H 

H 

4 

4.5.6 

4.  5.  6.  8 

4.  5.  6.  8 

5.  6.  8.  xo 
9. 13.  x6 

H 

I 

1               3 

1    

9. 12,  x6 
13.  x6 
30.38 

34  and  upwards 
33  and  upwards 

1 

Sewer-Pipe 

There  are  three  kinds  of  sewer-pipe  or  drain-pipe  offered  in  the  market,  (i> 

i ALT-GLAZED  VITRITIED  CLAY  PIPE,    (2)    SUP-GLAZED  CLAY  PIPE  and  (3)    CEMENT 

PIPE.  The  name  of  the  latter  sufficiently  indicates  what  it  is  without  any  de- 
scription. The  SUP-GLAZED  CLAY  PIPE  IS  made  of  what  is  known  as  pire-clay, 
such  as  fire-brick  day,  whi^  retains  its  porosity  when  subjected  to  the  most 
intense  heat.  It  b  glazed  with  another  kind  of  clay,  known  as  slip,  which,  when 
subjected  to  heat,  melts,  creating  a  very  thin  glazing,  and  which,  being  a  foreign^ 
SUBSTANCE  TO  THE  BODY  Of  THE  PIPE,  IS  liable  to  Wear  or  scale  off.  Salt-glazed 
CLAY  PIPE  is  made  of  a  clay,  which,  when  subjected  to  an  intense  heat,  become^ 
vitreous  or  glass-like.  It  is  glazed  by  the  vapors  of  salt,  the  salt  being  thrown 
in  the  fire,  thereby  creating  a  vapor  which  unites  chemically  with  the  clay,  and 
forms  a  glazing,  which  will  not  scale  or  wear  off,  and  is  impervious  to  the  action 
of  acids,  gases,  steam,  or  any  other  known  substance.  It  unites  with  the  clay 
in  such  a  manner  as  to  form  part  or  the  body  of  the  pipe,  and  is  therefore 
indestructible.  Salt-glazed  pipe  can  only  be  made  from  clay  that  will  vitrify, 
that  is,  when  subjected  to  an  intense  heat  will  become  a  hard,  compact,  non- 
porous  body.  It  should  be  borne  in  mind  that  slip-glazing  is  only  resorted  ta 
when  the  clays  are  of  such  a  nature  that  they  will  not  vitrify. 

The  Materiel  of  Drain-Pipes  should  be  a  hard,  vitreous  substance;  not 
porous,  since  this  would  lead  to  the  absorption  of  the  impure  contents  of  the  drain, 
would  have  less  actual  strength  to  resist  pressure,  would  be  more  affected  by 
the  frost  or  by  the  formation  of  crystals  in  connection  with  certain  chemical 
combinations,  or  would  be  more  susceptible  to  the  chemical  action  of  the  con- 
stituents of  the  sewerage. 

Sewer-Pipes  Should  be  Salt-Glazed,  as  this  requires  them  to  be  subjected 
to  a  much  more  intense  heat  than  is  needed  for  slip-olazing,  and  thus  secures  a 
harder  material.  Cement  pipes  made  without  metal  reinforcement  have  not 
proved  sufficiently  strong  and  durable  to  be  used  with  confidence  in  any  im- 
portant work.  When  reinforced  with  metal,  however,  they  have  ample  strength, 
and  reinforced-cement  sewer-pipes  of  large  diameter  are  used  to  a  considerable 
extent  in  Europe. 

For  determining  the  diameter  of  house-sewers,  the  table  on  page  1409  will 
serve  as  a  good  guide.  Storm-sewers  should  be  proportioned  to  the  area  drained. 
The  maximum  runfall,  as  shown  by  statistics,  is  about  x  in  per  hour,  except 
during  very  heavy  storms,  equal  to  37  125  gal  per  hour  for  each  acre,  or  453  gal 
per  minute  per  acre.  Owing  to  various  obstructions,  not  more  than  from  50  to 
75%  of  the  rainfall  will  reach  the  drain  within  the  same  hour,  and  aUowance 
should  be  made  for  this  fact  in  determining  size  of  storm-sewer  lequiced. 
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Cmnying  Capadtjr  of  Sewer-Pipe 

Gallons  per  minute 


Size  of 

pipe. 

J 

Pall  per  xoo  ft 

t 

in 

xin 

2  in 

3  in 

6  in 

9  in 

xft 

aft 

it 

3 

13 

19 

23 

32 

40 

46 

64 

.* 

4 

27 

38 

47 

66 

8X 

93 

131 

2'= 

6 

75 

105 

X29 

183 

224 

258 

3fi4 

45: 

8 

XS3 

2X6 

265 

375 

460 

527 

7SO 

?^ 

9 

205 

290 

355 

503 

617 

712 

z  006 

12c: 

xo 

267 

378 

463 

755 

803 

926 

I  310 

ifej 

X2 

422 

596 

730 

1033 

1273 

146B 

2  076 

2S5i 

IS 

740 

X  02X 

I  282 

X8x8 

2224 

2464 

3617 

J** 

i8 

xx68 

X65X 

2022 

2860 

3508 

4045 

s  704 

7ac 

24 

23^ 

3387 

4155 

5  874 

7202 

8303 

11  744 

I4j6f 

27 

4407 

62IX 

7674 

XO883 

13257 

15  344 

21  77X 

26  6s 

30 

5906 

8352 

10223 

14298 

17714 

20204 

2S  129 

35  5?' 

36 

9707 

13769 

16  816 

23763 

29284 

33722 

47523 

^Mf 

QiMBtitles  of  Cementp  Sexxd  and  of  Cement  Mortar  for  Sewer-Pipe  J 

Prepared  by  J.  N.  Hazlehurst 
For  each  xoo  ft  of  sewer  (with  Portland  cement,  375  lb  net  per  bU) 


Size  of 

Proportions: 

X  Cement  to 

X  Sand 

2  Sand 

pipe, 
in 

Length, 
ft 

Mortar, 
cu  yd 

Pipe  per 

'Pipc;e: 

Cement, 

Sand. 

bbl 

Cement, 

Sand. 

bU 

bbl 

cu  yd 

cement. 

bbl 

en  yd 

ccjiiect. 

2^ 

linft 

• 

linft 

6 

0.003 

0.01248 

0.0020X 

803 

0.00855 

0.002Sa 

116S 

8 

2Vi 

0.038 

0.15808 

0.02546 

633 

0.X0830 

o.c3isa^ 

9*3 

i        10 

2H 

0.058 

0.24128 

0.03886 

410 

0.16530 

0.04873 

6cs 

X2 

2H 

0.089 

0.37024 

0.05963 

270 

0.2536s 

0.07476 

3W 

15 

2H 

0.123 

0.51268 

0.08241 

195 

0.35055 

0.10332 

2^ 

x8 

2H 

0  167 

0.69472 

0.11189 

X44 

0.47595 

O.I4CX8 

2T0 

20 

2H 

0  237 

0.98592 

0x5879 

XOI 

0.67545 

0. 1990S 

X4e 

24 

2H 

0.299 

1.24384 

0.20033 

80 

0.85215 

0.251x6 

XI7 

27 

3 

0.492 

2.04672 

0.32964 

49 

X. 40220 

0.4x326 

71 

30 

3 

0.548 

2.27968 

0.36716 

44 

X. 56180 

0.46032 

64 

36 

3 

0.849 

3.53184 

0.56883 

29 

2.41965 

0.713x6  _ 

""    i 

Plumbing  Specialties 

The  Kenney  Flushoineter.  This  is  a  gravity  valve  designed  for  flusfaiz^ 
4,11  water-closets,  urinals  and  slop-sinks  in  a  building  direct  from  ooe  tank 
situated  in  the  attic  or  where  most  desirable,  thus  dis^ptensing  with  the  iadi\iduat 
overhead  tank.  The  pipe  from  the  main  tank  b  run  down  to  the  different  floon 
either  exposed  or  concealed  and  branches  taken  off  from  there  to  the  flusbon- 
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sr.  The  operation  of  the  fiushometer  is  to  pull  the  handle  forward,  which 
Lses  the  main  valve  off  its  seat,  making  a  direct  connection  from  the  flushom- 
tr  to  the  tank.  After  the  handle  is  released  the  valve  closes  slowly  of  its 
rn  accord  against  a  high  or  low  pressure.  It  is  constructed  without  springs 
c\tp»ieatheri  and  ck>ses  by  gravity,  is  built  to  stand  the  hardest  service, 
id  yet  is  so  simple  in  construction  and  operation  that  the  same  valve  is  used 
r  a.11  requirements,  the  only  differences  in  adjustment  bdng  those  necessary 
r  ivork  on  high  or  low  pressure.  The  fiushometer  is  extensively  used  for 
ishing  closets  in  buildings  in  the  Eastern  States,  including  ma^y  large  office* 
iil<lings,  factories,  schools*  hospitals*  and  the  better  class  of  residences;  also 
X  stsamships  and  yachts. 

9ilt«rt.  There  are  few  dties  in  which  the  public  water-supply  is  not  greatly 
nprovcd  in  wholesomeness  by  being  filtered,  and  in  many  places  filtering  i» 
dsolutely  necessary.  The  filter  should  be  large  enough  so  that  the  velocity  ot 
le  water  passing  through  it  will  be  low  and  it  should  be  so  arranged  that  thr 
a^9  of  water  can  be  reversed  and  the  accumulated  impurities  washed  into  a  * 
^aste-pipe.  In  the  country  a  filter  suitable  for  rain-water  may  be  built  un- 
erground,  the  filtering  process  being  accomplished  by  beds  of  sand  and  gravel. 
'or  city  buildings,  however,  a  portable  filter  located  in  the  basement  should  be 
sed.  An  ordinary  sand  filter,  either  pressure  or  gravity,  will  clarify  water  of 
U  mechanical  impurities,  suitable  for  plimge-baths,  and  other  general  uses  in 
building.  To  provide  a  perfectly  sterile  water,  however,  the  filter  must  be 
Ltted  with  a  coagulating  apparatus  to  automatically  feed  a  proportionate  dose 
i  coagulant  to  the  raw  water.  Those  so-called  filters  which  are  made  to  screw 
into  the  nozzle  of  an  ordinary  faucet  should  be  considered  merely  as  strainers, 
.nd  even  for  that  purpose  they  soon  become  foul. 

Instantaneous  Water-Heatera  are  a  great  convenience  for  heating  water 
or  baths  and  wash-basins  in  buildings  in  which  a  constant  supply  of  hot  water 
s  not  provided,  and  especially  in  residences  where  the  cooking  is  done  by  gas. 
rhey  are  cylindrical  in  shape,  made  of  nickel-plated  copper,  and  are  usually 
•et  on  a  nickel-plated  shelf  attached  to  the  wall  close  to  the  fixture  to  be  supplied. 
V  heater  xoH  in  in  diameter  and  30  in  high  will  heat  20  gal  of  water  in  eight 
ninutes  at  a  cost  of  xH  to  a  cts  with  gas  at  $x  per  i  000  cu  ft.  A  large  line  of 
.hese  heaters  is  made  by  the  instantaneous  Water  Heating  Company,  Kala- 
Tka.7AM>,  Mich.,  for  both  gas  and  gasoline,  although  gas  is  preferable  when  it 
ran  be  had.    The  cost  of  heaters  varies  from  $15  to  $45,  according  to  size. 

An  Automatic  Wftt«r-Ha«ter  which  maintains  water  at  any  desired  tem- 
perature without  attention,  provided  the  building  has  a  supply  of  live  steam,  is 
made  by  James  B.  Clow  &  Sons,  the  supply  of  steam  being  automatically  regu- 
lated by  a  thermostat.  It  will  be  found  especially  desirable  in  hospitals,  hotels, 
Bpartment-houaes  and  public  institutions.  The  heater  is  made  in  four  sizes, 
with  capacities  of  1 500,  a  500^  4  000  and  6  500  gal  per  hour. 

The  Climax  CaOar-Drainer  *  is  a  simple  device  for  raising  water  from  6  to 
10  ft  without  attention  or  power,  except  a  supply  of  steam  or  water.  It  is  used 
principally  for  draining  cellars,  wheel-pits,  furnace-pits,  etc.,  when  they  are 
too  low  to  drain  into  the  sewer.  For  such  places  a  box  or  barrel  is  sunk  so  that 
all  of  the  water  will  run  into  it,  and  the  drainer  is  set  in  this  receiver  and  the  dis- 
charge-pipe run  to  a  sink  or  open  drain.  The  drainer  performs  its  functions  by 
passing  water  or  steam  under  pressure  through  the  drainer-point  or  jet,  thus 
creating  a  suction  which  draws  the  water  from  the  receiver  in  which  it  is  placed 
mto  the  discharge-pipe,  and  both  the  jet-water  and  cellar-water  are  discharged 

*  lianufactured  by  Jas.  B.  Cow  ft  Sods. 
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tfi^etber.  Aa  long  as  the  city  water  or  steam  paases  thiou^  the  dxaiae--:  i 
this  suction  and  discharge  continues.  The  supply  of  water  or  steam  is  tL.-i 
on  or  off  automatically,  so  that  there  is  no  consumption  of  city  w«.ter  or  ^^ 
except  when  the  drainer  is  removing  water.  This  drainer  -will  opeiatc 
pressure  ol  15  lb  or  more,  the  heavier  the  pressure  the  greater  tiie 
dead  water  discharged.  When  the  drainage-water  does  not  fa&ve  to  be  r^- 
more  than  xo  ft,  this  is  the  most  economical  apparatus  that  can.  be  used,  a  . 
amotmt  of  dty  water  consumed  is  very  small.  The  Climax  Drainer  is  maa 
six  sizes,  costing  from  I25  to  $i6p. 

Sawag^Bjeetment.    Mechanical  ejectment  of  sewage  is  resorted  to  is  ri* 

where  the  street-sewer  is  above  the  level  of  the  area  to  be  drained.     This  c 
ditbn  is  found  principaUy  in  the  subbasement-floois  of  tall  btiiMings,  im^ 
ground  public-comfort  stations  and  underground  passenger-statioas.     A  sbtv  r 
oC  mechanical  ejectment  consists  of  a  gravity  drainage-system  to  a  recxr.-.- 
tank  or  sump  located  in  a  water-tight  pit  at  the  lowest  part  of  the  dnkj^ 
system,  and  a  pump  or  conpressed-air  ejector  to  raise  the  sewage  and  dischzrr 
it  into  the  street-sewer.    There  are  three  types  of  apparatus  used  to  misc  ic- 
age  to  the  street  sewers,  centrifugal  pumps,  piston-pumps«  and  comprcssed-- 
ejectors.    The  compressed-air  ejectors,  however,  are  commonly  used  owcmt  : 
their  numerous  advantages.    They  are  automatic  and  almost  noiseless  in  ciper. 
tion,  are  perfectly  odorless,  and  have  but  few  working  parts  that  can  get  ■ 
of  order.    Sewage-ejectment  apparatus  is  generally  installed  in  duplicatf  > 
that  one  set  may  be  cut  out  of  service  for  cleaning  or  repairs,  witliout  izir 
rupting  the  drainage-service. 

Plaiige*-Batli8 

An  Example  of  the  Construction  and  Details  of  a  Smaxi.  Vutszl 
Bath  or  Swimming-Bath.  The  following  is  a  description,  with  illustratkr' 
of  the  bath  in  the  house  of  the  Racquet  and  Tennis  Club  on  Forty-third  Stret: 
New  York  City.* 

"The  swimming-bath  has  inside  dimensions  of  15  by  2a  ft  and  is  about  9  f; 
in  total  depth.    It  was  built  in  a  pit  about  19  by  26  ft  and  about  8  ft  deep  hd.» 
the  main  excavation,  which  was  blasted  out  of  solid  rock.    A  concrete  invert 
I  ft  or  more  in  thickness  was  laid  over  the  bottom,  serving  as  a  footing  cc 
which  the  x2-in  walls  of  common  red  brick  were  laid  in  cemcnL    Th^r  wet 
built  close  to  the  rough  vertical  faces  of  the  excavation,  and  the  spaces  behbd 
them  were  filled  with  concrete  or  cement  mortar  or  were  flushed  with  groot 
Then  on  the  inner  surface  of  the  walls  and  on  top  of  the  concrete  bottom  finis: 
a  waterproofing  of  six  layers  of  felt  with  lapped  joints  was  mopped  on  with  hci 
tar  and  flashed  around  the  iron  outlet-pipe,  which  also  had  a  wide  calked  kad 
flange  extending  between  the  layera  of  felt.    On  the  bottom  of  this  water-proot 
coat  an  8-in  inverted  segmental  flat  floor-arch  of  common  brick  was  laid,  and  oc 
its  skewbacks  4-in  vertical  brick  walls  were  built  against  the  water-proofed  skks. 
The  bottom  was  then  lined  with  vitrified  white  tile  and  the  aides  were  faced  widi 
English  white  enameled  brick.    The  tops  of  the  walls  were  coped  with  bevckd 
and  molded  white-marble  slabs  which  are  about  2  ft  above  the  floor-levd  and 
are  surmounted  at  one  side  and  one  end  by  a  low  heavy  rail  with  twisted  otsa- 
mental  posts,  all  of  brass.    A  similar  horizontal  hand-rail  is  carried  along  the 
inside  wall  of  the  bath  just  above  water-level  and  a  curved  brass  hand-nil  is 
fastened  to  the  wall  above  the  narrow  brick-and-marble  stairs  at  one  ead.    The 

*  The  illustrations  and  accompanying  descriptions  are  taken  by  permiflBioii  from  tie 
Enainaering  Record  of  Nov.  j,  1900. 


Hunge-Baths  1«Z3 

nrJTnming-b>th  occuiwa  one  comet  of  the  room  and  its  elevated  muble  pbt- 
STTD  eitendg  entiiely  aciDU  it,  iormiiig  a  diviDg-platfocm  which  ii  readied  1^ 
wo  marble  steps.  AU  the  witer-sumily  is  hltered  aod  it  can  be  waimed  by  in- 
ecting  steam  iato  the  delivery-pipe  at  the  filter.  The  water  enters  Ihrougb  tbe 
>pen  upturned  end  of  a  i-in  brass  pipe  projectini  a  foot  or  more  through  the 
vail  above  tbe  top  of  the  bath  and  dehveiing  a  solid  jet  ualess  ft  is  reduced  by 
.he  regulating  valve  or  is  formed  into  a  iaD^haped  cascade  by  means  of  a 


spedal  nozile  which  can  be  screwed  in  the  open  end  of  the  inpe.  When  the 
bith  tg  much  used  a  unaU  slreara  of  water  is  constantly  admilled  and  causes 
a  continnat  gentle  dicaUlton  and  corroponding  oveijion,  and  tbe  entire  con- 
tents are  pumped  out  and  tbe  bath  cleaned  every  two  or  three  days.  There 
are  two  overflows,  an  open  one  about  B  ft  above  the  bottom  and  a  valved  one 
a  loot  lower.  C.  L.  W.  EidliU  was  (he  an:hitect  of  the  house  and  the  water- 
proofing was  done  by  the  T.  New  Construction  Company." 
Symbols  foi  Plumbing.    Figs.  U,  15  and  16  show  the  symbols  suggested 
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Pana 


and  detafls,  and  generaUy  accepted  for  the  purpose.    It  is  just 
to  have  conventional  symbols  to  indicate  plumbing-woric  and 
to  liave  symbols  to  show-windows,  doors,  steps,  partitions  and 


r.  i 


^  f^. 


"^ 


Symbol  Cor  lead  pipe 


-~  Cold  water) 

.-  Hot- water  J-  Fk«d&- 

—  Clreoktion  ) 


-1^ 


Cold  water) 

Hoi-water  V  flali-watar  pipea 

Cireolatioo) 


Spnbols  for  water-pipes 


Symbol  for 
oaat-iron  jrfpo 


8/inboIf« 
wroaffkt|< 


Top  rlew  ©t, 
▼alve 


of  valve      Aaclo-^alro 
One-Uoe  symbols  tor  ralfes 


Side  view  of 
Qlobe  valve 


oso 


Side  of 

Aagle- valve 


OAte-valva 

aide  view 


Plaao<T-ka«aie 
■top-cock 


Fig.  14.    Symbols  for  Plumblaf -pipes  sad  Vshres 


tural  details  on  architectural  drawings.  Before  these  symbols  became  fenenlly 
used  there  was  no  uniformity  in  the  drawing  of  plumbing-plans,  and  this  lack 
of  standards  often  led  to  serious  confusion.    For  instance,  if  plans  bom  tm 
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erent  offices  were  examined,  the  chances  were  that  on  no  two  of  them  would 
symbols  have  been  alike.    Further,  plans  prepared  in  the  same  office  at 


le  rimw  T> 
•top'ooek 


PLuuvtewof 


81d«  view  of 
l»v«r-hMidl« 
.    Btop-oook. 


SyntVdfor 


of  fftiwel 


^a^     CIO01ID     at^^ED 


Top  Tiow 
of  fMeoV 


PUiwriew  of 
dimlaicAp 


V 


8U««rmboIfw 
4imia-lrsp 


Oo 

S*ioa  SVenV 

Bjmbols  for  aoU  Aad 
vwkWtacks  oapUiifl 


hot      oold  otrevmloa 

PUn-^Tubob  for 
votcr«uppl7  rlaon 


4't^IBeams 


Sjrittbolfior 


STmbol  foB 
■fphoa-iny 


Soflfioa 
topojip 


i'se'xS'deep 
8 jmbol  for  •  loctioiuUBk 


8 jmbol  foi 
tton^stphoft.  tntp 


■T«lvo 


Bjrmbol.for 


V«]T«l 


Bjniibol  for  motor 


PU»«gmbolfor 
a  VAt«r-htftt«r 


Elovokioi>-«7iabol  foe 
a,  water-beotor 

ftg.  15.    Miacellaneous  Plumbing-qrmbols 


STmbol  for 
hot-wotor  tank 


different  tunes,  or  one  set  pf  plans  on  which  several  different  draughtsmen  had 
worked,  would  often  show  as  many  different  symbols  for  a  water-closet  or  lava- 
Cory  as  there  were  workmen  engaged  on  the  drawings.    That  was  rather  oon- 
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(uMng  to  plumbers  who  had  to  take  off  qniDtitics  From  the  pluis:  for.  i''.in 
the  symbols  were  vi  strange  and  bore  w  liltic  resemblance  to  (be  fiztum  - 
apparatus  that  some  oC  them  were  liable  to  be  overlooked.    It  U  owioc  l»  m 


3** 

9$ 


Piff.  10.    Symbols  for  Ftiunblng^xtuRS 
uncertainty  vherei'er  it  exists  from  this  cause,  that  there  is  a  w!de  luft  of 
prices  in  the  bids  submitted,  and  alt  of  them  are  unreasonably  hi^  for  the 
unount  of  work  (o  be  done.    To  avoid  conludon  and  secure  good  prioi,  that 
aodard  ivniboli  >bou''<  be  u*ed. 
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Bxpannon  of  Soil  uid  Wtsto-Stacks.    In  tall  buildings,  provision  should 
>e  made  in  the  soil-stacks  and  connections  to  take  care  of  the  expansion,  con« 
:raction,  settlements,  swaying  and  other  movements  of  the  building.    This 
novement  is  no  inconsiderable  amount,  in  some  localities  the  settlement  alone 
amounting  to  as  much  as  5  in  when  the  foundations  are  not  carried  to  bed-rock. 
tn  Chicago,  for  instance,  most  of  the  sky-scrapers  which  were  built  on  com- 
pressible foundation-beds  are  out  of  plumb  and  lean  far  out  over  the  plumb- 
line.     One  building  in  particular  leaned  so  that  the  top  was  30  in  outside  of 
the  line  of  the  foundation.    Most  of  the  earlier  heavy  buildings  there  erected 
on  "  floating  foundations  "  are  carried  on  jacks,  and  periodically  jacked  up  as 
settlement  occurs.     When  the  building  finally  comes  to  rest,  the  jacks  are 
removed  and  the  walls  filled  in  with  masonry.    The  settlement  which  takes 
place  will  range  in  such  buildings  from  3  to  5  in.     These  various  move- 
ments, expansion,  contraction,  settlement,  racking  out  of  plumb,  also  sway- 
ing of   high  buildings  as  they  follow  the  sun  in  its  course  from  East  to 
West,  will  prove  destructive  to  steam-pipes  and  plumbing-pipes  if  provision 
is  not  made  to  take  care  of  them.    Steam-pipes  always  have  expansion-loops, 
but  it  is  only  recently  that  the  proper  attention  has  been  given  to  soil  and 
vent-stacks    and    pipes;    and 
then  only  after  as  many  as 
1 50  water-closets  in  one  build- 
ing were  broken  through  faulty 
installation,  or  rigid  connec- 
tions.    The  remedy  is  to  put 
cxpansion-jomls  (Fig.   17)  in      Normal  Bent  Collapsed      Stratcbed 

the  soU   and   vent-stacks    of  ^*  ^^'    Expansiou-joinU 

tall  buildings,  and  to  connect  all  water-closets  to  the  soil-pipes  by  means 
of  flexible  or  collapsible  connections  which  will  stretch,  collapse,  or  stretch  on 
one  side,  and  collapse  on  the  other,  according  to  the  stress  to  which  they  ara 
subjected.  These  flexible  fittings  should  be  placed  as  close  to  the  closets  as 
possible,  and  should  be  used  also  in  connection  with  slop-sinks  and  inside  rain- 
leaders.  For  inside  rain-leaders  the  number  of  corrugations  can  be  increased 
in  proportion  to  the  height  of  the  building.  Ordinary  stock  fittings  have  a 
range  of  about  2  in.  That  is,  they  will  stretch  about  i  in  and  collapse  i  in. 
For  rain-leaders  in  tall  buildings,  however,  greater  range  than  that  is  desirable. 
Two  corrugations  would  be  sufiicient  (or  a  rain-leader  in  an  ordinary  building 
not  over  100  ft  in  height;  then,  for  taller  buildings,  it  is  well  to  allow  an  extra 
corrugation  for  each  additional  100  ft  or  fraction  thereof.  The  flexibility  of 
these  fittings  can  be  seen  in  the  accompanying  Illustrations  of  Fig.  17. 

Shrinkage  in  Buildings.  Ninety-seven  per  cent  of  buildings  erected  have 
wooden  floor-construction,  and  the  floor-joists,  when  they  dry  out,  shrink. 
This  is  the  cause  of  many  thousands  of  closets  being  broken  annually,  and  the 
destroying  of  the  seal  at  the  closet-connection  of  those  which  are  not  broken, 
unless  they  are  provided  with  a  flexible  floor-flange  or  fitting.  The  amount 
of  shrinkage  of  floor-beams  of  different  depths,  can  be  found  in  the  following 
table,  compiled  from  information  furnished  by  the  United  States  Government, 
Department  of  Agriculture,  Division  of  Forestry,  in  Bulletin  No.  xo.  Be^des 
the  shrinkage  of  the  individual  tiers  of  joists,  there  is  the  multiple  shrink- 
age of  all  the  tiers  when  bearing-partitions,  supporting  the  joists  at  the 
middle  in  a  building,  rest  on  sills  at  each  floor  which  are  laid  on  top  of 
the  joists,  instead  of  extending  down  through  to  the  plate  which  supports  the 
tier  of  joists.  When  the  framing  is  properly  done,  there  is  only  the  shrinkage 
of  the  one  tier  of  beams  to  take  into  consideration.    When  improperly  framed. 


1428     Hydraulics,  Plumbing  and  Diainage,  and  Gas-Ptpins      Part  t 

there  might  be  three  or  four  shrinkages  affecting  the  top  floor  of  the  IxiSdcu:. 
Even  though  the  timbers  are  dry  and  seasoned  when  put  in,  by  tise  time  the 
plasterers  are  through  the  joists  are  wet  and  swollen  from  the  mouituTe  in  the 
plaster  and  from  the  rain  which  saturates  the  timbers  before  the  buikiixi^  b  ei- 
dosed.  It  is  safe  to  assume,  therefore,  that  a  i3-in  joist  will  shrink  i 
\k,  and  an  xS-in  joist  about  H  in. 


Table  of  Shrinkage  of  limbecs 


Depth  of  green 

or  wet  timber. 

in 

Amount  lost  by 
shrinkage,  4%, 
in 

Depth  of  timber 
when  dry,  in 

6 

0.34 

S.76 

8 

0.32 

7.68 

lO 

0.40 

9.60 

xa 

0.48 

XX.  sa 

14 

0.56 

X3  44 

x6 

o.d4 

15  36 

i8 

0.73 

17.28 

ao 

0.80 

19.20 

Floor-Connections  for  Water-Clotets.  No  water-closet  can  be  considend 
sanitary  which  depends  upon  a  putty>joint,  slip-joint,  rigid-gasket  joint  cr 
ri^id  connection  of  any  kind  for  a  seal.  Improved  metal-to-metai  floor-^SanfB 
now  cost  no  more  than  rigid-gasket  joints  formerly  did,  and  they  are  flezS>ie, 
water-tight,  will  remain  permanently  tight,  and  protect  the  closets  from  being 
broken  by  shrinkage  or  other  movement  of  the  building  or  piping.  The  onlj 
way  to  get  a  perfectly  sanitary  water-closet  is  to  specify  a  flexible,  metal-to- 
metal,  closet  floor-flange  with  it. 

Expansion  of  Hot-Water  Pipes.  In  all  tall  builduigs  expansion-loops 
ought  to  be  placed  in  both  the  hot-water  and  the  drculation-iMpes,  to  permit 
the  expansion  and  contraction  of  the  lines  without  injury  to  the  syatesn.  These 
loops  are  usually  from  6  to  8  ft  long,  made  up  with  elbows,  and  extend  into  the 
floor  of  the  building.  Generally  the  hot-water  and  circulation-pipes  are  sup- 
ported midway  between  loops  so  that  they  can  expand  both  up  and  down.  The 
length  that  water-pipes  will  expand  depends  upon  the  degree  to  which  they  are 
heated,  and  the  materials  of  which  the  pipes  are  made.  The  first  of  the  fbfiov- 
ing  three  tables  gives  the  expansion  of  cast-iron  pipes,  the  second  the  expansioa 
of  wrought-iron  pipes,  and  the  third  the  expansion  of  brass  pipes. 


Bzpansioa  of  Cast-iron  Pipes 


Temper- 
ature of  air 
when  pipe 

is  fitted, 
degrees  P. 

Length  of 

pipe  when 

fitted, 

ft 

Length  of  pipe  when  heated  to 

2XS-  P. 

ft         in 

26s'  P. 

ft         in 

297*  p. 
ft         in 

338- P. 
ft        in 

0 
33 
64 

xoo 
xoo 
xoo 

xoo     x.59 
xoo     x.36 
xoo     x.xa 

xoo     1.96 
xoo     X.65 
xoo     1.43 

100        3.30 

XOO     1.96 
100      1.73 

100     8.50 
100     3.37 

xoo      2.00 

Softeaing  Hard  Water 
Ripaerion  of  Wroofbl-Inm  Pipo 
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ttareof  air 

Length  of 
pipe  when 

fitted. 

ft 

Length  ol  pipe  when  heated  to 

9?  hen  pipe 

is  fitted, 

degrees  P. 

2X5*  P. 

ft        in 

265*  P. 

ft         in 

WP. 

ft         in 

338'P. 
ft         in 

o 
33 
64 

XOO 

XOO 
XOO 

100     z.72 
100     x.47 

XOO       X.2X 

XOO       2. 21 

XOO     x.78 
XOO     x.6x 

XOO       2. 31 
XOO       2.12 
XOO      X.87 

XOO     2.70 
XOO     2.45 
100     2.19 

Temper- 
ature of  air 

Length  of 

pipe  when 

fitted. 

ft 

Length  of  pipe  when  heated  to 

when  pipe 

is  fitted. 

degrees  P. 

2X5*  P. 

ft         in 

26s*  p. 
ft         in 

W'P. 

ft        in 

338*  p. 
ft        in 

0 
64 

XOO 
XOO 
XOO 

XOO     2.58 

XOO       2X9 

XOO     x.8x 

XOO      3.X8 
100     2.79 
XOO     2.41 

XOO     3.56 
XOO      3.X8 
XOO     2.79 

XOO     4.05 
XOO     3.67 
100     3.28 

Softenlnc  Hard  Water  for  Domestic  Uae.  In  many  parts  of  the  country 
the  water  is  iciipokasily  hard,  PEaMANSNTLY  hakd  or  both  tempokakily 
AND  PBtMANEHTLY  HARD.  This  is  duc  to  the  fact  that  in  those  regions  the 
underlying  rock  is  limestone,  and  in  percolating  through  the  limestone  the 
water,  which  originally  was  soft,  dissolves  carbonates  and  sulphates  of  lime  or 
magnesia  from  the  rock.  The  solvent  capacity  of  water  for  lime  and  magnesia 
is  greater  when  the  water  is  cold  than  when  it  is  hot.  Therefore,  deep-well 
water  in  limestone-regions  is  usually  sattRmted  with  lime  or  magnesia,  and  when 
heated  in  water-tanks  or  boilers  the  point  of  saturation  is  lowered-  and  lime  is 
precipitated  or  liberated  in  the  form  of  hard  scale  or  incrustation.  The  effect 
of  bdler-incrustation  is  to  shorten  the  life  of  the  boiler  and  decrease  the  effidency 
oC  the  boiler  while  in  use.    It  is  estimated  that: 


H«*in  lime-scale  means  a  loss  of 
H-in  lime-scale  means  a  loss  of 
H-in  lime-scale  means  a  loss  of 
H-tn  lime-scale  means  a  loss  of 
^i-in  lime-scale  means  a  loss  of 
H-in  lime-scale  means  a  loss  of 


13%  of  fuel. 
22%  of  fuel. 
38%  of  fuel. 
50%  of  fueL 
60%  of  fuel. 
91%  of  fuel 


These  values  are  probably  a  little  high,  but  making  due  allowance,  the  table 
will  serve  to  show  the  loss  due  to  the  use  of  hard  water.  In  the  laundry  the 
increased  coosumption  of  soap  to  soften  hard  water  is  a  further  item  of  expense. 
It  requires  about  x  lb  of  soap  to  soften  100  gal  of  moderately-hard  water, 
besides  the  soap  required  for  washing  after  the  water  has  been  softened. 
Besides  the  expense,  hard  water  forms  an  insoluble  curd  when  washing  which 
makes  it  particularly  annoying  to  hotel-guests;  therefore,  it  is  advisable  to 
treat  all  hard  water  for  large  hotel-buildings,  laundries  and  for  many  indus- 
trial purposes.  Permanently  hard  waters  contain  sulphates  of  lime  or  mag- 
nesia.   Temporarily  hard  waters  contain  carbonates  of  lime  or  magnesia. 
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Temporarily  and  permanentbr  hard  waters  contain  both  carbonates  l-  1 
sulphates  of  Ume  or  magnesia.  Temporarily  hard  waters  are  aofteoed  " 
adding  lime-water  to  the  raw  water  to  remove  the  carbonates  of  lime.  T~  i 
is  known  as  the  Clakk  Process.  Permanently  hard  waters  are  sdtsi^-^i 
by  the  P<HtTER  PsocBSS,  which  consists  of  adding  soda-ash  to  the  raw  -flIz: 
Stock  types  of  apparatus  are  manufactured  for  this  purpose,  and  may  be  i.: 
with  capacities  of  any  required  amount. 

Heating  Water  with  Steam-Cotleu    The  following  constants  will  be  Iccil: 

convenient  for  proportioning  steam-coils  for  heating  water: 

W  ■>  gallons  of  water  to  be  heated. 

YT  -f-  lo  *  sq  ft  of  iron  pipe-coil  required  for  exhaust-steam. 

W  +  15  -  sq  ft  of  copper  pipe-coil  required  for  exhaust-^team. 

W  X  0.07  =«  sq  ft  of  iron  pipe-coil  for  5  lb  pressure-steam. 

W  X  0.045  ■"  sq  f t  of  copper  pipe-coil  for  5  lb  pressure-steam. 

W  X  0.05  «  sq  ft  of  iron  pipe-coil  for  35  lb  steam-pressure. 

W  X  0.035  -  sq  ft  of  cc^per  pipe-coil  for  25  lb  steam-pressure. 

W  X  0.04  •  sq  ft  of  iron  ptpe-coil  for  50  lb  steam-prKSure. 

Tf'  X  0.35  ■>  sq  ft  of  copper  pipe-coil  required  for  50  lb  steam-pressure. 

W  X  0.03  -  sq  f t  of  iron  pipe-coil  required  for  75  lb  steam-pressure. 

W  X  0.02  "  sq  f t  of  copper  pipe-ooil  required  for  75  lb  steam-pressure. 

Capacity  of  Water-Backs.  The  average  size  of  water-back  hax'izig  abo.t 
no  sq  in,  or  about  H  sq  ft  of  exposed  surface,  will  heat  to  the  ordinary  temp^- 
ature  of  domestic  hot  water,  180°  F.»  about  2t  gal  "of  water  an  hour.  It  v^ 
heat  about  17  gal  of  water  to  the  boiling-point  with  an  ordinary  fire.  \i'ith  a 
fire  such  as  is  used  for  roastmg,  washing,  or  baking,  a  water-back  of  this  same  aue 
will  heat  about  23  gal  of  water  to  the  boiling-point,  or  37  gal  to  a  temperatorr 
of  180"  F.  Wrougfat-iron  pipe  heating-coils  will  heat  from  30  to  40  gal  of  vate 
under  the  same  conditions,  and  copper  pipes  will  heat  from  45  to  60  gal  per  boor 
for  each  square  foot  of  surface  exposed  to  the  fire.  In  calculatios  the  heatiar 
capacity  of  water-backs  or  coils,  the  average  temperature  of  the  water  is  takc&. 
Thus,  if  water  at  60°  is  heated  to  200**  F.,  the  average  temperature  of  the  water 
would  be  (60+  30o)  -f-  2  «  130**  F.,  and  the  range  of  temperature  thiough  wlu«i 
it  is  heated  woukl  be  aoo '~  60  •«  140°  F. 

Value  of  Pipe-Covering.    Hot-water  pipes  and  hot-water  tanks  vihez 
uncovered  lose  by  radiation  from  their  surface  about  13  heat-units  per  mincte 
per  square  foot  of  surface.    To  prevent  this  loss  of  heat  and  consequent  ettn 
consumption  of  coal,  hot-water  pipes,  circulation-pipes  and  hot-water  tanks  b 
large  institutions  are  generally  covered  with  some  non-heat-conducting  materol. 
The  value  of  pipe-covering  is  not  proportional  to  its  thickness.    Sectional  pipe- 
coverings  average  about  tH  in  in  thickness  and  reduce  the  loss  by  radiau» 
about  90%.    Doubling  the  thickness  of  pipe-covering  saves  only  about  another 
5%  of  heat-loss".    In  specifying  covering  for  pipes  and  boilers,  therefore,  a  thick- 
ness of  I ^  in  will  be  sufficient.    Carbonate  of  magnesia  is  a  very  poor  cowhictcr 
of  heat.    Therefore,  it  is  a  good  material  for  covering  hot-water  pipes.    Carbon- 
ate of  lime,  on  the  other  hand,  is  not  a  good  covering  material,  although  it 
often  masquerades  as  carbonate  of  magnesia.    When  magnesia  pipe-coverini;  ts 
specified,  therefore,  it  is  well  to  require  a  composition  containing  from  80  to  go'^r 
of  magnesia,  and  require  a  test  to  be  made  at  the  expense  of  the  contractor,  bat 
by  a  chemist  named  by  the  architect.    The  following  coverings  are  the  best 
materials  for  hot-water  pipes,  in  the  order  in  which  they  are  named.    Nonpardl 
Cork,  Magnesia,  Asbestos  Air-Cell  and  Imperial  Asbestos. 
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(3)  ILLniaNATmG-GAS  AND   GAS-PIPINO* 

Varietiet  of  Gas.    Five  varieties  of  gas  are  now  commonly  used  icr  light- 
g  and  cooking,  namely: 

(z)  Cottl-Gas,  which  b  made  by  heating  bituminous  coal  in  air-tight  retorts, 
his  is  the  most  common  variety  of  gas  furnished  for  the  lighting  of  cities  and 
>wiis. 

(a)  Water-Gaa»  which  is  made  usually  from  anthracite  coal  and  steam,  and 
.  quite  extensively  used  in  Eastern  cities.  Gas  made  by  this  process  contains 
»s  carbon  than  good  coal-gas,  and  consequently  does  not  give  as  bright  a  light, 
Ithough  it  bums  perfectly  in  heating-burners.  When  used  for  lighting  purposes 
L  is  enriched  in  carbon  by  vaporizing  a  quantity  of  petroleum  by  heat  and  in- 
ecting  it  into  the  hot  gas  before  it  leaves  the  generator.  Pure  water-gas  is 
ighter  and  has  less  odor  than  coal-gas. 

(3)  Nattual  Gaa  is  obtained  from  holes  or  wells  which  are  drilled  in  the  ground, 
[n  localities  where  it  can  be  obtained  it  furnishes  cheap  light  and  fuel.  The 
latural  gas  obtained  in  the  hard-coal  regions  develops  more  heat  per  cubic  foot  in 
l)uming  than  any  other  kind  of  gas  except  acetylene.  Natural  gas  is  usually  under 
greater  pressure  in  the  street-mains  and  house^pipes  than  manufactured  gas. 

(4)  Acetylene-Gas.  Used  almost  exclusively  for  the  lighting  of  isolated 
buildings,  or  for  public  buildings  in  towns  or  cities  where  there  is  no  public  gas- 
supply,  and  conunonly  generated  on  the  premises.  It  is  formed  by  bringing 
water  and  caldum  carbide  in  contact.  Calcium  carbide  is  produced  by  the 
electrical  fusion  of  coke  and  lime.  It  is  now  a  commercial  article  produced  in 
large  quantities  and  sold  at  a  moderate  price.  It  is  a  very  hard  substance  like 
dark  granite,  has  a  very  slight  odor,  will  not  bum  or  explode,  and  can  be  handled 
in  any  quantity  with  perfect  safety.  The  fact  that  carbide  begins  to  disintegrate 
and  give  ofiP  acetylene  at  the  slightest  touch  of  moisture  makes  it  practicable  to 
generate  the  gas  in  small  quantities  for  single  buildings. 

Process  of  Generating  Acetylene-Gas.    The  satisfactory  production  of  acety- 
lene-gas requires  a  generator  which  shall  feed  carbide  of  suiScient  size  and  weight 
to  be  plunged  a  sufficient  depth  under  the  water  in  the  generator-chamber  to 
insure  coolness  and  proper  washing.    The  carbide-chamber  must  be  so  arranged 
and  protected  that  no  gas  can  return  to  it  to  be  wasted  when  the  chamber  is 
refilled  and  permeate  the  house  with  its  smell.    It  must  feed  carbide  loosely 
and  in  very  small  quantities,  in  order  to  provide  for  periect  coolness  by  free 
access  of  water  to  all  of  the  carbide.    It  must  work  automatically  and  with 
absolute  certainty.    Acetylene-gas  to  be  pure  must  be  thoroughly  washed. 
Impure  acetylene,  as  with  any  other  illuminating-gas,  means  a  discoloration  of 
the  flame,  diminished  illuminating  power,  dogging  of  pipes  and  burners  with 
carbon  and  other  foreign  matter,  and  smoky  burners,  causing  blackening  of 
ceilings  and  tarnished  and  soiled  woodwork  and  upholstery.    It  m  now  gener- 
ally agreed  that  the  requirements  above  outlined  can  be  attained  only  by  a 
generator  of  the  plunger-type.    Portable  generators  which  may  be  set  in  the 
cellar  or  basement  of  any  building  are  manufactured  in  great  variety;  it  is  esti- 
mated that  xoo  000  acetylene-gas  generators  are  now  in  use  in  the  United  States. 
They  are  made  in  sizes  of  5,  10,  15,  30  and  up  to  500-lights  capadty.    In  all 
machines  dropping  carbide  into  water  there  should  be  a  connection  open  from 
the  carbide-holding  receptacle  to  the  safety-vent  mn  out  of  doors  from  the 
gasometer.    It  is  claimed  that  for  a  given  degree  of  illumination,  acetylene  is 
cheaper  than  dollar  gas.    A  large  residence  may  be  lighted  for  about  $2.50  a 

*  Stt,  also.  Lighting  and  Ulumination  of  Buildiogs,  page  Z437. 
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month.  To  develop  the  full  iUuminating  power  of  the  gas  it  is 
use  a  burner-tip  Having  the  thinnest  slit  obtainable,  the  ilhiminafnig  pc»<  { 
the  gas  being  about  fifteen  times  that  of  coal-gas,  for  the  same  cxhismt:: 
The  light  is  a  dear  white,  very  nearly  res^bling  sunlight  in  color  ai>u  . 
fustveness,  with  none  of  the  red  of  the  incandescent  lamp^  the  ozmnge  .•  i 
ordinary  gas-flame,  or  the  green  tone  of  the  incandescent  mantle;  and  It  pceccr- ! 
the  quality,  unique  among  artificial  illuminants,  of  reproducizis  even  ti^  x- 
delicate  shades  of  color  as  faithfully  as  sunlight.  Even  when  used  with  sor  - 
burners,  as  it  may  be  with  great  economy,  acetylene-light  presents  a  stnan^  c- 
similarity  from  ordinaiy  gas  under  the  same  conditions.  Acetylene  car.«> 
silver  and  copper,  but  docs  not  affect  brass,  iron,  lead,  tin,  or  zinc.  A  gsvrT- 
ment  specification  for  a  complete  apparatus  for  acetylene-gas  wras  putrfzsfae^  . 
Engineering  News  of  Feb.  4,  1904. 


(5)  Oasoline-Gas  is  a  mixture  of  gasoline  vapor  with  air.     It  is  never  pbr. 
but  is  generated  dose  to  the  burner,  and  is  seldom  used  for  lighting  excxp:  f 
street  stands,  and  the  like.    It  is  much  used  for  fuel,  however. 

Gasoline  changes  from  the  liquid  to  the  gaseous  form  under  ordinary  atD^ 
pheric  pressure,  at  temperatures  above  40"  F.,  the  evaporation  beii^  ci\  9  < 
at  40°,  quite  rapid  at  70°,  and  furious  at  aia**.  If  a  tank  coctainine  liqiaitl  fi.>' 
line  is  left  open  to  the  air,  the  liquid  will  all  pass  away  in  the  form  of  gas. 

Although  generally  considered  dangerous,  it  is  only  so  when  carelesslT  - 
ignorantly  handled.  To  produce  x  000  cu  ft  of  gas  of  good  quality  rR;;^-' 
about  4>k  gal  of  the  best  grade  of  gasoline.  An  ordinary  burner  cocssb 
about  5  cu  ft  per  hour. 


Piping  t  House  for  Gas^f 

General  Prindples  and  Requirements.    Ordinaiy  wrought-tron  pipe,  scc* 
as  is  ased  for  steam  or  water,  is  suitable  and  proper  for  all  kinds  of  p.'- 
Galvanized  malleable-iron  fittings,  in  distinction  from  plain  iron,   are  \fr: 
superior.    The  coating  of  zinc  inside  and  out  effectually  and   pennaner.?'.> 
covers  all  blow-holes,  makes  the  work  solid  and  durable,  and  avoids  the  w 
of  perishable  cement.    Before  the  pipe  is  placed  in   position   it   should  ^ 
looked  and  blown  through.    It  is  not  infrequently  obstructed,  and  this  pn- 
caution  will  save  much  damage  and  annoyance.    What  is  known  as  gas-iittm' 
cement  never  should  be  used.    It  cracks  off  easily,  in  warm  places  it  wiH  meH 
and  it  can  be  dissolved  Ly  several  difterent  kinds  of  gas.     Nothing  but  sc-i:c: 
metals  is  admissible  for  confining  gas  of  any  kind.    Wlien  pipes  under  di«  t 
run  across  floor-timbers,  the  latter  should  be  cut  into  near  their  ends,  or  w^. 
supported  on  partitions,  and  not  near  the  middle  of  spans.    It  is  evident  ih.: 
a  xo-in  timber  notched  2  in  in  the  middle  is  no  stronger  than  an  8-in  txitbef 
All  branch  outlet-pipes  should  be  tnkcn  from  the  sides  or  tops  of  running  ]ir.fs 
Bracket-pipes  should  run  up  from  below,  and  not  drop  from  above.    Never  dn^  i 
center  pipe  from  the  bottom  of  a  running  line.    Always  take  such  outlet  from  thr 
side  of  the  pipe.    The  whole  system  of  piping  must  be  free  from  low  pla<e«vr 
traps,  and  decline  toward  the  main  rising  pipe,  which  should  run  up  in  a  partitLa 
as  near  the  center  of  the  building  as  is  practicable.    It  is  obvious  that  where  ^ 
is  distributed  from  the  center  of  a  building,  smaller  running  lines  of  pipe  wiD  be 
needed  than  when  the  main  pipe  runs  up  on  one  end.    Hence,  timbers  will  oct 

*  Circular  issued  by  the  Gilbert  jlr  Barker  Manufacturing  Company, 
t  See,  also.  Lighting  and  Illumination  of  Buildings,  pages  1437  to  14561 
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'e  as  deep  cutting,  and  the  flow  of  gas  will  be  more  regukr  and  even.  For 
Line  reason  in  large  buQdings,  more  than  one  riser  may  be  advisable.  When 
.Idins  iias  different  heights  of  post,  it  is  always  better  to  have  an  in- 
ideat  rising  pipe  for  each  height  of  post,  than  to  drop  a  system  of  piping 

a  higher  to  a  lower  post,  or  to  grade  to  a  low  point  and  establish 
pipes.  Drip-pipes  in  a  building  should  always  be  avoided.  The  whole 
m  of  piping  ^lould  be  so  arranged  that  any  condensed  gas  will  flow  back 
i^h  the  system  and  into  the  service-pipe  in  the  ground.  All  outlet-pipes 
Id  be  so  securely  and  rigidly  fastened  in  position  that  there  will  be  no  possi- 
f  of  their  moving  when  the  gas-fixtures  are  attached.  Center  pipes  should 
on  a  solid  support  fastened  to  the  floor^timbers  near  thdr  tops.  The  pipe 
lid  be  securely  fastened  to  the  support  to  prevent  lateral  movement.  The 
>-pipe  must  be  perfectly  plumb,  and  pass  through  a  guide  fastened  near  the 
;om  of  the  timbers,  which  will  keep  them  in  position  despite  the  assault 
athers,  masons  and  others.  In  the  absence  of  express  directions  to  the 
trary,  outlets  for  brackets  should  generally  be  5  ft  6  in  high  from  the  floor, 
ipt  that  it  is  usual  to  put  them  6  ft  high  in  halls  and  bath-rooms.  The  upright 
es  should  be  plumb,  so  that  the  nipples  that  project  through  the  walls  will  be 
i\.  The  nipples  should  project  not  more  than  H  in  from  the  face  of  the 
stering.  Laths  and  plaster  together  are  usually  H  in  thick;  hence  the 
pies  should  project  xH  in  from  the  face  of  the  studding.  Drop  center  pipe^ 
luld  project  i\i  in  below  the  furring,  or  timbers  if  tjiere  is  no  furring,  when^ 
is  known  that  there  will  be  no  stucco  or  centerpieces  used.  Where  center- 
tees  are  to  be  used,  or  where  there  is  a  doubt  whether  they  will  be  or  not, 
m  the  drop-pipes  should  be  left  about  a  foot  below  the  furring.  All  pipes 
ing  properly  fastened,  the  drop-pipe  can  be  safely  taken  out  and  cut  to  the 
(ht  length  when  gas-fixtures  are  put  on.  Gas-pipes  should  never  be  placfd  en 
e  bottoms  of  floor-timbers  that  are  to  be  lathed  and  plastered,  because  they 
e  inaccessiible  in  the  contingency  of  leakage,  or  when  alterations  are  desired, 
id  gas-fixtures  are  insecure.  The  whole  system  of  piping  should  be  proved  to 
;  air  and  gas-tight  under  a  pressure  of  air  that  will  raise  a  polumn  of  merctiry 
in  high  in  a  glass  tube.  The  pipes  are  either  tight  or  they  leak.  There  is  no 
liddle  ground.  If  they  are  tight  the  mercury  will  not  fall  a  particle.  A  piece 
r  paper  should  be  pasted  on  the  glass  tube,  even  with  the  mercury,  to  mark  its 
eight  while  the  pressure  b  on.  The  system  of  piping  should  remain  under 
est  for  at  least  a  half-hour.  It  should  be  the  duty  of  the  person  in  charge  of 
he  construction  of  the  building  to  thoroughly  inspect  the  system  of  ga<i-fitting; 
urely  as  much  so  as  to  inspect  any  other  part  of  the  building.  He  should  know 
rem  personal  observation  that  the  specifications  are  complied  with.  After 
)eing  satisfied  that  the  mercury  does  not  fall  he  should  cause  caps  on  the  out- 
ets  to  be  loosened  in  different  parts  of  the  building,  first  loosening  one  to  let 
K)me  air  escape,  at  the  same  time  observing  if  the  mercury  falls,  then  tightening 
it  and  repeating  the  operation  at  other  points.  This  plan  will  prove  whether  the 
pipes  are  free  from  obstruction  or  not.  When  he  is  satisfied  that  the  whole 
work  is  property  and  perfectly  executed,  he  should  give  the  gas-fitter  a  certificate 
to  that  effect. 

The  following  requirements  from  specifications  published  by  the  Denver  Gas 
and  Electric  Company  are  worthy  of  attention.  Always  use  fittings  in  making 
turns;  do  not  bend  pipe.  Do  not  use  unions  in  concealed  work;  use  long  screws 
or  right-and-left  couplings.  Long  runs  of  approximately  horizontal  pipe  must 
be  firmly  supported  at  short  intervals  to  prevent  sagging. 
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Roles  and  TaUe  for  Proportioning  Sizei  of  House-Pipes  for  Gts*t 

Rules  GoYerning  Sizes  of  Gas-Pipes.  The  table  on  page  143S  is  based 
on  the  well-known  formula  for  the  flow  of  gas  through  pipes.  The  fndktn, 
and  therefore  the  pressure  neoessary  to  overcome  the  friction,  incmses  vitk 
the  quantity  of  gas  that  goes  through,  and  as  the  aim  of  the  table  is  to  have 
the  loss  in  pressure  not  exceed  Ho  in  water-pressure  in  30  f  t«  the  size  of  the  pipe 
increases  in  going  from  an  extremity  toward  the  meter,  as  each  section  has  an 
increasing  number  of  outlets  to  supply.  The  quantity  of  gas  the  piping  may 
be  called  on  to  pass  through  is  stated  in  terms  of  H-in  outlets,  instead  ot 
cubic  feet,  outlets  being  used  as  a  unit  instead  of  burners,  because  at  ibe 
time  of  first  inspection  the  number  of  burners  may  not  be  definitely  detennined. 
In  making  the  table,  each  M-in  outlet  was  assumed  to  require  a  supply  of  10 
cu  ft  per  hour.    In  using  the  table  observe  the  following  rules:  t 

(il  No  house-riser  shall  be  less  than  H  in.  The  house-riser  is  oonskkfed  to 
extend  from  the  cellar  to  the  ceiling  of  the  first  story.  Above  the  ceiling  the 
pipe  must  be  extended  of  the  same  size  as  the  riser,  until  the  first  branch  line  b 
taken  off. 

(2)  No  house-pipe  shall  be  less  than  H  in.  An  extennon  to  ^^^^^"g  piianf 
may  be  made  of  H-in  pipe  to  supply  not  more  than  one  outlet,  provided  said 
pipe  is  not  over  6  ft  long. 

(3)  No  gas-range  shall^  be  connected  with  a  smaller  pipe  than  94  in. 

(4)  In  figuring  out  the  size  of  pipe,  always  start  at  the  extremities  of  tht 
system,  and  work  toward  the  meter. 

(5)  In  using  the  table,  the  lengths  of  pipe  to  be  used  in  each  case  axv  the 
lengths  measured  from  one  branch  or  point  of  juncture  to  another,  disregarding 
elbows  or  turns.  Such  lengths  will  be  hereafter  spoken  of  as  sbctioms.  No 
change  in  size  of  pipe  may  be  made  except  at  branches  or  outlets,  each  sectioa 
therefore  being  made  of  but  one  size  of  pipe. 

(6)  If  any  outlet  is  laiger  than  H  in  it  must  be  counted  as  mote  than  ooe,  is 

accordance  with  the  schedule  below: 

• 

Size  of  outlet,  inches H     H    i    iH    iH    ^    ^H     3      4 

Value  in  table 3      4      7    11     x6    28    44    64    in 

(7)  If  the  exact  number  of  outlets  given  cannot  be  found  in  the  tatilc,  uke 
the  next  larger  number. 

(8)  If,  for  the  number  of  outlets  given,  the  exact  length  of  the  section  wfaick 
feeds  these  outlets  cannot  be  found  in  the  table,  the  next  larger  length,  corre- 
sponding to  the  outlets  given,  must  be  taken  to  determine  the  size  of  pipe  re- 
quired! Thus,  if  there  are  eight  outlets  to  be  fed  through  55  ft  of  pipe,  the  Ici^ 
next  larger  than  55  in  the  eight-outlet  line  in  the  table  is  loo^  and  as  this  is  h 
the  iW-in  column,  that  size  pipe  would  be  required. 

(9)  For  any  given  number  of  outlets,  do  not  use  a  smaller  size  pipe  than  the 
smallest  size  that  contains  a  figure  in  the  table  for  that  number  of  outlets. 
Thus,  to  feed  15  outlets,  no  smaller  size  pipe  than  i  in  may  be  used,  no  nutter 
how  short  the  section  may  be. 

(10)  In  any  piping-plan,  in  any  continuous  run  from  an  extremity  to  the 
meter,  there  may  not  be  used  a  longer  length  of  any  size  pipe  than  found  in  the 
table  for  that  size,  as  50  ft  for  H  in,  70  ft  for  i  in,  etc.  If  any  one  secrien  woukl 
exceed  the  limit  length,  it  must  be  made  of  larger  pipe.    Thus,  6  outlets  could 

*  The  Denver  Gta  and  Electric  Company. 

t  Sec,  also.  Lighting  and  lUumioation  of  Buildings,  pages  1437  to  1456 
t  With  the  exception  of  typographical  changes  made  to  confonn  to  ihe  lOt  of  the 
base,  these  rules  are  quoted  litcnlly.    Editor-in-chief. 
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Tabto  8iio«rini  tfa«  Cwraet  81ms  of  SktaM-PipM  for  DUhntkt  Lmtfim  ol 

PIpM  aad  Voaibcr  at  Outleti 


Number 

■ 

Lengths  qC 

pipes  in 

feet 

of  ?6-in 

outlets 

^i-in 

H-in 

94-m 

i>in 

iM-in 

iV6-in 

a-in 

aV^^n 

>in 

4-in 

pipe 

pipe 

pipe 

pipe 

pipe 

pipe 

pipe 

pipe 

pipe 

pipe 

X 

ao 

30 

50 

TO 

xoo 

ISO 

aoo  1 

300 

400 

600 

a 

•  •  *  • 

a? 

so 

70 

too 

X50 

aoo  1 

300 

400 

600 

3 

la 

SO 

70 

xoo 

ISO 

aoo 

300 

400 

600 

4 

•  •  •  • 

SO 

70 

100 

ISO 

aoo 

300 

400 

600 

5 

33 

70 

100 

ISO 

aoo 

300 

400 

600 

6 

a4 

70 

100 

ISO 

300 

300 

400 

Coo 

7 

i8 

70 

100 

ISO 

200 

300 

400 

600 

8 

13 

50 

100 

150 

aoo 

300 

400 

600 

9 

44 

xoo 

ISO 

aoo 

300 

400 

600 

10 

35 

xoo 

ISO 

aoo 

300 

400 

600 

II 

3f> 

90 

ISO 

aeo 

300 

400 

600 

la 

as 

75 

ISO 

aoo 

300 

400 

600 

13 

ai 

60 

ISO 

aoo 

300 

400 

600 

X4 

18 

S3 

130 

aoo 

300 

400 

600 

IS 

16 

45 

"5 

300 

300 

400 

l6 

14 

4X 

XOO 

aoo 

300 

400 

600 

17 

xa 

36 

90 

aoo 

300 

400 

600 

i8 

•  •  •  « 

3a 

to 

aoo 

300 

400 

600 

19 

•  •  •  • 

a9 

73 

aoo 

300 

400 

Coo 

20 

«  •  •  • 

a7 

(5 

aoo 

300 

400 

600 

ax 

«  •  •  • 

a4 

58 

300 

300 

400 

600 

aa 

•  ■  •  • 

22 

S3 

aoo 

300 

400 

600 

a3 

•  •  •  • 

ao 

49 

aoo 

300 

400 

600 

a4 

•  •  •  • 

x8 

45 

190 

300 

400 

600 

35 

•  •  •  • 

17 

4a 

X7S 

300 

400 

600 

30 

•  •  •  • 

xa 

30 

xao 

300 

400 

600 

35 

•  ■  •  ■ 

aa 

90 

370 

400 

600 

40 

•  •  •  • 

X7 

70 

210 

400 

600 

45 

•  •  •  • 

X3 

SS 

I6S 

400 

600 

50 

>  •  •  • 

•  •  •  • 

45 

135 

330 

600 

65 

•  •  ■  • 

a7 

80 

aco 

600 

75 

•  •  •  • 

ao 

60 

ISO 

600 

100 

•  •  »  • 



33 

io 

360 

las 

'  •  •  ' 

•  •  •  • 

•  •  •  •  « 

aa 

50 

a30 

ISO 

•  •  •  • 

•  •  "-^  • 

XS 

35 

x6o 

175 

»  •  •  • 

>  •  •  • 

•  *  ■  • 

•  •  •  •  « 

38 

130 

200 

•  ■  •  • 

» 

31 

90 

2S0 

•  •  •  • 

14 

59 

lot  be  fed  through  75  ft  of  i-in  pipe,  but  iH  in  would  have  to  be  used.  When 
:wo  or  more  successive  sections  work  out  to  the  same  size  of  pipe  and  their  total 
ength  or  sum  exceeds  the  longest  length  in  the  table  for  that  size  pipe,  make  the 
action  nearest  the  meter  of  the  next  larger  size.  For  example,  if  we  have  5  out- 
els  to  be  supplied  through  45  ft  of  pipe  and  these  5  and  5  more,  making  xo 
n  all,  through  30  ft  of  pipe,  we  should  find  by  the  table  that  10  outlets  through 
;o  ft  would  require  x-in  pipe,  and  that  5  outlets  through  45  ft  would  also  require 
r-in  pipe,  but  as  the  sum  of  the  two  sections,  30  plus  45  equals  75  ft,  is  longer 
than  the  amount  of  x  in  that  may  be  used  in  any  continuous  run,  the  30-ft  sec- 
tion, being  the  one  nearer  the  meter,  m»^  be  made  of  iH-ia  pipe.    The  applies* 
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tioa  of  the  limit  In  tength  of  any  one  aiae  in  a  oontinuoos  run  may  also  be 
a»  follows:  Eight  outlets  will  albw  of  13  ft  of  H4n  pipe  in  the  section 
the  eighth  and  ninth  outlet  (counting  from  the  extremity  of  the  system 
the  meter),  provided  that  this  13  ft  added  to  the  total  length  of  H-in  p^pe  tr. 
may  have  been  used  between  the  extremity  of  the  run  and  the  ei^th  o^^jir. 
does  not  exceed  50  ft,  which,  according  to  the  table,  is  the  greatest  leogtt  ^.' 
H  in  allowable  in  any  one  branch  of  the  system.  Therefore^  up  to  the  g^zi 
outlet,  37  ft  of  fi'in  pipe  could  have  been  used,  and  yet  allow  13  f t  of  94  in  tc- :« 
used  in  the  section  between  the  eighth  and  ninth  outlet.  If  more  than  37  t 
bad  been  used,  then  the  entire  13  ft  between  the  eighth  and  ninth  outlets  iPQi:-d 
have  to  be  of  x-in  pipe. 


ly'A      1' 


? 


Fig.  18.    Diagram  of  Gasirfpiiig 

(x  x)  Never  supply  gas  from  a  smaller  size  of  pipe  to  a  larger  one.  If  we  have 
2S  outlets  to  be  supplied  through  200  ft  of  pipe,  and  these  25  and  5  more,  making 
30  in  all,  through  100  ft  of  pipe  we  should  find  by  the  table  that  25  outkt< 
through  200  ft  would  require  2Vi-in  pipe,  and  30  outlets  through  100  ft  would 
require  2-in  piping,  but  as  under  this  condition  a  2-in  pipe  would  be  supplying 
a  2H-in  pipe,  the  loo-ft  section  must  be  made  2H  in.  The  sizes  of  pipes  bi  Fig. 
18  are  in  accordance  with  the  foregoing  rules  and  the  table. 
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TICHNOLOOY 

General  Principles.    Objects  are  Uluminated  for  the  sole  purpose  of  making 
them  visible  to  the  eye.    The  eye,  then,  is  the  natural  starting-point.    When 
passing  upon  the  merits  of  any  scheme  of  ordinary  illumination,  that  which 
should  mark  it  as  a  success  or  failure  should  be  the  general  e£Fect  of  the  scheme 
upon  the  eye.    Success  should  be  measured  largely  by  the  degree  of  clearness 
-with  which  the  objects  are  perceived  by  the  eye,  as  to  shape  and  color.    If  cer- 
tain parts  of  a  room  or  street  are  too  brilliantly  lighted,  objects  in  the  dimmer 
portions  are  not  perceived  by  the  eye.    If  a  certain  side  of  one  object  is  too 
highly  illuminated,  the  genenl  shape  of  the  object  b  lost,  as  the  eye  does  not 
readily  perceive  its  more  dimly  lighted  parts.    This  is  because  the  eye  auto- 
matically adjusts  itself  to  the  most  brilliantly  lighted  area  within  its  view,  and* 
accordingly,  is  out  of  adjustment  for  perceiving  the  rest.    We  should  get  rid  of 
the  idea,  therefore,  that  a  light  of  intense  brilliancy  is  the  thing  to  be  sought 
It  is,  in  general,  higUy  undesirable.    A  room  may  appeal  brilliantly  uchted 
and  yet  objects  looked  at  may  not  be  sufficiently  well  uxuminateo  for  reading 
or  for  working  purposes.    The  lights  appear  brilliant  to  the  eye,  but  because 
they  throw  their  strongest  rays  in  other  directions  than  those  in  which  they  are 
ne«ied  for  use,  they  do  not  give  efficient  illumination. 

Distinction  between  Light  and  lUnmiiuition.    There  is  not  only  a  great 
difference  between  ugbt  and  TLLVMiNATioif,  but  there  is  a  great  difference  be- 
tween a  brilliantly  lighted  room  and  a  welMUuininated  one.    When  anybody  is 
asked  whether  a  room  is  well  illuminated  or  not,  the  chances  are  ten  to  one  that 
he  at  once  looks  at  the  light  itself.    If  the  light  appears  to  him  to  be  brilliant  and 
dazzling,  he  will  invariably  say,  "  Why,  of  course,  the  room  is  well  lighted."    He 
should  first  kx)k  away  from  the  light  at  the  objects  around  the  room  or  under- 
neath the  light.    If  these  can  be  seen  clearly  and  easily,  then  the  room  is  well 
ILLUMINATED.   Af  terwards  he  should  look  at  the  lights  themselves,  and  if  they  ap- 
pear  soft  and  pleasing  to  his  eyesight  the  room  is  well  uohted.    A  room  in  which 
the  lights  appear  soft  to  the  eye  and  yet  in  which  the  eye  can  distinguish  objects 
clearly  is  both  well  lighted  and  w^  illuminated.     A  room  in  which  the  objects 
appear  clear  to  the  eye  while  the  lights  remain  dazzling  is  well  illuminated  but 
iMidly  lighted.    A  room  in  which  the  lights  appear  soft  to  the  eye  and  the  objects 
not  clearly  illtmiinated,  is  well  lighted,  but  badly  illuminated.    A  room  in  which 
the  lights  appear  dazzling  to  the  eye  and  the  surrounding  objects  or  those  under- 
neath appear  not  clear  to  the  eyesight  is  both  badly  lighted  and  badly  illuminated. 
An  axiom  in  good  artificial  illumination  is  to  keep  the  illumination  of  objects  as 
strong  as  is  necessary,  but  the  intensity  or  brilliancy  of  the  lights  as  low  as  pos- 
sible.   By  doing  the  first  we  enable  the  eye  to  see  better;  by  doing  the  second  we 
enable  the  eye  to  feel  better  and  suffer  less  from  temporary  discomfort  or  per- 
manent injury.    It  is  not  generally  understood  that  a  light  which  is  dazzling  and 
brilliant  to  the  eyesight  may  not  be  giving  as  much  illumination  as  another 
source  of  light  wUch  appears  soft,  or  even  dim,  by  comparison.    Thus  an  open 
gas-light  is  more  dsialing  than  an  enclosed  light,  but  is  less  efficient  I&  iUum^ 

*  See,  also,  IIIuminatlnf-Gas  and  Gas-Piping,  pages  1431  to  1436. 


143S  Ughdng  and  Illamiiiation  of  Bufldings  P^.  I 

natiDg  a  room.  The  problem,  then,  resolves  itself  into  two  parts.  The  first  r  - 
should  be  to  secure  a  kind  of  lamp  which  will  cause  objects  to  &ppear  in  L-t  - 
accustomed  colors;  that  is,  th«  cokas  ia  which  they  appear  by  «it^%k»  t:-* 
second  is  to  so  distribute  the  tamps  that  the  several  iflumhiated  surfaces  reo:.  • 
their  share  of  the  light,  and  yet  no  bricht  light  is  thrown  directly  into  the  r^ 

Nature  of  Light.    All  space  is  supposed  to  be  filled  with  a  medium  iii£isr:  / 
lighter  than  air,  called  ether.    The  sensation  of  light  is  experienced  when  cer^ . 
wave-motions  in  this  ether  are  transmitted  to  the  eye.    These  wave-mocioos  t^. 
called  LIGHT- WAVES.    Light- waves  differ  from  one  another  in  length  and  vic^  t^ 
The  DiFtESKNCB  IN  LENGTH  caoses  a  difference  In  color.    Thus  short  waves  aj. 
be  blue  or  violet,  while  longer  waves  may  be  red  or  orange.    II  we  have  a  sos-.; 
of  light  which  sends  out  long  ether-waves,  we  may  expect  a  predonxinance  di  ta 
and  orange  light  in  it.    The  sunlight  contains  waves  of  practically  all  lengths  k^: 
thus  is  composed  of  ail  colors.    The  DnrFSMEKCE  in  violence  of  the  waves  ^^ 
rise  to  a  difference  in  intensity  of  the  light.    When  these  light-waves  strike  r? 
object,  they  are  partly  reflected  and  partly  absorbed.    Substances  differ  widd^ 
as  to  the  percentage  of  light  they  absorb  and  the  percentage  they  reflect.   1 
two  objects  are  illuminated  by  the  same  amount  of  light,  the  (me  which  afaaor''- 
the  less  light  and  reflects  the  more  will  appear  the  brighter.    Some  objects  t%^^t. 
light-waves  of  a  certain  length  only,  and  absorb  all  the  rest.      It  is  this  pn^ 
erty  that  gives  color  to  objects.    Suppose,  for  instance,  that  a  piece  of  dccr 
were  receiving  light  from  the  sun,  all  of  which  it  absorbed  except  the  wav«  i 
proper  length  to  cause  a  sensation  of  green  to  the  eye.    The  green  waves  oti.> 
would  then  come  from  the  cloth  to  the  eye,  all  the  rest  being  absorbed,  and  isr 
cloth  would  appear  green.    If  it  absorbed  waves  of  all  lengths,  it  would  appec- 
blacit,  because  no  light  would  be  reflected  from  it  to  the  eye.    If  now  the  !&«.? 
of  cloth,  which  absorbs  all  wave-lengths  except  that  of  green,  were  exposed  tu  t 
source  of  light  which  was  emitting  ail  colors  except  green,  there  beins  no  gicn 
waves  to  be  reflected  from  it,  the  cloth  in  this  Ught  would  appear  black.    Sup- 
pose a  piece  of  doth  absorbed  all  colors  but  two,  ss^  violet  and  red.     When  H^bt 
having  all  wave-lengths  fell  upon  it,  it  would  absorb  all  the  waves  except  \'y^ 
and  red.    These  two,  the  cloth  would  reflect  as  a  mixture  and  would  ai^)cir 
purple.    If,  however,  the  source  of  light  contained  no  violet  waves^  it  could  od> 
reflect  the  red  waves  and  appear  red.    This  light,  then,  would  not  cause  tbe 
cloth  to  show  its  normal  color.    So  in  choosing  an  artificial  source  of  lii^t,  it  is 
necessary  to  select  one  which  will  send  out  all  wave-lengths,  if  we  wish  to  have 
the  different  objects  appear  in  their  normal  colors. 

Table  L    Colors  of  Ught-Soarces  * 


wtam^l^mm^mt^ 


. 


Sun  (at  senith) White  (aU  oolora) 

Electric  are VioIct*white 

Candle OransD-yeUow 

Kerosene Pale  orange-yellow 

Gas-flame Pale  orange-yellow 

Welsbach  (oaa)  {  Nearly  white  to  amber,  depending  upon 

^*^' (     composftion  of  mantle 

Acetylene-flame Almost  white 

Carbon,  incandescent Reddish  white 

Ttxngsten  or  Masda Yellowish  white 

Mercury-arc Blue«roea 

Moore  tube  (carbon  dioxide) White 


— — \ 


•  Compiled  by  R.  F.  Pierce,  Wchbach  ComiMuiy. 
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Experiment  has  shown  that  no  artifidal  light  except  the  COt  Moon  tube  ta 
even  a  remote  approximation  to  daylight.  The  Welsbach  white  mantle  gives  a 
much  whiter  light  than  the  tungsten4amp,  although  neither  caa  be  said  to 
approximate  daylight. 

Ligfat-Inteniity  or  Brillluicy.  Candto-Pow«r.  The  brilliancy  of  a  source 
of  light  is  stated  as  its  can0LE-powek;  that  is,  the  number  of  standard  candies 
to  which  it  b  equivalent.  Thus  an  ordinary  open  gas-flame,  consuming  5  cu  ft 
of  gas  per  hour,  is  equivalent  in  brilliancy  to  about  18  candles,  and  is  said  to  have 
an  intensity  of  x8  candle-power.  Welsbach  lamps^  consuming  3  cu  ft  per  hour, 
average  about  75  candle-power;  that  is,  they  arc  equivalent  to  75  <^w<n^ 
Since  no  two  sources  of  light  have  the  same  amount  of  liuninous  surface,  it  b 
customary  to  rate  a  lamp  by  the  number  of  candle-power  per  square  inch  of  its 
apparent  (or  projected)  surface.  Thus  an  ordinary  candle-flame  has  about  H 
sq  in  of  area,  and  its  intensity  would  be  rated  as  3  candle-power  per  square  inch; 
that  is,  the  candle-power  it  would  have  if  its  area  consisted  of  exactly  i  sq  iiL 
This  is  often  called  the  xnthinsic  bsjluancy  of  a  light-source.* 


Table  n.    Accepted  Values  of  Intrinsic  Brilliancy  for  Various  Light- 
Sources  now  in  Use  * 


Light-Source 


Moore  tube 

Frosted  electric  incandescent-lamp . 
Candle 


Gas*flame 

Oil-lamp 

Cooper-Hewitt  lamp 

Welsbach  gas-mantle 

Acctylene-bumer 

Enclosed  alternating-current  arc-lamp. . . . , 

Enclosed  direct-current  arc-lamp 

Incandescent  lamps: 

Carbon,  3.5  watts  per  candle 

Carbon,  3.1  watts  per  candle , 

Gem,  2.5  watts  per  candle , 

Tantalum,  2.0  watts  pes  candle 

Maxda  or  tungsten  1.25  watts  per  candle. 

Mazda  or  tungsten,  i.o  watt  per  candle  . 

Nemsi,  1.5  watts  per  candle 

Sun,  on  horizon 

Flaming  arc-lamp 

Maxda,  nitrogen-filled 

Open  ar&>banp 

Open  afp-onater 

Sun,  30*  above  horizon 

Sun,  at  zenith 


Candle-power 
per  sqin 


0.3-1. 75 
*-5 

3-4 
3-8 
3-8 

17 
20-S0 
7S-I0O 

75-aoo 

xoo-500 

375 
480 

625 

7SO 

875 

X  000 

a  200 

2000 

5000 

7700 

X00Q0-50000 

200000 

500000 

600000 


*  £.  B.  Rowe,  Holophane  Works. 

Intensity  of  lUtiminatlon.    Poot-Candle.    The  extent  to  which  a  surface  b 
Uuminated  b  measured  in  foot-candles.    A  surface  has  x  foot-candle  illumi- 

•  The  tofcil  amount  of  light  given  out  by  a  light-source  is  measured  In  txmzss.     Foe 
he  definition  and  use  of  this  term  see  any  standard  book  on  illtlmination. 
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Dation  when  it  is  placed,  at  right-angles  to  the  tight-rays,  x  ft  away  iron  a  ^'^ 
I  candle-power  intensity.  Thus  a  paper  placed  i  It  away  fnun  a  x6-acdr 
power  incandescent  lamp  would  he  iUuminated  to  x6  foot-candles. 

Law  of  Inverse  Squares.  The  farther  away  from  the  light  tlie  above  p^ 
h  held  the  less  the  illmnination.  But  if  it  were  held  2  ft  away,  that  is»  tvks  e 
far  as  stated  above,  it  would  not  have  one^half  the  illumination.  The  i&zs> 
nation  which  an  object  receives  varies  inversely  as  the  square  of  the  cEsoa^ 
from  the  source.  Thus,  in  this  example  the  paper  would  receive  one-foorU  s 
much  iUuminatbn,  or  4  foot-candles.  If  it  were  held  3  ft  away,  it  would  bt  i- 
luminated  by  one-ninth  of  x6,  or  1.6  foot-candles. 

Rule.  To  find  the  intensity  of  illumination  on  any  surface,  at  ligfat-an^  t? 
light-rays,  divide  the  candle-power  of  the  lamp  by  the  square  of  the  ifetir? 
in  FEET.  The  result  will  be  foot-candle  illumination.  This  is  called  the  u* 
OF  INVERSE  SQUARES.  Accordingly,  an  unshaded  32-candle-power  lamp  vZ 
illuminate  a  surface  facing  it  squarely  and  x  ft  away  from  it  with  an  intextsiirj :: 
32  foot-candles,  but  a  surface  4  ft  away,  with  only  32/4',  or  2  foot-candles. 

Candle-Power  and  Foot-Candle.  Careful  distinction  should  be  met 
between  candle-power  and  foot-candle.  Candle-power  is  the  measure  1 
the  intensity  of  a  source  of  light.  The  foot-candle  is  the  measure  of  tx 
intensity  of  illumizuition  of  some  surface  upon  which  the  iis^t  fails. 

Eaui^a  x.  What  is  the  illumination  on  a  surface  5  ft  from  a  32-CB£d^ 
power  lamp? 

32 

Solution. 1.28  ft-candles. 

5x5 

Bamplo  a.  The  Qlumination  required  on  a  printed  page  for  easy  itsJk^  s 
about  2  foot-candles,  (i)  How  high  above  a  reading-table  should  a  xG-candk- 
power  lamp  be  hung?    (2)  A  32-candle-power  lamp? 

Solution.     ^-2        *»-8        «-  Vf-  2.83  ft  :t 

—  «3        g*m  16       a;«-4ft  ':] 

X* 

The  Primary  Function  of  a  lighting-Installation  is  to  supply  suffidet 
illumination  as  required  by  the  character  of  the  work  to  which  the  lighted  spue 
is  devoted.  The  following  table  can  be  used  in  computing  the  amount  of  eke- 
trie  power  or  of  gas  necessary  to  satisfactorily  illuminate  the  various  rooms  irh 
eluded. 

Since  the  lower  efficiencies  of  the  indirect  and  semiindirect  systems  are  laifc^f 
compensated  by  the  lower  intensities  required  as  compared  to  direct  ligfatirf, 
the  same  watts  per  square  foot  may  be  allowed  in  either  case,  provided  the  con- 
ditions are  fairly  favorable  to  the  use  of  the  indirect  and  semiindirect  systems, 
namely,  light-cream  or  yellow  ceilings.  The  following  table  is  based  upon  rooms 
of  average  proportions  with  light-cream,  or  yellow  ceilings  and  medium  waEs. 
High,  narrow  rooms  may  require  about  10%  more,  and  low,  wide  rooms  about 
10%  less,  energy.  Similar  allowances  may  be  made  for  dark  or  light  walls, 
respectively. 

^  Three  Systems  of  General  Ulamination.    To  secure  the  proper  iDuiDiDi- 
tion.  as  indicated  in  Table  III,  there  are  three  general  systems. 


Power  Required  for  lUuTnination 
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Tabto  XIL    Amoant  of  Gm  or  of  Sl«GtiiG  Powar  Reqairad  to  lUiiiiii* 
nato  Rooms  Used  for  Varioos  PncpoMs 


Class  of  service 


Armory  or  drill-hall 

Auditorium 

Barber-ahop 

Chxirch  (see  Auditorium) 

Draf ting-nxmi 

Factory  (g«n«(al  iUuminatioo) 

Hospital  (corridor) 

Hospital  (operating-room) 

Hotel  (lobby) 

Hotel  (ball-room) 

Hotel  (dining-room) 

Hotel  (restaurant) 

Hotel  (kitchen) 

Hotel  (writing-room,  general  illumination  only) 

Hotel  (billiardHroom,  general  illumination  only) 

Hotel  (buffet) 

Library  (reading-room) 

Library  (stacks) 

Office  (banking  and  accounting) 

Office  (general) 

Office  (private) 

Office  (stenographic) 

Residence  (bedroom) 

Residence  (dining-room) 

Residence  (hall) 

Residence  (living-room) 

Residence  (music-room) 

Residence  (kitchen) 

School  (assembly  or  class-roomy 

School  (clas»-nx>m»  business  colleges) 

Stores  (piano,  furniture,  haberdashery,  dry-goods. 

automobile,  clothing,  cigar) 

Stores  (book,  shoe,  hardware) 

Warehouses 


•Cttftof 

gas  per  sq  ft 
per  hour 


0.02  -o.oas 
0.04  -o.os 
0.06  -0.07 


o.io  -0.XI2 
0.01  -o.oa 

0. 016-0.  Q3 

0.14  -o.xs 
0.06  -0.065 

O.OS  -O.Q53 

0.04  -0.04s 
0.06  -0.07 

O.OS  -O.0S2 

o.osa-0.06 
o.o5  -0.06s 
0.065^.072 
0.055-0.06 
0.012-0.024 
0.06  -0.06s 
0.059-0.06 
O.OS  -0.52 
0.06  -0.07 

0.012 

0.036-0.04 

0.008 
0.036-0.04 

0.02  -0.025 

0.05  -o.osa 
0.04  -0.045 
o.oSS-«.o6 

0.06  -0.07 
0.055-0.06 
0.0x2-0.036 


*  Watts 

peraqft 


0.5-0.6 
1.0-X.3 
XS-I  7 

a.s-a.8 
2.5-0.5 
0.4-0.5 
35-39 
X.S-X.6 
1.2-1.3 
l.o-i.i 

1.5-1.7 
X.2-X.3 

1.3-X.5 
l.S-1.6^ 
1. 6-1. 8 

I. 4-1-5 
0.3-0.6 
1.S-1.6 

1.3-X  S 
X.2-X.3 

1.S-1.7 

0.3 
o.i^x.o 

0.2 

0.9-X.O 
0.5-0.6 

x.»-i,3 
x.o-i.i 
1-4-l.S 

I.S-X.7 
I.4-X.5 

o.j-0.9 


*  These  figures  are  based  upon  the  use  of  Webbach  reflex  lamps  and  Masda  electric 
amps.  For  Webbach  kxnrtic  lamps  and  nitrogen-fiUed  tungsten-lamps  (type  C  Maida) 
ue  about  0.6  the  values  in  the  fint  and  second  cohimos,  respectively.  Data  on  gas 
uppUed  by  R.  F.  Pierce,  Webbach  Company. 

(x)  Dboct  LichtinC'  A  system  is  designated  as  rancT  when  more  than  one- 
lalf  the  light  reaches  the  area  to  be  illuminated  by  coming  directly  from  the 
ight-source,  without  being  reflected  from  the  ceiling  or  walls.  This  includes  all 
ystems  using  lamps  with  dear»  frosted,  translucent,  or  opalescent  globes,  or 
eflectors,  In  which  the  light  is  reflected  downward.  It  is  the  most  eflident  sys- 
em,  was  the  first  to  be  used,  and  is  still  the  most  common.  The  color  of  the 
vails  or  ceiling  has  less  effect  in  this  system  than  in  the  others. 

(a)  Indirect  M|{hHng.  A  system  is  designated  indirect  when  all  the  light  is 
hrown  first  on  the  ceiling  and  walls,  and  reflected  from  these  to  the  surface  to  be 
lluminated.  Any  system  which  conceals  the  source  of  Ught  by  opaque  reflec- 
ors  is  thus  indirect.    Light  finish  must  always  be  used  on  the  waUs  and  celling 
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with  this  system.  Even  then,  the  efficiency  is  usually  lower  than  that  of  a  d.^ 
system,  but  the  total  absenoe  of  glare  and  shadows  and  the  even  distriboDcc  l: 
light  make  this  a  popular  scheme  in  restaurants,  show-nmms,  etc.,  wboe  dsi- 
rative  lighting  is  desired. 

(3)  Semiindirect  Lighting.  This  system  throws  most  of  the  light  to  the  vjj  | 
and  ceiling,  but  allows  a  small  percentage  to  be  diffused  through  the  n£ec  r 
straight  to  the  area  to  be  illuminated.  This  system  is  rapidly  ccooiag  h:: 
favor  because  apparently  we  have  become  accustomed  to  looking  for  the  iPirx 
of  light  and  miss  it  when  it  is  concealed  as  in  the  indirect  system.  T.^ 
totally  indirect  fixtures  often  show  up  rather  unpleasantly  as  a  dark  spct 
against  a  light  background.*  This  is  avoided  in  the  semiindirect  systttm.  Tbe 
slightly  higher  efficiency  of  this  system  is  another  advantage  over  the  indc*d 
Any  given  room  may  usually  be  lighted  by  any  one  of  the  three  systece  t- 
though  it  is  generally  true  that  conditions  are  such  as  to  make  one  of  the  tbc 
more  desirable  than  either  of  the  other  two.  The  following  paragraphs  &hc«  j 
detail  how  each  system  may  be  worked  out  for  a  given  room. 

General  Considerationg  f  in  Direct  Lighting 

Outlets  and  Lamps.  Outlets  should  \yi  located  in  the  centers  of  as  neadj  l> 
possible  square  and  equal  areas  into  which  the  ceiling,  for  the  purpose  of  akz- 
lation,  may  be  subdivided.  The  greater  the  number  of  outlets  the  more  unik^ 
the  illumination  and  the  greater  the  freedom  from  anno3ring  shadows.  Vtk^ 
great  care  is  used  in  planning  the  directions  in  which  the  light  is  received  by  l.^- 
minated  surfaces,  a  disagreeable  glare  from  glazed  paper  is  likely  to  be  prefer. 
The  greater  the  height  of  lamps  above  the  illuminated  area,  the  more  uniictca 
the  illumination.  Figures  suggestive  of  good  practice  in  selection  of  raouc:* 
ing-heights  are  given  in  Table  IV,  page  1444. 

General  Considerations  in  Indirect  and  Semiindirect  Lighting 

Outlets  and  Lamps.  The  location  of  outlets  should  in  general  confonn  t3 
the  requirements  for  direct  lighting,  that  is,  at  the  centers  of  approximate!/ 
square  and  equal  areas.  Since  glare  from  glazed  papers  is  minimized  when  moss 
of  the  light  is  received  from  ceiling-reflection,  larger  and  fewer  units  are  perois- 
sible  than  in  the  case  of  direct  lighting.  The  nearer  to  the  ceiling  the  lamps  ut 
placed,  the  less  imiform  the  illiunination  and,  within  reasonable  limits,  the  highrr 
the  illuminating  efficiency  of  the  installation.  Generally  speaking,  lamps  shouM 
not  be  placed  less  than  a  ft  from  the  ceiling.  Aside  from  this,  the  position  of  1 
fixture  should  be  determined  by  artistic  considerations  and  reflectocs  selected 
which  will  direct  most  of  the  l^ht  upon  the  ceiling  without  concentrating  i: 
enough  to  illuminate  the  ceiling  unevenly. 

A.  The  Interior  C<4oFincs  and  Finish«s4  d)  Ceilings  especially  should  be 
of  nearly  white,  cream,  or  light-buff  colors  to  efficiently  diffuse  the  light  <k>fni- 
ward.  Bark  greens,  reds,  or  blues  are  not  advisable  ainoe  the  reduction  in  illuou- 
naiion  caused  by  a  green  oolor,  over  a  cream  tint,  may  easily  be  from  30%  to 
60%.  On  the  other  hand,  this  system  shows  very  plainly  all  dirt  and  discuktr- 
ations  on  the  ceiling,  and  no  colors  should  be  uscxi  that  are  so  light  as  to  easily 
show  dirt,  where  there  may  not  be  careful  deamng. 

*  This  unpleasant  effect  can  somethnes  be  avoided  by  fllumimclfng  tibe  underside  of  the 
fixture. 
t  By  R.  F.  Pieice,  Webbacb  Company  and  O.  &  Fobcs,  Maebeth^vans  Goopaay. 
t  Bar  G.  S.  Fobes,  Maicbetfa-Evaos  Gompaay. 
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(2)  Finbhes  preferably  should  be  mttt,.  or  satin,  rather  than  glazed  or  var- 
nished. From  the  matt  ceiling-surface  the  maximum  light  will  always  be  down- 
^ward,  but  the  varnished  ceiling  will  reflect  specularly,  directing  light  sidewise  or 
showing  lamp-images  and  glare. 

(3)  Tints  and  details  of  decoration  should  be  considered  together  with  the 
lighting-system,  so  that  daylight<oIors  and  reliefs  will  not  be  reversed  or  dis- 
torted by  colored  light  from  artificij^  illuminants  and  shadows. 

B.  The  PoiitionB  of  Outlets  and  of  Fiztoree.  (z)  Semnndirect  units 
should,  if  possible,  be  placed  above  the  places  where  maximum  light  b 
wanted. 

(s)  Fixtures  should  not  be  so  close  to  side  walls  as  to  cause  light-spots  running 
down  across  picture-moldings,  etc. 

(3)  Outlets  should  be  placed  logically  with  reference  to  the  ceiling-paneb,  so 
that  the  more  brightly  illuminated  ceiling-areas  will  be  the  ones  that  on  account 
of  their  tints,  shapes,  or  decorations,  will  naturally  bear  emphasis.  If  the  paneb 
are  deep  (deep  beams),  and  one  outlet  is  in  each  panel,  it  will  ordinarily  be 
located  at  the  center.  If  several  [>anels  intervene  between  units,  the  fixtures 
should  be  on  the  beams  rather  than  in  the  paneb,  to  prevent  dark  ceiling-areas 
in  the  shadows  of  the  beams. 

(4)  Spacing  should  be  such  as  to  have  the  illuminated  ceiUng-areas  overlap  if 
the  ceiling-surface  b  uniform. 

C.  The  Proper  Lamp  and  Bowl-Slzea.  (i)  Ordinarily  the  symmetrical 
appearance  of  fixtures  with  respect  to  the  other  interior  furnishings  will  largely 
determine  their  sizes,  although  the  bowls  should  never  be  so  small  as  not  to  com- 
pletely conceal  and  nearly  surround  the  lamp-bulb. 

(3)  The  smaller  the  bowl  and  the  brighter  the  lamp,  the  less  efifective  the  semi- 
indirect  system  becomes,  and  the  more  the  effect  approaches  direct  lighting. 

D.  Shapes  and  Stylea  of  Bowls,  (i)  Bowb  used  close  together  or  hung  far 
from  the  ceiling  should  be  of  the  focusing  (upward)  distribution,  while  broadly 
distributing  bowb  are  better  when  used  singly,  or  when  fairly  wide  apart  and 
close  to  the  ceiling. 

(3)  Bowb  too  flat  in  shape  may  waste  considerable  light  sidewise  to  the  upper 
walls  and  therefore  be  inefficient. 

(3)  Wide  open-top  bowls  should  not  be  used  in  halls,  etc.,  where  the  bare 
lamps  are  vbible  to  the  observer  from  above,  nor  on  or  below  the  level  of  a  bal- 
cony or  mezzanine. 

E.  Care  of  Fixtures,  (i)  The  average  saving  in  light  (expressed  in  terms  of 
cost  of  current)  that  results  from  washing  once  and  dusting  once  monthly,  will 
be  from  four  to  ten  times  the  cost  of  such  cleaning.  Bowb  often  coDect  films 
of  dust  which  are  not  visible  and  which  materially  reduce  the  efficiency  both  of 
reflection  and  transmission. 

(2)  A  bowl  with  a  dust-cap,  button-ornament,  or  small  area  of  thkk  glass  at 
the  bottom,  will  allow  dead  insects  or  dirt  to  collect  at  that  point  without 
matring  the  appearance  of  the  unit. 

(3)  Dilute  ammonia  is  an  excellent  glass-cleanser. 

(4)  Fixtures  should  be  arranged  to  be  lowered,  for  cleaning,  from  above  if  on  ft 
very  high  ceiling  in  a  church  or  similar  structure. 

(5)  It  should  be  possible  to  easily  raise  the  lamp  or  lamps  from  within  the 
bowl,  to  allow  of  dusting  or  wiping  out. 

Figures  suggestive  of  good  practice  in  the  selection  of  mounting-heights  and 
types  of  Ught-dbttibution  are  given  in  Table  VI. 
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Lifting  and  Illumination  of  BuHdloc^ 
Table  IV.    Diract  Qyitaot 

LAMP-SIZE,  UOUNTING-HEJGar  AND  SPACING* 


Pafi- 


Mount- 

Commercial 
size  of  l&mps 

Watte  per 
■quaze 
loot  •*  w 

Ideal  spacing 
■■  distance 

Minimuxn 

Kaa 

._ 

ing- 
hfiight 

in  watts  -  W 

and  cubic  feet 

per  hour 

and  cubic 

feet  per 

square  foot 

V 

fi 

spacing- 
distance 

r 

ft 

Watts    cuft 

Watte   cuft 

ft 

in 

ft      in 

ft 

m 

7toxo 

40         X.6 

0.5     o.oa 
X.5     0.06 

9 
5 

0 

a 

8       0 
4       6 

10 

6 

e 

8 

• 

2.5     0x0 

4 

0 

3       9 

4 

3 

8  to  13 

6o        3.0 

0.5     o.oa 
1.5     0.06 

XI 

6 

0 

4 

9       6 
5       6 

7 

9 

J 

3.5      O.IO 

4 

IX 

4       6 

5 

6 

iatox6 

xoo        40 

0.5       0.03 

14 

5 

xa       6 

16 

0 

x.5     0.06 

8 

a 

7        0 

9 

6 

a. 5     o.xo 

6 

4. 

5       8 

7 

0 

X4tO20 

X50        6.0 

0.5     0.02 

17 

4 

IS       0 

ao 

0 

x.5     0.06 

XO 

0 

9       0 

XI 

0 

a. 5     O.IO 

7 

9 

7       0 

8 

6 

XTtoa? 

250       xo.o 

0.5     o.oa 

aa 

5 

20       0 

2S 

c 

x.5     0.06 

xa 

XX 

II       9 

14 

3 

a. 5     o.xo 

XO 

0 

9       0 

XI 

0 

astoas 

400       x6.o 

0.5     o.oa 
x.s     0.06 

a8 
x6 

a 
4 

25       0 
IS       0 

31 
17 

6 
9 

2.5     o.xo 

xa 

7 

XX       6 

13 

6 

30  to  40 

500       ao.o 

0.5     0.02 
1.5     0.06 

3X 
x8 

7 
6 

a8       0 
x6       6 

3S* 

ao 

6 

9 

2.5       O.IO 

14 

a 

la       6 

15 

0 

*  To  determine  the  sise  of  equivalent  Welsbsch  lamps  allow  x  cu  f  t  per  hour  for  cac± 
as  watts.    Adapted  from  the  ElecHk  Journal,  by  A.  J.  Airston. 

The  Deiicaxng  of  General  niuminatlon  bj  Each  Syatem  Uaiac 

Tungsten  or  Welsbach  Lamps 

(i)  From  Table  m  should  be  determined  the  watts  per  square  foot  desirable 
for  the  given  class  of  work,  and  the  total  number  of  watts  necessary  should 
then  be  computed. 

(2)  From  Table  IV  should  be  obtained  the  sise  of  unit  desirable  for  a  given 
,  height  of  room  and  the  number  and  spacing  of  fixtures  then  computed. 

(3)  The  ceiling  should  be  laid  off  in  squares  the  sides  of  which  are  as  near^sr  as 
possible  equal  to  the  value  of  the  ideal  spacing.  One  fixture  should  be  located 
at  the  center  of  each  square. 

(4)  £ach  lamp  should  be  checked  up  on  the  plan  to  see  that  it  is  useful  and 
dear  of  obstacles,  and  the  layout  incorporated  into  the  building  plans  using  the 
standard  methods  and  s3rmbols  for  electricity  or  gas  as  the  case  may  be. 
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Tlibto  V.    Sitadttd  QyiAboto  for  Ot».PIpii«  Pint* 


»4- 


y^  4  Ceiling^utlet;  gu  only.     Numeral  indicates  the  number  of 

singie-mantle  8BS>]ampft. 

9  Single-lamp  outlet  (oeilinc-unita,  pendants,  etc.);  gu  only. 

Ceiling-outlet:    combination.      |  indicates  4  electric  lamps 
and  2  single-mantle  gss-lamps. 

^Ja[  2  Bxacket-outlet;  gas  only.    Numeral  indicates  the  number  of 

^'"^  gss-lamps. 

gJVf  ^  Bracket-outlet;  combination.       f  indicates  4  electric  lamps 

^^  ^  and  a  gss-lamps. 

§LM    2  Baseboard-outlet;   gss  only.     Numeral  indicates  number  ol 

v^  gas-lamps. 

)^  Floor-outlet;  gssonly. 

g\  Special  outlet  (for  portable  lamp,  heater,  etc.);  gsi  only. 

.  Outlet  for  outdoor«tandard  or  pedestal;  gas  only.     |  indi- 

ym  7  cates  a  gas-l&mps,  with  5  mantles  per  lamp. 

Outlet  for  outdoor  standard  or  pedestal;    combination.     H 
B  A  indicates  6  electric  lamps,  and  a  gas-lamps,  with  5  mantles 

**  'f  per  lamp. 

Arc>lamp  outlet;   gas  only.    Numeral  indicates  the  number 
V  ^  of  mantles. 

f-vQ  2  Pump  or  pneumatic  lighting-system.    Numeral  indicates  the 

^^  number  of  lamps  to  be  operated  from  one  pump. 

2 

B  Push-butUm  for  magnet-valve.     The  numeral  indicates  the 

number  of  lamps  to  be  operated  from  one  push-button  switch. 


Meter<K>ut]et. 

Main  or  supply-pipe  concealed  under  floor. 
Main  or  supply-pipe  concealed  under  floor  above. 

Main  or  supply-pipe  exposed. 

Branch  pipe  concealed  under  floor. 

Branch  pipe  concealed  under  floor  above. 

Branch  pipe  exposed. 
Street  gas-main. 

l|^  Battery-outlet. 

O  Riser. 

*  Bhiminating  Engineering  Laboratories,  Webbsch  Compsny. 


1446 


T^ighfing  and  Tllatnliuifion  of  BuQdings 
UaUtaem from  Udot  to  Coiter  of  WtOk^CMUUM' 


Put  I 


Living-room 

ft      in 
S       « 

5  0 

6  0 
6       3 

Chambers. .......  ^ .  ^ .  ^ ..  ^  ^ 

Ofiices 

Corridors 

Push-button    switdMs    or 
paettmatic  pumps 

4       0 

'  *  nhiminating  Engineering  Laboratories,  Wdsbach  Compaoy. 

^Biamples  of  Design  of  Lighting-System  lor  accounting-office,  63  by  25  ft 
with  13^  ceiling  (Fig.  1).    WaUs  and  oeiling-tight  in  color. 
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■*■ 

-> 
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<f- 

^ 

«■ 

> 

> 

^ 

^ 

> 

<t 

■<^ 

-*• 

■0- 

^ 

> 

■^ 

■if- 

^ 

> 

^ 

■«>- 

C 

Watts  per  sq  ft 
Total  watu 
Unit,  size  of 


Number  of  units 
Spacing  (average)  desired  «  6  ft  4  in  (Table  IV) 
Number  of  rows  ■»  is/M  ■■  four 

Number  of  outlets  per  row  —  40/4  —  ten 
S{>adng  between  rows        —  25/4  —  6M  ft 
Spacing  in  rows  ■-  63/ioa  6>i  ft 

^wdng-average  *  6  ft  4  in. 


Fig.  L    Plan  of  Cdling-Ughts 
Direct  System 

-  LS  (Table  III)   Tk 

-  1.5  X  63  X  25  -  2  400  (nearly) 

-  60  watt  electric  (Table  IV) 

>"  3  cu  f t  per  hour,  ordinary  indosed  gas,  or )  ^j^^^i 
••  a  cu  f t  per  hour,  Welsbach  kinetic  )  *^°'"' 

•i  3  400/60  ••  forty 
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Fig.  lA.    Modification  of  Plan  Shown  in  Fig.  1 

Fig.  lA  is  a  modification  of  the  plan  shown  in  Fig.  1,  and  is  a  great  improve 
mc&t.    It  will  not  produce  such  even  illumination  but  will  result  in  a  much  more 
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MTtlstic  cfltct,  eq>ed*Uy  il  Giturea  tn  cbown  which  humoniEe  with  the  [ur- 

nishings  of  the  room.    The  lamp*  are  placed  in  gnjupa  of  four  oa  ten  6ilun* 

Bjid  these  are  eqiuUy  spaced 

t.hrousbout  the  room.    Here 

again  it  U  always  poieible  to 

UM  lamps  of  tdgher  wattage 

St  any  point  where  the  illu- 

mination    a   not   luSdent.    | 

The  impoTtMiee  of  a  proper 

choice  of  icflector  is  »hown 

from  a  study  of  Figi.  2  to 

e.*     It  win  be  noted  io  Fig. 

2  bow  a  bare  tungsten-lamp    Fi(.  2.    IKitilbution  of  Cundle-pOAa  about  a 

throws  the  greater  part  of  Tiing**n  Ump 

its  light  to  the  walls.    The 

diatributioo  of  aay  liglit  can  be  coDtmUed  to  a  remukable  eiteot  by  the  u 


•  FoiDlAed  tff  E.  B.  Rowe,  ol  tlw  Holiiiiktiw  Work*. 
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buUnct  or 
WatU  per  >q  ft 
ToWl  watts 

Select  IS /J 

Number  of  units  in  ion 

l^pe  □[  reSector 
DistiUice  (rora  refiectoi 
Number  of  units 
Watts  per  unit 
Lamps  per  unit 


tor  Ul 

Wdabach  Itinetic  bumet  used. 
Cu  ft  per  hour  per  sq  ft 
TotiU  hourly  consumption        •• 
Average  spadng  (see  above)      — 
Number  of  units 
CooiumptioD  per  unit-  ji/to» 
Refiectoi  and  mounting-height  a 


F!g.  fl.     Eiample  of  Type  o(  nmut 
Uied  in  ScmiiDdinct  Syitcm.    iiic- 
bcth-Evuu  Compiay 
Sjwtaat,  Im  BcclrldQ 

-  1.5  (Table  III) 
■•  1  400,  neaily 

-  14  to  14  (t  (Table  VT)* 

-  14  ft  for  lamps  in  two  rows 

-  63/iJ.S  -  five 
-fij/S-ia  ft  7  in.  "hout 

-  Concentradng  (Table  VD 
{    -  30  ia  (Table  VI) 

-  two  rows  dI  five  each  -  ten 

amil*  tar  OM-Ii(litiiic 


in  pteceding  ptoUem 


VI,  ImmedlMetl'  taOawini  tbe  TtUs. 
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VI.    For  D«t«fiaiBiiig  Nttabw  ol  C«ilinc-Oall«l%  Tf9*  ol 
mod  thft  DMuM  fron  Top  ol  Rafledor  to  CeiUac  for 
ladbact  aad  TUmtindirtt  Lightiac* 


1 

Distributinff 

43 

48 

48 

S'-O 

fi'-6 

Type  of  reflector                                                                             ' 

20  1 

Concentrating 
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One  side  of  the  limiting  square  in  feet  that  can  be  tipiformly  illumi- 
nated  from  one  center  outlet 

T«bk  \1  gives  the  distance  in  Inches  (except  as  noted)  from  the  top  of  the  reflector  to 
the  ceiling  to  obtain  the  desired  distribution  of  light  from  one  ceilingKNitlet. 

Where  values  are  not  given  to  the  left,  it  is  advisable  to  submit  data  to  illuminating 
cagiaeai  sad  for  greater  ceiling-heights  than  ao  ft. 

^  H.  B.  Wheder,  X-Ray  Eye-Comfort  Company. 
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An  id«  □[  the  appeanan  of  Boma  oF  the  typkal  modem  fiitui 
or  clectridtjr  in  thaw  systeau  of  li^ibtint  nur  be  obuined  froc 
udS. 


P«-  7.    Typ*  of  fittvit  in  Indirect  Fii.  a    Fatan  UKd  lor  Gu  by 

mumiiwciDn.      NaLEcuul  X-R*t  Eiihcr  ladinct  m  ScmiiiKiiRCI 

Refltctoi  Coinpuy  S^Um 

How  to  U«e  Table  VI.  In  the  firat  catumn  of  Tabic  Vl  is  located  the  )M(ht 
of  criling,  in  this  case,  13  tt.  The  last  square  to  the  right  of  this  figure,  whjcli 
has  a  number  !n  it,  Is  noted.  In  this  case  the  last  square  to  the  right  of  ij  ft. 
which  has  a  number  in  it,  contains  the  number  48.  By  following  this  column 
containing  the  number  48  down  to  the  figures  printed  in  heavy  type  at  the  botlosi 
of  the  t^le,  the  heavy-faced  number  in  this  case  is  found  to  be  14,  This  14  ii 
the  length  of  the  side  of  (he  larjcest  square  which  asinc^e  fixture  can  property  tUu- 
trxinate  when  tbe  ceiling  is  13  ft  high-  Tiie  4S  wTiich  is  opposite  the  1  j  is  tnercly 
the  number  of  inches  the  fixture  must  be  hung  from  the  ceiling.  Hius  ibe 
largest  squares  into  which  we  can  pos^bly  divide  the  cdling  have  i4-ft  sids. 
But  It  room  is  ft  wide  cannot  be  diinded  into  14-ft  squares.  We  are  oompellcd. 
therefore,  to  divide  it  into  squares  of  a  smdier  size,  since  tbe  fixtuns  will  Dot 
illuminate  any  larger  square.  The  greatest  length  into  which  we  can  di^'iI!e 
35  ft  is  iil'ifl.  We  may,  then,  decide  to  use  fixtures  which  will  illuminate  14  ft 
■quares.  Locate  the  number  14  in  heavy  type  at  bottom  of  table,  and  Itaceup 
the  column  in  which  it  is  found  until  the  square  is  reached  which  is  oppnnte  Ihe 
ceiling-heidht  of  1]  ft.  Here  the  number  30  is  found.  This  means  we  must 
hang  the  fixture  ao  that  the  lop  of  It  is  30  in  from  the  ceiling  in  order  to  get  the 
desired  results.     Looking  along  the  squares  tu  the  right  of  the  one  in  whicti  we 

find  the  30,  we  find  the  word  t  .-      ..     .  -     . 

advised  for  this  installation. 


niumiEuitioii  by  Got 
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Sdioot-Room  liglililig.*  The  following  illumtnfttion*€Ofi9taAta  hftve  been 
orked  out  by  experinwata  and  experience  covering  a  wide  range  of  conditions. 
E  n  each  of  the  following  cases  light  tinted  walls  and  ceilings  are  taken  as  a 
&t:andacd. 

Attditattatiis  and  Lectnre^Hatts.  Since  no  continuous  reading  is  required  here, 
0.75  watt  per  sq  ft*  dintt  system/  is  all  that  is  needed,  if  it  is  properly 
diffused  to  a  pleasant  softness. 

Claaa-Rooins  and  Laboralotiet.' '  These  mukt  be  lighted  for  the  purpose  of  writ- 
ixis  notes  and  taking  accurate  readings  of  instruments.  Thus  iM  watts  per  sq  ft, 
direct  system,  are  required. 

Wood-Working  Shops.    The  surfaces  here  are  generally  high  and  offer  good 
reflecting  properties,  so  that  iH  watts  per  sq  ft,  direct  system,  are  sufficient. 

Madune-Shopa.    Because  the  belts,  machines  and  dingy  floors  offer  great 
absorbing  surfaces  at  least  a  watts  per  sq  ft,  direct  system,  are  necessary. 

Foundries.  The  dark  molding-sand  and  the  dust  and  snkoke  in  the  air  make 
3  watts  per  sq  ft,  direct  system,  necessary. 

Drafting-Rooms.  The  semiindirect  system  with  3M  watts  per  sq  ft  (about 
Ihe  equivalent  of  i?4  watts  per  sq  ft,  direct  system)  has  proved  highly  satis- 
factory. 

nimnination  by  GaB.t    Recent  progress  in  incandescent  gas-lighting  has 
resulted  in  the  development  of  appliances  in  which  practically  all  of  the  short- 
comings of  previous  types  are  overcome,  and  except  for  inaccessible  locations, 
or  where  lamps  are  very  infrequently  lighted,  there  is  little  to  choose  between  the 
two  illuminants,  gas  and  electricity,  upon  the  score  of  convenience  or  of  artistic 
possibilities,  while  the  greater  economy  of  gas-lighting  (often  in  the  ratio  of  about 
2U  to  i)  coupled  with  the  freedom  from  interruption  which  characterizes  gas- 
servke  makes  it  desirable  to  pipe  all  buildings,  particukiriy  residences,  for  gas 
throughout,  preferably  installing  combination-fixtures  and  providing  wall-out- 
lets and  baseboard-outlets  for  the  connection  of  the  various  gas-operated  con- 
veniences which  are  being  developed  in  rapidly  increanng  numbers. 


Welsbach  Kiaetto-BnnMr  Lamps  With  Nearest  B^ndralent  Sizes   in   Electric 

InrsnifafifiiHit  ~ 


Lamps 


1  mantle 

2  mantles 

3  mantles 

4  mantles 

5  mantles 

6  mantles 
8  mantles 

10  mantles 


».Scu 

S*ocu 

7.5  ctt 

10.0  cu 

X2.SCU 

15.0  cu 
20.0  cu 
35.0  cu 


ft  per 
ft  per 
ft  per 
Ct  per 

ft  per 
ft  per 
ft  per 
ft  per 


hour, 
hour, 
hour, 
hoar, 
hour, 
hour, 
hour, 
hour. 


Maada 

watts 


two,  40 
ISO 

2S0 

six.  40 
400 
500 


Nitrogen-fiUed 

Mazda  (Type  C) 

watts 


Soo 
750 


0at-LAmp8  are  available  in  a  variety  of  types  and  sizes.  The  most  recent 
devek)pment  is  the  kibietic  burner  of  the  Welsbach  Company  in  which  the 
efficiency  b  increased  by  from  50%  to  100%  over  the  previous  types.  With 
this  burner  no  enclosing  glassware  or  housings  are  required,  and  the  lamp  is  said 


•  A.  L.  WiUiston. 


t  R.F. 


,  Webbach  Company. 
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to  require  no  attention  beyond  the  renewal  of  maatlea  every  a 
hours.  There  ia  practically  no  depreciation  in  candle-power  during  tbia  mten.  J 
Ignition  is  accomplished  either  by  a  pilot-flame  burning  about  He  cu  ft  per  h-, 
or  by  electrical  means,  and  several  types  of  distant  control  are  available.  7a 
following  table  gives  the  sizes  in  which  these  lamps  may  be  uhlainrMJ  and  lat 
nearest  equivalent  sizes  in  electric  incandescent  lamps. 

Selection  of  lUomintntt 

(z)  Factors  favorable  to  the  use  of  electricity: 
Units  less  than  60  candle-power  required. 
Lamps  in  inaccessible  positions. 
Lamps  lighted  at  infrequent  intervals. 
Lamps  placed  very  close  to  ceiling  (la  in  or  less). 
Poor  gas  service  as  regards: 

Pressure-regulation  (more  than  50%  variation  from  minimmp). 

Non-uniformity  of  gas-quality. 

Imperfect  purification. 
Good  electric  service  as  regards: 

Voltage-regulation. 

Freedom  from  liability  to  derangement  by  accident. 
Non-rigid  fixtures, 
(a)  Factors  favorable  to  the  use  of  gas: 
Units  of  60  candle-power  or  more. 
Accessible  locations. 
Frequent  use  of  lamps. 
Lamps  placed  is  in  or  more  from  ceiling. 
Good  gas  service  as  regards: 

Pressure-regulation  (not  more  than  50%  variation  from  minimmD). 

Uniformity  of  gas-quality  (chemical  composition). 

Proper  purification. 
Poor  electric  service  as  regards: 

Voltage-regulation  (more  than  5%  variation  from  manmam)  suit 
likely  on  altemating-curzent  drcwts. 

Liability  to  derangement  by  aoddent  (overhead  circuits). 

Rigid  fixtures. 

Hygiene.*     From  the  hygienic  point  of  view  there  is  little  to  chooee  betwcn 
the  two  illuminants.    The  investigations  of  Dr.  Rideal  have  shown  that :  (i)  Gas^ 
light  positively  improves  the  air  for  breathing  purposes  under  the  actual  ooodi- 
tlons  of  use.    The  causes  of  this  improvement  are  the  acceleration  of  ventiU- 
tion,  the  destruction  of  disease-germs  and  the  addition  of  necessary  moistttrt. 
Gas-burners  give  rise  to  stronger  air-currents  and  invariably  produce  a  taort 
active  ventilation  and  diffusion  of  air  than  electric  lights;  hence,  along  witii 
the  products  of  the  gas-burner,  the  exhalations  of  persons  present  are  more 
rapidly  removed;   (2)  The  ascending  currents  of  air  from  the  gas-lights  oa 
reaching  the  ceilings  rapidly  part  with  their  heat,  which  is  conducted  away  by 
the  rafters  and  joists;  (3)  The  electric  lamps  produce  more  heat  than  is  com- 
monly accredited  to  them,  and  this  is  the  explanation  of  the  unexpected  result 
that  the  average  temperature  of  the  room  is  practically  the  same  uxider  dther  il- 
luminant,  and  that  the  electric  light  does  not  show  the  superiority  in  oooloess 
usually  claimed.    When  excessive  temperatures  are  encountered  in  gas^llghted 

*  See  Relathre  Hygienic  Values  of  Gas  and  Electric  Lighting,  by  Samuel  Rideal,  Tzaia- 
actioos  Royal  Saaitaiy  Xnstitut*,  March,  1908. 
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it  will  be  found  due  to  the  nuiiaat  heat  from  low-hung  lampe  of  ei~ 
esaive  sixe.  On  account  of  the  economy  of  gas-lighting,  it  is  a  common  prac* 
Lee  to  provide  from  four  to  six  times  as  much  illumination  as  is  required* 
>r.  Rideal's  tests  also  emphasized,  what  b  a  matter  of  common  experience, 
hat.  xinder  direct  lighting,  the  lower  brilliancy  of  the  gas-mantle  reduced  the 
;lare  from  glased  papers  to  such  an  extent  as  to  be  noticeable  in  the  results: 
*'  ^lie  sensitiveness  of  the  eye  to  light  as  measured  in  the  perception-test  dimin- 
islied  very  markedly  after  exposure  to  the  electric  light,  while  no  corresponding 
effect  is  noticeable  alter  the  eye  has  been  subjected  to  gaslight.  All  the  results 
point  strongly  in  the  same  direction,  namely,  that  gaslight,  as  used  in  these 
experiments,  is  less  fatiguing  to  the  eye  than  electric  light."  Under  semi- 
ixidirect  or  indirect  lighting,  of  course,  no  such  disparity  in  effect  b  found. 

The  Foregoing  Rules  Indicate  the  General  Practice  in  planning  the  illu- 
xni  nation  of  a  room.    It  must  be  said,  however,  that  thb  set  of  rules  must  not  be 
followed  too  slavishly.    In  illumination  no  rules  can  take  the  place  of  judgment 
and  intelligence.    Each  project  must  be  considered  more  or  less  as  a  problem  by 
itself,  for  which  previous  experience  and  former  installations  should  be  made  to 
f  umbh  data  and  to  suggest  methods.    It  b  well,  therefore,  when  planning  the 
illumination  of  a  room,  to  vbit  as  many  similar  rooms  as  possible,  note  the  effect 
of  the  systems  in  use  and  obtain  data  as  to  their  efficiency,  cost,  etc.    The  most 
successful  scheme  may  then  be  used  as  the  basb  for  phuudng  the  desired  instal- 
lation. 

The  Diffusion  of  light  through  Windows  * 

Tests  on  the  Diffusion  of  light  by  Glass.    Abstracts  from  report  of 
Charles  L.  Norton,  on  an  elaborate  series  of  tests  made  at  the  Massachusetts  In- 
stitute of  Technology:!  The  results  of  the  tests  on  a  score  or  more  of  different 
glasses  may  be  stated  briefly.    We  may  increase  the  light  in  a  room  30  ft  or 
more  deep  to  from  three  to  fifteen  times  its  present  effect  by  using  factory- 
ribbed  GLASS  instead  of  plane  class  in  the  upper  sashes.    By  using  prisms 
we  may,  under  certain  conditions,  increase  the  effective  light  to  fifty  times  its 
present  strength.     The  gain  in  effective  light  on  substituting  ribbed  glass  or 
prisms  for  plane  glass  is  much  greater  when  the  sky-angle  is  small,  as  in  the  case 
of  windows  opemng  upon  light-shafts  or  narrow  alleys.    The  increase  in  the 
strength  of  the  light  directly  opposite  a  window  !n  which  ribbed  glass  or 
prisms  have  been  substituted  for  plane  glass  b  at  times  such  as  to  light  a  desk  or 
table  50  ft  from  the  window  better  than  one  20  ft  from  the  window  had  pre- 
viously been  lighted. 

The  Kinds  of  Glass  Tested  were  as  follows: 

(i)  Ground  glass  of  different  degrees  of  fineness. 

(2)  Rough  plate  or  hammered  glass. 

(3)  Ribbed  or  corrugated  glass,  with  five,  and  eleven  and  twenty-one  ribs  to 
the  inch,  the  corrugations  being  smusoidal  in  outline,  as  in  i4.  Fig.  0,  and  the 
back  of  the  plate  smooth. 

(4)  Glass  known  as  maze,  rLOREMTiNE  or  figured,  in  which  a  raised  pattern 
is  worked  upon  one  side,  practically  roughening  the  whole  surface. 

(5)  Wash-board  glass,  corrugated,  with  twenty-one  ribs  to  the  inch  on  one 
side  and  five  ribs  to  the  inch  on  the  other  side,  the  ribs  being  parallel. 

(6)  Skylight-glass,  which  has  five  ribs  to  the  inch  on  each  side,  the  groove  on 
one  side  being  opposite  the  rib  on  the  other,  giving  a  sinuous  section  B,  Fig.  9. 

*  See,  alio,  the  lubjecU  Prcaied  PvisiB-Plate  Glass  and  Prism  Glass,  Part  III,  pages 
1577  to  IS79. 
t  From  Report  No.  Ill,  Insurance  Engineering  Experiment  Sutkm,  September,  x9os* 
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(7)  Ripple-glaaa»  with  rippled  surfaces  on  both  aides;  of  very  beaudfnl  ap^tu- 
ance  and  a  dear  white  color. 

(8)  Glass  ribbed  on  one  side  and  figured  on  the  other.  ' 

(9)  Ribbed  glass  with  a  wire  net  pressed  into  it,  to  increase  its  resistance  to  fs 
Of  these  sevecal  aperimenB,  one  or  two  may  be  dismissed  with  brief  fnnr> 

Gxound  glass  is  of  little  value,  except  as  a  softening  medintn  tor  brisfat 

Its  rapidly 


m 


'4 


i 
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Fig.  9.    TVpcs  of  Ribbed  or 


with  nioistnce  and 
imdesirable  as  m, 
The  common  laug^  plate  faasvor 
little  action  as  I 
giving  no  perceptible 
the  effective  Ufl^t.  Rippte^ 
has  great  value  as  a  ^Svss^ 
medium  in  small  rooiDS  vi: 
nearly  open  horiaon .  Of  the  ribbe*. 
glasses*  the  hne  Factocy-Rxbcjc^ 
with  twenty-one  ribs  to  the  is<  i. 
is  distinctly  the  best,  not  ia  ail 
probability  because  of  the  isr 
ness,  but  because  of  the  gre^' 
sharpness  of  the  corrusatk>': 
The  Ribbed  wire-glass  is  about  20%  less  effective  than  the  ordinary  FactLq 
Ribbed  glass.  The  addition  of  a  second  corrugation  upon  the  back  of  the  pLic 
giving  the  Skylight  and  Wash-Board  glass  is  of  no  apparrnf  value.  The  rased 
pattern  imprinted  upon  one  surface  of  the  glass,  as  in  the  case  of  the  Mitt 
glass,  gives  the  widest  diffusion,  especially  in  bright  sunlight.  A  raised  hgat, 
when  worked  upon  the  back  of  the  Ribbed  glass,  renders  it  less  offensive  tu  ibt 
eye  in  bright  sunlight,  but  less  effective  in  deep  rooms.  The  only  glasses  d 
this  group  which  it  is  worth  while,  then,  to  discuss  further  are  the  Factun- 
Ribbed  and  the  Maze  glass. 
The  second  group  comprises  the  following  glasses: 
(i)  The  Luxfer  prisms. 

(2)  The  Solar  prisms. 

(3)  The  Daylight-prisms. 

(4)  The  glass  of  prismatic  section  made  by  the  Mississippi  Glass  Company. 
(s)  Three-way  prisms. 

(6)  Maltby  prisms. 

The  Luxfer  prism  consists  of  a  plate  smooth  on  one  side  and  deeply  notdied 
on  the  other  as  in  C,  Fig.  9,  the  teeth  or  prisms  bdng  pf  very  flat,  smooth 
faces  of  brilliant  appearance.  The  glass  is  dear  white,  and  the  jxisms  used  in 
canopies  and  in  the  major  part  of  the  vertical  glazing  are  made  in  tiles  or  phles 
about  4  in  square.  Tiles  are  built  up  in  large  sheets  in  frames  of  coppo-  or  brass, 
so  made  as  to  give  to  the  sheets  of  tiles  a  strength  and  durability  far  in  excess 
of  a  single  sheet  of  the  same  size.  The  Luxfer  prisms  are  made  for  factory- 
use  in  large  sheets,  as  well  as  in  the  small  tiles.  The  Solar  prisms  are  made  in 
small  tiles,  which  are  held  together  in  a  metal  frame  to  make  large  sheets.  The 
main  difference  between  the  Solar  and  Luxfer  prisms  is  that  the  under  face  of  tike 
former  prism  is  curved  instead  of  plane,  as  in  D,  Fig.  9.  The  Dayli^t-prisns 
tested  were  made  in  large  sheets  and  of  approximately  the  same  cross-section  ami 
general  appearance  as  the  Luxfer  prisms  for  factory-use.  No  tiles  of  Dayli^t- 
prisms  were  tested,  as  none  canae  to  hand  ia  time  'lor  the  test.  The  Misassippi 
prism  glass  is  much  like  the  other  prisms  in  cross-section,  but  the  ridges  or 
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priwou  do  Dot  TUD  KTOU  tbc  piatc  in  k  itnlshE  ]ia<^  but  In  >  wavy  or  liDiiinu  Hn 
No  advaiiu^  wbiuc  from  thu  ovet  the  ilniiht-cdge  pcian  wu  delected. 

CoDcliidaiu.     (i)  The  condition!  in  ■  room  leu  than   15  H  deep  are  siii 
that,  except  with  a  slcylifbt  o(  Itsa  than  45°,  it  is  not  adviuble  to  alter  the  gener^ 


prianutic  or  ribbed  glam.    A  neatly  bemiq^berical 


I    Ribbed    and 


ourse  of  the  light  by  uiing 
diauaion,  luch  u  is  given  by  tbe 
Mace   or  Ripple-flau,  is  oidi- 
carily  preferable. 

(3)  When  a  room  is  from  10 
to  60  ft  deep,  or  even  more,  and 

has  a  skyli){ht  of  60°  or  1e»,  the 

Hbbed  and  prismatic  glass  results 

in  a.  very  great  gain  in  elective 

light.     The  gain  in  brilliancy  is 

prism-canopies   u   light    k 
si-cond  story  with  plane  glasi 
Roomi  with  wtodom  opei 
upon   tight-ihalts   and   i 
nlleys  witb  very  limited  o[ 
to  the  sky,  where  the  available 

light  is  now  small,  may  have  the  light  so  it  back  hom  the  windoF  increased  ten 
or  twenty  times  by  uang  priimi;  and,  by  uiiag  canopies  of  priuns,  it  is  aome- 
times  piKidble  to  strengthen  the  light  fifty  lo  one  hundred  times.  With  sliy- 
angles  of  30°,  or  less,  and  in  deep  rooms,  the  relative  efficiency  ol  the  prism 
tile  increases  greatly.  Tbe  refiactioa  ul  the  incident  ray  in  a  case  ol  the  ribbed 
glaas  and  prism  is  shown  in  Fig,  10.  Ribbed 
and  maie  glass  ate  of  very  great  value  in 
softening  the  light,  e^>ecially  in  the  case  of 
■uch  windows  as  are  ciposed  lo  the  direct 
Bun,  aside  from  tbdi  eOecliveiKSs  in  strength- 
ening the  light  at  distant  points.  With 
tbe  Maoe  glasa,  the  artist  may  have,  in  all 
weattiei  and  in  ail  directions,  what  is  in  effect 
a  much-desired  nohib  Liosr,  Tlie  pbotog- 
lapher  may  have  in  this  way  as  well  diffused 
a  light  as  he  now  has  with  cloth  screens  or 
shades,  and  with  a  much  greater  intensity. 
To  be  efficient  in  rooms  10  ft  deep  or  more^ 
tibt>ed  glass  should  be  set  with  its  ribs  hori- 
lontal,  and  where  the  sunlight  falls  upon  it.  it 
should  be  provided  with  thin  white  shades. 
All  inferences  drawn  from  the  test  are  made 
upon  the  assumpiion  that  the  windows 
it  »d  FiTit  Story  »"  '°  ^  glaaed  with  diffusing  glass  only 
Limited  from  Court  'n    '^^    "P!"'    *^"'    "'"':''   I*  '"=    common 

practice.     If  the  lower  sash  is  to  be  gUzed 
with  <£3unng   glass    as    well,    a    further   increase   of    atwut    1$%    may    be 

Cgnsidering  both  expense  and  efficiency,  the  following  general  suggestions  are 
given:  Use  Maie  or  Ripple-glass  in  small  rooms  or  offices  not  more  than  1 5  or  10  ft 
deep;  use  Factory-Ribbed  glass  in  rooms  from  30  to  50(1  deep,  with  sky-angles  of 
6d*  or  moie;  use  prism*  or  Factory-Ribbed  glass,  in  sheets,  in  all  vertical  win- 
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dows  in  rooms  more  than  from  50  to  6e  ft  deepk  with  sky-angle  of  leas  thaB4: 
With  a  sky-angle  of  less  than  30^  use  prisms  in  canopies.    Fig.  11  abovs  a£  • 
effective  method  of  lighting  the  basement  and  first  stoiy  where  the  fight  as  ; 
come  from  a  court. 
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W.  H.  TIMBIE 
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TKCHMOIXXiY 

General  Considenitioiis  and  Deflnitiona.  Electrical  energy  is  now  in  com- 
tnon  use,  furnishing  power,  heat  and  light,  opiating  bells  and  buzzers,  and 
transmitting  messages  by  telephone  and  telegraph.  In  order  to  accomplish 
these  results,  a  current  of  electricity  must  flow  around  an  electric  circuit.  The 
nature  of  electricity  is  not  known,  but  the  flow  of  it  through  an  electric  circuit 
is  analogous  to  the  flow  of  water  through  a  system  of  pipes. 

Current.  Amperes.  The  flow  of  water  b  measured  in  gallons  pek  second. 
The  flow  of  electricity  is  measured  in  amperes.  An  ampere-flow , of  electricity 
is  analogous  to  a  gallon-per-second  flow  of  water.  The  amperes  thus  indicate 
the  quantity  of  electricity  flowing  through  an  electrical  appliance  in  one  second. 
About  H  ampere  is  flowing  through  an  ordinary  carbon-fllament  incandescent 
lamp  when  it  is  glowing  at 
1 6  candle-power.  The  same 
current  .of  H  ampere  causes  a 
modem  tungsten  lamp  to  pro- 
duce over  40  candle-power. 
An  arc-lamp  usually  requires 
a  flow  of  from  5  to  xo  amperes. 

Pressure.  Volts.    When  a 
current  of  water  flows  from 
one  point  to  another  in  a  pipe- 
system,  it  is  always  because 
there  is  a  hydraulic  pressure 
present    causing   it    to    flow. 
This  pressure  is  usually  meas- 
ured  in   pounds   per   square 
inch.    Similarly,  when  a  cur- 
rent of  electricity  flows  from 
one  point  to  another  in  an 
electric  circuit,  it  is  because  there  is  an  electric  pressure  present  which 
causes  it  to  flow.    This  electric  pressure  b  measured  in  volts.    An  electric 
pressure  of  x  volt  is  analogous  to  a  hydraulic  pressure  of  x  lb  per  sq  in.    The 
pressure  which  causes  the  ^-ampere  current  to  flow  through  an  incandescent 
lamp  is  usually  x  10  volts.    The  electric  company  instals  at  least  two  wires  in  a 
residence  and  then  maintains  an  electric  pressure  of  no  volts  between  them 
just  as  the  water  company  maintains  a  pressure   in  the  water-pipes.    This 
electric  pressure  is  at  all  times  tending  to  force  electricity  from  one  wire  to  the 
other  wire  across  the  space  between  the  two  wires,  just  as  the  water-pressure 
tends  to  force  the  water  out  from  the  pipe.    The  rubber  insulation  is  put  on  to 
prevent  this  flow,  very  much  as  the  strength  and  compactness  of  the  iron  pre- 
vents the  flow  of  water  through  the  walls  of  the  pipe.    But  when  one  terminal 
of  a  lamp  is  connected  to  one  wire  and  the  other  terminal  to  the  other  wire,  the 
electric  pressure  tending  to  send  a  current  from  one  wire  to  the  other,  sends  a 
cunent  through  the  lamp  and  causes  it  to  glow.    We  mark  the  wire  bringing  the 
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Fig.  1.    Cuxrent  Always  Flom  fxom  (+)  to  (-) 
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current  to  the  lamp  (+).    The  wire  taking  the  current  away,  we  mari    -1 
Thus  in  Fig.  1,  if  the  current  comes  in  on  the  wire  marked  (x),  this  wire  u   - 
and  the  wire  (y)  h  i^)^    A  pressure  of  no  volts  is  maintained  which  lezjL  \ 
cause  a  current  to  flow  across  from  the  wire  (x)  to  the  wire  (y).     Xo  curre::  j 
flow,  however,  unless  some  path  b  afiForded  between  the  two  wires.     Fyr  . 
stance,  no  current  is  flowing  through  lamp  Za,  because  the  open  switch  A  &:«.'  i 
a  gap  across  which  the  current  cannot  pass.    Switch  B,  however,  is  dosed  t:. 
allowing  the  pressure  to  force  a  current  from  the  wire  (x)  thiough  the  h.- 
Li  to  the  wire  (y)  and  back  into  the  street-mains.    Of  course  the  clcctik  :.- 
pany  maintains  the  no-volt  pressure  between  the  wires  (x)  and  (y)  wbctl^r  i.- 
current  is  drawn  from  the  wires  or  not,  just  as  a  water  company  maintaiiLi  • 
pressure  in  the  water-mains  whether  any  water  is  drawn  from  the  i^pes  or  r 

Resistance.  Ohms.  The  fact  that  a  current  of  only  H  ampere  flows  thrjtx. 
an  incandescent  lamp  when  a  pressure  of  no  volts  b  applied  to  it,  is  due  tu  n- 
SESiSTANCE  of  the  fine  filament.  This  resbtance  of  the  fllament  is  anak^.'^ 
to  the  resistance  which  a  pipe  of  small  bore  offers  to  the  flow  of  water.  T-- 
resistance  of  an  electrical  appliance  b  merely  the  ratio  of  the  pressure  to  !*• 
current  which  that  pressure  can  force  through  it.    As  an  equation,  it  is  expr&tNi 

^    .  pressure 

Resistance  ■■  ^ 

current 

When  the  pressure  is  measured  in  volts  and  the  current  in  amperes^  tbe  r?- 
sbtance  is  then  in  ohms.    Thus 

Ohms* 


amperes 

Thus,  since  a  pressure  of  no  volts  forces  H  ampere  through  an  ordinar}'  -> 
candescent  lamp,  the  resistaooe  of  the  lamp  is  iio/H  -  320  ohms. 

Ohm's  Law.    This  relation  between  pressure,  current  and  resistance  b  ca]>i 
Ohm's  law.    It  is  written  in  symbob  in  the  three  forms 

R^E/I 

E'lR 

J'E/R 
where 

R  "■  resistance  in  ohms; 
E  »=  pressure  in  volts; 
/  »  current  In  amperes. 

Example.    An  electric  flat-iron  has  a  resistance  of  35  ohms.     What  currect 
vnll  flow  through  it  when  it  is  put  across  a  no-volt  circuit? 

I  =  E/R  «  110/35  =■  3-14  amperes 

ExuBide.  An  electric  toaster  takes  iVi  amperes  when  on  a  115-voIt  dradt 
What  resistance  does  it  have? 

R  »  El  I "  115/1.5  *»  76.6  ohms 

Insulators  and  Conductors.  In  order  that  practically  no  current  may 
leak  from  one  wire  to  the  other,  the  wires  are  covered  with  rubber.  Thb  rubber 
covering  offers  such  high  resistance  to  the  flow  of  an  electric  current  that,  aA 
though  two  wires  may  lie  very  close  to  one  another  with  only  this  rubber  b^ 
tween  them,  practically  no  current  leaks  through  the  rubber  from  one  wire  to 
the  other.  Materials  such  as  rubber,  glass,  porcelain,  dry  wood,  etc.,  have  this 
resisting  property  and  are  said  to  be  insuiators.  Metab,  on  the  other  hand, 
offer  very  little  resistance  to  the  flow  of  an  electric  current  and  are  called  os&r 
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DXTcnxHts.  A  copper  wire  Ho  in  in  diameter  has  a  reastance  of  only  Hoob 
of  a.n  ohm  per  foot.  Accordingly,  because  of  their  low  resistance,  copper  wires 
a.  re  generally  used  to  carry  electric  currents,  and  because  of  its  high  resistance, 
rubber  is  generally  used  as  a  covering  of  the  copper  wires  to  prevent  leakage 
from  one  wire  to  another.  Wire,  approved  by  the  National  Board  of  Fire  Under- 
writers and  installed  according  to  their  rules,  will  have  the  proper  insulating 
covering  for  each  installation. 

Power.  Watts.  The  flow  of  an  electric  current  has  been  likened  to  the  flow 
ol  water  through  a  pipe.  A  current  of  water  is  measured  b^'  the  number  of 
gallons,  or  pounds,  flowing  per  minute;  a  current  of  electricity  is  measured  by 
tiie  number  of  amperes.  The  power  requirod  to  keep  a  current  of  water  flowing 
is  the  product  of  the  current  in  pounds  per  minute  by  the  head,  or  pressure, 
in  FEET.  This  gives  the  power  in  foot-pounds  per  minute.  To  reduce  to 
horse-power,  it  is  necessary  merely  to  divide  by  a  ooo.    Thus 

(pounds  per  minute)  X  (feet) 

■ »  horse-power 

33000 

In  exactly  the  same  way,  the  power  required  to  keep  a  current  of  electricity 
flowing  is  the  product  of  the  current  in  amperes  by  the  pressure  in  volts. 
This  gives  the  power  in  watts. 

Watts  -  amperes  x  volts 

The  term  watt  is  merely  a  unit  of  power,  and  denotes  the  power  used  when 
one  volt  causes  one  ampere  of  current  to  flow.  The  watts  consumed  when  any 
given  current  flows  under  any  pressure  can  always  be  found  by  multipl3ring  the 
current  in  amperes  by  the  pressure  in  volts.  Thus,  if  an  incandescent  lamp 
takes  0.5  ampere  when  burning  on  a  i  lo-volt  line,  the  power  consumed  equals 

0.5  X  1x0-  55  watts 
That  is, 

Power  -«  current  x  pressure 
or 

Watts  »  amperes  x  volts 

Example.  What  power  is  consumed  by  a  motor  which  runs  on  a  220-volt 
circuit,  if  it  takes  4  amperes? 

Watts  —  amperes  x  volts  >  4  x  220 
Power  m  880  watts 

Incandescent  lamps  are  rated  as  to  the  voltage  of  the  line  on  which  they  can 
run,  and  also  as  to  the  amount  of  electric  power  it  takes  to  keep  them  glowing. 
Thus,  a  carbon-fllament  lamp  may  be  rated  as  a  no- volt,  50- watt  lamp.  A 
tungsten-lamp  may  be  rated  as  a  i  lo-volt,  2 5- watt  lamp.  This  means  that  both 
lamps  are  intended  to  run  on  a  i  lo-volt  circuit,  but  that  it  takes  twice  as  much 
power  to  keep  the  carbon-fllament  lamp  glowing  as  it  does  to  keep  the  tungsten- 
lamp  glowing.  ' 

The  Power-Eqvatloii.  The  above  relation  between  volts,  amperes  and 
watts  is  usually  expressed,  in  the  form  of  an  equation: 

I^P/E 
E'^P/l 
where 

P  *  power  in  watts; 
/  -•  current  in  amperes; 
£  ■■  pressure  in  volts- 


1460  Electric  Work  for  Buildings  Fkn  : 

Bxuipl*.  What  current  does  a  40-watt  tungsten-lamp  take  when  ninaffi^  :t 
a  ix5-volt  circuit? 

/  ••  P/£  ■■  40/1  IS  ■■  0^48  ampere 

Power.  Kilowatt  and  Horse-Power.  Because  the  watt  is  so  small  s  L=it 
of  power,  being  only  0.74  ft-lb  per  second,  a  larger  unit,  the  kilowatt,  is  gBse- 
ally  used  in  connection  with  machines,  etc. 

I  kilowatt  *  1 000  watts  «  iH  horse-power 

Thus  a  motor  drawing  10  amperes  from  a  220-voIt  line  would  take  toxix" 
3  200  watts  -■  2  200/ X  000  *  2.2  kilowatts. 

At  80%  efficiency  this  motor  would  give  out  80%  of  2.2  ■■  x.76  kikywicb*   | 
1.76  X  xVi*  2H  horse-power. 

Horae-Power-Hour.  Kilowatt-Hour.  When  a  man  buys  medari"; 
power  to  run  machinery,  he  has  to  pay  not  only  according  to  the  borse-paar 
he  uses  but  also  according  to  the  number  of  hours  he  uses  the  power.  For  z- 
stance,  he  may  use  40  horse-power  for  x  hour  and  pay  $1.20  for  it,  that  is,  &i 
the  rate  of  3  cts  for  each  horse-power-hour.  If  he  usics  40  horse-power  ix 
2  hours  he  would  have  to  pay  twice  as  much,  because  he  has  used  the  sirf 
power  twice  as  long.  Another  way  of  stating  the  same  fact  is  to  say  tL: 
he  used  twice  as  many  horse-power-hours.  For  in  the  first  instance  he  imc 
40  X  X,  or  40  horse-power-hours,  and  in  the  second  40  x  2,  or  80  borse-po«er- 
hours.  In  other  words,  he  did  twice  as  much  work  in  the  second  case  as  '-' 
did  in  tiie  first,  or  received  twice  as  much  energy.  The  unit  of  work  or  e&ai}. 
then,  is  the  HORSE-POWSR-Houa,  and  is  the  work  done  in  i  hour  by  a  i-boc^ 
power  machine. 

BiaMpla.  How  much  work  is  done  by  a  machine  delivering  15  h-p.  wfaea  it 
Is  run  for  8  hours? 

I  h.p.  in  I  hr  does    x  h.p.-hr 
15  h.p.  in  I  hr  does  15  h.p.-hr 
15  h.p.  in  8  hr  does  8  x  15,  or  120  h.p.-hr 
That  is 

Work  -  horse-power  x  hours 
or 

xs  X  8-  x2oh.p.-hr 

Similarly,  electric  power  Is  sold  by  the  KiiowATT-Boim.  This  unit  is  the  vod 
or  energy  delivered  in  one  hour  by  a  i-kilowatt  machine. 

For  lighting  purposes  electrical  energy  is  usually  sold  for  from  10  to  15  cts  per 
kilowatt-hour.  Thus  at  1 2  cts  per  kw-hr  the  monthly  bill  for  burning  a  40-vatt 
lamp  on  an  average  of  s  hours  per  day  would  be  computed  as  follows: 

For  X  month  of  30  days  the  lamp  is  burning 

30  X  5  -•  X50  hours 
To  use  a  40-watt  hunp  150  hours  consumes 

40  X  150  •■  6  000  watt-hours  ■>  6  000/ x  000 «-  6  kOowatt-houri 
At  12  cts  per  kw-hr,  6  kw-hr  cost 

6  X  12  «•  I0.72 

An  instrument  called  a  KiLOWATT-BOtm  metes  is  placed  in  each  house  to  meas- 
ure the  number  of  kilowatt-hours  which  each  customer  consimies.  See  M  in 
Fig.  13  for  location  of  Kilowatt-hour  meter,  and  Fig.  18  for  method  of  con- 
nection in  typical  installation. 

Heating-Effect  of  Current     An  electric  current  alwasrs  heats  the  matcriil 
through  which  it  passes.    Examples  of  this  are  the  incandescent  lamp,  in  which 
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tlie  current  heaU  the  fine  tungsten  wise  until  it  gbvs;  the  electric  heaten  for 
oliafing-dishes,  toasten,  etc.    Even  the  wires  canying  the  current  to  and  from 
tJie  lamps  are  heated  by  the  passage  of  the  current  through  them.    But  since  the 
^^frft^^ng  effect  for  a  given  current  is  directly  proportional  to  the  resistance  of 
t.he  conductor,  and  the  conductors  always  have  very  little  resistance,  the  heat- 
ing here  is  very  slight  indeed.    If  conductors  of  smaller  size,  and  therefore  of 
a  higher  resistance,  were  used,  the  heating  would  be  very  pronounced;  in  Uuct^ 
it  would  soften  the  rubber  insulation  and  might  even  produce  a  temperature  high 
enough  to  set  fire  to  the  building.    For  this  reason  The  National  Board  of 
Fire  Underwriters  issues  a  table  specifying  the  size  of  wire  which  must  be  used 
for  each  amount  of  current.    If  smaller  wire  is  used,  the  resbtance  of  it  might 
be  great  enough  to  raise  the  temperature  to  a  dangerous  degree.    On  the  other 
band,  if  a  greater  current  than  allowed  by  this  table  is  sent  over  the  wire,  the 
temperature  will  also  rise,  because  the  heating  of  a  current  is  also  directly  pro- 
portional to  the  SQUARE  or  the  cureent.    Thus,  doubling  the  current  which  a 
certain  wire  is  carrying  will  quadruple  the  amount  of  heat  which  the  wire  must 
radiate.    For  this  Tables  III  and  IV,  see  pages  1473  and  1474. 

Foses  and  Circnit-Breakert.  Use  is  made  of  the  heating  effect  of  a  current 
to  protect  a  circuit  against  too  much  current,  very  much  as  a  boiler  is  pro- 
tected by  a  safety-valve  against  too  much  pressure.  A  small  piece  of  fusible 
metal,  generally  a  mixture  of  lead  and  bismuth,  is  inserted  in  the  drcuit  in  such 
a  way  that  all  the  current  which  passes  through  the  circuit  must  also  pass  through 
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this  piece  of  metal.   This  device  is  called  a  fuse.    Any  current  which  would  bo 
dangerous  to  the  drcuit  mdts  this  fuse,  opens  the  drcuit  at  this  point,  and  thus 
protects  the  rest  of  the  drcuit  from  the  effects  of  the  current.    The  cause  of 
the  large  current  may  be  then  removed  and  a  new  fuse  inserted  in  place  of  the 
old  one.    CncuiT-BKSAKEEsare  also  used  to  protect  a  drcuit  against  too  much 
current.    They  are  automatic  switches  controlled  by  an  electro-magnet  and 
are  made  in  a  variety  of  styles.    They  operate  upon  the  prindple  that  when 
an  electric  current  passes  through  a  coil  of  wire  it  malces  a  magnet  of  the  coil. 
The  coil  is  so  adjiisted  that  when  a  current  of  a  certain  number  of  amperes 
passes  through  it,  it  attracts  to  itself  a  small  piece  of  iron.    The  motion  of  this 
piece  of  iron  opens  the  drcuit.    Fuses  and  circuit-breakers  are  thus  automatic 
SAFETV-DEViCES  required  for  the  protection  of  all  constant-potential  systems 
whatever  the  voltage.    Both  are  for  the  purpose  of  protecting  the  wires  from 
damage  due  to  the  presence  of  too  much  current  from  any  cause  whatever. 
The  ordinary  fuse  consists  of  a  porcelain  base  that  has  suitable  terminals  for 
inserting  a  fuse  between  the  ends  of  a  wire.    It  must  be  constructed  so  that  the 
blowing  out  of  a  fuse  can. do  no  damage,  that  is,  set  anything  on  fire,  and  placed 
where  it  can  easily  be  reached  to  replace  the  fuse.    Formeriy  a  piece  of  fuse-wire* 
called  a  unk-fuse,  was  used  in  cut-outs,  but  the  underwriters  now  require  en- 
dosed  fuses  (Fig.  2)  or  fusible  plugs  which  screw  into  a  receptade.     Fuse- 
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plugs  may  be  used  lor  currents  up  to  30  amperes;  above  that  giHJnard  fsa 
must  be  used.  Fuse-ptugs  and  enclosed  fuses  are  someirhat  more  rrpra^.T 
than  the  link-fuse,  but  are  considered  safer.  A  rcsfi  cuT-ocrr  or  csmrrc- 
BSEAXEK  is  required  at  or  near  the  place  where  the  wires  enter  a  btiildingt  isd 
every  drcuit  of  twelve  z6-c.p.  carbon-lights  or  of  sixteen  40-watt  tungstcn-Lirhi 
must  be  protected  by  a  cut-out.  Ciituit-bceakers  are  more  ezpeasrve  tLu 
fusible  cutrouts,  and  are  generally  used  only  on  swiicbboaxds  for  Iai|s  in- 
stallations and  where  it  is  desirable  to  open  the  drcuit  instantly  on 
loads,  which  a  fuse  cannot  be  depended  on  to  do  with  any  degree  of 
owing  to  both  time  and  surrouncUng  temperatiure-factors.  Circuit-bicftkiers  trt 
also  used  largely  on  installations  where  the  variation  in  load  b  iMTge  and  frt- 
quent  and  the  repeated  burning  out  of  fuse  would  become  expensive  not  ccihr 
for  renewab  but  also  on  account  of  the  time  required  to  replace  than. 

Lamps.  Two  kinds  of  lamps  are  used  for  electric  lighting,  ikcakdescent 
LAMPS  and  ARC-LAMPS.  The  former  are  used  principally  for  interior  illuminarkv. 
although  sometimes  used  for  street-lighting,  especially  where  the  street?  .st 
thickly  shaded  by  trees.  Arc-lamps  are  especially  adapted  for  street-liskt:-; 
and  for  large  interiors  where  they  can  be  kept:cDncealed  or  above  the  tangr  j 
the  eye,  as  in  railway-stations,  stores,  etc.  An  incandescent  lamp  as  oub- 
monly  made  consists  of  a  glass  bulb  containing  a  simple  carbon  or  a  tung«-''«!: 
conductor  the  ends  of  which  are  connected  to  the  source  of  the  electric  curres:. 
When  the  current  flows  through  the  filament  it  heats  it  to  such  a  decree  that  it 
becomes  incandescent;  hence  the  name  of  the  lamp.  The  lamfxs  with  the  ce- 
ment of  finely-drawn  tungsten  represent  the  latest  type  and  are  superior  b 
every  way  to  those  having  a  carbon  filament.  Tungsten-lamps  require  abo::: 
one-third  as  much  power  to  produce  the  same  candle-power  as  carbon-lamps, 
and  have  a  much  longer  life. 

Voltages.  In  order  that*  the  current  shall  cause  the  lamp  to  give  its  rated 
CANDLE-POW^R.  it  must  be  designed  for  the  voltage  at  which  the  S3^tem  is  run. 
If  the  voltage  of  the  current  is  much  greater  than  that  for  which  the  lamp  is 
designed  it  will  quickly  bum  out  the  filament,  while  if  theiwltage  of  the  curreot 
is  below  that  of  the  lamp,  it  will  not  give  its  mted  candle-power,  a  voltage  10' ' 
lower  reducing  the  candle-power  about  one^half .  The  voltage  commonly  us<rd 
for  tungsten-lamps  is  from  xoo  to  130.  Tungsten-lamps  are  also  made  for  volt- 
ages of  from  20  to  360.  Two  to  four  candle-power  lamps,  for  illumiaatiait 
signs  or  decorative  purposes,  are  made  for  from  10  to  13  volts  by  H-volt 
steps,  these  lamps  being  commonly  used  in  series,  t^i  lamps  on  a  100  to  ijo- 
volt  drcuit.  Two  5-watt  lamps,  50  volts,  are  also  often  used  in  series  on  a 
loo-volt  circmt. 

Candle-Powar.  Incandescent  lamps  of  from  100  to  130  volts  are  commonly 
made  15.  20,  25,  40,  60,  100,  150,  350,  400  and  500  watts.  These  lamps  avenge 
t  candle-power  for  every  i.x  watts.  For  the  method  of  computing  the  number, 
sixe  and  distribution  of  tungsten-lamps  for  illuminating  a  given  room  see  pagts 
1476  to  1478* 

Arc-Lamps.  These  are  of  two  kinds,  open  asC-iavps  and  enclosed  akc- 
LAMPS,  the  latter  bdng  generally  used  for  interior  illumination.  The  light  fmm 
the  enclosed  arc  is  much  softer  and  steadier  than  that  from  the  old-style  of^a 
arc;  there  are  no  sparks,  and  the  life  of  the  carbon  is  from  twelve  to  fifteen 
times  as  great  as  In  the  open  arc. 

**  Direet-Current  Open  Arcs  usually  require  about  10  amperes  at  45 
volts,  or  450  watts.  The  range  of  voltage  b  from  42  to  52  for  ordiaary  con- 
stant-current arcs.    The  most  satisfactory  light  is  given  by  from  45  to  47  \'olts. 
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W.rc-lightJ  Ufietf  fbr  Mere^ptlcon-lantems  may  use  u  hfgli  as  1$  amperes  and 
provision  should  always  be  made  in  the  wiring-plans  for  such  a  light  for  suffi- 
:ie:Kitly  large  wires  to  be  installed  to  cany  one  and  one-half  times  this  current. 

*  *  Direct-Ciimot  Bndosed  Arcs  consmne  about  5  amperes  at  80  volts,  or 
1.00  watts."  Arc-lamps  generally  require  a  resistance  in  series  with  the  arc 
XL  order  to  regulate  properly.  This  resistance  is  usually  placed  within  the  struc- 
ULXPe  of  the  lamp,  and  may  be  so  adjusted  that  a  single  lamp  can  be  made  to 
bum  well  on  any  circuit  from  100  to  130  volts. 

I>yiiaiiio-Bl*ctric  Mackines.  There  are  three  classes  of  dynamo-electric 
machines: 

(i)  Genesatoks  for  generating  an  electric  current. 

(a)  Motors  for  converting  electrical  into  mechanical  energy. 

(3)  TaANsroKicERS  and  rotary  converters. 

(a)  Transformers  for  converting  one  voltage  into  a  higher  or  lower 

voltage.    Converters  and  transformers  belong  to  the  same  class. 

(b)  Rotary  converters  for  changing  alternating  currents   to  direct 

currents  or  vice  versa. 

A  OTNAMO  is  either  a  motor  or  a  generator.    A  motor  is  the  same  machine  as 

a.  generator,  but  with  the  nature  of  its  operation  reversed.    Generators  are 

of   two  general   classes,   namely,  continuous-current   and  alternating-current 

machines;    the  latter  are  commonly  called  alternators.     Generators   and 

motors  of  all  kinds  vary  in  voltage,  current  and  speed,  according  to  the  pur- 

]pose  for  which  they  are  designed.    A  transporuer  consists  essentially  of  two 

coils  of  wire,  one  coarse  and  one  fine,  wound  upon  an  iron  core.    Its  function 

is  to  convert  electrical  energy  from  one  voltage  to  another.    If  it  reduces  the 

voltage  it  is  known  as  a  step-pown  transformer,  and  if  it  raises  it,  it  is  known 

as  a  STEP-tTP  transformer.    A  transformer  has  no  moving  parts  and  requires  no 

attendant. 

Kinds  of  Currents  Produced.  There  are  two  kinds  of  electrical  currents 
commonly  used  for  light  and  power  in  buildings,  (i)  direct  cxhuuents,  and  (2) 
alternating  currents. 

"A  direct  current  is  uniform  in  strength  and  direction,  while  an  alternating 

current  rapidly  rises  from  zero  to  a  maximum,  falls  to  zero,  reverses  its  direction, 

attains  a  maximum  in  the  new  direction  and  again  returns  to  zero.    A  complete 

set  of  these  changes  is  called  a  cycle.    The  number  of  times  the  current  goes 

through  these  changes  during  each  second  is  called  the  frequency  of  the  current. 

The  frequency  commonly  used  for  incandescent  lighting  is  60  cycles  per 

second;  that  is,  the  current  goes  through  the  above  changes  in  value  60  times 

per  second.    A  frequency  of  25  cycles  is  also  in  common  use.  especially  for  nm- 

ning  motors,  although  it  is  not  so  satisfactory  for  use  with  incandescent  lights. 

If  a  direct  current  is  likened  to  the  steady  flow  of  water  through  a  pipe-S3rstem, 

an  alternating  current  may  be  likened  to  the  rapid  surging  back  and  forth  of 

water  in  a  pipe-system.    More  difficulty  was  experienced  in  utilizing  these  rapid 

surges  of  electricity  than  in  developing  direct -current  apparatus.    Consequently 

the  use  of  the  alternating  current  was  retarded  but  is  now  becoming  general. 

The  advantages  of  alternating  over  direct  currents  are:  (i)  Greater  simplicity 

of  dynamos  and  motors,  no  commutators  being  required  in  some  types;  (3)  the 

feasibility  of  obtaining  high  voltages  by  means  of  transformers  for  cheapening 

the  cost  of  transmission;   (3)  the  facility  of  transforming  from  one  voltage  to 

another,  either  higher  or  lower,  for  different  purposes. "  * 

*  Adsptwl  from  Kent's  Pocket  Book. 
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Hone- 
power 

Amperes  on 
ixo-volt  line 

Amperes  on 
330-voIt  line 

Horse- 
power 

Amperes  on 
xxo-volt  line 
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3 
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xo 

15 
ao 

3 

54 

9 
17 
35 
40 
58 
76 
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ISO 

1.5 

3.7 
4-5 
8.5 

13.5 
30 

39 

38 
57 
75 

35 

30 
35 

40 
SO 
6o 
75 
85 

XOO 

18S 

322 
360 
396 

Ul 
I3D 

Its 

ars 

366 

The  current  taken  by  single-phase  alternating-current  motors  can  be  ftc 
by  noting  the  current  taken  by  a  direct-current  motoir  of  the  same  size  and  t:  - 
age,  and  dividing  this  current  by  the  power-factor  of  the  altemating-cisnc 
motor.  To  find  the  current  taken  by  each  terminal  of  a  three- wire,  three-pL.' 
alternating-current  motor,  divide  the  current  taken  by  a  single-phase  ahar^. 
ing-current  motor  of  the  same  size  and  voltage  by  x.73. 

Example.    What  current  is  taken  by  a  5-hone-power,  altcrxxatixig-ainTr. 

2  20- volt,  induction-motor  of  80%  power-factor? 

Soltttioii.  A  5-horse-power,  direct-current,  320-volt  motor  takes  ao  ampca 
A  single-phase,  5-horse-power,  a20-volt  motor  of  80%  power-factor  takes  30  i: 
■  35  amperes. 

Blectiic-Lightiiig  Systemt  Commonly  Uted  for  Suppljinc  tte 

Electrical  Energy  to  Lamps 

Direct-Current,  Constant-Potential  Systems.  The  systems  most  osr. 
in  America  are: 

(x)  Two-wire  system  largely  used  for  incandescent  lighting  fnMn  s^ 
plants,  as  for  a  large  office-building  or  factory.    It  is  usually  operated  at  i-: 

volts. 

(2)  THKEE-wntE  SYSTEM  used  in  small  towns  for  the  lighting  of  buildings  frc- 
the  public  miuns,  usually  operated  at  220  volts.  Also  in  large  cities  with  uacr- 
ground  conduit-system.    See  pages  X466  to  1468. 

Five-wire  and  seven-wire  systems  with  high  voltage  have  been  used  is 
Europe,  but  very  little  in  America. 

Altemating-Cttrrent,  Constant-Potential  Systems.    There  axe  two  sp> 
terns: 
(i)  Single-phase  system.    Current  transmitted  to  building  at  from  x  oooic 

3  000  volts  and  reduced  to  from  50  to  xxo  volts  by  a  transformer.  The  teia 
phase  is  used  in  connection  with  alternating-current  systems  only  in  the  secse 
of  CIRCUIT.  Thus  a  single-phase  system  means  an  alternating-current  syiXta 
sending  out  power  from  one  circuit  only  of  the  generator.  A  three-i^iase  9*ste= 
has  three  circuits. 

(3)  Three-phase  system.  Three  or  four  wires  are  used.  This  synea  b 
most  used  for  lighting  from  public  plants,  prindpally  because  it  enables  bcti 
lights  and  motors  to  be  operated  from  the  public  djmamo  and  is  the  most  eooooiD* 
ical  in  wire.  (See  Table  II.)  Both  of  these  systems  are  used  for  incandescect 
lighting  and  for  power  from  central  stations.  For  a  comparison  of  a  thr«> 
wire  direct  current  with  a  three-phase,  three-wire  sltsRiatxng  current,  see  pica 
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Fig.  3.    Fhre  Lamps  in  Series  on  a  550-Volt  Line> 
Each  Lamp  has  a  Voltage  of  ixo  Volts  Acxoss  It 
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$^-9.  An  altemating  current  may  be  changed  to  a  direct  current  at  a  sub- 
ion  by  a.  rotary  converter  or  by  a  mercuiy-arc  rectifier.  The  latter  is  very 
urally  used  in  garages  m  order  to  convert  an  alternating  current  into  a  direct 
ent  for  charging  storage- 
leries. 

flLethods  of  Connecting 
npn.  There  are  thrte  ways 
onnecting  lamps  to  the  dis- 
>utton-wires:  (z)  in  series; 
in  parallel;  and  (3)  in 
rall^  series. 

[1)  Lnmpn  in  Seriea. 

mps  are  said  to  be  connected 

series  when  they  arearzanged 

e  after  the  other,  so  that 

e  same  current  flows  through 

I  the  lamps.    The  most  com- 

on  example  of  this  system  is  the  lighting  of  electric  cars  and  the  stations  on 

1  electric-railway  line.    The  voltage  of  such  lines  is  usually  550  volts.    Since 

le  ordinary  incandescent  lamp  requires  but  1 10  volts,  five  of  these  are  placed 

L  series  as  in  Fig.  3.    Each  lamp  now  has  a  pressure  of  ixo  volts  across  it,  and 

the  set  of  five  lamps  requires  550  volts  across  it,  and  so 
can  be  placed  across  the  railway  supply-wires.  When 
lamps  are  arranged  in  series  the  total  resistance  of  the 
circuit  is  the  sum  of  the  resistances  of  the  several  parts, 
and  the  voltage  required  to  force  the  current  through  a 
number  of  lamps  in  series  is  the  sum  of  the  voltages 
required    for    the    separate   lamps.     Thus   the    voltage 

m  required  to  supply  the  proper  current  for  four  5S-volt 

lamps  b4  X  S3  *  >o8  volts.  Arc^lamps  for  street-lighting 
are  often  connected  In  series,  but  incandescent  lamps  are 
very  seldom  connected  in  series  except  as  described  above 
or  for  decorative  purposes  or  electric  signs.  Where  lamps 
<^  low  voltage,  as  iif  signs,  etc.,  are  used  on  xio-volt 
systems  it  is  necessazy  to  connect  them  in  series.  The 
underwriters  do  not  approve  connecting  incandescent 
lamps  in  series.  The  series  system  requires  that  the  same 
current  flow  through  each  lamp,  and  if  one  Ump  bums 
out  the  circuit  is  broken  and  all  of  the  lamps  will  go  out, 
unless  some  provision  is  made  for  maintaining  the  circuit 
around  the  dead  lamps. 

(3)  Lamps  in  Parallel.    This  b  the  common  method 
of  connecting  incandescent  lamps.    It  is  illustrated   in 
P?-  *•  ^^  ^PJ   Fig.  4.    With  this  system  the  pressure  in  each  lamp  is  the 
LmHMiiicF^   same  as  m  the  distributing  lines,  and  any  lamp  may  be 
^ePra^reof  no   turned  on  or  off  without  affecting  the  other  lamps.    For 
Volts  Adtw  It        this  system  the  ntsssuu  or  voltage  must  be  kept  oon* 
stant,  while  the  cotrent  or  quantity  of  electricity  flow- 
ing in  the  lines  will  depend  upon  the  number  of  lamps  that  are  burning. 
Thus  frith  twelve  xfiKiandle-power  hunps  of  xxo  voltage  on  a  parallel  circuit, 
each  Ump  requiring  o.si  ampere  when  all  the  lamps  are  burning,  a  current  of 
6.ta  amperes,  or  673.2*  watts,  wiH  be  required.    With  but  one  lamp  burmng, 
*  Watts  being  equal  to  ampeics  dnias  voltage. 


1    I 


1 


<-iio->  a 

volts  ijl 
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a  current  of  only  0.51  ampere  will  flow.  The  voltage,  however,  imist  be  !a 
same  for  one  lamp  as  for  the  twelve.  For  lamps  in  parallel,  therefone,  a  o  -4 
stant-potenhal  system  is  required.  .  The  current  for  lamps  in  pwraflrl  =-4 
be  turned  on  or  off  at  the  lamp»  or  a  switch-loop  may  be  run  mny  discir  1 
and  the  contact  made  by  a  switch  (5)  as  for  the  lower  lamp  (Fi^.  ^). 

(3)  Lamps  ic  Parallel  Series.    This  method  is  a  combinatioa  of  the  :'*-* 
two.    Parallel  lines  are  run  as  in  the  parallel  system,  but  two  or  morr  Us:^ 


— # 


+  • 

Fig.  5.    Lamps  m  PaxaUd  Series 


I 
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are  connected  in  series  between  them  as  in  Figs.  6  and  6.  This  method  of  cp- 
necting  lamps  is  used  principally  in  places  where  it  is  desired  to  operate  k^^ 
on  a  power  system.  Fig.  5  shows  a  aeries  of  five  lamps  operated  on  a  5oo-rc>£ 
system  and  Fig.  6  a  series  of  two  lamps  on  a  aao-^t  ^stem  using  zio-v^^ 
lamps.    Any  nivf^'ber  of  series  may  be  connected  across  the  mains,  each  sou* 

being  independent  of  toe 

others.       But    in    eaz 

series  if  one  tight  burib 

out,  the   others  in  tk 

same  series  will  be  use- 

less,  and  one  lamp  aloiK 

cannot    be    used.    Vx 

sum  of  the  voltages  c< 

Fig.    7.    The    Three-wire    Edison    System,     aao    Volts    the  lamps  in  series  mns 

^*'^:?°t.^^''*^^xT'"*'  P^y  ixo  Volts  Between  Either    be  approximately  equil 

Outside  Wfae  and  Neutral  Wue  to  the  voltage   betw« 

the  mains.    There  are  a  numb^  of  special  cases  in  which  this  method  cf 
connection  may  be  used. 

The.  Edison  Three- Wire  System.  Figs.  4^  5  and  6  are  examines  of  tk 
twO'Wire  system  of  distribution,  which  is  the  system  recommended  for  averaj:e- 
sized  office^buikiings,  apartment-houses,  theaters  and  stores,  ^liere  powc 
f  or  motors  is  to  be  taken  from  the  same  plant  as  the  lighting  current,  and  wboc 
the  power  is  not  too  great  a  portion  of  the  capacity  of  the  inatallation,  thb  two- 
wire  system  may  also  be  used.  Sepamte  mains,  however,  should  under  all  ca- 
comstaaces  be  run  for  the  motors,  as  the  variatioD  in  load  and,  coosequeethr. 
the  current-demand  on  the  mains  would  cause  a  veiy  appreciable  fiuctuatioa  is 


Ekctilc-Liglitiiig  Systan* 
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I&TKc  the  THiZE-wiHE  SYGTEH  IS  lucd.  By  tbil  VAOD  two  voltaces  Ot  prauures 
can  be  supplied,  no  and  ;:o  voitt  bdo^  tbosc  gmeiolly  ■dopted,  tbe  iio-volt 
circuit  »up[Jying  thr  ■re  mnd  -.  ,^  _,  ^.^ 

incandocent  UgbU  u>d  tho  ,      ,  ^T"  C«^"*  Ortt^ 

aao-volt  dicuit  the  moton.  I  I    ^*™^™'^ 

Fig.  7  ihowB  how  the  wire* 

are    run    and    connections     ua»ci>nrtt., 1 I L^— ,  l-b.  a™.. 

made.  The  preuuit  between 

the  two  outside  wiies  U  the 

full  voltage  transmitted  froni 

tht    gcnemtor,    usually    iio 

The  current   in   thtw  two 

wirea  flows  in  opposite  djtTc- 

tions.     The    middle    wire, 

called  tbe  KEunu  wnc,  TT^I 

fonni  one  side  o(  two  dr-  ,  J    i4.   '■ 

cuiti,  the  current  from  one  '^  Jr" 

circuit  tending   to   flow  in  1  |L 

one  direction  and  that  from  I  *  | 

the  other  circuit  in  the  oppo-  1  ■  « 

^U  direction^   conicqucntly  t     a  1 

when  currents  of  the  same  I    |  * 

strength,   in    ainperet,    are  I 

flowinfliibothdreijiUlhey  r,,  9.    The  Wria«  of  .  Cabinet.    Sbowin*  How  Ki 

neulialiic  each  other  id  (he  Dividt  a  ThfM-wiit  S>Tt*m  into  Sii  Two-wire  Cit- 

mlddle  wire  and  there  will  cuiu.  Three  Grcuiu  to  Each  Lcf 

be  TO  current  flowing  in  this 

wire.    With  a  current  of  10  amperes  flowing   In   one  drcuit  and  one  ot  S 

ampere*  In  tbe  otbet  dfcidt,  the  cunent  flowlns  in  the  nential  wtie  w91  be  4 
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amperes.    To  obtain  the  greatest  benefit  from  this  ^stem,  it  should  alwi 
ioistaUed  so  that  there  will  be  nearly  the  same  load  or  number  of  lamps  <.  -  • 

side  of  the  neutraJ    wire.    £ 


1 


volt* 


Ho.! 


W" 


KO.S 


NowS 


n^^ 


then   there   will    be    times  »i 
more  lamps  will  be  bumir^  re- 
side than  on  the  otber,  so  tr.* 
is  necessary  to  gi\*e  some  si;- 
the    neutral    wire.      The   r.i.  ■ 
wire   b   seldom    made    less  — 
one-half  the  cross-sectioa  cf  : 
outer    wires.       For     ciislrib  * 
mains  in  bidldings  carrySnif  ^' 
only,  the  neutral  wire  sbotJc  - 
of  the  SAME   SIZE    as    the  o=* 
wires.    From  Table  II  it  «i! 
seen  that  the  three-wire  svin 
effects  a   considerable    sark^ 
copper,  amountto^;   to  fuflr  •>: 
of  the  ordinary  tv70-wire  no-.  -: 
system.    As  a  rule,  in  supp^}  • 
current  for  lii^ht  and   power  h: 

Fig.     10.    Three.ph«e.    Three-wire     System.  °"^  P**"^' ^^1"*^**  ^'^  **°^ -" 
Alternating  Current.    Compare  with  Fig.  11       arranged  on  the  three-wire  $>  •  - 

and  the  distributing  wires  anr  'j 
on  the  two-wire  system  as  in  Fig.  8.    When  using  the  three-wire  syj-teG  ' 
lighting  only,  the  three  wires  are  usually  run  no  farther  within  the  bdk: 
than  to  the  centers  of  distribu- 


LBgKo.1 


volU 


i 

B 
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tion,  and  from  these  centers 
two  wires  are  run  for  each  cir- 
cuit, the  circuits  being  divided 
as  equally  as  possible  on  the 
two  sides  of  the  three-wire 
system  as  shown  by  Fig.  9. 
Three-wire  mains  are  now  very 
commonly  used  where  the  cur- 
rent exceeds  ico  amperes. 
When  motors  are  operated 
from  the  three-wire  system  they 
are  usually  connected  only  to 
the  outside  wires.  Motors 
used  on  three- wire  incandes- 
cent-lighting systems  should 
be  wound  for  220  volts. 

CompAriton  of  the  Three- 
Phase  and  Three- Wire  Edi- 
■on  Systems.  The  wiring  for 
the  Edison  three-wire  direct- 
current  system  is  the  same  as 
that  for  the  three-wire,  three- 
phase  alternating-current  sys- 
tem, the  only  difference  being  that  the  voltage  between  any  two  wtMis  (^ 
a  three-phase  system  is  the  same.  Thus  in  Fig.  10  which  represents  a  thiw- 
wiic^  three-phase  system  the  voltage  between  the  wires  A  and  B  (phase  No.  i) 


Fig.  11.    Thro^-wUe  System.  Direct  Canot 
Compare  with  Fig.  10 
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xio  v^Us;  between  B  nd  C  (jphtm  No.. a)  is.  up  vokfti  aad  between  A 
&<1  C  (pha5e  No.  3)  is  no  volts.  But  in  Fig.  11,  which  tepreaeftts  a  three- 
ire  direct-current  system,  in  which  the  voltage  across  A  and  B,  and  B  and 
,  is  no  volts,  the  voltage  across  A  and  C  is  220  volts  or  twice  that  across 
ther  leg. 

Table  II.      Relative  Weight  of  Copper  Required  in  Different  Systems  for 

Equal  Sffectiye  Voltage 


Direct-current,  ordinary  two- wire  system 

Direct-current,  three-wire  system,  all  wires  of  same  size . . . 

Direct-current,  three-wire  system,  neutral,  one-half  size 

Alternating-current,  singl»'phase' two-Wire  systtoi: 

Three-phase  three-wire 

Three-phase  four-wire 


1. 000 

0.375 
0.313 
t.ooo 
0.7J0 
0.333 


Wlre*C«l6iilAtiioiit 

Wlre-Gaiiges.*  As  the  diameter  of  wires  is  ordinarily  designated  by  the 
number  of  a  wire-gauge,  and  as  there  are  a  number  of  wire-gauges  in  common  use, 
some  knowledge  of  those  used  for  copper  wire  is  necessary.  The  Brown  &  Sharpe, 
or  B.  &  S.,  gauge  (see  page  1474)  is  almost  exclusively  used  in  America  in  oonneo 
tion  with  electrical  work,  except  where  the  size  of  the  wire  is  designated  in  cir- 
cular mils.  The  sizes  of  wire  given  by  this  gauge  range  from  No.  0000  (0.46  in) 
to  No.  40  (0.0031  in),  but  No.  14  is  the  smallest  size  permitted  for  interior  wiring. 
The  No.  10  wire  has  a  diameter  of  about  Ho  in  and  its  resbtance  per  x  000  ft 
is  very  nearly  x  ohm.  For  ahy  given  number  of  this  gauge  a  wire  three  ninnbera 
higher  has  very  nearly  half  the  cro^ss-section,  and  one  three  numbers  lower  has 
twice  the  cross-section;  thus  a  No.  13  wire  has  vexy  nearly  one-half  the  cross- 
section  of  a  No.  10  wire,  and  a  No.  7  has  twice  the  cross-section  of  a  No.  10; 
or  four  times  that  of  a  No.  13. 

The  Circnlar-Mil  Wire-Gtuge.  This  gauge  was  designed  by  the  enjgineer- 
ing  department  of  the  Edison  Company  especially  for  the  designation  of  copper 
wire  for  electrical  work,  and  is  now  in  general  use  in  this  country.  In  practice 
the  B.  &  S.  gauge  is  commonly  used  for  designating  wires  up  to  No.  o  or  No.  00, 
and  all  wires  above  that  size  are  designated  by  circular  mils  (cm.).  The  size 
of  wire  required  is  often  determined  in  circular  mils  and  designated  by  the  corre- 
sponding B.  &  S.  gauge-number,  which  is  readily  done  by  means  of  Table  III, 
page  1473*  Copper  wire  is  sold  by  the  pound  if  bare  or  of  the  numerous 
weather-proof  varieties,  but  rubber-covered  wire  is  sold  by  the  i  000  ft. 

The  basis  of  the  circular-mil  gauge  Is  the  area  of  a  wire  Hooo  in  in  diameter 
(X  mil*  0.00X  in);  consequently,  i  cm. »  0.0000007854  sq  in.  As  the  areas  of 
circles  vazy  as  the  squares  of  their  diameters,  it  follows  that  the  sectional  area 
of  a  wire  2  mils  in  diameter  »  4  cm.,  of  a  wire  xo  mils  in  diameter  100  cm.,  and 
so  on. 

When  wires  are  designated  by  circular  mils,  the  sectional  axea  and  not  the 
diameter  is  generally  given,  cm.  always  referring  to  sectional  area.  The  diam- 
eter of  a  wire  in  mils  or  in  thousandths  of  an  inch  -i  square  root  of  its  area 

in  CIRCULAR  VtLS. 

Thus  the  diameter  of  a  wire  of  3  600  cm.  ->  60  mils,  or  0.060  in. 

The  diameter  of  a  wire  14  400  cm.  i«  120  mils  »  o.x3  in. 

The  area  of  a  wire  o.x63  in  in  diameter,  or  163  mHa,  »  x63'  ■  a€  344  cm. 

*  For  other  gauges,  lee  poges  40X,  40a,  403,  X473»  X509>  X510,  15x1  and  1630. 
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To  M^uee  ebciikr  mill  to  tquaro  faichoi.    Multiply  by  7  ^54  a«l  pdnt  cS 
ten  places  of  deciinala.    Thus,  s  000  cm.  -  7  ^54  x  s  000-  0/3039270000  aqin. 
To  obtain  th«  sectional  area  of  a  square  or  rectangular  bar  in  drcnlar  mils. 

Multiply  together  its  dimensions  in  mib  and  the  product  by  1.273. 

Example.     What  is  the  sectional  area  in  circular  mils  ofabarHinxHin? 

Soludon.    H  in-  0.125  «-  "S  mils,  H  in-  0.250  in-  250  ndk;     12s x 
2CO  X  1.273  —  397S1.25  cm. 

The  weight  of  bare  copper  wire  per  i  000  ft  -  cm.  x  0.003027  lb.  Thus  the 
weight  of  I  000  ft  of  copper  wire  having  a  sectional  area  of  2  000  c jn.  —  0.005027 
X  2  000  -  6.054  lb.  Table  IV,  page  i474.  gives  the  dimensions  and  weights  d 
bare  copper  wire  from  No.  18  to  No.  0000  B.  &  S. 

Carrying  Capacity  of  Copper  Wire.  The  safe  carrying  capacity  of  copper 
wire  for  interior  wiring  is  pracUcally  axed  by  the  undctwritera,  and  if  the  ca- 
padty-Hmits  given  in  the  tabte  pabUAed  by  them  are  exceeded  it  wwiH  tead 
to  destroy  the  right  to  recover  insurance  in  case  of  fire.  The  safe  canyiaj 
caoadty  of  rubber-covered  a*d  w^atheriinwf  wires  given  by  the  National 
Boaid  oC  Fire  Underwriters  is  shown  by  Table  lU,  page  1473.;  The  lower  am- 
Dere-capadty  assigned  to  rubber-covered  wires  is  due  to  the  fact  that  the 
lubbei  insulation  would  deteriorate  in  quaUty  under  a  temperature  as  high 
as  that  aUowed  for  weather-proof  wu:e;  that  is,  the  rubber  covering  makts 
necessary  a  lower  rate  ol  hcat-devdopment  than  b  required  for  safety  from  fire 
No  wire  smaller  than  No.  14  may  be  used  under  insurance-rules,  except  thi: 
No  16  may  be  used  for  flexible  cord  and  No.  18  for  fixture-wiring-  Nos,  ij. 
II  '9  and  7  are  not  usually  carried  in  stock  and  can  only  be  purchased  on 
spedal  order.  Rubber-covered  wire  must  be  used  for  service-wires,  for  moH- 
JnTwork  and  in  damp  places;  it  is  more  wqxnsive  than  weather-proof  win;. 
The  latter  wire  may  be  used  m  open  or  exposed  places  and  for  outJde 
line-wire^. 

Drop  of  Potential.  When  an  electric  current  flows  through  a  wire  of  any 
appreciable  length  the  pressure  becomes  reduced  by  the  resistance  of  the  wire, 
10  that  if  the  current  enters  the  wire  at.  say,  no  volts,  at  the  extreme  end  of  th* 
drtiuit  it  will  be  somewhat  less,  depending  upon  the  length  and  sectional  area  of 
the  wire  This  loss  in  voltage  is  called  drop  or  potential.  Drop  of  potential 
corresponds  to  loss  or  head  in  hydraulics.  As  a  drop  of  voltage  maleriany 
below  that  for  which  the  lamps  are  designed  means  diminished  candle-povff. 
it  is  very  important  that  the  wires  be  proportioned  so  that  the  drop  shall  not  bs 
suffident  to  affect  the  illumination.  The  Ublc  for  safe  carrying  capadty  if 
wires  has  nothing  to  do  with  the  drop  of  potential  which  these  currents  vd 
cause  in  the  wires.  Accordingly,  mains  and  distributing  wires  may  be  capabk 
of  carrying  the  number  of  amperes  in  accordance  with  Table  III.  page  u'h 
and  yet  cause  a  drop  of  potential  of  such  magnitude  that  the  most  disUnt  lamps 
will  bum  only  at  a  dull  red.  It  is  therefore  necessary,  in  computing  the  sia  of 
these  mains  and  distributing  wires,  to  consider  two  things: 

(i)  That  the  wire  is  large  enough,  according  to  the  underwnt«s*  table. 

to  cany  the  current  safdy.  ,     t     ,        1  v  n 

(2)  That  the  potential  drop  from  the  generator  to  the  farthest  lamp  shau 
not  be  excessive.    An  excessive  drop  in  voltage  also  means  increased  cost  for 
light  and  not  enough  copper  in  the  wires.  ....  . 

Where  the  current  is  supplied  from  the  public  mains  it  is  usual  to  speaiy  a 
2%  drop,  but  where  the  current  is  produced  cheaply,  as  by  a  dynamo  on  ti« 
premises,  a  3%  or  5%  drop  may  be  allowed.  Not  more  than  a  s%  drop  on  short 
distances  should  be  permitted,  even  where  very  dicap  work  b  dented.   Tbe 
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trop  in  volts  (not  in  percentage)  -  current  in  line  X  retbtanoe  of  fine,  or  drop 
o.  volts  «  amperes  X  ohms. 

Szample.  Wbat  will  be  the  drop  in  a  circuit  of  No.  14  copper  wire  280  ft 
ozig,  supplying  nine  lamps,  requiring  4.5  amperes? 

Solution.  From  Table  IV,  page  i474>  it  is  found  that  the  resistance  of  No. 
i^  -wiie  is  3.527  ohms  per  x  000  ft;  hence  for  a8o  ft  it  will  be  3.527  X  0.280  » 
3.7075  ohm,  and  drop  in  volts  *  4.5  X  0.7075  «  3.1837  volts.  The  voltage  for 
Lhis  current  (0.5  ampere  per  lamp)  will  be  about  no;  consequently  the  per- 
centage of  drop  «  3.1837/xio  ■-  3  9io%,  nearly.  A  2%  drop  on  a  pressure  of 
X  xo  volts  is  2.2  volts. 

Load-Center.  The  meaning  of  this  term  may  best  be  illustrated  by  an  exam> 
pie.    Let  Fig.  12  represent  a  drcuit  carrying  six  lamps,  the  first  lamp  being 


c.a 


"TO- 


Fig.  12.    The  Point  2)  is  the  Load-center 


40  ft  from  the  cut-out,  or  source  of  supply.  The  whole  of  the  current  must  be 
transmitted  through  this  40  ft,  but  from  that  point  it  will  gradually  fall  o5,  and 
the  average  current  will  only  extend  to.  the  point  CD,  halfway  between  the 
extreme  lamps.  Or,  in  other  words,  the  load -center  is  analogous  to  the  center 
of  gravity  of  the  lamps  on  the  circuit.  The  load-center  determines  the  length  oi 
the  line  in  the  rules  for  finding  the  necessary  size  of  wire. 

Dietrilrotiiig  Centers  are  the  pomts  in  a  building  where  the  cut-oul  cabinets 
are  located  and  the  branch  circuits  taken  off. 

Ctlcttletiona  for  Size  of  Wire  for  Incandescent  Lighting.  The  sizes  of 
wires  for  interior  lighting  are  or  should  be  always  determined  on  a  basis  of  a  fixed 
drop  of  potential,  usually  2  volts  on  the  distributing  drcuit  and  from  2  to  3 
volts  on  the  feeders  or  mains.*  The  size  of  wire  may  be  determined  either  in 
terms  of  its  sectional  area  in  circular  mils  or  in  terms  of  its  resistance  in  ohms 
per  X  000  ft.  Knowing  the  sectional  area  in  circular  mils,  one  may  find  the 
corresponding  gauge-number  from  Table  III,  page  X473f  or  if  the  resistance  in 
ohms  per  x  000  ft  is  known,  the  corresponding  gauge-number  may  be  found 
from  Table  IV,  page  1474. 

*  Msny  munidpiJ  lighting  companies  require  that  then  shall  be  no  more  than  2% 
total  dn^  in  the  wiring  for  interior  Lighting. 
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The  fonnuU  for  drcuiar  mils  is  as  fi^ws: 

io,4X2dxNxc 
Circular  mils 

V 

The  formula  for  resistance  per  i  coo  ft  of  wire  is 

X00O9 


Resistance  » 


N  Xc  X2d 


In  both  these  formulas  d  «  distance  in  feet,  one  way,  from  cut-out  tc  kai 
center  (see  page  1471)  for  distributing  wires,  or  from  entrance  cut-otxt  or  5'^   j 
of  current  to  distributing  center  for  main  lines  or  feeders,     c  »  current  b  ^r- 
peres  per  lamp.    N  *  number  of  lamps  supplied.    9  «  drop  in  volts,    h  - 
formulas  apply  to  any  voltage  and  to  any  two-wire  system.     To  ut  u 
formulas  for  the  ordinary  three-wire  system,  let  N  «  maximum   number 
lamps  on  one  side  of  the  neutral  wire  and  double  the  drop  in  volts.   T:. 
neutral  or  middle  wire  should  be  of  the  lame  size  as  the  outside  wires. 

Bzampla.  The  distance  from  the  cut-out  to  load-center  of  a  circoxt  carrr: 
nxteen  40-watt,  xio-volt  lamps  is  50  ft.  What  size  of  wire  should  be  usee  i  r . 
drop  of  2  volts? 

Solatioa.    ^-50;  N"  16;  c-  4o/zio«  0.364;  and  p-*  3. 
By  Formula  (z), 

^.     ,        .,       10.4  X  xoo  X  16  X  0.364 
Circular  mils  ■■  —  3  030 

a 

Table  m,  page  1473*  shows  that  the  next  larger  size  of  wire  b  4  107  ca. 

equivalent  to  a  No.  14  wire. 

By  Formula  (a), 

«    .  ,1  ooox  2 

Resistance  per  i  000  ft  -  z ■  4*59 

12  X  0^364  X  xoo 

which  we  see  from  Table  TV,  page  X474»  is  about  the  resistant  of  a  No.  16  win 
but  as  No.  14  is  the  smallest  wire  permitted  that  size  must  be  used. 

Example.  The  distance  from  the  entrance  cut-out,  where  the  wires  enter  tbs 
building,  to  the  main  dbtributing  center  of  a  building  is  100  ft.  The  total  Dum- 
ber of  i6-candle-power,  iio-vott  carbon-lamps  supplied  is  ninety.  What  b 
the  size  of  the  mains  that  should  be  used  on  the  two-wire  system  with  a  dr-.r 
of  2  volts?  (A  i6-candle-power  iio-volt  carbon  lamp  takes  ai^roximate^ 
0.51  ampere.) 

Solation.    <f  *  xoo;  iY«  90;  c-  0.5X;  v*  2 
By  Fomiula  (x), 

^.      ,        .,       X0.4  X  200  X  90  X  0.5X 

Circular  mils ■■  47  800 

a 

In  Table  III  it  is  seen  that  No.  3  wire  must  be  used.  If  a  drop  of  3  voltf  ir 
allowed  the  sectional  area  required  will  be  33  048  cm.,  which  requires  a  No.  5 
wire.  The  weight  per  x  000  ft  of  No.  3  weather>proof  wire  (Table  IV)  is  200  b 
and  of  No.  5  wire  X25  lb;  consequently,  the  saving  in  weight  op  wire  by  nntf 
a  drop  of  3  volts  instead  of  2  is  75  lb,  or  37H%  of  200,  and  as  wire  b  sold  by  tlie 
pound,  the  saving  in  cost  with  a  3%  drop  ranges  from  30  to  40%  of  a  2%  dnip. 

Bzample.  With  the  same  conditions  as  given  in  the  preceding  example 
what  is  the  size  of  the  wire  that  will  be  required  for  the  ordinary  three-wire 
system  with  2%  drop? 
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TaM<  m.    Carrying  Capacltr  of  Wires  and  Cables 

FOR  INTERIOR  CONDUCTORS,  ALL  VOLTAGES 
From  the  Natbnal  Electrical  Code 


No.  of 

Capacity  in  amperes 

Circular 
mtla 

wire, 
B.&S. 

Rubber- 

Weather- 

gauge* 

covered 

prool 

i8 

1634 

3 

5 

i6 

9583 

6 

xo 

14 

4107 

X5 

20 

12 

6530 

20 

25 

ID 

10380 

35 

30 

8 

16  510 

35 

SO 

6 

26250 

SO 

70 

5 

33100 

55 

80 

4 

41740 

70 

90 

3 

52630 

80 

100 

a 

66370 

90 

laS 

I 

83690 

100 

xso 

o 

I0S500 

"5 

200 

00 

133X00 

X50 

225 

000 

X67800 

X7S 

375 

0000 

211600 

MS 

32s 

Cables 

200  uoo 

200 

300 

*• 

300  000 

27S 

400 

•• 

4C0  000 

335 

Soo 

t« 

500000 

400 

600 

«< 

600  (AX) 

450 

680 

I* 

700  coo 

500 

760 

*« 

800  coo 

S50 

840 

*< 

900000 

600 

920 

«i 

X  000  000 

650 

zooo 

•« 

Z  100  000 

«90 

X080 

(« 

X  200  000 

730 

z  xso 

i« 

X300  000 

770 

Z  320 

*» 

1400006 

810 

Z390 

•« 

X  500  000 

850 

Z360 

i« 

X600000 

890 

1430 

«« 

Z  700  000 

930 

1490 

t« 

I  800  000 

970 

xsso 

II 

X  900000 

1  010 

z6xo 

II 

2  000  000 

X050 

z  670 

A  cnzrent  of  one  ampere  will  supply  two  x6<siid]e-power  carbon  lamps. 


Soltttioa. 


In  this  case  we  use  one-half  of  2^,  or  45,  and  a  « instead  of  9;  them 

Z0.4X  200x45x0.51 


Circular  mils 


■i  zz  920 


or  just  oNE-YOtTRTR  the  section  required  for  the  two-wire  system.    The  size 

of  wire  requir^  is  No.  8;  a  No.  9  wou\,d  answer  if  it  could  be  had.    Comparing 

the  weight  of  wire  required  with  the  two-wire  system  gives  two  No.  3  wires 

weighing  400  lb  per  z  000  ft,  and  with  the  threeAnrife  ssrstem  three  No.  8  wires 

weighing  307  lb;  hence,  the  saving  in  cost  is  nearly  50%  and  if  No.'9  wire  were 

obtainable  the  saving  would  be  55%.    With  a  drop  of  3%  (3.3  volts)  the  dr- 

.       ,.         '   ^  t    *t.   ».i.        '         *         10.4  X  200x45x0.51 
cular  mils  required  for  the  three-wire  system  •■ •■  7  230^ 

0*D 

*For  other  gauges,  tee  pages  40Z.  40t,  403*  Z469. 1509, 1510, 151a,  and  1600. 


^ 
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requiring  No.  lo  wires.    The  cnrrent  in  amperes  in  the  two-wire  Qrstoa  «  ^ 
^  *"  45 .9f  and  in  the  three-wire  system  HN  xc  22.95.     Referring  to  Taiot  Z- 
it  is  seen  that  the  smallest  size  of  weather-proof  wire  permitted  for  45.9  air^rr? 
is  No.  8;  consequently,  No.  8  wire  could  be  used  with  the  two-wire  systee  ir. 
comply  with  the  underwriters'  rules,  but  the  drop  in  potential  would  be  4i-:' 
0.2  X  0.6285  (amperes  x  resistance  of  line)  ■•  5.77  volts;  or  over  5%. 

For  the  three^wire  system,  the  current  being  2$  amperes,  the  smallest  wecbr- 
proof  wire  permitted  by  Table  III  is  No.  xa,  which  would  give  a  drop  of :. 
volts,  or  3.8  volts  on  each  side,  or  about  3H%  of  the  lamp-vohase.  Exuc: 
on  very  short  lines  a  2%  drop  will  always  demand  larger  wires  than  reel's: 
by  the  underwriters,  and  this  is  also  usually  true  of  a  3%  drop. 


TaUe  IV.    Dimenaioas,  Weights  and  Resistaniees  of  Copper  Wire 


Gauge- 
number, 
B.&S. 

Diameter 
in  mils 

Area  in 
dr.  mils 

Area  in 
sqin 

Wright  in  lb  per 
X  000  ft 

Bare 
wire 

Weather^ 

proof 

wire 

looch 
at  »•  C 
or6§'F. 

0000 
000 

00 
0 
I 

a 
3 
4 
5 
6 

7 
8 

9 
xo 

XX 

xa 
X3 

U 
X5 
x6 

17 
18 

460 
4x0 
36s 
335 
389 
358 
229 
304 

X83 

X62 

X44 
X28 

X14 
X02 

91 
81 

73 
64 
57 
5X 
45 
40 

axx  600 

X67800 
133100 
105  500 
83690 
66  370 
53630 
41740 
33100 
36350 
ao83o 
16510 
13090 
X0380 

8334 
6530 
5178 
4107 
3357 
3583 
3048 
1624 

0. 166x90 
0.131790 
0.X04530 
0.083687 
0.06573a 
0.053x28 

0.041339 
0.032784 

0.035999 
0.020618 
0.016351 
0.012967 
0.010283 

0.008155 
0.006466 
0.005x29 
0.004067 
0.003335 
0.003558 
0.002028 
0.00x608 
0.001275 

640.73 

508. 13 

402.97 

3x9.74 

353  43 

300.98 

X59.38 

X36.40 

XOO.33 

79.49 

63.03 

49.99 

39.65 

31.44 

34.93 

19.77 

15.68 

13.44 
9.86 
7.83 

6.30 

4.93 

800 
666 
500 
363 
313 
250 
300 
144 
125 
105 
87 
69 

004SB3 
o.o6r: 
0.07:* 

O.OQBn 

o.xar 

o.xsfc 

0.1967 

0  a4& 

o.3iaS 

0.39W 

0.4973 

0.6271 

07908 

0.99T2 

i.as7 

1.586 

1  999 

2.537 

3  179 

4.009 

5.0SS 
6  374 

SO 

31 

22 

14 

XX 

*  Approzhnate  weight  of  weather-proof  line-wire  for  outdoor  wock  h  10%  Ich  tke 
here  given. 

To  find  the  smallest  size  of  wire  that  will  comply  with  the  underwrites'  ruks 
it  is  only  necessary  to  compute  the  total  current  in  amperes,  and  from  Table  III 
select  the  wire  having  a  capacity  equal  to  or  next  above  the  required  number  ei 
amperes.  Table  VI  shows  at  a  glance  the  maximum  number  of  i6-cand]e-powa 
jio-volt  carbon  lamps  permitted  by  the  National  Code. 

Formulas  (i)  and  (a),  psge  X472,  may  also  be  used  for  motor-wirimo,  U  the 
required  current  in  amperes  is  known,  by  substituting  the  given  number  of  am- 
peres for  Nxc, 
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rmbl*  V.     MaTlmmn  L«afth  of  Uae  for  Givoa  Numbor  of  Lompo  that 
bo  Uiod  with  a  Two-Por-Cont  Drop.    Two-Wiro  Systom 

Baofod  on  M  ampere  per  carbon-lamp.    One  33-candle-power  carbon-lamp  « 
two  x6<aiidle-po«rer  caiboD-humps.    Four  40-watt  tiingiten- 
lamps  *  three  i6-candle-poirer  carbon-lamps 


Number  of  x6candle-power.  xxo>volt  carbon-lamps 

Mo.  of 

•wire, 
B.&S. 

4 

6 

8 

xo 

XX 

X3 

x6 

30 

34 

gauge 

Maximum  length  of  line,  one  side,  in  feet 

X4 

ao9 

139 

104 

83 

76 

70 

53 

43 

35 

la 

aai 

166 

133 

X20 

no 

83 

66 

ss 

xo 

364 

311 

193 

X76 

133 

X05 

88 

8 

336 

397 

373 

304 

X63 

136 

i    ^ 

440 

334 

367 

330 

1 

Number  of  l6<andle^power,  ixo-vott  lamps 

1 

30 

36 

40 

SO 

60 

70 

80 

90 

xoo 

Maximum  length  of  line,  one  side,  in  feet 

la 

44 

37 

10 

70 

58 

S3 

43 

8 

X09 

91 

81 

63 

54 

37 

40 

6 

178 

148 

133 

107 

89 

76 

66 

59 

53 

S 

235 

187 

168 

I3S 

X12 

96 

84 

75 

67 

4 

336 

313 

170 

141 

X3I 

106 

94 

85 

3 

368 

314 

x8o 

153 

134 

119 

X07 

2 

270 

325 

193 

X69 

ISO 

135 

I 

38s 

343 

313 

190 

X70 

For  three-wire  mains  with  220  volts  between  outer  wires  and  same  number  of  lamps  oa 
each  side,  length  of  wire  may  be  increased  foar  times. 


Table  VI.    Maximum  Carrying  Capacity  of  Wires  in  Tenns  of  i6-Candlo- 
Power  ixo-Volt  Lamps,  However  Short  the  Wires  Hay  Be 

Based  on  H  ampere  per  lamp 
Four  40-watt  tungsten-lamps  «  three  x6-candle-power  carbon-lamps 


No.  of 

wire. 

B.&S. 

lattge 

Number  of  lamps 

No.  of 

wire, 

B.&S. 

gauge 

Number  of  lamps 

Rubber- 
covered 

Weather- 
proof' 

Rubber- 
covered 

Weather- 
proof 

U 
u 

10 
8 
6 

34 
34 
48 
66 

93 

xo8 

33 

46 

64 

93 

130 

154 

4 
3 
3 
I 
0 
00 

130 

IS3 

xBo 
314 
354 
300 

184 

330 
262 
313 

370 
440 
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Biample.  What  should  be  the  size  of  the  ?rires  to  be  mn  to  m,  motor  ck: 
lequires  30  amperes  at  230  volts  and  is  situated  300  ft  from  the  distzflKztsz 
pole,  the  drop  in  volts  not  to  exceed  2%? 

Solution.    Using  Formula  (i),  and  substituting  30  for  i\r  x  f,  we  have 

^/     1         1       10.4  X  400  X  30        o 
Circular  mils  ■■ —  28  400 


lit 


which  requires  a  No.  $  wire.    Either  the  watts  or  the  current  in  ampere  £ 

stamped  on  every  mut 
^JJJJ^*  If   watts    are     given, 

current  in  amperes  017 
be  found  by  dix'idini:  tat 
watts  by  the  voltage,  t 
kilowatts  are  s'^'^xi,  iD::k:- 
ply  by  1 000  and  the 
divide  by  the  voltage. 

Wiring-Tables.  Sev- 
eral forms  of  wiring-tab^ 
which  are  very  useful  i. 
electricians  are  publisiKC  ir 
various  books  on  electix 
ity.  For  ordinary  inlerx- 
wiring  for  xio-voJt,  it' 
candle-power  carbc: 
lamps,  Table  V,  computni 
by  Mr.  Kidder,  will  shvw 
at  a  glance  the  numb? 
of  wire,  B.  &  S.  gai^ 
required  to  suf^y  the 
given  number  of  lamps  k 
first  ascertaining  the  lengu 
of  line  (one  way)  through 
which  the  average  ciiire^ 
flows,  as  explained  under 
Load-Center.  (See  paxr 
1471  and  Fig.  12.) 

Simple     Example    of 
Wiring.     To    show    the 
method  of  wiring  an  or- 
dinary building  for  incan- 
descent   lighting  we   wiD 
take  a  two-story  buildtof 
having    a     floor-(4an    as 
shown  in  Fig.  13.    Moat 
of  the  light-outlets  are  oa 
the  ceiling  and  are  indi- 
cated  by   a   small  drde. 
The  outlet  marked  £  b  a 
special  outlet  for  heatini; 
etc.,  and  must  be  described 
in  the  specifications.    Let  us  assume  it  is  to  take  320  watts.    This  is  equi\*a- 
lent  to  adding  eight  40-watt  Umps  to  this  circuit.    F  and  G  are  wall-outlets. 
The  meanings  of  the  ^mbols  used  are  explained  on  pages  i484~5-    Tbenumben 


Fig.  13.     Wiring-diagram  for  Second  Story.    For  Mean- 
ing of  Symbols,  see  pages  x484-5> 
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1  and  2  inside  the  circles  denote  the  number  of  i6-candle-power  carbon-lamps 
to  the  outlet.    The  same  number  of  25-watt  or  40- watt  tungsten-lamps  may 
always  be  used  without  overloading  the  circuits.    See  pages  1398  and  1399 
for   Standard- Wiring  Symbols.    The  current  to  be  obtained  from  the  wires  of 
the  public  lighting  company,  which  carry  a  current  at  220  volts  between  the 
outside  wires,  and  at  no  volts  between  either  outside  wire  and  the  neutral 
wire.     The  feed- wires  for  the  building  should  enter  through  the  alley-wall  at 
about  the  level  of  the  second 
floor  and  should  drop  in  the 
I>artition  just  inside  the  wall 
for  the  main  fuse-block  and 
switch,  which  should  Ije  in 
a     small    cabinet    and    the 
meter    (3/).    The    distribu- 
tion-cabinet   should    be    lo- 
cated near  the  center  of  the 
building,    say    at   DC,   and 
there   should   be   a  cabinet 
in    each   story.     From    this 
cabinet  we  will  run  four  cir- 
cuits for  each  story,  which 
are  indicated  by  the  letters 

A,  B,  C  and  D.    Circuit  A 

shows  the  wires  run  for  a 

switch  on  the  wall  near  the 

door  of  each  of  four  rooms 

to  control  the  lights  in  those 

rooms.     All  of  the  lights  on 

circuit  C  shou'd  be  controlled 

by  keys  in  the  lamp-sockets.    The  lights  on  circuits  B  and  D  arc  not  switched, 

except  the  outlet  at  head  of  stairs,  which  is  controlled  by  a  snap  or  push-button 

switch  at  5.    For  a  first-class  job  all  of  the  four  circuits  would  be  controlled 

by  knife-switches  in  the  cabinet,  as  shown  in  Fig.  14;  but  this  is  not  absolutely 
.  necessary. 

Size  of  Wires.  The  load-center  of  circuits  A ,  C,  and  D  would  be  at  about 
the  points  marked  X  (Fig.  13).  For  circuit  B  take  one-half  the  distance  ab 
and  add  to  it  the  distance  from  c  to  the  cabinet.  In  figuring  the  length 
of  line,  6  ft  should  be  added  for  the  drop  from  ceiling  to  the  cabinet.  Let  us  as- 
sume that  tungsten-lamps  are  to  be  used.  In  computing  the  current  taken  by 
each  lamp  it  is  always  assumed  that  no  smaller  than  a  40-watt  tungsten  is  used. 

The  drop-lights,  marked -0~  would  probably  be  25-watt  lamps,  but  must  be 

I 

counted  as  40-watt,  according  to  the  underwriters*  rule5.    The  number  of  40- 
watt  lamps  and  length  of  wire  for  each  circuit  are  as  follows: 

Circuit  A,  8  lights,  41  ft  one  way  to  load-center. 
Circuit  B,  11  lights,  52  ft  one  way  to  load-center. 
Circuit  C,  16  lights,  37  ft  one  way  to  load-center. 
Circuit  D,  12  lights,  59  ft  one  way  to  load-ceoter. 
Total  number  of  lamps,  47. 

From  Table  V  we  sec  that  the  maximum  length  of  line  one  way  for  No.  14 
wire  carrying  twelve  carbon  or  sixteen  40-watt  lamps  is  70  ft.  Consequently, 
all  of  the  lamp-circuits  can  be  No.  14  wire,  which  is  the  smallest  size  permit t^. 


F.F,  FUSE  PLUG? 


S.S*  KNIffi-ftWITCHCS 


Fig.  14.    Cabinet- wiring  for  Knife-switch  Contrd 
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Feed- Wires.  These  should  be  run  on  the  three- wire  s>'stein.  AUowinr 
9  X  47  or  94  lamps  in  first  and  second  stories  and  eight  in  basement,  the  :- 
wires  must  be  capable  of  supplying  102  lamps.  Each  40-watt  lamp  wooid  *. 
40/110  »  0.364  ampere.  The  distance  from  outside  the  building  to  distribci 
cabinet  is  about  72  ft,  allowing  for  three  drops.  Using  Formuia  'i^  . 
assuming  that  there  will  be  fifty-one  lamps  on  each  side  of  the  thre<?-wire  5>-'; 
and  doubling  the  drop  in  volts,  gives 


Circular  mils  - 


10.4  X  144  X  0.364  X  SI 


6  960  cm. 


which  calls  for  No.  11  wire;  but  as  this  size  is  not  carried  in  stock  we  m-j^t  .- 
No.  10.    From  the  second  story  to  the  third  No.  12  wires  could  be  used.    .* 
almost  all  buildings  lighted  from  a  central  station  the  lam{>-circuits  wll 
usually  require  a  wire  larger  than  No.  14,  so  that  about  the  onU'  wires  t*'- 
the  architect  needs  to  look,  after  are  the  wires  which  run  to  the  dislrib-^r. 
cabinets. 

Switches.  A  switch  is  a  device  for  opening  or  closing  a  circuit  at  will  d:i  " 
at  the  fixture  or  at  any  other  point.  In  the  better  class  of  buildia^  the  maj^r: 
if  not  all,  of  the  ceiling-lights  are  controlled  by 
switches  placed  at  a  convenient  place  on  a  side 
wall.  Lights  may  be  controlled  at  any  dbtance 
from  the  fixture  by  running  a  switch-loop. 
For  controlling  either  a  single  lamp  or  fixture, 
or  any  number  of  lamps,  a  switch-loop  is  run 
as  shown  on  circuits  A  and  C,  as  in  Fig.  13. 
As  shown  also  in  Fig.  4,  one  side  of  the  loop 
must  be  connected  with  one  of  the  distributing 
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Fig.  1 5.  The  Lamp  May  Be  Turned  Oflf  or  On 
From  Any  of  the  Five  Points,  .4,  B,  C,  D, 
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Fig.  16.  The  Lamps  May  B< 
Turned  Off  or  On  From  Either 
the  First  or  Second  Story 


wires   and   the   other    side   to   the   lamp.    When   a   number   of   lamps  zrt 
to  be  controlled  by  one  switch,  as  in  the  case  of  hall-lights,  and  the  lamp:> 
in   large   rooms,   such  as   churches,   theaters,   concert-lialls,   etc.,   a   separate 
circuit  is  usually  run  for  those  lamps,  and  a  switch  anywhere  in  one  of  the 
distributing  lines  will  turn  on  or  off  all  of  the  lights  on  that  line.    As  the 
underwriters  do  not  permit  more  than  twelve  i6-candle-power  caHx>n  or  sz?rtefa 
40-watt  tungsten-lamps  on  one  circuit,  not  more  than  these  numbers  of  lamps 
can  be  controlled  by  one  switch,  except  where  the  switch  Is  placed  on  the 
mains.     It  is  also  practicable  to  control  one  lamp  from  two  or  three  i^c^. 
Thus  by  a  duplex  or  three-point  switch  and  proper  wiring,  a  lamp  may  be  lighted 
or  turned  off  from  either  the  first  or  second  stor>'  at  will.    By  means  of  tir« 
three-point  switches  and  one  four-point  switch  a  first-story  hall-lamp  may  be 
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controlled  at  will  from  either  the  first,  second  or  third  stories.  Fig,  15  shows 
Ihe  method  of  control  Irom uny  number  of  pcnnts,  since  any  number  of  4-poinl 
snap- switches,  such  as  B,  C  and  D,  can  be  inserted  tielween  the  j-point  switches 
A  and  E  if  more  pmnts  of  control  are  needed.  Fit;.  16  shows  one  method  of 
wiring  (or  controlling  a  hatl-litiht  from  fint  and  second  stories  by  means  of  two 
3-point  switches.  With  the  switches  in  the  position  shown  the  circuit  is  broken, 
as  there  is  no  connection  between  Ihe  lamps  ard  line  B.  By  turning  either 
switch  a  connection  is  made  with  line  B  and  the  current  will  tlow. 

Kind*  o(  SwhchM.     For  controlling  lamps  from  one  point  three  Idnds  of 

and  KNiTE-sttiTCHEs.  When  less  than  eight  lamps  are  controlled  by  Ihe  switch, 
a  flush  or  push-button  switch  is  commonly  used  where  a  neat  appeaiance  is  desir- 
able, and  in  places  where  this  is  of  no 
importance.  >  snap-switch  is  used,  as  it  is 
the  cheaper.  Where  a  circuit  of  twelve  or 
more  lamps  is  controlled  by  a  switch,  a 
double-pole  (d.p.)  knife-switch  (Fig.  17) 
i^.  commonly  used,  being  generally  placed 
in  a  cabinet.     Knife-switches  should  always 

button  switches  are  made  both  <jngle  and 
double  pole.  A  single-pole  switch  opens 
otily  one  side  oi  the  circuit  and  a  double- 
mi  lr  switch  both  sides.  A  double-pole 
knife-switch  necessarily  opens  both   sides.  Fig.  17.    Common  Knife-twitch 

must  have  three  poles.    Douhlc-pole  snap  and  push-button  switches  are  seldom 
FuiM  sniTCHKS.  are  usually  of  the  snap  or  of  the  pu^-button  type. 

Coadtill-Sytlem*.  As  weather-proof  or  nibber-covcred  wire  tannol  be  run 
in  brick  walls  or  Soors  of  brick,  lerra-cotta.  or  concrete  without  some  protection 
-oiher  (han  the  covering  of  Ihe  wires,  it  is  neccvaiy  in  such  pbtes  to  run  the 
wires  in  tubes  or  conduits,  and  in  fire-proof  buildings  all  of  Ihe  lighting- wires 

Kindt  of  Condnita.    There  are  two  kinds  of  interior  conduits  now  in  com- 

(I)  LiMd  MOd-Sttri  Wpt.  The  lining  consiols  of  a  thin  coat  of  enamel 
which  must  be  impervious  to  water,  sulphuric  acid,  acetic  acid.  h)*drochloric 
■(id  and  larbonale-of-soda  solutions.  For  regular  conduit  systems  only  mild- 
sletl  piping  o(  the  same  thickness  as  ordinary  g.i^-piping  i*  approved  by  Ihe 
underwriters.  Thecunduil  must  be  conrinuous  from  outlet  to  outlet  ur  juncliun- 
liuies  or  cnblnels  and  musi  properly  enter  and  be  secured  to  all  fitlinRS.  and  the 
tnlire  system  must  be  mechanically  secured  in  position.  Mild-steel  pipe  may 
be  salviniied,  coaled,  or  enameled  on  the  outside,  bul  it  must  be  enameled  on 
Ihe  inside  as  stated  above.  Rigid  conduit,  wncittEg  lined  oi  I-'klined,  are 
installed  in  Ihe  same  manner  as  a  good  job  of  gss-litlinB.  except  that  for  conduits 
the  pipe  may  be  bcnl  to  a  cune  and  no  elbow  can  be  u'ed  having  less  than 
,|i:.in  tadius  for  the  inner  edge.  Wherever  branches  are  taken  otl.  juncllon- 
U>ies  must  be  provided  and  eveiy  oullet  must  have  an  appro\-ed  oullel-Kiu  or 

iuit- systems  must  be  cgotNOKo  by 
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(a)  Flexible  Armored  Conduit.    This  is  made  of  metal  ribbon  wound  spl- 
is  generally  used  in  wiring  old  houses  because  it  is  easier  to  install.     Crs-. 
LOOM  is  flexible  woven  tubing  treated  with  insulating  material  that  make:^  n 
its  shape.    This  may  be  used  in  dr>'  places  and  for  outlets  through  pla.-t^' 
if  it  extends  back  to  the  nearest  porcelain  knob  holding  the  wire  whicr. 
conduit  covers. 

Natioiud  Electrical  Code.    The  National  Board  of  Fire  Underwrite^- 

conjunction  with  committees  from  the  American  Institute  of  Architect-.  - 
from  the  national  associations  of  electrical,  mechanical  and  railway-  enzi-i'- 
have  prepared  a  code  of  rules  and  requirements  for  the  installation  of  ekttr 
lighting  which  is  the  generally  recognized  standard  and  with  which  all  Inz^ 
wiring  must  comply  if  it  is  desired  to  obtain  insurance  on  the  building.     ". 
code  has  also  been  made  a  part  of  the  ordinances  of  most  of  the  laiK^^  <--' 
It  is  revised  every  two  years,,  in  the  odd-numbered  years.    The  National  B 
of  Underwriters  also  publishes,  semi-annually,  a  supplement  to  the  Nati 
Electrical  Code  which  contains  a  list  of  all  articles  that  have  been  exan> 
and  approved  for  use  in  connection  with  the  code,  together  with  the  nami^ 
the  manufacturers.    Articles  not  included  in  this  list  will  not  be  passed  b>  * 
inspectors.    Copies  of  the  code  and  supplement  can  be  obtained  from  the  n«r-r- 
Underwriters'  Inspection  Bureau,  or  by  writing  to  the  Underwriters*  Lali-  - 
tories,  383  Ohio  Street,  Chicago,  III.     The  following  requirements  app} 
almost  every  installation,  and  ever>'  architect  should  be  conversant  with  thr 

Extracts  from  the  National  Electrical  Code* 

(i)  All  wire  for  concealed  work  must  be  of  the  best  approved  rubber-cove^ 
brands,  as  shown  in  List  of  Fittings.  No  wire  smaller  than  No.  14  B.  &  S.  ^ra .. 
to  be  used.    AH  wire  run  in  conduits  must  have  double-braid  covering. 

(2)  Where  wires  are  concealed  and  run  parallel  to  joists  they  must  be  ^^' 
ported  on  porcelain  knobs  which  hold  the  wires  at  least  i  in  from  wood«  ■ 
or  surface  wired  over.  Knobs  must  be  securely  fastened  and  mt'st  be  flx-  ' 
EVERY  4\^i  FT.  Where  wires  are  run  through  joists  they  must  be  ba-r- 
with  porcelain  tubes  the  entire  width  of  joists.  All  wires  must  be  drawn  ti^:  • 
so  as  to  have  all  slack  removed. 

(3)  In  concealed  work  all  wires  must  be  separated  from  each  othfr  • 
AT  least  5  IN'.     Where  wires  run  down  partitions,  especially  partitions  ft>m 
by  2  by  4-in  studs,  the  wires  must  be  so  supported  as  to  run  in  the  middle 
partition.     If  more  than  two  wires  are  run  down  partition  between  studs,  th;. 
must  be  separated  by  at  least  5  in. 

(4)  Where  wires  pass  through  floors  they  must  be  protected  from  the  fl-  ' 
up  to  a  point  5  ft  above  the  floor  with  conduit  or  with  l>o.xing.  There  m.  ' 
always  be  a  space  of  i  in  between  the  wires  and  the  boxing. 

(5)  All  joints  must  be  securely  soldered  and  taped.  A  splice  to  be  apprt»\vi 
must  be  both  mcchanic:illy  and  electrically  secure  without  solder,  but  mu^t  »-» 
soldered  unless  made  with  some  form  of  approved  splicing-device.  Joint-  '■ 
be  properly  ta{K*d  re^juire,  where  rubber-covered  wire  is  used,  first  to  be  taprl 
with  rubber  tajH;  and  then  with  friction-tai>e.  The  insulation  of  a  joint  niu< 
equal  that  on  the  conductors. 

(6)  Where  wires  enter  the  building  they  must  be  provided  with  drip-loops. 

(7)  There  mu^^t  ho  a  Xf\iv  crr-oiT  and  switch  installed  in  an  easily  afu>- 
«ihle  place,  as  near  as  ix><sil)le  to  the  ix)int  where  the  wires  enter  the  build'uu 

•  The  numbers  here  eiven  do  not  correspond  with  those  in  the  code,  an«l  aex'enl  M 
the  rules  are  much  al»ri<l;,'e'l.  They  are  intended  to  give  the  substance,  ratber  than  th« 
exact  language. 
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X'liis  will  require  that  cut-out  and  switch  be  placed  where  there  is  no  need  of  a 

X  3 -ft  ladder  to  reach  them.     (See  Pig.  z8.) 

(8)  Evecy  lighting-circuit  of  66o  watts  must  be  protected  by  a  cut-out. 

T'his  will  limit  the  number  to  twelve  i6-candIe-power  or  sixteen  40- watt  lights 

on  a  two- wire,  1 10- volt  circuit,  and  to  thirty-two  40- watt  or  twenty  i6-candle- 
I30wer  lights  on  a  three- wire,  3 20- volt  circuit.    By  special  permission,  where  No.  14 
Vvire  is  carried  directly  to  keyless  sockets,  and  where  the  location  of  the  sockets 
is  such  as  to  render  unlikely  the  attachment  of  flexible  cords  thereto,  the  circuits 
may  be  so  arranged  that  not  more  than  i  320  watts  (or  32  sockets)  may  be  de- 
pendent upod  the  final  cut-out.    Sockets  are  to  be  considered  as  requiring  not 
less  than  40  watts  each. 

(9)  All  cut-outs  must  be  placed  in  an  asbestos-lined  cabinet.  The  as- 
bestos must  be  at  least  ^  in  in  thickness  and  securely  held  in  place  by  shellac 
and  tacks.  Lumber  of  which  cabinet  is  made  must  be  at  least  H  in  in  thickness. 
Cabinet  must  be  furnished  with  snug-6tting  door;  door  to  be  hung  by  strong 
hinges  and  to  be  furnished  with  a  suitable  catch. 

(10)  Cut-outs  to  be  approved  must  be  of  the  plug  or  of  the  cartridge-type. 

(11)  Enclosed  arc-lamps  and  incandescent  lamps  must  not  be  placed  on  same 
circuit.  Arcs  must  be  on  separate  circuits  by  themselves.  Each  arc-light  must 
he  protected  by  an  approved  cut-out.  The  cut-outs  are  to  be  placed  in  an  as- 
bestos-lined cabinet. 

(1 2)  The  practice  of  using  fused  rosettes  will  not  be  approved,  except  in  mills. 

(13)  Where  wires  run  down  the  side  wall  they  must  be  protected  from  me- 
chanical injury. 

(14)  All  outlets  must  be  made  to  conform  to  Rule  24,  National  Electrical  Code. 

(15)  Fans  in  series  will  not  be  approved. 

(16)  Runs  of  lamp-cord  will  not  be  approved.  Lamp-cord  is  designed  to  be 
used  for  drops  only.    Ordinary  insulated  wire  must  be  run  to  place  desired. 

( 1 7)  Electric  heaters  must  be  installed  in  accordance  with  Rule  25  a-f,  National 
Electrical  Code. 

Genenl  Suggestions  for  Electric  Work* 

General  Principles  and  Recommendations.  In  all  electric-work  con- 
ductors, however  well  insulated,  should  always  be  treated  as  bare,  to  the  ena 
that  under  no  conditions, 


existing  or  likely  to  exist, 
can  a  grounding  or  short 
circuit  occur,  and  so  that 
all  leakage  from  con- 
ductor to  conductor,  or 
between   conductor  and 
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ground,  may  \ye  reduced    pj^  ^^  •  ^^^  ^^^^^^  Fuse-block  and  Meter  Located  Near 
to    the    mmimum.      In  ^  Point  of  Entrance  of  the  Service-wires 

all  wiring  special  atten- 
tion must  be  paid  to  the  mechanical  execution  of  the  work.  Careful  and 
neat  running,  connecting,  soldering,  taping  of  conductors,  and  securing  and 
attaching  of  fittings,  are  specially  conducive  to  security  and  efficiency,  and  will 
be  strongly  insisted  on.  In  laying  out  an  installation,  except  for  constant-cur- 
rent systems,  the  work  should,  if  possible,  be  started  from  a  center  of  distri- 
bution, and  the  switches  and  cut-outs,  controlling  and  t*onnected  with  the  several 
branches,  be  grouped  together  in  a  safe  and  easily  accessible  place,  where  they 
ran  be  readily  got  at  for  attention  or  repairs.    The  load  should  be  divided  as 

*  Preface  to  the  Kational  Electrical  Code 
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evenly  as  possible  among  the  branches,  and  all  complicated  and  unnece&^ai; 
wiring  avoided.  The  use  of  wireways  for  rendering  concealed  wiring  pc7- 
manently  accessible  is  most  heartily  indorsed  and  recommended;  and  ihk 
method  of  accessible  concealed  construction  is  advised  for  general  use.  Arch- 
itects are  urged,  when  drawing  plans  and  specifications,  to  make  provisSon  N^r 
the  channeling  and  pocketing  of  buildings  for  electric-light  or  power-wires,  a.-Ki 
in  specifications  for  electric  gas-lighting  to  require  a  two-wire  circuit,  whether 
the(  building  is  to  be  wired  for  electric  lighting  or  not,  so  that  no  fiart  of  the 
gas-fixtures  or  gas-piping  be  allowed  to  be  used  for  the  gas-lighting  circvit. 
Fig.  18  shows  a  common  arrangement  of  main  cut-out,  switch  and  meter,  to 
comply  with  Rule  7,  page  1480.  The  main  cut-out  and  switch  should  be  23 
near  as  possible  to  the  outside  wall,  but  the  meter  may  be  at  some  distance  from 
the  switch  if  desirable  for  any  reason. 

Specifications  for  Interior  Wiring* 

Specifications  for  Interior  Wiring  should  provide: 

(i)  That  the  wiring  shall  be  installed  in  accordance  with  the  latest  rules  and 
requirements  of  the  National  Board  of  Fire  Underwriters,  the  local  ordinancts 
»nd  the  rules  of  the  local  electric  light  company,  where  current  b  to  be  takes 
trom  the  public  mains. 

(2)  Xo  electrical  device  or  material  of  any  kind  to  be  used  that  is  not  approved 
by  the  Underwriters'  National  Electric  Association,  and  all  articles  must  have 
the  name  or  trade-mark  of  the  manufacturer  and  the  rating  in  volts  and  amperes 
or  other  proper  units  marked  where  they  may  readily  be  observed  after  the 
device  is  installed. 

Requirements  (i)  and  (2)  are  sufficient  to  insure  a  safe  installation. 

(3)  Contractor  must  obtain  a  satisfactory  certificate  of  inspection  from  the 
dty  inspector  or  from  the  inspector  of  the  local  board  of  fire-underwriters. 

(4)  If  the  wires  are  to  run  in  a  conduit  system  it  should  be  so  specified.  Wl^a 
a  conduit  system  is  used,  the  wires  should  not  be  dra^'N  in  until  all  mechan- 
ical work  as  far  as  possible  is  completed.  It  is  best  to  wait  until  after  the 
plastering  is  dry.    All  conduit  systems  must  be  grocnded. 

(5)  Size  of  Wires.  The  best  method  is  to  specify  the  size  of  all  wires,  no  wire 
to  be  less  than  No.  14  B.  &  S.  gauge;  but  if  the  architect  does  not  care  to  do  this 
the  following  clause  is  sufficient,  provided  he  can  have  confidence  that  the 
contractor  will  comply  with  it:  "AU  wires  must  be  of  such  size  that  the  drop 
in  potential  at  farthest  light-outlet  shall  not  exceed  2%  under  maximum  load/' 

(6)  Cut-out  cabinets  and  where  they  are* to  be  placed;  also  location  of  main- 
line cut-out  and  fuse.  For  buildings  containing  not  more  than  forty  lights,  one 
distributing  point  is  generally  sufficient,  although  in  large  houses  it  is  often 
convenient  to  have  a  cut-out  cabinet  in  each  stoiy. 

(7)  Number  and  kind  of  switches.  All  outlets  should  be  marked  on  the 
plans,  and  the  number  of  lights  indicated  by  figures  1,  2,  3,  4,  etc.,  as  in  Fig.  13. 
See  pages  1484  and  1485  for  standard  symbols.  The  location  of  all  switches 
for  controlling  lights  should  also  be  indicated  on  the  plans. 

Approximate  Cost  of  Wiring  for  Incandescent  Lighting.    Approximate 

estimates  of  the  cost  of  wiring  buildings  for  electric  lighting  are  usually  based  on 
the  number  of  outlets  (not  lamps).  The  actual  cost  will  depend  upon  the  num- 
ber of  pounds  of  wire  required,  the  kind  and  number  of  switches,  character  of 
cut-out  cabinets,  etc.,  and  the  time  required  to  do  the  work,  so  that  a  close 

*  Wiring  specifications  for  buildings  having  their  own  generating  plant  should  be  pre- 
pared by  an  expert. 
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eitimate  caniiot  be  made  without  plans  and  specifications.  Again,  wages  and 
prices  of  material  vaiy  to  a  ooosidenble  extent  in  different  parts  of  the  country, 
so  that  an  estimate  that  would  be  about  right  for  one  locality  would  not  suffice 
for  another.  The  following  figures,*  however,  will  enable  anyone  to  form  an 
approximate  idea  of  what  any  proposed  wiring-job  will  cost. 

Count  cost  of  labor  as  not  more  than  one-third  the  cost  of  the  installation. 

For  knob-and-tube  work  in  new  houses  of  less  than  seventeen  outlets  or 
twenty-five  lamps,  with  no  switches  except  main  switch  and  a  rough  cut-out 
box  lined  with  asbNCStos,  allow  $1.50  per  outlet. 

For  same  class  of  work,  from  25  to  100  lamps,  allow  $1.75  to  $2.00  per  outlet. 

The  extra  labor  involved  in  wiring  old  buildings  will  add  from  30  to  50%  to 
the  above  figures. 

For  each  switch-loop  with  a  single*pole  snap-switch,  add  from  $1.50  to  $1.75. 

For  each  switch-loop  with  single-pole  push-button  switch,  add  from  $2.25  to 
$2.50. 

For  each  lamp  controlled  by  duplex  or  three-point  switches,  add  from  %s  to 
$6. 

For  each  hardwood  cut-out  cabinet  with  door  and  lock,  add  from  $7  up  ac« 
cording  to  number  of  drctiits  and  finish. 

Iron  cut-out  cabinets  cost  from  $8.50  up. 

Ordinary  exposed  wiring,  as  in  factories,  can  usually  be  run  for  from  $1 .00 
to  $1.75  per  drop,  including  rosettes,  cord  and  sockets,  the  cost  depending  very 
largely  upon  how  closely  the  drops  are  spaced. 

Small  installations  with  iron-armored  conduit  will  probably  cost  from  $5  to 
$6  per  outlet.    Large  installations  will  cost  somewhat  less. 

A  private  lighting-plant  of  200  lamps,  wired  on  the  concealed  knob-and-tube 
system,  will  cost  from  $1  250  to  $x  500,  and  a  similar  plant  with  600  lamps  will 
cost  from  $2  500  to  $3  009.  These  prices  include  engine,  dynamo-switchboard, 
etc.,  complete,  and  wiring,  but  no  switches  for  controlling  lamps. 

The  iron-armored  conduit-system  will  add  about  $2.75  per  outlet. 

None  of  the  above  estimates  include  the  cost  of  fixtures  except  in  the  case  of 
exposed  wiring. 

Drop-cord  and  sockets  cost  about  90  cts  per  lamp.  Single-lamp  fixtures  may 
be  purchased  from  $1.25  upwards;  double-lamp  fixtures  from  $2  upwards. 
Combination-fixtures  cost  about  25%  more  than  straight  electric  fixtures. 

The  price  of  rubber-covered  wire  varies  from  $8  to  $60  per  1 000  ft  according 
to  size,  and  of  weather-proof  wire  from  16  cts  to  25  cts  per  pound. 

*  Thtae  are  pre-war  prices  and  the  data  an  ictaioed  for  purposes  of  oomparisoa  of 
rdathre  values. 
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WMflt-Synboto  ildoptad  by  tha  NatiMul  CoafenKton* 
•nd  the  Amerkaa  Institiite  of  Architects 

Copjrrighted 

Ceiling-outlet :  electric  oaly.    Numeral  in  center  indicates   TinmhrT  <tf 
standard  z6-c.p.  incandescent  lamps.* 

Ceiling-outlet;  combination.    |  indicates  4-i6cp.  standard 
incandescent  lamps  and  2  gas-burners.    If  gas  only. 

Bracket-outlet;  electric  only.    Numecsl  in  center  indicates 
number  of  standard  i6-c.p.  incandescent  lamps. 

BracLet-outlet;    c<Nnbination.    |  indicates  4-16  c.p.  stand- 
ard incandescent  lamps  and  2  gas-burners.     If  gas  only. 

Wall  or  baseboard  receptade-outlet.    Numeral  in  center  indi- 
cates  number  of  standard  z6-c.p.  incandescent  lamps. 

Floor-outlet.    Numeral  in  center  indicates  number  of  Standard  i6-cjp^ 
incandescent  lamps. 

Outlet  for  outdoor  standard  or  pedestal,  electric  only.    Numeral  indicates 
number  of  standard  z6-c.p.  incandescent  lamps. 

Outlet  for   outdoor   standard  or  pedestal;    oombination.    |    indirstfs 
&-16  c.p.  standard  incandescent  lamps;  6  gas-burners. 

Drop<ord  outlet. 

One-lamp  outlet,  for  lamp-receptacle. 

Arc-lamp  outlet. 

Special  outlet  for  lighting,  heating  and  power-current,  as  described  in 
specifications. 

Ceiling-fan  outlet. 
S.  P.  switch-otttleL 


D.P.  switch-outlets. 
3-way  switch-outlet. 
4-W8y  switch-outlet. 
Automatic  door  switch<outlet. 

Electrolier  switch-outlet. 

Meter-outlet. 

Distribution-panel. 

Junction  or  pull-boK. 

Motor-outlet.    Numeral  in  «nter  indicates  horse-power. 


Show  as  many  symbols  as  there 
are  switches.  Or  in  case  of  a 
very  large  group  of  switches, 
indicate  number  of  switdies  by 
a  Roman  numeral,  thus; 
S'XII,  mwining  la  aiagle-pde 
switches. 

Describe  type  of  switch  in  speci- 
fications, that  is,  flash  or  sor- 
lace,  push-button  or  snap. 


L^"^]        Motor-control  outlet* 


Transformer. 

*  If  tungsten-lamps  are  used  instead  of  carbon-lamps,  the  figure  in  the  circle  may 
stand  for  the  number  of  25-watt  tungsten-lamps,  a  25-watt  tungsten-lamp  being  the 
nearest  in  candle-power  to  a  xfi-candle-power  carbon-lamp  though  consuming  less  thao 
one-half  the  power.  Since  tungsten-lamps  average  about  i.x  watts  to  the  candle-power, 
many  architects  place  in  the  circle  the  number  of  watts  to  be  used.    Dividing  this  number 
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■■  •— — ^       Main  or  feeder-run  concealed  under  floor. 

*       • 

^■■■■"■"""^  Main  or  feeder-run  concealed  under  floor  above. 

*""""■"——  Main  or  feeder-rua  ezpoied. 

—  -^—  Branch  drcuit-run  concealed  under  floor. 

— ^^^—  Branch  circuit-run  concealed  under  floor  above. 

■»-—■>»——  Braadi  drcuit-run  ezpoted. 

■'■  ■     #  i-i-       Pole-line. 
•  Riser. 

U  Tdephone-outlet;  private  service. 

Telephone-outlet;  public  lervice. 

Bell-outlet. 

O  Buzzer-outlet. 

F>l2  Pufth-button  outlet.    Numeral  indicates  number  of  posheSb 

**'\0  Annunciator.    Numeral  indicates  number  of  points. 

m  Speaking-tube. 

— *{o)  Watchmanrdock  outlet. 

Watchman-station  outlet. 
Master  time-clock  outlet. 
...Jn  Secondary  time-clock  outlet. 

nn  Door-opener.  • 

R^  Spedal  outlet  for  signal^systems,  as  described  in  spfrifiratioos. 

1 1 1 1 1 1  Batteiy-outlet. 

I  M    I  Circuit  for  dock,  telephone,  bell  or  other  seiviee.  run  under  flbor, 

^^^^^^^_^^^__^^^  concealed.    Kind  of  service  wanted  ascertained  by  symbol  to 

■"  ——""  which  Une  tonnects. 

^^^^^^^^^^^..^^^       Cttcuit  for  clock,  telephone,  bell  or  otlier  service,  nm  uader 

floor  above,  concealed.    Kind  of  service  wanted  ascertained 
by  sjrmbol  to  which  line  connects. 

Hdi^ts  of  center  of  wall-outlets  (unless  otherwise  specified): 

Living-rooms 5  ft  6  hi 

Chambers 5  ft  o  in 

Ofiices o  ft  o  m 

Corridors 6  ft  3  in 

Heights  of  switches  (unless  otherwise  specified) 4  ft  o  in 

b>  t.i  gfves  the  candle-power  per  outlet.  Thus  V^  means  enough  tungsteo-lampi 
can  be  placed  in  this  outlet  to  total  iso  wntts,  three  }iS^  40-watt  Umps,  or  two  6o>watt 
hmpa,  etc.    The  candle-power  in  any  case  would  be  iao/x.x  «  xio candle-power. 


■  ■  ft.CJ 
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AECmTECTURAL   ACOUSTICS* 

By 
WALLACE  C.  SABINE 

lAXS  PSOTZSaOK  OV  PHYSICS,  HASVAU)  UVIVXUITT 

Architectural  Acoustics  s  Rstiomd  Enginesring  Problem.      Becmnse 

familiarity  with  the  pheaomena  o£  sound  has  so  far  outstripped  the  adequate 
study  of  the  problems  involved,  many  of  them  have  been  popularly  shrouded  La 
a  wholly  unnecessary  mystery.  Of  none,  perhaps,  is  this  more  true  than  of 
ARCHITECTURAL  ACOUSTICS.  The  Conditions  surrounding  the  transmission  of 
speech  in  an  enclosed  auditorium  are  complicated,  it  is  true,  but  are  only  such 
as  will  yield  an  exact  solution  in  the  light  of  adequate  data.  It  is  not  un- 
reasonable, therefore,  to  include  problems  of  architectural  acoustics  among  the 

llATIONAL  ENGINEERING  PROBLEUS. 

Charscter  end  Ap^cation  of  the  Problem.  The  problem  of  architec- 
tural acoustics  is  necessarily  complex,  and  each  room  presents  many  conditions 
which  contribute  to  the  result  in  a  greater  or  leas  degree,  according  to  orcum- 
stances.  To  take  justly  into  account  these  varied  cx>nditions,  the  solution  c^ 
the  problem  should  be  quantitative,  not  merely  quautative;  and  to  reach 
its  highest  usefuhiess  and  the  dignity  of  an  engineering  science  it  should  be  sudi 
that  its  application  can  precede,  not  merely  follow,  the  construction  of  the 
building. 

Conditions  and  Factors  of  the  Problem.  In  order  that  hearing  may  be 
good  in  any  auditorium  it  is  necessary  that  the  sound  should  be  sufficiently  loud, 
that  the  simultaneous  components  of  a  complex  sound  should  maintain  their 
proper  relative  intensities,  and  that  the  successive  sounds  in  rapidly  moving 
articulation,  either  of  speech  or  of  music,  should  be  clear  and  distinct,  free  from 
each  other  and  from  extraneous  noises.  These  three  arc  the  necessary,  as  the>' 
are  the  entirely  sufficient,  conditions  for  good  hearing.  Scientifically  the  prob- 
lem involves  three  factors:  « 

(i)    Reverberation. 

(2)  Interference. 

(3)  Resonance. 

As  an  engineering  problem  it  involves  the  shape  of  the  audltorihm,  its  dimen- 
sions, and  the  materials  of  which  it  is  composed. 

Rate  of  Absorption  of  Sound.  Sound,  being  energy,  once  produced  in  a 
confined  space,  will  continue  until  it  is  either  transmitted  by  the  boundary  walls 
or  is  transformed  into  some  other  kind  of  energy,  generally  heat.  This  process 
of  decay  is  called  absorption.  Thus,  in  the  lecture-room  of  Harvard  Univer- 
sity, in  which,  and  in  behalf  of  which,  this  investigation  was  begun,  the  rats 

*  Adapted  and  reproduced  by  permission  from  a  paper  read  by  Dr.  W.  C.  Satwic 
before  the  Franklin  Institute,  Philadelphia,  October  50,  1914  and  published  in  the 
January  1915  issue  of  the  Journal  of  the  Franklin  Institute.  For'infonnatioD  leg&rd- 
ing  further  daU,  see  other  papers  and  treatises  on  the  subject  by  the  author  of  this 
article. 
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OT  ABSORPTION  was  SO  Small  that  a  word  spoken  in  an  ordinary  tone  of  voice  was 
a-udible  for  five  and  a  half  seconds  afterwards.  During  this  time  even  a  very 
deliberate  speaker  would  have  uttered  the  twelve  or  fifteen  succeeding  syllables. 
Thus  the  successive  enunciations  blended  into  a  loud  sound,  through  which  and 
above  which  it  was  necessary  to  hear  and  distinguish  the  orderly  progression  of 
the  speech.  Across  the  room  this  could  not  be  done;  even  near  the  speaker 
it  could  be  done  only  with  an  effort  wearisome  in  the  extreme  if  long  main* 
tained. 

Multiple  Reflection,  Reverberation  and  Echoes.  With  an  audience  filling 
the  room  the  conditions  were  not  so  bad,  but  still  not  tolerable.  This  may  be 
regarded,  if  one  so  chooses,  as  a  process  of  multiple  reflection  from  walls, 
from  ceiling,  and  from  floor,  first  from  one  and  then  another,  losing  a  little  at 
each  reflection  until  ultimately  inaudible.  This  phenomenon  will  be  called 
REVERBERATION,  including,  as  a  special  case,  the  echo.  It  must  be  observed, 
however,  that,  in  general,  reverberation  results  in  a  mass  of  sound  filling  the 
whole  room  and  incapable  of  analysis  into  its  distinct  reflections.  It  is  thus  more 
diflficult  to  recognize  and  impossible  to  locate.  The  term  echo  will  be  reserved 
for  that  particular  case  in  which  a  short,  sharp  sound  is  distinctly  repeated  by 
reflection,  either  once  from  a  single  surface,  or  several  times  from  two  or  more 
surfaces. 

Rate  of  Decay  of  Sound.  In  the  general  case  of  reverberation  we  are 
concerned  only  with  the  rate  or  decay  of  the  sound.  In  the  special  case  of 
the  echo  we  are  concerned  not  merely  with  its  intensity,  but  with  the  interval 
of  time  elapsing  between  the  initial  sound  and  the  moment  it  reaches  the  ob- 
server. In  the  room  mentioned  as  the  occasion  of  this  investigation  no  discrete 
echo  was  distinctly  perceptible,  and  the  case  will  serve  excellently  as  an  illustra- 
tion of  the  more  general  type  of  reverberation. 

Duration  of  Audibility  of  Residual  Sound.  After  preliminary  groptngs, 
first  in  the  literature  and  then  with  several  optical  devices  for  measuring  the 
intensity  of  sound,  all  established  methods  were  abandoned.  Instead,  the  rate 
OF  DECAY  was  mcasurcd  by  measuring  what  was  inversely  proportional  to  it, 
the  duration  of  audibility  of  the  reverberation,  or,  as  it  will  be  called  here,  the 
DURATION  OP  audibility  OF  THE  RESIDUAL  SOUND.  These  experiments  may  be 
explained  to  advantage  here,  for  they  will  give  more  clearly  than  would  abstract 
discussion  an  idea  of  the  nature  of  reverberation. 

Shape  of  Room  and  Nature  of  Furnishings.  Broadly  considered  there 
are  two,  and  only  two,  variables  in  a  room,  shape  (including  size),  and  materials 
(including  furnishings).  In  designing  an  auditorium  an  architect  can  give  con- 
sideration to  both;  in  repair- work  for  bad  acoustic  conditions  it  is  generally 
impracticable  to  change  the  shape,  and  only  variations  in  materials  and 
furnishings  are  allowable.  This  was,  therefore,  the  line  of  work  in  this 
case. 

The  RelatiTe  Absorbing  Power  of  Different  Substances.  It  was  evident 
that,  other  things  being  equal,  the  rate  at  which  the  reverberation  would  dis- 
appear was  proportional  to  the  rate  at  which  the  sound  was  absorbed.  The 
first  work,  therefore,  was  to  determine  the  relative  absorbing  pouxr  of  various 
substances.  With  an  organ-pipe  as  a  constant  source  of  sound,  and  a  suitable 
chronograph  for  recording,  the  duration  of  audibility  of  a  sound  after  the  source 
had  ceased  in  this  room  when  empty  was  found  to  be  5.62  seconds.  All  the 
cushions  from  the  seats  in  Sanders  Theater,  Boston,  Mass.,  were  then  brought 
over  and  stored  in  the  lobby.    On  bringing  into  the  lecture-room  a  number 
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ef  cushions,  having  a  total  length  of  8.2  meters,  the  duration  of  audifaility  fefi 
to  5.33  seconds.    On  bringing  in  cushions  of  a  total  length  of  17  meters  the 
•ound  in  the  room  after  the  organ-pipe  ceased  was  audible  for  but  4.94  firmnd'S 
Evidently  the  cushions  were  strong  absorbents  and  rapidly  improving  the 
at  least  to  the  extent  of  diminishing  the  reverberation.    The  result  was 
esting  and  the  process  was  continued.     Little  by  little  more  cushions 
brought  into  the  room,  and  each  time  the  duration  of  audibffity  was  meas- 
ured.   When  all  the  seats,  436  in  number,  were  covered,  the  sound  was  aw£- 
ble  for  2x13  seconds.     Then  the  aisles  were  covered,  and  then  the  pkufonn. 
Still  there  were  more  cushions^  almost  half  as  many  more.    These  were  hrousht 
into  the  room,  a  few  at  a  time,  as  before,  and  draped  on  a  scaffolding  tikat  had 
been  erected  around  the  room,  the  duration  of  the  sound  being  recorded  each 
time.    Finally,  when  all  the  cushions  from  a  theater  seating  nearly  1500 
persons  were  placed  in  the  room,  covering  the  seats,  the  aisles,  the  i^atlbrm, 
and  the  rear  wall  to  the  ceiling,  the  diuration  of  audibility  of  the   rcsidnfll 
sound  was  1.14  seconds.    This  experiment,  requiring,  of  couise,  several  aishu' 
work,  having  been  completed,  all  the  cushions  were  removed  and  the  room 
was  in  readiness  for  the  test  of  other  absorbents.    It  was  evident  that  a 
BiANDAKD  OF  COMPARISON  had  been  established.    Curtains  of  rhmilir,    i.z 
meters  wide  and  17  meters  in  total  length,  were  draped  in  the  room.     The 
duration  of  audibility  was  then  4.51  seconds.    Turning  to  the  data  that  had  just 
been  collected,  it  appeared  that  this  amount  of  chenille  was  equivalent  to  50 
meters  of  cushions  from  Sanders  Theater.     Oriental  rugs  (Herez,  Demirjik.  and 
Hindoostanee)  were  tested  in  a  samilar  manner,  as  were  also  cretonne  doth, 
canvas,  and  hair-felt.    Similar  experiments,  but  in  a  smaller  room,  determined 
the  absorbing  power  of  a  man  and  of  a  woman,  atwajrs  by  determining  the  num- 
ber of  running  meters  of  Sanders  Theater  cushions  that  would  produce  the  same 
effect.    This  process  of  comparing  two  absorbents  by  actually  substituting  one 
for  the  other  is  laborious,  and  it  is  given  here  only  to  show  the  first  steps  in  the 
development  of  a  method.    Without  going  into  details,  it  is  suffideot  here  to 
say  that  this  method  was  so  perfected  as  to  give  not  merely  relative,  but  abso- 

LUTEi  COSmCIENTS  OF  ABSORPTION. 

CoeiBcieiits  of  Absorption.  In  this  manner  a  number  of  coEmciENTS 
OF  ABSORPTION  Were  determined  for  objects  and  materials  which  could  be 
brought  into  and  removed  from  the  room,  for  sounds  having  a  pitch  an  octave 
above  middle  C.  In  the  following  table  the  numerical  values  are  the  abso- 
lute COEFFICIENTS  OF  ABSORPTION:      ' 


Oil-paintings,  inclusive  of  frames 0.28 

Carpet-rugs o.ao 

Oriental  rugs,  extra  heavy o.  29 

Cheese-cloth 0.019 

Cretonne  doth , 0.15 

Shelia  curtains o.a3 

Hair-felt,  2.5  cm.  thick,  8  cm.  from  wall 0.78 

Cork,  2.S  cm.  thick,  loose  on  floor o.  16 

Linoleum,  loose  on  floor 0. 12 


When  the  objects  are  not  extended  surfaces,  such  as  carfxts  or  rugs,  bot 
essentially  spacial  units,  it  is  not  ea^  to  express  the  absorption  as  an  absolute 
coefficient.  In  the  following  table  the  absorption  of  each  object  is  expressed  in 
txxma  of  a  sqxtare  meter  of  complete  absorption: 
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Audimoe.  per  person 0.44 

Isolated  wooutn 0 .  54 

Isolated  naa 0.48 

Plata,  ash  settees 0.099 

Plain,  aah  settees,  per  single  seat 0.0077 

Plain,  aah  chairs,  bent  wood 0.008a 

UphdbiterBd  settees,  hair  and  leather i.zo 

Upholstered  settees,  per  single  seat o.a8 

Upholstered  chairs,  similar  in  style 0.30 

Hair-cushions,  per  seat o.ai 

£laitio>(e1t  cushions,  per  seat o.ao 


€oefflciMit  of  Absorption  of  Floors,  CoiUngs  sad  W«ll-4Siirfsces.    Of 

even  greater  importance  was  the  determination  of  the  coefiicient  of  absokp- 

TioN  of  floors,  ceilingB,  and 

wall-surfaces.     The   accom-        '^ 

pUshment  of  this  called  for  a 

very  considerable  cztensioa 

of  the  method  adopted.    If 

the  reverberation  in  a  room 

as  changed  by  the  addition 

of    absorbing   material    are 

plotted,  the  resulting  curve 

will  be  found  to  be  a  portion 

of  a  hjrperboU  with  dis- 
placed axes.  An  example  of 
such  a  curve,  as  obtained  in 
the  lecture-room  of  the  Fogg 
Art  Museum,  Cambridge, 
Mass.,  is  plotted  in  the 
diagram  in  Fig.  1.  If  now 
the  origin  of  this  curve  is 

displaced  so  that  the  axes  of  coordinates  arc  the  asymptotes  of  the  rectangular 
hyperbola  (Fig.  2),  the  displacement  of  the  origin  measures  the  initial  absorbing 
power  of  the  room,  its  floors,  walls  and  ceilings.  Such  experiments  were  carried 
out  in  a  large  niunber  of  rooms  in  which  the  different  component  materials 
entered  in  very  different  degrees,  and  an  elimination  between  these  different 
experiments  gave  the  following  coefficient  of  absorption  for  different 
materials: 


^ 

^^^^ 

so  40  eO  801001»110M»lMtMI»IIDM0i808M 
Ltagth  of  codrioos  fan 


Fig.  1.    Curve  Showing  the  Relation  of  Duration  of 
Residual  Sound  to  Added  Absorbing  Matttial 


Open  window x.ooo 

Wooden  sheathing,  hard  pine o.o6x 

Plaster  on  wooden  lath 0.034 

Plaster  on  wtre  lath 0.033 

Glass,  single  thickness 0.027 

Plaster  on  tile 0. 025 

Brick  set  in  Portland  cement o.oas 


Ctlctdsting  the  Revorberation  for  Any  Room.  If  the  experiments  in 
these  rooms  are  plotted  !n  a  single  diagram,  the  result  is  a  family  of  hyperbolas 
(Fig.  3)  showing  a  very  interesting  relationship  to  the  volumes  of  the  rooms. 
Indeed,  if  from  these  hyperbolas  the  parameter,  which  equab  the  product  of  ths 
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awrdinato,  Is  detmnlned.  it  wUI  be  (trand  to  be  Uncarly  proportional  tn  tht 

voiume  or  the  coom.     Tboe  results  «re  plotted  in  Fig.  4,  showing  how  arict 

the  praportioiulity  it  even  over  a  voy  ficU  ante  in  volmne.     We  b»vr  tta* 

U   band   a    ready    mctkid 

of  calcubtins  the  kei-ebbh 

(   (or    any     mean,   iu 

volume  and  tbc  matciiali  U 

which  it  is  composed  boat 

known.    The  &rst  6ve  yan 

the    investigation     woi 

devoted  to  violin  C,  tbc  C  u 

■e  middle  C.  hiv- 

7  vibrations  pet  lecooil 
This  pitch   was  chosen  be- 
in  the  art  of  tdepboai. 
it  was  regarded  at  that  time 
w._  „,_         ,  .     ^  ..        asthe   chatacteristic    pildi 

R«  I.  Curve  sMolKd  a.  Part  ^n.Co™p«d.ng  ^^.^i,^  ^  condidon* 
Rstancular  Hyperbola.  The  Solid  Part  wu  Dtlet-  "=™™"™«  "^  ujuujuwb 
mined  E«peritMDt»lly.  The  Diiplaanieiit  of  Thii  <><  aiUculaU  speech.  Th- 
10  the  Rifht  MeuuTts  Die  Ab9oibiD(  Power  ol    planning  of 
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AbMrption-Coeffldent  of  an  Audience.    In  Ihc  very  nature  of  the  ptcb- 
lem.  [he  most  important  datum  is  the  ABSOKPnON-COEFFiclENt  of  an  audinxE. 
and  the  determination  of 
this  was  the  Gist  tasli  uu- 
dcrtalien.    By  means  of  a 
lecture  on  one  of  Ihe  recent 
developments  of    phyBics,     ^ 
wireless     telegraphy,     an     | 
Eudience  was  thus  drawn     J 
together  and  at  the  end  of      a 
the   lecture    requested  to     a 
remain  for  the  eiperimenl.     J| 
In  this  attempt  the  eflort 
was  made  to  determine  the 
foeflicients    for    the    hve 

octaves    from    CiuS    to  

C1104S,  including  notes  E  MO       ?»       too      iM*      UM 

and    G    in    each    octave.  Tm.i  .i^tW». -...^.i 

Foi  several  reasons  the 
experiment  was  not  a  suc- 
cess. A  threatening  thun- 
derstorm made  tl 


sultrii 


of  Ihe 


necessary;  whilt 
the  experiment  beyond  the  endurance  of  t 
failed,  another,  the  following  summer,  wai 
had  elapsed  the  necessity  of  carrying  the 
intended  became  evtdent,  and 


osphen 


iiteen  in  all.  prokmfTd 
mce.  While  this  eiperimcni 
luccessful.  In  the  year  thit 
nilion  further  than  the  limits 
cairied  from  Ci64  to 
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CT4096,  but  included  only  the  C  notes,  seven  notes  in  all.  Moreover,  bearing 
in  mind  the  experiences  of  the  i>revious  summer,  it  was  recognised  that  even 
seven  notes '  w^uld  come  dangerously  near  overtaxing  the  patience  of  the 
audience.      Inasmuch    as 

the  COEFFICIENT  OF  AB- 
SORPTION for  C4513  had 
already  been  determined 
six  years  before,  in  the  in- 
vestigations mentioned,  the 
coefficient  for  this  note  was 
not  redetennined.  The 
experiment  was  therefore 
carried  out  for  the  lower 
three  and  the  upper  three 
notes  of  the  seven.  The 
audience,  on  the  night  of 
this  experiment,  was  much 
larger  than  that  which  came 
the  previous  summer,  the 
night  was  a  more  com< 
fortable  one,  and  it  was 


4M 
100 

_. 

7. 

7 

9000 

10000     IttOO 

y 

A 

z 

R 

lam  urn 

SMU 

9000 

SOOO      4M0 

2 

n 

i 

/T 

M 

0 

Ifl 

0 

«0 

800 

1000 

uoo 

uoo 

Volam««  of  roooM 

Fig.  4.    The  Parunetets  h,  Pbtted  Against  the  Volumes 
of  the  Rooms,  Showing  the  Two  ProportioQai 


possible  to  dose  the  windows  during  the  experiment.  The  conditions  were 
thus  fairly  satisfactory.  In  order  to  get  as  much  data  as  possible,  and  in  as 
ahort  a  time,  there  were  nine  observers  stationed  at  different  points  in  the  room. 

These  observers,  whose  kindness  and  skill 
it  is  a  pleasure  to  acknowledge,  had  pre- 
pared themselves,  by  previous  practice,  for 
this  one  experiment.  The  results  of  the 
experiment  are  shown  on  the  lower  curve 
in  Fig.  5.    This  curve  gives  the  coefficient 

OF    ABSORPTION  PER  PERSON.      It  b  tO   bc 

observed  that  one  of  the  points  falls  clearly 
off  the  smooth  curve  drawn  through  the 
other  points.  The  observations  on  which 
this  point  is  based  were,  however,  much 
disturbed  by  a  street-car  passing  not  far 
from  the  builditig,  and  the  departure  of  this 
observation  from  the  curve  does  not  indi- 
cate a  real  departure  in  the  coefficient,  nor 
should  it  cast  much  doubt  on  the  rest  of  the 
work,  in  view  of  the  circumstances  under 
which  it  was  secured.  Counteracting  the, 
perhaps,  bad  impression  which  this  point 
may  give,  it  is  considerable  satisfaction  to 
note  how  accurately  the  point  for  C4512, 
determined  six  years  before  by  a  different 
u,  ^t  *-»  ^4  ^»  ^e  ^1  set  of  observers,  falls  on  the  smooth  cur\'e 
Fig.  5.  AbMrbing  Power  of  an  Audi-  through  the  remaining  points.  The  upper 
ence  for  Different  Notes  ^^rve  represents  the  absorbing  power  of  an 

audience  per  square  meter,  as  ordinarily 
seated.  The  vertical  ordinates  are  expressed  in  terms  of  total  absorption 
by  a  square  meter  of  surface.  For  the  upper  curve  the  ordinates  are  thus  the 
ordinary  coefficients  of  absorptioo.    The  several  notes  are  at  octave-intervala 
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as  follows:  €164*  CtiaS,  Ci  (middle  C)  2$^,  C^sia,  Ctioa4t  C«ao4S,  Ct4oq^- 
In  the  audience  on  which  th^  observations  were  taken  there  were  77  womcs 
and  105  men.  The  courtesy  of  the  audience  in  remaining  for  the  experizacr:; 
and  the  really  remarkable  silence  which  they  maintainfd  are  sratefuH/ 
acknowledged. 

Absorption  of  Sound  by  Woodon  Sheafhing.  The  next  experiment  was 
on  the  determination  of  the  absorption  of  sound  by  wooden  sheatfaxns-  It  is 
not  an  easy  matter  to  find  conditions  suitable  for  this  experiment.  The  room  b 
which  the  absorption  by  wooden  sheathing  was  determined  in  the  earlier  ezpcr< 
iments  was  not  available  for  these.  It  was  available  then  only  because  the 
building  was  new  and  empty.  When  these  inore  elaborate  experim^ts  were 
imder  way  the  room  became  occupied,  and  in  a  manner  that  did  not  admit  of  iu 

being  cleared.    Quite  a  little  searching  in 
the  neighborhood  of  Boston  failed  to  dis- 
cover an   entirely  suitable    room.     The 
best  one  available  adjoined  a  nigfat-lunch 
room.    The  night-lunch  was  bought  out 
for  a  couple  of  nights,  and  the  experiment 
Was  tried.    The  work  of  both  nights  was 
much  disturbed.    The  traffic    past   the 
building  did  not  stop  until  nearly  two 
o'clock,  and  began  again  at  four.    The 
interest  of  those  passing  on  foot  throogb- 
out  the  night,  and  the  necessity  of  repeated 
explanations  to  the  police,  greatly  inter- 
fered with  the  work.    This  detailed  state- 
ment of  the  conditions  under  which  the 
experiment  was  tried  is  made  by  way  or 
explanation  of   the   irregularity    of   the 
observations  recorded  on  the  curve,  ajid 
of  the  failure  to  carry  this  particular  iioe 
of  work  further.    On  the  first  ni^t  «vca 
points  were  obtained  for  the  seven  notes 
C164  to  C74096.    The  reduction  of  these 
results    on    the   following   day    showed 
variations   indicative    of    maxima    and 
minima,  which,  to  be  accurately  located, 
would  require  the  determination  of  inter- 
mediate points.    In  the  experiment  00 
the  following  night,  points  were  deter- 
mined for  the  E  and  G  notes  in  eadi 
actave  between  CjiaS  and  Ct3048.    Other  points  would  have  been  determined, 
but  time  did  not  permit.    It  is  obvious  that  the  intermediate  points  in  the  lower 
and  in  the  higher  octave  were  desirable,  but  no  pipes  were  to  be  had  on  suck 
short  notice  for  this  part  of  the  range,  and  in  their  absence  the  data  could  not 
be  obtained.    In  the  diagram,  Fig.  6,  the  points  lying  on  the  vertical  Unes  were 
determined  the  first  night.    The  points  lying  between  the  vertical  Bnes  were 
determined  the  second  night.    The  sheathing  of  the  room  is  of  North  Carefina 
pine,  a  centimeters  thick.    The  absorption  is  here  due  almost  wholly  to  yiekiing 
of  the  sheathing  as  a  whole.    It  is  not  possible  now  to  learn  as  much  in  regard 
to  the  framing  and  arrangement  of  the  studding  in  the  particular  room  tested 
as  is  desirable.    The  accuracy  with  which  these  points  fall  on  a  smooth  curve  is, 
perhaps,  all  that  could  be  expected  in  view  of  the  difficulty  under  whidi  the  ob* 
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ervationfl  were  conducted  and  the  limited  time  avoiUble.  One  point  in  par> 
icular  falls  far  off  from  this  curve,  the  point  for  €1256,  by  an  amount  which 
it  to  aay  the  least,  serious,  and  which  can  be  justified  oniy  by  the  conditions 
nder  which  the  work  was  done.  Hie  general  trend  of  the  curve  seems,  how* 
ver,  established  beyond  reasonable  doubt.  It  is  interesting  to  note  that  there 
i  one  point  of  maximum  absorption,  which  is  due  to  resonance  between  the 
rails  and  the  sound,  and  that  this  point  of  maximimi  absorption  lies  in  the 
>wer  part,  though  not  in  the  lowest  part,  of  the  sanoe  of  pitch  tested.  It 
rould  have  been  interesting  to  determine,  had  the  time  and  facilities  permitted, 
tie  shape  of  the  curve  be3rond  C74096,  and  to  see  if  it  rises  indefinitely,  or  shows, 
s  is  far  more  likely,  a  succession  of  maxima. 

Absorption  of  Sound  by  CusUoni.    The  experiment  was  then  directed  to 
tie  determination  of  the  absokptiok  op  sound  by  cushions,  and  for  this  purpose 
;tum  was  made  to  the  constant-temper- 
ture   room.    Working   in    the  manner    h^ 
idicated  in  the  earlier  papers  for  sub- 
tances  which  could  be  carried  in  and  out      •* 
f  a  room,  the  curves  represented  in  Fig. 

were   obtained.    Curve   i    shows  the      "8 
BSORPTiON-ooEFPiaENT  for  the  Sanders 
'heater  cushions,  with  which  the  whole      •? 
ivestigation  was  begun  ten  years  ago 
1904).    These  cushions  were  of  a  partic-      •A 
larly  open  grade  of  packing,  a  sort  of 
riry  grass  or  vegetable  fiber.    They  were      .R 
uvered  with  canvas  ticking,  and  that,  in 
urn,  with  a  very  thin,  cloth  covering.       •* 
!urve  2  is  for  cushions  borrowed  from 
he  Phillips  Brooks  House.    They  were  of      .S 
high  grade,  filled  with  long,  curly  hair, 
nd  covered  with  canvas  ticking,  which      .2 
'as,  in  turn,  covered  by  a  long-nap  plush. 
'urve  3  is  for  the  cushion  of  Appleton      .1 
hapel,  hair-covered  with  a  leatherette, 
nd  showing  a  sharper  maximum  and  a 
lore  rapid  diminution  in  absorption  for 
tie  higher  frequencies,  as  would  be  ex-     Fig.  7.    Abaocbmg  Power  of  Cushions 
ected  under  such  conditions.    Curve  4 

>  probably  the  most  interesting,  because  for  more  standard  conmierdal  con« 
itions  ordinarily  used  in  churches.  This  curve  is  for  the  elastic-felt  cushion? 
f  commerce,  of  elastic  cotton  covered  with  ticking  and  short-nap  plush.  The 
ijsorbing  power  is  per  square  meter  of  surface.  It  is  to  be  observed  that  all 
)ur  curves  fall  off  for  the  higher  frequencies,  all  show  a  maximum  located 
ithin  an  octave,  and  three  of  the  curves  show  a  curious  hump  in  the  second 
clave.  This  break  in  the  curve  is  a  genuine  phenomenon,  as  it  was  tested 
ime  after  time.  It  is  perhaps  due  to  a  secondary  resonance,  and  it  is  to 
e  observed  that  it  is  the  more  pronounced  in  those  curves  that  have  the 
larper  resonance  in  their  principal  maxima 

Effectt  of  Interferenc*  of  Sooad-WaTes.  In  both  articulate  speech  and 
I  music  the  source  of  sound  is  rapidly  and,  in  general,  abruptly  changing  in 
itch,  quality  and  loudness.  In  music  one  pitch  is  held  during  the  length  of 
note.  In  articulate  speech  the  unit  or  element  op  constancy  is  the  ^Ihble. 
idecd,  in  speech  it  is  even  less  than  the  length  of  a  syllable,  for  the  open-vowel 
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tound  which  forms  the  body  oi  a  ^yllablie  usually  has  a  consonantal  opming  ari-i 
closing.    Daring  the  constancy  of  an  element,  either  of  music  or  of 


train  of  sound-waves  spreads  spherically  from  the  source,  just  as  a  train  of  cr- 
cular  waves  spreads  outward  from  a  rocking  boat  on  the  surface  of  stiD  w^trr 
DiSerent  portions  of  this  train  of  spherical  waves  strike  different  surfaces  of  zht 
auditorium  and  are  keflecteo.    After  such  reflection  they  begin  to  cross  eadi 
other's  paths.    If  their  paths  are  so  different  in  length  that  one  train  of  wa^-p^ 
has  entirely  passed  before  the  other  arrives  at  a  particular  point,  tbe  €£L.y 
phenomenon  at  that  point  is  prolongation  of  the  sound.    If  the  space  betvccr 
the  two  trains  of  waves  b  sufficiently  great,  the  effect  will  be  that  ol  an  ecsj. 
If  there  are  a  number  of  such  trains  of  waves  thus  widely  spaced,  the  effect  vEI 
be  that  of  uultiple  echoes.    On  the  other  hand,  if  two  trains  of  waves  har; 
traveled  so  nearly  equal  paths  that  they  overlap,  they  will,  depeodcnt  on  t!» 
difference  in  length  of  the  paths  which  they  have  traveled,  either  reinforce  or 
mutually  destroy  each  other.    Just  as  two  equal  trains  of  wato'-waves  croaaii:^ 
each  other  may  entirely  neutralize  each  other  if  the  crest  of  one  and  tbe  troofb 
of  the  other  arrive  together,  so  two  sounds,  coming  from  the  same  source,  k. 
crossing  each  other  may  produce  silence.     This  phenomenon  is  called  xxxEajFES- 
ENCE,  and  is  a  common  phenomenon  in  all  types  of  wave-motion.     Of  course, 
this  phenomenon  has  its  complement.    If  the  two  trains  of  water-waves  so  crcra 
that  the  crest  of  one  coincides  with  the  crest  of  the  other  and  trough  with  trouisr!. 
the  effects  wiU  be  added  together.    If  the  two  sound-waves  are  similarly  retarded, 
the  one  on  the  other,  their  effects  will  also  be  added.    If  the  two  trains  of  wa\e> 
are  equal  in  intensity,  the  combined  intensity  will  be  quadruple  that  of  either  c« 
the  trains  separately,  as  above  explained,  or  zero,  depending  on  their  relative 
retardation.    The  effect  oi  thb  phenomenon  is  to  produce  r^ons  in  an  audita  *- 
rium  of  LOUDNESS  and  regions  of  comparative  or  even  complete  silence.    It  ii 
a  partial  explanation  of  the  so-called  deav  regions  in  an  auditorium. 

Distribntion  of  Intensity  of  Sound.    It  is  not  difficult  to  observe  tbh 
phenomenon  directly.    It  is  difficult,  however,  to  measure  and  record  the  pbe^ 
nomenon  in  such  a  manner  as  to  permit  of  an  accurate  chart  of  the  result.    With- 
out going  into  the  details  of  the  method  employed,  the  result  of  these  measuiv- 
nv*nts  for  a  room  very  similar  to  the  Congregational  Church  in  Naugatuck. 
Conn.,  is  shown  in  the  accompanying  chart.    The  room  experimented  in  wa^ 
a  simple,  rectangular  room  with  plain  side  walb  and  ends  and  with  a  barrel 
or  cylindrical  ceiling  with  the  center  of  curvature  at  the  floor-level.    The  result 
is  clearly  represented  in  Fig.  8,  in  Which  the  intensity  of  toe  sound  has  bees 
indicated  by  contour-lines  in  the  manner  employed  in  the  drawing  oH  the  gdo- 
detic  survey-maps.    The  phenomenon  indicated  in  these  diagrams  was  sot 
ephemeral,  but  was  constant  so  long  as  the  source  of  sound  continued,  and  re- 
peated  itself  with  almost  perfect  accuracy  day  after  day.    Nor  was  the  ^heaom- 
enon  one  which  could  be  observed  merely  instrumentally.    To  an  observer 
moving  about  in  the  room  it  was  quite  as  striking  a  phenomenon  as  the  dia- 
gram suggests.    At  the  ix>ints  in  the  room  indicated  as  high  maxima  ov  intex- 
siTY  in  the  diagram  the  sound  was  so  loud  as  to  be  disagreeable,  at  other  points 
S3  low  as  to  be  scarcely  audible.    It  should  be  added  that  thb  dbtributioo  oi 
intensity  is  with  the  source  of  sound  at  the  center  of  the  room  at  the  head-levd. 
Had  the  source  of  sound  been  at  one  end  and  on  the  axis  of  the  cylindrical  ceiling, 
the  distribution  of  intensity  would  still  have  been  bilaterally  sjrmmetrical,  but 
not  symmetrical  about  the  transverse  axis. 

Interference-Systems  andReTerbaratioiL  When asourceof  sound ismain- 
tained  constant  for  a  sufficiently  long  time,  a  few  seconds  will  ordinarily  suffice; 
the  sound  becomes  steady  at  every  point  in  the  room.    The  dbtribation  of  tbe 
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tnlenaity  of  sound  under  these  condilions  is  called  the  :NTERFEBESce-svsTEii, 
for  (hat  particular  nalc,  of  the  room  or  space  in  question.  If  the  souice  of  sound 
is  suddenly  stopped,  it  requim  some  time  for  the  sound  in  the  room  to  be  ab- 
sorbed. This  piolongation  of  sound  after  tlie  source  has  ceased  is  called  ieveb- 
BERAT10N.  If  the  source  of  sound,  instead  of  being  maintained,  is  short  and 
sharp,  it  traveb  as  a  discrete  wave  or  group  of  waves  about  the  room,  reflected 


Fig.  S.    Di3trit>ut<on  of  lolnuily  ol  Sound 

fioTn  wall  lo  wall,  producing  echoes.  In  the  Greek  (heater  there  was  ordinarily 
but  one  echo,  ''doubling  the  case-ending, "  while  in  the  modern  auditorium  there 
are  many,  Rrnrrally  arriving  at  a  less  interval  ol  lime  after  the  direct  sound,  and 
therefore  less  distinguishable,  but  stronger  jnd  therrlore  mure  disturbing. 

PbotOEtaphimi  Air-IKMnibKacB*.    The  funnalion  and  the  propagation  of 
ECHOES  may  be  mlmirably  slu.tied  by  an  adaptatiun  oi  the  io-tulled  btauiaui- 
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Hg.  1     Pbolognph  of  Sound 


Fig.  10.    Fboloinpb  ol  Souod-wivi 
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Fie.  11.    Fbotofraph  of  Sound-icavt  ind  Ecboes.    Vertical  S«ctiog 


Flf.  12.    Pholocnph  a(  Sound-icm  and  Echoo.    Vertical  SkIIoo 
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VETBODE  device  for  photogmphing  air-distUTbanixa.  It  is  suSdent  here  t< 
that  ihe  adaptation  of  this  method  to  the  problem  b  hand  courses  in  the 
nructioDof  a  model  jnproper  scale,  oltbetuditorium  to  be  studied  uidanii 


Fig.  13.    PboLognph  of  Stnmd-mve  and  Ecboti.    Horuonu]  Section 

in  of  the  propagation  through  itof  a  propoit[onal1y  scaled  sound-wave.  1 
ne  (he  formalion  of  echoes  in  a  vertical  section,  the  side*  of  a  model  a 
off  and,  as  the  sound  is  passing  through  it,  il  is  iUiuninated  instantaneous 


Tig.  14.    PhoIUEupli  of  Sound-wave  and  Eciion.    Horiionlal  Sectioa 

by  the  Ujilit  from  a.  very  fine  and  somewhat  distant  electric  spark.  In  the  accom- 
panying illustrations,  reduced  from  the  photographs,  the  Mlhouettea  show  partsei 
the  shadows  cast  by  the  model,  and  alt  wi  thin  are  direct  nholographa  of  the  actiol 
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soimd-irave  and  its  echoes.  Figs.  9  to  12  show  the  sound  md  its  echoes  at 
different  stages  in  tbeir  propagation  tluaugh  tlie  room,  the  particular  part  of 
the  auiiilOTiiim  mder  investigatioa  t>eingthe  NewTheatniiiNew  VoriiCity.     It 


Fig.  19.    PhotDcnph  ol  Sound-mive  aod  Ecboei.    HoiiiODIal  Sntioa 

ts  not  difficult  to  identify  the  master-wave  and  ihe  various  echoes  which  it 
generales.  nor,  knowing  the  velocity  of  sound,  to  compute  the  interval  al  which 
the  eclio  is  heard.    To  show  the  generation  of  echoes  and  fiteii  propagation  in 


Fig.  11.    Fhotognph  al  Sound-wuve  and  Ecboeg.    HoriiODtal  Section 

B  horizontal  plane,  the  ceEing  and  floor  of  (he  model  are  mnovrd  and  the  photo- 
CT^ph  taken  in  a  vertical  direction.  The  photographs  shown  in  Figs.  13  lo  16 
show  the  echoes  produced  in  the  hociioatal  plane  passing  tlicough  Ihe  maibte 
parapet  in  front  ol  Ihe  box. 


1500  Sp)eciiic  Gra\nty  Par  :: 

Solution  of  Problems  PoBsible  in  Advance  of  ConBtsuction.     W-V 

these  several  factors,  reverberation,  interference  and  echo,  in  mn  aoafr 
torium  at  all  complicated  are  themselves  complicated,  nevertheless  tbrjr  a^ 
capable  of  an  exact  solution,  or,  at  least,  of  a  solution  as  accurate  as  are  :— 
architect's  plans  in  actual  construction;  and  it  is  entirely  possible  to  cakulL:' 
in  advance  of  construction  whether  or  not  an  auditorium  will  be  ^ood.  and  : 
not,  to  determine  the  factors  contributing  to  its  poor  acoustics  and  a  noetbod  i.t 
its  correction. 

SPECIFIC   GBATITY 

The  Specific  Gnvity  of  a  substance  is  the  number  which  expresses  the  nvb 
that  the  weight  of  a  given  volume  of  the  substance  bears  to  the  weight  of  tne 
same  volume  of  distilled  water  at  a  temperature  of  62*  F.;  or,  the  specinc  grav  :,' 
of  a  body  is  equal  to  its  weight  divided  by  the  weight  of  an  eqval  volume  of  water. 
The  specific  gravity  of  a  substance,  multiplied  by  the  weight  of  a  cubic  foot  -.r 
water,  will  give  the  weight  of  a  cubic  foot  of  the  given  substance.  The  wci|:ht 
of  a  cubic  foot  of  water,  at  62**  F.  and  at  the  sea-level,  is  about  62.355  lb.*  1^ 
specific  gravity  of  a  solid  substance  may  be  determined  by  first  woghickg  a  por- 
tion of  it  in  air  and  then  in  water  and  dividing  the  weight  in  air  by  the  loss  of  the 
weight  in  water;  the  quotient  is  the  specific  gravity  required. 

Example.  A  inece  of  granite  weighs  5.32  lb  in  air;  when  immersed  in  water 
it  weighs  y^^  lb. 

Solution.  Weight  in  air  (5.32  lb)  divided  by  loss  of  weight  in  water  (2  lb) « 
a.66«  the  specific  gravity. 

a.66  X  62.355  lb—  165.84  lb  -  weight  per  cubic  foot 

Note,    x  cu  f t  *  7.48  gal. 

*  The  textbooks  differ  slightly  in  regard  to  this  value. 
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Spedflc  Onvitles  and  WdgbtB  per  Cubic  Foot  of  Variom  8abiti«fiot* 


The  basis  for  specific  gravities  is  imre  water  at  62*  P., 

barometer  30  in.    Weight  ol  i  cu  ft  oC  water, 

69.355  lb 

Agate 2.5  to  a. 8 

Air,  atmospheric  at  60"  F.,  under  pressure  of  one  atmos- 
phere, or  14.7  lb  per  sq  in,  weight  Hi  •  the  weight  of  water 

Alabaster,  carbonate 2.61  to  2. 76 

Alcohol,  absolute,  at  32*  P 

Alcohol.  50  per  cent 

Alcohol,  95  per  cent 

Alcohol,  commercial. 

Alder,  dry  f 0.42  to  x.oi 

Alum 

Aluminum,  hammered 

Aluminum,  drawn 

Aluminum,  sheet 

Aluminum,  pure 

Aluminum,  cast 

Amalgam, 13. 7  to  14 •  x 

Amber 

Ambergris 

Ammonia,  6o*  F 

Antimony,  cast 

Antimony,  native 

Apple-wood,  dry  t 066  to  i .  25 

Arsenic 57   to  58 

Asbestos : 2.1   to  3.0 

Asbestos  sheathing-paper 

Ash,  American  white,  dry  t 

Ashes  of  soft  coal,  solidly  packed 

Asphalt,  for  street-paving 

Asphaltum x.ix  to  1.23 

Ballast,  brick,  gravel 

Bamboo,  dry  f 

Barium 

Bary  tes 

Basalt  or  trap-rock,  average 

Jersey  City,  N.J 

Duluth,  Minn 

Staten  Island,  N.  Y ^ 

Beech,  dryf 06. 5  to  x.12 

Beeswax 

Benzine 

Beer 

Birch,  dryf 0.52  to  x.o8 

Bismuth,  cast 9.76  to  9.90 

Blood,  at  32'  F 

Bone 1.8   to  2.0 

Borax x.7  tox.8 

Boxwood,  French,  dry  t 


Average 

Average 

specific 

weight  of 

gravity. 

xcuft 

Water -X 

lb 

2.6 

162.  z 

0.00x23 

0.0767 

2.68 

X67.1 

0.794 

49-5 

0934 

S8.24 

0.815 

50.82 

0.833 

51.95 

0.55 

34.3 

0.53 

33.0 

2. 75 

171. 7. 

2.68 

x67.x 

2.67 

166.5 

a.67 

X66.5 

2.56 

X60.0 

13.9a 

868.0 

x.oB 

67.4 

0.87 

54-3 

0.894 

55 -Sx 

6.70 

4x8.0 

6.67 

4x6.0 

0.75 

46.8 

5  73 

357  3 

2.8x 

175  0 

X.20 

75.0 

o.6x 

38.0 

0.70 

40  to  45 

x.60 

loo.o 

X.X5 

69  to  75 

I  79 

IXX.6 

C.36 

22.5 

3.88 

242.0 

4.45 

277  5 

2.96 

X84.6 

3  00 

X87.X 

2.95 

X84.0 

2.86 

178.3 

0.74 

46.0 

0  95 

59.0 

0.69 

43.0 

104 

64.9 

0.65 

40.6 

9.82 

612.3 

X.06 

66.2 

X.90 

X18.6 

1.75 

109.2 

X  33 

83.0 

*  The  values  given  in  this  table  are  avuuob  values.    In  the  compilatioDs  of  these 
iibles  the  Editor  is  indebted  to  Mr.  T.  Z.  Talley  for  valuable  assistance. 
S^et,  also,  pages  7ax,  722,  and  723. 

t  The  word  "dry"  in  this  connection  indicates  that  the  wood  contains  not  more  than 
[$%  of  moisture.  Green  timbers  usiully  weigh  from  one-fifth  to  nearly  one-half  more 
Jian  dry;  ordinary  building-timbers,  tolerably  seasoned,  one-sixth  more. 
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Specific  GiBvity 


P&rt  Z 


SiMlle  OmvillM  and  Weighte  por  CiAic  Foot  o( 

(Coatiattod) 


The  basis  for  specific  gravities  is  inire  vater  ftt  63*  P., 

bazomcter  jo  in.    Weight  of  i  cu  ft  of  water, 

6i.355  lb 

Boxwood,  Dutch,  dry  t 

Boxwood.  Brasilian.  dry  t '. 

Brass  (oopper  and  zinc),  cast 7.8  to  9. 

Bran,  rolled 

Brass,  sheet 

Bnss.  wire 

Bricks,  building 

Bricks,  common 

Bricks.  Ught.  inferior 

Bricks,  lime-sand 

Bricks,  Magnesia 

Bricks ,  pressed 

Bricks,  pressed,  hard 

Bricks,  soft 

Bricks,  fire 

Bricks,  paving 

Brickwork,  pressed  brick,  fine  joints 

Brickwork,  medium  quality 

Brickwork,  coarse,  inferior,  soft 

Brickwork,  at  135  lb  per  cu  ft,  x  cu  yd  equals  x  .507  tons 

and  17.92  cu  ft  equal  x  ton 

Bromine 

Bronxe.  coin 

Bronze,  gun-metal 

Bronze,  ordinary 

Bronze,  alixmintim 

Butter 

Buttemut-trce,  dry  t • 

Cadmium 8.6  to  8.7 

Calcitc 2.6  to  a.8 

Calcium 

Camphor,  dry 

Caoutchouc  (India  Rubber) 

Carbon  disulphide 

Castor-oil 

Cedar,  red  and  white,  dry  t 

Cement,  Natursd  (Rosendale).  loose 

Cement,  Portland,  loose 

Cement,  Natural,  solid 

Cement.  Portland,  solid 

Chalk 

ChampaRne 

Charcoal  of  pines  and  oaks 

Cherry,  dry  t 

Chestnnt.  dry  t 

Chromium 

Cider 


Average 

specific 

gravity. 

Water  —  i 


}     i-ojs 


8.4S 
8s6 
8.24 
«69 


1.92a 
I  442 
2.163 

a.643 

2.163 

2.403 

X.6Q2 

2.403 

2.24 
2.00 

1.60 


3  19 
8.66 
8.60 
8.40 
7.70 
0.86 
0.38 
8.65 
2.70 
X.S8 
0.99 
0.93 
1.29 
0.96 

0.4s 
1.04 
X.3S 
a9S 
3.15 
a. 35 
0.99 

0^66 
0.63 
S.oo 
T.02 


II  cc 
xcnh 
B> 


64-5 

Sri  0 
5338 

5136 

54*0 


.e 

90  o 

135  o 

1650 

I3SO 
150.0 
100.  o 

150.0 

140.0 
xss-o 

100. o 


1990 
5400 

596  3 

524-0 

480.0 

S3tO  S4 

«  7 

539  4 

16S.5 

98.6 

6X7 
58.0 

tes 

599 

aS.x 

650 
U.» 

1966 
x^s 

6t.7 

15  to  3D 
4i.a 

3»-0       I 
63.S 


1 


*  The  values  given  m  this  table  for  specific  gravities  and  for  we^ts  per  cubic  toot  sn 
AVERAGE  values. 

t  The  word  "  dry  '*  to  this  connection  mdicates  that  the  wood  contains  not  more  than 
15%  of  moisture.    Green  timbers  usually  weigh  from  one-fifth  to  nearly  one-baJf 
itaxx  dry;  ordinary  building-timbers,  tolerably  seasoned,  one-sizth  more. 
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OmfttiM  «ad  Wtliltts  per  C«Uc  Foot  of  Various 

(Cootiaaod) 


The  basis  for  specific  gravities  b  pore  water  at  6a*  F.. 

barometer  30  in.    Weight  of  i  ctt  ft  of  water, 

6a.3S5  lb 


Cinnabar 

Clay,  potters',  dry z .8  to  3. i 

Clay,  dry,  in  lump,  loooe 

Coal,  anthracite,  x.3to  X.S4;  of  Penn.,  1.3  to  1.7 

Coal,  anthracite,  broken,  of  any  siae,  loose,  average 

Coal,  anthracite,  broken,  moderately  shaken 

Coal,  anthracite,  broken,  heaped  bnshel,  loose.  77  to  83  lb 
Coal,  anthracite,  broken,  a  ton  loose  occupies  40  to  43 

cu  ft 

Coal,  bituminous,  solid,  x  .a  to  i .5 

Coal,  bituminous,  solid,  Cambria  Co.,  Pa.,  i.rj  to  x.34. 

Cool,  bituminous,  broken,  of  any  size,  loose 

C-oal,  bituminous,  moderately  shaken 

Coal,  bituminous,  a  heaped  bushel,  loose,  70  to  78 

Coal,  bituminous,  z  ton  occupies  43  to  48  cu  ft 

Coke,  loose,  good  quality 

Coke,  loose,  a  heaped  busihel,  35  to  4a  lb 

Coke,  loose,  x  ton  occupies  80  to  97  cu  ft 

Concrete,  stone X30  to  150 

Concrete,  cinder xoo  to  xio 

Copper,  hammered 8.8  to  9.0 

Copper,  rolled 8.9  to  9.0 

Copper,  drawn  wire 8.8  to  9.0 

Copper,  sheet • 

Copper,  cast 8.6  to  8.9 

Cos^per,  melted 

Cork,«lry 

Corundum,  pure 3-9a  to  4-oi 

Creosote  oil x.04to  z.xo 

Cypress,  American,  dry  t 

Dogwood,  dry  t 

Douglas  fir.  dry  t 

Earth,  common  loam,  perfectly  dry,  loose 

Earth,  common  loam,  perfectly  dry,  shaken 

Earth,  common  loam,  perfectly  dry.  rammed 

Earth,  common  loam,  slightly  moist,  loose 

Earth,  common  loam,  more  moist,  loose 

Earth,  common  loam,  more  moist,  shaken 

Earth,  common  loam,  more  moist,  packed 

Earth,  common  loam,  as  soft,  flowing  mud 

Earth,  common  loam,  as  soft,  flowing  mud.  well-pressed 

Ebony 

Eggi 

Eldetwpith 

Elm,  dry  t 

Elm,  rock 

Emenld 


Average 

spediic 

gravity. 

Water-  i 


8.1a 
X  90 
z.ox 
x.so 


1  35 


a. 33 

X.68 

8.9s 
8  95 
8.89 
8.7a 
8.8a 

8.23 

o.a4 

3.96 
1.07 
0.55 
0.75 
0.5X 


i.aa 
1.09 
0.076 
o.s5 

0.80 
a. 70 


Average 
weight  of 

zcuft 
lb 


S07.0 

Z18.S 

630 

93  5 
5a  to  56 
56  to  60 


84.0 
79  to  84 
47t0  5a 
51  to  56 


33  to  33 


.0 
.0 
.0 
.0 

5 
6 

.0 


145 
X05. 
558. 
558. 
554 
543 
550. 
SI30 
X5.0 

247.5 
66.8 

34  3 

46.8 

31  8 

7a  to   80 

8a  to  9a 

90  to  100 

70  to  76 

66to  68 

75  to  90 

90  to  xoo 

i04toiia 

xxo  to  lao 

76.0 

68.0 

4.7 

35  0 
50. 0 

X68.5 


*  The  values  given  in  this  table  for  specific  gravities  and  for  weights  per  cubic  foot  are 
AVCRAGE  values. 

t  The  wofd  '*diy"  ia  this  oonnectioa  indicates  that  the  wood  contains  not  more  than 
iS%<d  moisturs.  Green  timbers  usually  weigh  from  one-fifth  to  nearly  one-baU  more 
than  dxy;  ordinary  buildiag-Umbcrs,  tolerably  seasoned*  one-sixth  more. 
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Specific  Gravity 


Rut  3 


Spodflc  Gnvidef  isd  Weighte  por  Cable  Foot  of  Various 

(Contimod) 


The  basis  for  specific  sravities  is  pure  water  at  62*  P., 
bafometer  ao  in.    Weight  of  z  cu  ft  of  water, 

62.3S5  lb 


Emery 

Fats 

Feldspar 

Filbert-tree,  dry  f 

Fir,  Dou^ilas  (see  Douglas  Fir). 

Flint 

Gamboge 

Garnet 3-4  to  4-3 

Glass,  optical 

Glass,  flint 

Glass,  white 

Glass,  plate 

Glass,  green 

Glass,  floor,  heavy 

Glass,  window 

Gneiss  (see  (Granites). 

Gold,  pure 

Gold,  hammered,  native 

Gold,  cast 

Granites  and  gneiss,  Connecticut,  (jireenwich 

California,  Penryn  (hornblende) 

New  York 

Maryland,  Port  Deposit 

Massachusetts.  Quincy  (hornblende) 

Wisconsin,  Athelstane 

Georgia,  Lithomia  and  Stone  Mountain 

Minnesota 

California.  Rocklin  (muscovite) 

Rhode  Island.  Westerley 

Connecticut.  New  London 

New  Hampshire.  Keene 

Maine,  Hallowell 

New  Hampshire,  Concord 

Vermont,  Barre 

Wisconsin,  MontcUo 

Colorado.  Georgetown  (biotite) 

Maine,  Fox  Island 

Massachusetts,  Rockport 

Graphite 

Gravel,  dry 

Gravel,  wet 

Greenstone,  trap a. 8  to  3.2 

Grindstone 

Gum  arable 

Gun-metal  (see  Bronze). 

Gunpowder  (granular) 

Gutta-percha 


Average 

1     Avecace^ 

specific 

wosfetas     , 

gravity. 

I  CO  ft           t 

Water  »  i 

lb       > 

4  00 

2495 

0.93 

SS.o 

2  57 

X60.2 

0.60 

37  S 

2.63 

164  0 

Z.20 

748 

38s 

240.1 

3-4S 

21S  0 

3  00 

tSi.o 

289 

l9o.2 

2.80 

174  6 

2.67 

X66.5 

aS3 

IS8  0 

2.S0 

tsS.o 

19  so 

I  215-9 

19.40 

1  309.7 

19.258 

X  200. S 

2.84 

177.3 

a.77 

1/3  9 

2.74 

X71.0 

2.72 

169  6 

2.70 

x€S  5 

a. 70 

168.5 

269 

167  9 

2.68 

167  3 

2.68 

167  3 

2.67 

166  7 

2.66 

T66.0 

2.66 

x66o 

26s 

165  3 

2.6s 

165.3 

2.6s 

i6s  2 

2.«4 

164.6 

2.63 

X64  0 

2.63 

164.0 

26x 

162.7 

2.26 

140.0 

I  79 

XI2.0 

2.00 

125.0 

3.00 

X87.O 

2. 14 

133  5 

X.32 

Sa.s 

1. 00 

624 

0.98 

6x0 

*  The  values  given  in  this  table  for  specific  gravities  and  i<x  weights  per  cubic  foot  an 
AVBRAGB  values. 

t  The  word  "  dry  "  in  this  connection  indicates  that  the  wood  contuna  not  more  than 
xs%  of  moisture.  Green  timbers  usually  weigh  from  one-fifth  to  nearly  one-half  raoct 
than  drv;  ordinaxy  building-timbers,  tolerably  seasoned,  ane-abctfa  more. 
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Mid  Wdghti  p«r  Cubic  Foot  of  Vtrioiss  Sabotanceo  * 

(Coatiaiiod) 


!  The  basis  for  specific  gravities  is  pure  water  at  63*  F., 
barometer  30  in.    Weight  of  i  cu  it  of  water 
62.355  lb 


I 


i 


Gypsum,  natural  rocli,  free  from  surface-water 

Gypsum,  crushed  rock,  not  calcined,  all  passing  x-in 

nng 

Gjrpfium,  ground  rock,  90%  passing  xoo  mesh,  dried 

not  calcuied 

Gypsum.  Plaster-of-Paris,  stucco,  stiff  mortar,  set  and 

dried  out 

Gypsum,  Plaster-of-Paris,  stucco,  ground  rock,  90% 

passing  xoo  mesh,  cakined,  loose 

well  shaken  down  or  in  bins 

Hackmatack  (Me  Larch). 

Hay,  loose  in  stacks,  about  512  cu  ft  per  ton 

Hemlock,  dry  t 

Hickory,  pignut,  dry  f 

Hickory,  mocker-nut,  dry  f 

Hickory,  shagbark,  dry  f 

Hickory,  nutmeg,  dry  f 

Hickory,  bittemut,  dry  f 

Hickory,  water,  dry  t 

Holly 


Honey 

Horn 

Hornblende 3  ©to 3*5 

c«,;  •  •  •  v- °®*  ^  ®  9'-* 

ndiana  Lunestone 

odine 

ridium,  pure 

ton,  cast 6.9  to  7,4 

ron,  gray,  foundry,  cold 

ron,  gray,  foundry,  molten 

ron,  wrought 

vory 

uniper-wood 


Lava 

Larch,  or  hackmatack,  dry  f. 
Lard 


Lead,  commercial,  cast 

Lead,  commercial,  sheet 

Lead,  pure 

Lead,  molten 

Lignum-vito,  dry  t 0.6^'  to'x!33 

Lune,  quick,  ground 1.04  to  x. 20 

Limestone,  Illinois 

Indiana !'.!'.!*..!!!!!!. 

Kentucky !!!!!..!!!!.!.! 

Mkhigan ...'.'.'.'....... 

Minnesota 

Missouri 

New  York ['.['.'.'.'.'.'.[['.['. 

Avetage  of  limestones. '. 

Linseed-oil 


Average 
specihc 

gravity. 
Water  »  x 


3.30 
X.52 

X.22 

0.96 
x.ix 


0.43 
0.89 
0.85 
o.8x 
0.78 
0.77 

0.73 
0.76 

X.4S 
X.69 

3  2S 
0.89 
2.3X 

4  94 

33.12 
7.2 
7.31 
6.94 

7  70 
X.88 

0.57 
3.30 
3.6s 

0.5s 
0.94 
XX.  36 
11.40 
XX. 42 
X0.40 

0.99 

I.X2 
2.57 
3.31 
3.685 

3.44 

2.65s 

2.32 

2.7X 

2.57 

o  935 


Avenge 
weight  of 
X  cu  ft 
lb 


143. o 

95. o 

78.0 

77.0 

60.0 
70.0 


2 
.6 

I 
.6 

7 


5 
5 

7 


26. 
55 

53- 

50 
48. 
48.x 
45.6 

47.4 

90. 
X05. 
202. 

56.0 
144  o 
308.0 
X379  o 
448.9 
450.0 
433.0 
480.0 
117. o 

35-6 
137.2 
X65 

34. 

S8. 
708. 
7x0.8 
713  o 
648.8 

4t  to  84 
65  to  75 
X60.4 

144 

167 
X52 

16s 
144 .8 
169.0 
X60.4 
58  3 


3 
3 

7 
.0 


.0 

4 
.X 

6 


•  The  values  given  in  this  table  for  specific  gravities  and  for  weights  per  cubic  foot  are 
avek  age  values. 

T-JrTtf  JTSJ.-'If'^r "  ^^!?  «??'»«tfc>n  Iwiicates  that  the  wood  contains  not  more  than 
X5%  ofmoisture.  Green  tm»bers  usually  weuh  from  one-fifth  to  nearly  one-half  more 
than  dry;  ordinary  building-tinbeiB,  tolerably  seasoned,  onesizth  more. 
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Specific  Giavity 


Pact  3 


SpMlflo  QmvidM  sad  Weights  par  CjMc  Voot  of  ta^iam 

(CoBiisttOO/ 


The  bnii  for  specific  gnyities  'i»  pore  water  at  te*  P., 

boRMiieter  30  in.    Weight  o(  x  cu  ft  of  \vater, 

fti.3S5lb 


Locust,  dry  f 

Magnesite « 

Magnesium,  pure 

Mahogany 0.56  to  i  .06 

Manganese,  pure 

Mangaaeae,  ore,  red 

Manganese,  ore,  black 

Marble,  average a.6  to  164.4 

domestic. 

New  York 

CaliSomia 

Georgia 

Vermont.  Dorset 

foreign, 

Parian 

African 

Carrara 

Biscayan 

British 

Prench 

Marl 

Maaonry,  Imckwork  (see  Brickwork) 

Masonry,  concrete,  stone 

Masonry,  concrete,  cinder 

Masonry,  granite,  dressed 

Maaonry,  granite,  rubble  in  cement 

Masonry,  limestone,  dressed 

Masonry,  marble,  dressed  for  buildings 

Masonry,  sandstone 

Mastic,  gum  resin 

Mercury,  at  32"  P 

Mica a. 75  to  3  I 

Milk.at3a'P 

Molybdenum,  pure 

Mortar,  lime 

Mortar,  cement 

Mud,  dry,  close 

Mud,  wet.  moderately  pressed 

Mud,  wet,  fluid 

Mulberry-tree,  dry  f 

Naptha-oil,  wood,  at  32*  P 

N  ickel 

Oak«  live,  dry  t o.SSto  x.02 

Oak.  white,  dry  t o.fi6too.88 

Oak.  red  and  black,  dry  f 

Ochre 

jOtive-oil,  33*  F 


Average 

specific 

gravity. 

Water  -  i 


0.7X 
3.0 

1.73 
o.8x 
8.00 
4- ox 

345 

2.6 

2.83 
a. 75 
a. 73 
2.66 

a.84 

a. So 
a. 7a 
a.7X 
a.7x 

2.6$ 

a. 10 

a. 33 
X.68 
2.64 
a. 48 
a. 60 
2.72 
2.41 
0.85 
X3.6a 

a. 93 

1.032 

8.63 

x.6s 

x.68 


0.75 
0.8s 
8.56 

0.9s 

o.rt 

3  so 

0.916 


Average 

weight  of 

icuft 

lb 


44 
X87 
107 

SO. 

499 
aso. 

21s 
x6a. 


3 

I 
o 

5 

o 
o 
z 
z 


176. 5 
III.S 
x7o.a 
166.0 


I 
6 
6 


177 
174 

169 
169. o 
X690 
165.2 
X3X.O 

145-3 
X05.0 
165. o 

155.  o 
162.0 
170. 
151 
S3- 
849 
1S3. 
64. 
S38.I 
103.0 
xos.o 
Soto  no 
ixoto  130 
104  to  120 
46.8 
52-9 
SX7  to  SSO 

59  3 

48.0 

3?t0  4S 
2x8.0 
57.  xa 


.0 
.0 
.0 
.0 
.0 
3 


*  The  vslues  givea  in  this  table  for  apecific  gnvitaes  and  for  wei^ts  per  cubic  foot  are 

AVKRAGK  values. 

t  The  word  "  diy  '*  in  this  connection  indicstes  that  the  wood  contuns  not  more  than 
15%  of  moisture.  Green  timbors  usoally  weigh  from  one-fifth  to  neaiiy  one-half  nan 
than  dry;  ordiaaxy  buUding-tunbers,  tolerably  seasoned,  one-sixth  more. 


specific  Gtavity 
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OttvUM  iftd  Waists  pm  Cvbic  Voot  id  ▼arioos 

(Cnmhwrt) 


The  basis  for  specific  gravities  is  imre  water  at  6a*  P.» 

barometer  30  in.    Weight  of  i  cu  ft  of  water, 

6a.355  lb 


Oolitic  stones. 
Opal. 


Opium 

Onuige-tree. 
Palladium.. 
Paper. 


Paraffin 

Pear-t^ee  wood,  dry  t 

Peat,  pressed 

Petroleum,  oil 

Pine,  Cuban,  dry  t 

Pine,  ydlow.  long-leaf,  dry. . 

Pine,  loblolly,  dry 

Pine,  yellow,  short-leaf,  dry. 

Pine,  red,  Norway,  dry 

Pine,  spruce,  dry. 

Pine,  white,  dry 

Pitch 


Plaster  of  IViris  (see  Gypaum) 

Platinum 

Plumbago 

Poplar,  dry  t 

Porcelain,  china 

Porphyry 

Potash 

Potassium 

Pumice-stone 

Ousrta 

Omnoe*tree  wood,  dry  t 

Red  lead 

Resin 


Rock-crystal. 
Rosewood... 
Rosin 


Rubber,  India 

Ruby 

Salt,  coarse,  per  struck  bushel,  Syracuse,  N.  Y.,  56  lb. . 

Saltpetre 

Sand,  of  pure  quartz,  perfectly  dry  and  loose 

Sand,  of  pure  quartz,  voids  full  of  water 

Sand,  of  pure  quartz,  very  large  and  small  grains,  dry . . 
Sandstone,  average 

Massachusetts.  Longmeadow 

Connecticut,  Portland 

New  York 2.40  to  3.70 

New  Jersey,  Belleville 

Pennsylvania 

Virginia,  Bristow 


Average 

specific 

gravity. 

Water -I 


2.25 

2. 15 

1.34 

0.71 

11.80 

0.9s 

0.8S 

0.67 

0.73 

0.878 

0.63 

0.61 

O.S3 

0.5X 
0.50 

0.44 
0.38 
X.08 

2.25 

21. SO 
2.10 

0.47 
2.30 

2.76 

2.26 

0.865 

0.9a 

a.6s 

0.71 

8.94 
X.09 
2.60 

0.73 
x.xo 

0.93 
390 

2.02 


3  44 

2.49 
2.50 
2.60 
2.40 
2.63 
a. 60 


Average 

weight  of 

icuft 

lb 


140.3 

1340 

«3-6 

44-3 
735-8 

S9-3 
54-9 
41.8 
45.0 
54-8 

Af'3 

38.1 
33.x 
31.8 
3x.a 
27.5 
23. 7 
67.0 

140.3 
I  340.6  . 

X31.O 
a9.3 

143.4 

i7a.3 

X41.0 
54.0 
57.4 

165.3 
44.3 

SS7.5 
68.0 

l6a.o 
456 
68.6 
58.0 

343  o 
45.0 
laa  to  130 
Qotoxo6 
xx8  to  X29 

XX7.0 

xsa.i 

XS5.4 
X56.0 
162. 1 

149.7 
X64.2 
x6a.o 


*  The  values  given  in  this  table  for  specific  gravities  and  for  weights  per  cubk  foot  are 
AVBRAGS  values. 

t  The  word  **  dry  "  in  this  connection  indicates  that  the  wood  r***Ts?Pff  not  more  than 
X5%  ol  moisture.  Green  timbers  usually  wei^  from  one-fifth  to  nearly  oae^half  mom 
than  dry;  oidinaiy  buIUiog-timben,  tolerably  sessoocd,  oos-soth  noce. 
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Spedfk:  Giavi^ 


Put  S 


QteMm.tdad  W«ichts  per  Cvliie  foot  of 

(Cgntiiiwd) 


Vafioos  81 


The  basis  for  specific  gravities  is  pure  water  at  63*  P., 

barometer  jg  in.    Weight  of  x  cu  ft  of  water, 

62.355  lb 


San^tone.  (continued) 

Ohio 

Michigan 

Wisconsin 

Minnesota 

Colorado 

Calilomid.  Angel  Island. 

Shales,  red  or  black 

Silica 


Silver 

Slate 

Snow,  freshly  fallen 

Snow,  moistened,  compacted  by  rain. 

Soapstone 

Sodium 

Spelter 

Spirit,  rectified 

Spruce 


Steel,  cast 

Steel,  wrought. 
Sugar. 


Sycamore,  dry. 
Talc 


Tallow 

Tamarack. 
Tar 


Teak 

Terra-cotta,  solid  blocks 

hollow  blocks,  iH-in  thick,  smaller  pieces  heaviest 

Tiles,  solid 

Tin,  rolled , 

Tin,  cast 

Tin,  molten , 

Trap  (see  Basalt). 

Tungsten 

Turpentine 

Type-metal,  cast 

Uranium 

Vinegar 

Walnut,  black,  dry 

Water,  pure  rain,  distilled,  at  .\2*  P.,  barometer  30  in 

Water,  pure  rain,  distilled,  at  62"  P.,  barometer  30  in 

Water,  pure  rain,  distilled,  at  3x2*  P.,  barometer  30  in — 

Water,  sea i. 026  to  1.030 

Wax  (see  Beeswax). 

Waiow 

Wine 

Zinc  or  spelter 6.8  to  72 


Average 

specific 

gravity. 

Water  -  x 


I 


weight  of 

I  cuft 

lb 


2.22 

2.35 
2  22 
2.25 

2  33 

3  73 
2.60 
2.66 

10.50 

2.8t 


a. 73 

o.97« 

7.10 

0.&24 
0.40 

7.9 
7.8s 
X.60 
0.58 

2.8X 

0.94 
0.38 
x.oo 
0.70 


X38.6 

146.S 
138.6 

140.5 

145  3 

170  o 

162.0 

166.0 

654  5 

175  o 

5  to  12 

X5to5o 

170.0 

61.0 

443  O 

SI  4 

250 
4926 

4«9-6  ; 

ZOO.O       I 

36.5    I 

175  2       I 
586 
23.6 
624 
43-7       i 
130  to  122  I 

65  to  85 

I36-S 

46x5 

455-0 
437.7 

x  193.8 

54  3 

65x8 

X  X53-0 

©75 

37.5 

62.4 

62.355 

59.7 

64.x 


30.S      I 

63.0     I 

436.5     I 


*  The  values  given  in  this  tabic  for  specific  gravities  and  for  weights  per  cubk  foot  are 
AVBRAGB  values. 

t  The  word  **  dry  *'  in  this  connection  hidicates  that  the  wood  contains  not  mate  thin 
15%  of  mobture.  Green  timbers  usually  weigh  from  one-fifth  to  nearly  one-hatf  man 
than  dxy;  ordinary  buDding-timben,  tolerably  seasoned,  one-i^cth  mo*c 
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WmE-GAUGES*  AND  METAL-DATA 

A  Wire-Gauge  is  a  method]of  designating  the  diameter  of  wires  or  the  thick- 
ness of  sheets  of  metal  by  the  numbers  of  a  table  arranged  on  a  certain  fixed  basis. 
There  are  at  the  present  time  several  gauges,  resulting  in  great  confusion. 
Table  XIII,  page  402,  gives  the  diameters  of  the  gauges  in  common  use.    The 
only  legal  gauge  in  this  country  is  the  United  States  standard  gauge,  described 
on  page  1600.     It  is  used  by  most  of  the  manufacturers  of  sheet  iron  and  steel 
and  tin  plate.    The  Brown  &  Sharpe  gauge  is  commonly  used  for  designating 
aize  of  copper  wires  (see  page  15x0);   also  for  sheet  copper  and  brass.    Nearly 
all  copper  wire,  bore-  and' imulatad,  ia  ordered,  manufactured,  and  carried  in 
stock  in  accordance  with  this  gauge.    This  might  l)e  called  the  Copper  Wire 
Gauge.    The  American  Steel  &  Wire  Company  uses  the  old  Washburn  & 
Moen  and  Roebling  gauges  for  all  their  steel  and  iron  wire  and  also  for  wire  nails. 
The  sectional  areas  for  these  gauges  are  given  on  pages  403  and  1512,  taken  from 
the  Roebling  and  American  Steel  &  Wire  Company's  lists.   \\  hen  placing  orders 
for  sheets  and  wire,  it  is  always  best  to  specify  the  weight  per  square  or  linear 
foot  or  the  thickness  or  diameter  in  thousandths  of  an  inch  or  in  circular  mils. 
The  gauge  for  steel  wire,  used  by  the  J.  A.  Roebling's  Sons  Company,  is  given 
on  page  403,  and  the  circular-roil  gauge  on  page  1473-    The  gauge  used  by  this 
company  is  the  same  as  the  Washburn  &  Moen  gauge,  or  the  American  Steel 
&  Wire  gauge,  except  that  the  diameters  in  most  cases  are  given  to  the  nearest 
mil.    This  gauge  is  so  generally  used  for  steel  wire  that  it  is  sometimes  called 
the  Steel  Wire  Gauge  or  the  Market  Wire  Gauge.    The  Birmingham  Wire  gauge 
is  the  same  as  Stubs'  Iron-Wire  gauge,  but  entirely  different  from  Stubs'  Steel- 
Wire  gauge.    Galvanized  telegraph  and  telephone*wire,  both  bare  and  insu- 
lated, and  galvanized  armor-wire  are  usually  designated  by  this  gauge.    Its 
use  is  not  very  extensive  and  is  becoming  less.    The  new  British  Standard  gauge 
is  the  legal  standard  for  Great  Britain  and  is  used  there  for  all  kinds  of  wire. 
Its  use  in  this  country  is  very  limited.    It  is  known,  also,  as  the  English  Legal 
standard  gauge  and  the  Imperial  Wire  gauge. 

•  Set.  aUo,  paces  401,  40a,  403,  1469,  1473.  1510,  15x2,  and  x6oa 
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Wdgiiti  in  Ponadi  per  8«iiar«  Foot  of  SfaMts  of  Wroo^t  Iroo, 

and  Bum 

Thickness  by  American  (Brown  &  Sharpe)  gauge  * 


No.  of 

Thiekneos 

Iron 

Steel 

Copper 

Bnus        1 

sauce 

in  inches 

.1 

1 

0000 

0.46 

18.40 

18.77 

ao.84 

i9-«9 

000 

0.4096 

16.39 

16.71 

18.56 

17.53 

00 

o.36<8 

14-59 

14.88 

16.SS 

15 -61 

0 

0.3349 

13.99 

13  35 

14  73 

13.90 

•    I 

0.3893 

II. 57 

11.80 

13.XI 

13.38 

a 

0.2576 

10.31 

10.51 

11.67 

11.03 

3 

0.2394 

9.18 

9.36 

10.39 

982 

4 

0.3043 

8.17 

8.34 

9.a6 

8-74         , 

5 

0.1819 

7.* 

7.43 

8.24 

779 

6 

0.1630 

6.48 

6.61 

7.34 

6.93 

7 

0.1443 

5. 77 

S.89 

6.54 

6.1S 

8 

0.1265 

5.14 

5.34 

5.82 

5  SO 

9 

0.1144 

458 

4.67 

5.18 

490 

lo 

0.1019 

4.08 

4.16 

4.63 

436 

II 

0.0907 

3.63 

3.70 

4" 

388 

u 

0.0806 

3.^ 

3.30 

3.66 

346 

13 

0.0730 

3.86 

2.94 

3.26 

308 

14 

0.0641 

3.56 

3. 61 

3.90 

3.74 

15 

0.0S7I 

3.28 

3.33 

3.S9 

3.44       / 

l6 

0.0506 

3.03 

3.07 

2.30 

3.18 

17 

0.0453 

I.81 

I.8S 

3.0s 

1 
1.94 

18 

0.0403 

1. 61 

1.64 

1.83 

1.73 

19 

O.Q3S9 

1-44 

1.46 

1.63 

X-S4 

20 

0.0320 

1.38 

1.30 

1.45    . 

1.37 

ai 

0.0285 

1.14 

1. 16 

1.39 

1.23 

23 

0.0253 

1. 01 

1.03 

1.15 

X.C6 

23 

0.0326 

0.903 

0.931 

1.03 

0.966 

34 

0.0201 

0.804 

0.820 

O.91I 

0.860 

35 

0.0179 

0.716 

0.730 

0.811 

0.766 

36 

0.0159 

0.638 

0.650 

0.733 

0.683 

37 

0.0142 

0.568 

0.579 

0.643 

0.608 

36 

0.0126 

0.506 

0.516 

0.573 

O.54X 

39 

0.0II3 

0.450 

0.459 

0.510 

0.482 

30 

O.OIOO 

0.401 

0.409 

0.454 

0.439 

31 

0.0089 

0.357 

0.364 

0.404 

0.382 

33 

0.0060 

C.318 

0.334 

O.3G0 

0.340 

33 

0.0071 

0.383 

0.389 

0.331 

0.303 

34 

0.0063 

0.353 

0.357 

0.386 

0.270 

35 

0.0056 

0.334 

0.339 

0.3S4 

0.240 

7.704 

7.85 

8.73 

1 
8.34        1 

Weight  per  cubic  foot 

f  ■  #  •^ 

480.00 

489.60 

543.6 

5I3« 

Weight  per  cubic  inch 

0.3778 

0.3833 

0.3146 

0-3973 

I 


•  For  other  gauges  see  pages  401,  40a,  403i  1469.  '473.  IS09,  I5«2,  »n<l  1600. 
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V^re-Gftuges  and  Metal-Data 


Part  3 


SiiM  and  Weiflits  of  Smooth  Steel  Wire  * 
As  made  by  the  American  Steel  &  Wicc  Company 


No. 

of 

gau^ 


000000 


00000 

0000 

000 

00 


o 

X 


3 
4 


5 
•6 


7 
8 


9 

10 


IX 

xa 


13 
14 
IS 
i6 

X7 
i8 

19 

30 
21 


23 
23 
34 


Diameters 


Fractions 
of  iiu:h 


•is 


H 


Me 


H2 


H 


Ha 


H« 


^ia 


Decimals 
of  inch 


0.461S 

0.437S 

0.4305 

0.4062s 

0.3938 

0.3750 

0.3625 

0.34375 

0.3310 

0.3125 

0.3065 

0.2830 

0.28x2s 

0.2625 

0.2500 

0.2437 

0.2253 

0.2x875 

0.2070 

0.X920 

0.1875 

0.1770 

0.1620 

0.15625 

0.1483 

O.X3SO 

O.X2S 
0.1305 

0.I05S 

0.09375 

0.0915 

0.0800 

0.0720 

0.062s 

0.0S40 

0.0475 
0.0410 

0.0348 

0.0317 

0.0312s 

0.0286 

0.0258 

0.0230 


Milli. 
meters 


XI. 72 

XI. XI 

10.93 

10.32 
xo.oo 

9.525 

9  8075 

8.73X 
8.407 
7.938 


785 
188 

144 
668 
3SO 
190 

723 
5S6 
258 
877 
763 
496 
US 

969 

767 

43? 

X7S 
o6x 
680 
2.38X 
2.324 
2.032 
X.82) 
X.58S 
X.372 
1.207 
X.041 
0.8839 
0.8052 
0.7938 
0.7264 
0.6553 
0.5842 


Sectional 


sqm 


0.16728 

O.ISQ33 

0x4556 

0.12962 

0.12x80 

0.XX045 

0.X032X 

0.092806 

0.086049 

0.076699 

0.073782 

0.062902 

0.063126 

0.0541x9 
0.049067 

0.046G45 

0.039867 

0.0375813 

0.033654 

0.028953 

0.027612 

0.024606 

0.020612 

0.01917$ 

0.017273 

0.0x43x4 

0.0x2272 

0.01x404 

0.0087417 

0.0069029 

0.0065755 
0.0050266 
0.00437x5 
0.0030680 
0.0022902 
0.001772X 
0.0013203 

0.000951x5 
0.00078924 
0.00076699 
0.00064242 
0.00052379 
0.00041548 


Weight  t 


Pounds 

per 
100  feet 


56. 8x 
51.05 
49  43 
44.02 

41.36 
37.5X 
35.05 
31-52 
29.22 
26.05 
25.06 
21.36 
2X.XO 
XS.38 
X6.67 
X5.84 
X3.S4 
12.76 

11.43 
9.832 

9  377 
8.356 
7.000 


5X2 

866 
861 
166 
873 
969 
3.344 
2.233 
X.707 
I  383 
X.042 
0.7778 
0.6018 
0.4484 
0.32.V 
0.3680 
0.2605 
0.2182 
0.1775 

0.X4XX 


.0 

.0 

.0 
.0 

4 

.2 

.4 
.8 


a9S9  o 

2696.0 

96x0.0 

2324  o 

2x84.0 

X980.0 

1851.  o 

X664.0 

X543  0 

X375 

X323 

X128 

XX14 

970 

880 

836 

7x4 

6739 

603.4 

5X9  3 

495  X 
44x2 
3696 
343  8 
309  7 
256.7 
220.0 

204.5 

156.7 
X23.8 

117  9 
90  13 
73.01 
55  01 
41.07 
31  77 
23-67 
X7  05 
X4  XS 
13  75 
XX.  52 
937 
7.45 


Pounds 

per  mile 


No. 

of  feet 


poosd 


I 
I. 

3. 

2. 

3. 

9. 

a. 

3. 

3 

3 

3 

4- 


.76 
9S9 

.023 

.272 
4X8 

.666 
853 
X73 
422 

839 
991 

mt 

4.7» 
51 441 
5  999 
6.3x3 
7-3S0 
7-83S 
8  750 
10. 17 
10.66 

11.97 
14  29 
15.36 
17  OS 
»  57 

24  00 

25  82 

33.69 

42  66 

44  78 

5858 

72  32 

9$  98 

128  60 

166  JO 

223  00 

30960 

373  xo 


^3 
458 

S63 
708 


90 
40 
30 

70 


*  For  other  gauges,  see  pages  401,  403,  405,  X469,  X473.  1509.  15x0  and  1600. 
t  For  iron  wire,  the  values  in  columns  6  and  7  should  be  multiplied  by  0.98  and  for 
copper  wire,  by  1.1a. 


KindB  of  Wn  1513 

Kinds  of  Wire  MftonfActOMd  by  fhe  Am«ric«a  Steel  end  ^Hre 

Company 

Market-wire,  Nos.  oooo  to  t8. 

Annealed  stone-wire  or  weaving-wire,  Nos.  i6  to  47. 

Tinned  market- wire,  Nos.  o  to  18. 

Tinned  stone- wire,  Nos.  16  to  40. 

Gun-screw  wire,  finished  with  great  care  as  rogards  rouDdness  and  exactness 
to  gauge,  Nos.  x8  to  50. 

Machinery-wire,  Nos.  00000  to  x8. 

Cast-steel  wire,  ^^in  diameter,  down  to  No.  26. 

Drill  and  needle-steel  wire,  Nos.  i  a  to  25. 

The  term  market-wire  applies  to  the  ordinary  and  most  used  forms  of  Bes- 
semer ANNEALED,  BRIGHT,  GALVANIZED,  TINNED  and  COPPERED  wireS. 

GslYsnlzed-Iron-Wire  Strtnd.  The  diameter,  list-price  per  100  ft,  weight 
per  100  feet  and  approximate  breaking-load  in  pounds  for  this  wire  is  given  in 
Table  XVI,  Chapter  XI. 
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2detal«Dftta 


Part  Z 


Weighte  mod  iinu  of  Sqntfe  aad  Rountf  Ban  tad 

Ronnd  8l«tf  Ban* 

Weights  are  for  sted,  at  489.6  lb  per  cu  It 


Thickness 

or 
diameter, 

in 

Weight  of 

D  bar 

ifcloog. 

lb 

Weight  of 

0  bar 

X  it  long, 

lb 

Area  of 

Dbar, 

sqin 

Area  of 

Obar, 

sq  in 

1 

cnoeo! 

Obar. 
in 

He 

H4 

Ha 

Ji4 

0.013 

0.031 
0.030 
O.O4X 

O.OIO 

0.016 
0.023 
0.032 

0.0039 
0.0061 
0.008S 
o.oxao 

0.0031 
0.0048 
0.0069 
0.0094 

0x963 
0.2454 
0.29^ 

O.J4J6 

9«4 

Ha 

1H4 

0.OS3 
0.067 
0.083 

O.IOO 

0.042 

0.053 
0.06s 
0.079 

0.0156 
0.0198 
0.0244 
0.029s 

0.0123 

0.C1S5 
0.0192 
0.0233 

0.3»27 
0.4418 

6-4909 

0.5400 

l?i4 
»H4 

0.120 
0.140 
0.163 
0.187 

0.094 

0.110 

0.128 
0.147 

0.03S2 

0.0413 
0.0479 
O.OS49 

0.0276 
0.0324 
0.0376 

0.0431 

O.S890 
0.63S1 
0.6B72 

0.7363       1 

M 
Ha 

»H4 

0.213 
0.240 
0.269 
0.300 

0.167 

0.188 

0.211 

0.235 

0.0625 
0.0706 
0.0791 
0.0881 

0.0491 

0.0554 
0.0631 
0.0692 

O-tSs* 
0.834s 
0.8836 

0.9327 

»H2 

H 
iHa 

0.33a 
0.402 

0.478 
0.561 

0.261 
0.316 
0.376 
0.441 

0.0977 
0.X182 
0.1406 
0.1650 

0.0767 
0.0928 
0.1104 
0.1296 

0.9817 
I.0799 
1.1781 
1.^3 

»Ha 

0.651 

0.747 
0.850 
0.960 

0.511 
0.587 

0.668 
0.754 

0.1914 
0.2197 
0.2500 
0.2822 

0.I5C3 
0.1726 

0.1963 
0.2217 

1.3744 
1.4726 
1.5708 
1.6690 

9i«    • 

H 

1.076 

II99 
1.328 
1.607 

0.845 

0  041 

1  043 
1.262 

0.3164 
0  3S2S 
0.3906 

0.4727 

0.24SS 
0.2769 
0.3068 
0.3712 

1-7671 

l.86^l^ 
1.963s 
2.1598 

1.913 
2.245 

2.603 

2.989 

1.502 
1.763 
2  044 
2.347 

0.5625 
0.6602 
0  7656 
0.8789 

0.4418 
0  518s 
0.6013 

0.6903     1 

2.3562 
2.552s 
2-7489 
2.9452 

*  Adapted  from  the  19x9  Edition  of  the  Handbook  of  the  Cambria  Sted  Company, 
Johnstown,  Pa. 


Weights  axid  Areas  oC  Sted  Bars 
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WilihtB  tad  Anas  of  Sftiara  aad  Rooad  SImI  Ban  * 

Wcif  hU  are  for  ttMi.  at  4^9-6  lb  par  cu  ft 


D 

0 

1 

Thick- 

D 

0 

Thick- 

ness. 

Wdght 

Woight 

ness. 

Weight 

Wdght 

in 

Am. 

per 

Ax«a« 

P«r 

in 

Am, 

PCT 

Atm, 

per 

sqin 

foot, 
lb 

■qin 

foot, 
lb 

sqin 

foot, 
lb 

»q  in 

foot. 

lb 

I 

x.ooe 

3.400 

0.785 

2.670 

3 

9.000 

30.60 

7.069 

24-03 

Me 

1.139 

3.838 

0.887 

3.014 

Me 

9379 

31-89 

7.366 

25.04 

H 

X.J66 

4.303 

0.994 

3-379 

H 

9.7€6 

33.20 

7.670 

26.08 

h9 

1. 410 

4.7W 

X.108 

3.766  1 

,    fie 

10.  x6 

34.55 

7.980 

27.13 

H 

X.S63 

S.3I» 

X.237 

4  173 

1 

10.56 

35  92 

8.296 

28.20 

5i« 

1.723 

5.857 

I.3S3 

4.600 

Me 

xo.97 

37.31 

8.6x8 

29.30 

H 

1.891 

6.428 

X.485 

5049  ' 

H 

IX. 39 

38.73 

8.946 

30.42 

J4« 

2.0G6 

7.006 

X.623 

5  518 ; 

Me 

xx.82 

40.  x8 

9.28X 

31. S6 

H 

3.250 

• 
7.650 

X.767 

6.00S  1 

1     H 

12.25 

4X.65- 

9.621 

32.71 

94« 

2.44X 

ft.3Dl    ' 

X.918 

6  520  ' 

1     ^'« 

12.69 

4314 

9.968 

3390 

H 

2.641 

8.978 

2.074 

7  051 

^^ 

13.  X4 

44.68  i 

10.32 

35.09 

»M« 

3.S48 

9.6S2 

2.237 

7.604 

1 

^He 

13.60 

46.24 

10.68 

36.31 

H 

3.063 

to.  41 

2.405 

I 
8.178  I 

y* 

14.06 

47.82 

XX. OS 

37.56 

»Mt 

3.28s 

II. X7 

2.580 

8  773  ! 

'    »He 

1454 

49.42 

11.42 

38.8X. 

Ti 

3.S16 

IX. 95 

2.761 

9388  1 

'    li 

15.02 

51.05 

XX. 79 

40.10 

^i« 

3.754 

12.76 

2.948 

X0.02 

'    me 

1 

15.50 

52.71 

X2.X8 

41.40 

2 

4000 

X3.60 

3.142 

X0.68 

'  4 

x6.oo 

54.40 

12.57 

42.73 

Me 

4.354 

X4  46 

3  341 

11  36 

.     Me 

16.50 

56.  H   , 

12.96 

44.07 

H 

4  5x6 

1 5. 35 

3.547 

13  06 

1    H 

17.02 

57.8s 

13  36 

45.44 

?ie 

4  785 

16.27 

3.758 

13. tS 

Me 

17.54 

59.62 

13.77 

46.83 

W 

5. 063 

17.22 

3.976 

13  52 

V4 

X8.06 

61.41 

14.19 

48.24 

?ie 

S.348 

18.  X9 

4.20O 

14.28 

1    Me 

X8.60 

63.23 

14.61 

49.66 

H 

5  641 

19.18 

4.430 

1507 

i    H 

19x4 

65.08 

IS  03 

51.  XX 

Me 

5.941 

30.20 

4.666 

XS.86 

Me 

19.69 

66.95 

IS.  47 

52.58 

u> 

6.250 

21.35 

4909 

1669 

H 

20.25 

68.85 

15.90 

54  07 

•fe 

6.566 

,  »  33 

5. 157 

17  S3 

lie 

20.82 

70.78 

16  35 

55  59 

H 

6.89X 

1  23  43 

5  412 

x8  40 

H 

21. 39 

72.73 

16.80 

57.12 

Hie 

7.223 

34.56 

5  673 

19  29 

»Me 

21. 97 

74  70 

17.26 

58.67 

H 

7  563 

,  25  71 

5. 940 

20.20 

H 

22.56 

76.71 

17  72 

60.35 

»Me 

7.910 

26  90 

,    6  213 

21.12 

»3ie 

23.16 

78.74 

18.19 

6x84 

•H 

8.366 

1  3S.XO 

6.492 

1  22.07 

'     H 

23  77 

80.8X 

18.67 

63.46 

»)i6 

S.639 

2934 

6.777 

1  23.04 

'     »-)ie 

1 

24  38 

82.89 

19  IS 

65.  xo 

*  Adapted  from  the  19x9  Edition  of  the  Kandbook  of  the  Cambria.  Steel  Company, 
fohnstown,  P«. 
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Put  i 


Weights  and  Areas  of  S^osre  sad  HAoad  Stsd  Bais  *  ( 
Weights  are  for  steel,  at  489.6  lb  per  ca  ft 


Thick- 

D 

0 

Thick- 

D 

1 
0 

ness, 

Weight 

Weight 

ness. 

Weight 

Weight 

in 

Ares. 

per 

Area, 

per 

m 

Area, 

per 

Area. 

per 

sq  in 

foot, 
lb 

sq  in 

foot, 
lb 

sqin 

foot, 
lb 

sq  in 

foot. 

lb 

5 

25- 00 

85  00 

1964 

66.76 

7 

49.00 

X66.6 

30. 49 

1309 

Me 

25.63 

87.14 

20.13 

68.44 

H 

52.56 

178.7 

41.28 

1404  i 

H 

26.27 

8930 

20.63 

70.14 

H 

56.25 

191.3 

44.18 

150  3  ; 

H* 

26.91 

91.49 

21.14 

71.86 

M 

60.06 

204.2 

47.17 

X60.3 

M 

27.56 

93  72 

21.65 

73  60 

8 

64.00 

2t7.6 

S0.S7 

171  c 

«• 

28.22 

95.96 

22.17 

75.37 

M 

68.06 

231.4 

53.46 

lAx.S 

H 

28.89 

9«  23 

22.69 

77  15 

H 

72.25 

345.6 

56.75 

193.0 

h* 

29  57 

100.5 

23.22 

78.95 

H 

76.56 

260.3 

60.13 

2Q«.4 

H 

30.25 

102.8 

23.76 

80. n 

9 

8x00 

275.4 

63.6.2 

316.3 

»^ei 

3094 

105.2 

24.30 

82.62 

H 

85.56 

290.9 

67.ao 

2285 

H 

31.64 

107.6 

24.85 

84.49 

M 

90.25 

306.8 

70.8S 

241  0 

»H« 

32.3s 

IIO.O 

25.41 

86.38 

H 

95.06 

323.2 

74.«6 

asj9 

H 

33.06 

XI2.4 

2597 

88.29 

to 

xeo.o 

340.0 

7«.54 

'   267.0 

»M« 

33  79 

114. 9 

26.54 

90.22 

Vi 

X05.X 

357.2 

S2.52 

SB06 

H 

34.52 

117.4 

27. IX 

92.17 

H 

xto.3 

374.9 

86.59 

294  4 

»M« 

35.25 

119.9 

27.65 

94  14 

M 

X15.6 

3929 

90-76 

1086 

6 

36.00 

122.4 

28.27 

96.14 

IX 

121. 0 

411.4 

95.03 

323  1 

H 

37  52 

127.6 

29.47 

100.2 

V4 

X26.6 

430.3 

9040 

337-9 

M 

3906 

132.8 

30.68 

104.3 

W 

132.3 

4496 

103.9 

3S3  I 

H 

40.64 

138.2 

31  92 

108.5 

H 

138. 1 

4694 

106.4 

3686 

H 

42.2s 

143.6 

33  x8 

1X2.8 

12 

r44.o 

489.6 

1x3. 1 

384-5 

H 

43  80 

149  2 

34  47 

1x7.2 

44 

4S.S6 

154  9 

35  79 

I2X.7 

'/6 

47.27 

160.8 

37.12 

126  ..2 

1 

*  Adapted  from  the  19x9  Edition  of  the  Handbodc  of  the  Cambria  Sted  Company, 
Johnstown,  Pa, 


Woc^ts  of  Flat  Steel  Bars 
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Weights  in  P6iiiids  of  Flat  Ronad  Steel  Ban 

PER  UNEAK  FOOT 

Oae  cubic  foot  oC  sted  weighs  489.6  lb 
For  thicknesses  from  Ms  ia  to  M«  in  and  widths  from  V4  in  to  K  in 


Width  of  bar.  inches 

Thickness, 

inclies 

H 

Ms 

H 

Ms 

w 

Ms 

H 

»Ms 

M 

H« 

O.0S3 

0.066 

0.080 

0.093 

0.106 

0.120 

0.133 

O.X46 

0.XS9 

^4 

0.066 

0.083 

O.IOO 

0.116 

0.133 

0.149 

0.166 

O.X83 

O.X99 

?i2 

o.oSo 

O.IOO 

0.120 

O.X39 

0.159 

0.179 

0.199 

0.2x9 

0.239 

'M 

0.093 

0.1x6 

0.139 

0.163 

0.186 

0.209 

0.233 

0.256 

0.279 

H 

o.to6 

0.133 

0.XS9 

0.X86 

0.212 

0.239 

0.266 

0.292 

0.319 

»^4 

0.120 

O.X49 

0x79 

0.209 

0.239 

0.269 

0.299 

0.329 

0359 

Ha 

0.133 

0.166 

0.199 

0.232 

0266 

0.299 

0.333 

0.365 

0.398 

^H* 

0.146 

0.X83 

0.2x9 

0.256 

0.292 

0.329 

0.36s 

0.402 

0.438 

M« 

0.XS9 

•O.X99 

0.239 

0.279 

0.319 

0.359 

0.398 

0.438 

0.478 

m* 

0.173 

0.216 

0.259 

0.302 

0.34S 

0.388 

0.43a 

0.47s 

0.S18 

lia 

0.186 

0.232 

0.279 

0.325 

0.372 

0.418 

0.465 

0.511 

0.558 

»H4 

0.199 

0.249 

0.299 

0.349 

0.398 

0.448 

0.498 

0.548 

0.598 

H 

0.213 

0.266 

0.319 

0.372 

0.42s 

0.478 

0.531 

0.584 

0.638 

'Hi 

0.226 

0.282 

0.339 

0.39s 

0.4S2 

0.508 

0.564 

0.631 

0.677 

9fe 

0.239 

0.299 

0.359 

0.418 

0.478 

0.538 

0.598 

0.657 

0.7x7 

»W4 

0.252 

0.31s 

0.379 

0.442 

0.50s 

0.568 

O.63X 

0.694 

0.757 

Me 

0.266 

0.332 

0.398 

0.46s 

0.S3X 

0.598 

0.664 

0.730 

0,797 

«H4 

0.279 

0.349 

0.418 

0.488 

0.558 

0.628 

0.697 

0  767 

0.827 

H^' 

0.292 

0.365 

0.438 

o.six 

0.584 

0.657 

0.730 

0.804 

0877 

>H4 

0.30s 

0.382 

0.458 

0.S3S 

0.61X 

0.687 

0.764 

0.840 

0.9x6 

H 

0.319 

0.398 

0.478 

O.S58 

0.6.38 

0.717 

0.797 

0.877 

0.956 

«5^4 

0.332 

0.41S 

0.498 

0.581 

0.664 

0,747 

0.830 

0.913 

0.996 

iHa 

0.345 

0.43a 

0.518 

0.604 

0.69X 

0.777 

0.863 

0.950 

X.04 

*IU 

0.3S9 

0.448 

0.538 

0.628 

0.717 

0.807 

0.896 

0.986 

1.08 

lie 

0.372 

0.46s 

O.S58 

0.651 

0.744 

0.837 

0.930 

1.02 

1.12 

*ni 

0.38s 

0.481 

0578 

0  674 

0.770 

0.867 

0.963 

1.06 

1.16 

»Vj3 

0  398 

0.498 

0.598 

0.697 

0.797 

0.896 

0.996 

1.10 

1.20 

3^4 

0.412 

0.515 

0.618 

0.721 

0.823 

0.926 

X.Q3 

1.13 

1.34 

H 

0.435 

0  S31 

0.638 

0.744 

0.850 

0  9S6 

1.06 

1X7 

x.38 

»=^64 

0.438 

0  5*8 

0657 

0.767 

0.877 

0.986 

1. 10 

X.31 

X.3X 

17.^2 

0.452 

0.564 

0.677 

0.790 

0.903 

1.02 

1.13 

X.24 

X  35 

H64 

0.465 

0.581 

0.697 

0.613 

0.930 

x.os 

x.x6 

X.38 

I  39 

9i» 

0.478 

0.598 

0.7x7 

0.837 

0.956 

X.08 

X.30 

X.3I 

X.43 
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MeUl-DaU 


Part  3 


Wdghti  in  Pwn4s  o<  Flat  Soa«4  SImI  Bmi  « 

FBR  UHSAR  TOOT 

For  thicVneiici  Irom  H«  to  a  ia  and  widths  (con  i  to  3  in 


Width  oC  bar.  inches 

- 

Thickness, 
inches 

X 

xW 

xW 

iH 

2 

2H 

2l4 

a^4 

3 

M« 

o.ax 

C.36 

0.32 

0.37 

043 

0  48 

0.S3 

os8 

0  63 

H 

0  43 

0  53 

0.64 

0.75 

0.85 

0.96 

1.06 

I  17 

1  as 

?i6 

C.63 

0  79 

0  96 

1. 11 

I   28 

X-44 

X.59 

1.75 

I  91 

>4 

0.85 

1.06 

1.38 

r  49 

X.70 

I  91 

3.12 

2.M 

3  SS 

5i« 

t  c6 

1  33 

X.S9 

X.86 

2. 13 

239 

26s 

2  92 

3  19 

H 

1.28 

I  59 

1.93 

2.23 

2  55 

2.87 

3.19 

3  51 

3^3 

Tie 

1-49 

1.86 

3.23 

2.60 

3.98 

3  35 

3.72 

4.09 

446 

>i 

1.70 

3.12 

2.55 

2.98 

3.40 

3-83 

4.25 

4  67 

5.1c  t 

# 

•.le 

1.92 

2  39 

287 

3  35 

3  83 

4  30 

478 

5  26 

5  74 

H 

3.1a 

265 

3  19 

3  72 

4  25 

.4.78 

5  31 

5  »4 

6  Jt 

»M» 

2  34 

3  92 

3  51 

4  09 

4  67 

S.2fi 

584 

6  43 

,      7.C2 

54 

2. 55 

3  19 

3  83 

4.47 

5. 10 

5-75 

6.38 

7.03 

1   7-65 

»M« 

276 

3  45 

A  U 

4.84 

5  S3 

6.21 

6.90 

7.60 

8  39 

H 

2.98 

3  72 

4  47 

5.20 

5  95 

6.69 

7.44 

8  z8 

8Sb 

»M6 

3.19 

399 

4.78 

5.58 

6.38 

7.18 

7.97 

8-77 

957 

I 

3.40 

4  25 

5.10 

5  95 

6.80 

7.65 

8.50 

93S 

10.  JO 

iH« 

361 

4  52 

S  42 

6-32 

7- 33 

8x3 

9.03 

993 

XC.64  1 

1^^ 

3  83 

478 

5  74 

6.70 

765 

8.61 

9.57 

10.5a 

11  4S 

iM« 

4  C4 

5  05 

6  06 

707 

8.08 

9.09 

10.  xo 

XI. xz 

13   13 

iH 

4  25 

s  31 

6.38 

7-44 

8. 50 

957 

X0.63 

XX.69 

X3.75 

I'io 

446 

5  58 

669 

7.81 

893 

10.04 

XX.  x6 

12.37 

13  39 

iH 

4  67 

584 

7.02 

8x8 

935 

10.5a 

XX.69 

13  8s  1 

14  03 

iMs 

4.89 

6  II 

7.34 

8.56 

978 

11.00 

13.33 

13  44  ' 

14  66 

I'/i 

5.10 

638 

7  65 

8.93 

10. 30 

11.48 

12.75 

14.03 

IS  3P 

I».l6 

s  32 

664 

7-97 

9  30 

10. 63 

11.95 

13  38' 

X4.6X 

XS  94 

1*6 

5  52 

6  90 

8.29 

967 

IX. 05 

13. 43 

13.81 

X5  19 

16  5K 

inie 

5-74 

7  17 

8.61 

10.04 

XI  47 

13. 91 

14  34 

XS.78  1 

17   33 

i94 

5  95 

7-44 

8.93 

10  42 

IX. 90 

13  40 

X4.88 

16.37 

17  fts 

i»M« 

6.16 

7.70 

9  24 

10  79 

X3.33 

1386 

X5.40 

x6  95 

x8  49 

ila 

6.38 

7  97 

957 

11.15 

xa.7S 

14  34 

IS  94 

17  S3 

19  U 

i»M« 

6  59 

8.34 

9.88 

II  S3 

X3  x8 

14  83 

X6.47 

X8  13 

X9  77 

2 

6  80 

850 

10.20 

XI. 90 

X3  60 

IS  30 

17. 00 

X8.70 

30.40 

/ 

1 

1 

Wdgbts  of  Flat  Steel  Bars 
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W«I^M»  in  Pmmte  of  Vkt  ItdUed  8tMl  Bui  (Oontiaaod) 

FUl  XJKEAR  FOOT 

For  thkrknessea  from  M<  to  2  in  and  widths  Crom  3H  to  7H  b 


Width  of  bar. 

inches 

Thickness. 

inches 

3^^ 

4 

4H 

5 

SH 

6 

6H 

7 

7V4 

H. 

0.7s 

0.8s 

0.96 

x.06 

1x7 

X.38 

X.39 

X.49 

1.60 

H 

X  49 

X.70 

1.93 

3.13 

3  34 

3. 55 

3.77 

3.98 

3.19 

?i« 

a.*3 

2.55 

a. 87 

3  19 

3  51 

3  83 

4  X4 

4.46 

4.78 

H 

2.98 

3.40 

383 

4.35 

4.67 

5.10 

5  S3 

5-95 

6.36 

Ms 

3  73 

4  35 

478 

5  31 

584 

638 

6.90 

7-44 

7.97 

H 

4.47 

S.xo 

5  74 

6.38 

7.02 

7.65 

8.39 

8.93 

9  57 

^« 

S.ao 

595 

6.70 

7  44 

8.18 

8.93 

9  67 

XO.41 

II.  16 

H 

595 

6.80 

7.6s 

8.50 

935 

xo.ao 

XI. 05 

XI. 90 

ia.7S 

Ms 

6.70 

7.6s 

8.6x 

957 

xo.52 

11.48 

1343 

1339 

14  34 

H 

7.44 

8.50 

9-57 

10.63 

11.69 

13.75 

13.81 

14. 87 

xs  94 

»Hs 

8x8 

9  35 

10. 52 

XI. 69 

12.85 

X4.03 

xsao 

X6.36 

X7.53 

M 

8.93 

xo.ao 

XX. 48 

X3.75 

X4.03 

X5-30 

16.58 

X7-85 

19  •X3 

iMs 

9  67 

XI.  05 

X3.43 

13 -81 

15  19 

X6.58 

X7  95 

19  34 

30.72 

Ti 

X0.41 

IX. 90 

X3  39 

14  87 

16.36 

X7.85 

X9  34 

30.83 

32.33 

«Ms 

XI. 16 

xa.75 

X4  34 

X5  94 

X7.S3 

X9X3 

20.73 

22.32 

33. 9X 

I 

XX. 90 

13.60 

XS.*> 

X7.OO 

X8.70 

20.40 

22.10 

23.80 

as. so 

xHs 

ia.65 

14-45 

X6.a6 

X8.06 

X9»7 

21.68 

33-48 

35.39 

27.10 

iH 

X3  39 

15. 30 

17.3a 

X9  13 

21. 04 

32.95 

34.87 

t6.78 

as. 68 

iMs 

X4  13 

16.15 

I8.X7 

30.19 

22.21 

34  33 

36.24 

28.26 

30.38 

xK 

X4.«7 

17.00 

19.13 

31.25 

23-38 

35-50 

27.62 

39-75 

31.88 

iMs 

15.62 

X7.85 

20.08 

32. 3a 

34-54 

26.78 

39. ox 

3x33 

.1^48 

iH 

X6.36 

18.70 

31.04 

33  38 

35  71 

28.05 

30.39 

33.73 

35  06 

I^/<S 

X7.10 

X9.85 

31.99 

34.44 

26.88 

39  33 

3X.77 

34-31 

36.66 

x4 

X7.8S 

ao.40 

33.95 

35.50 

28.0s 

30.60 

33.15 

35.70 

38.a6 

iMs 

18.60 

31. 25 

33  9x 

36.57 

a9aa 

31.88 

34-53 

37  X9 

3984 

m 

X934 

aa.io 

34.87 

37.63 

30.39 

33  IS 

3591 

38.67 

41  44 

inie 

30.08 

33.95 

35.82 

28.69 

31  55 

34  43 

37.30 

40.16 

43  03 

iH 

ao.83 

2380 

26.78 

39.75 

33.73 

35.70 

38.68 

41.65 

44  63 

i»M« 

at.  57 

34-65 

37  73 

30.81 

3389 

36.9B 

40.0s 

43  X4 

46.2a 

iH 

22.31 

3$  so 

28.69 

31  «7 

3506 

38.2s 

41. 44 

44  63 

47.8a 

i»Ms 

23.06 

36.35 

3964 

3394 

36.23 

39  53 

42.82 

46.1a 

49  ^X 

a 

23.80 

a7.ao 

30.60 

34.00 

37.40 

40.80 

44.20 

47  60 

51.00 

1520 
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W«igbti  in  Pounds  of  Fkt  RoOsd  Steel  Ban  (rentiowaO 

FSa  LD<£A&  f  OOT 

For  Uucknesiei  Iron  H«  to  a  in  aad  widths  from  8  to  Z2  in 


Width  of  bar.  inches 

Thickness, 
inches 

1 

8 

8H 

9 

9H 

XO 

loVi 

XI 

IXH     1        13 

1 

\u 

1.70 

Z.81 

X.91 

2.02 

2.13 

2.23 

2.M 

2.45         a  55 

H 

3- 40 

3.61 

3.82 

4.04 

4.25 

4.46 

4.68 

4  »9  .     S  IC 

?1« 

5.10 

S.42 

5. 74 

6.06 

6.3S 

6.70 

7.02  '     7.3a  1     7-6$ 

•      K 

6.80 

7.22 

7.65 

8.08 

8.50 

8.92 

9.34 

9.78      ZO.20 

Me 

8.50 

9.03 

9.56 

10. 10 

10.62 

11.  iC 

11.68 

la.  23      13.75 

H 

lo.ao 

10.84 

XI. 48 

12.12 

12.75 

13.39 

14.03  j   Z4-6B  '  15.30   j 

?i« 

11.90 

12.64 

13.40 

14.14 

14.8S 

15.62 

16.36  I  I7.X2  j   17  «S   ' 

>4 

13.60 

14. 44 

15.30 

16.  x6 

17.00 

17.85 

18.70      19.55      ao.40 

^« 

iS-30 

16,26 

17.22 

x8.x8 

19.14 

20.0S 

31.03 

1 
23.00     23.9s 

H 

17.00 

18.06 

19.13 

20.19 

21.25 

22.33 

23.38 

24-44   1    2S-S0    1 

nu 

18.70 

19.86 

21.04 

22.21 

23.3S 

24. 5t 

25.70 

26.88  ,   20  05  ' 

9i 

ao.40 

21.68 

22.96 

24 .23 

25.50 

26.78 

2S.05 

29.33 

30.60 

»^i<l 

23.10 

23.48 

24.86 

26.24 

27.62 

29.00 

30.40 

31 -?6 

33.15  ; 

H 

23.80 

25.30 

26.78 

28.26 

2975 

31.24 

33.72 

34  21       3570 

.    »M« 

25.50 

27.10 

28.69 

30.28 

31.88 

33.48 

35  06 

36.66  .  30  2$ 

X 

37.90 

28.90 

30.60 

32.30 

34.00 

35.70 

37.40 

39.10      40.Sc 

iM« 

28.90 

30.70 

32.52 

34.32 

36.12 

37.92 

39.74 

4X.54  ,   4335 

iH 

30  60 

3252 

34  43 

36.34 

35.2s 

40.17 

43.08 

4400      459c 

iM« 

33.30 

34.32 

36.34 

38.36 

40.38 

42.40 

44  43 

46.44 

48.45 

iJ4 

34.00 

36.12 

38.26 

40.37 

42.50 

44.63 

46.76 

48.88 

51.00 

iM« 

35.70 

37.93 

40.16 

43.40 

44  64 

46.86 

4908 

SI. 32  i  S3>S5 

xH 

37.40 

39.74 

42.  oS 

44-41 

46.75 

49.08 

51.42 

S3  76  1  S6.IC 

i?i« 

39  10 

41.54 

44  00 

46.44 

4S.88 

51.32 

S3  76 

56  21  '  58.65 

iH 

40.80 

43.35 

45.90 

48.4s 

51.00 

5355 

56.  XO 

58  65 

61.20 

i»ie 

42  50 

45  16 

47  82 

5048 

S3. 14 

55.78 

58.42 

61.  XO  ,  63  75 

iH 

44.20 

46.96 

49.73 

52.49 

55  25 

58. 02 

60.78  1  63  54  i  66  30 

ii'i« 

45.90 

48.76 

51  64 

5451 

57  38 

60.24 

63.10  i  6s  9B  ,  6ft  85 

1)4 

47.60 

50.58 

5356 

56.53 

59  50 

62.48 

65  45 

68  43     71  «o 

I»3t8 

49.30 

52.38 

55.46 

58.54 

61  62 

64  70 

67.80 

70.86  '  73.95 

I'S 

5100 

54.20 

57.38 

60.56 

63  75 

66.94 

70  12 

7331  I  76  so  1 

im« 

52.70 

56  00 

59  29 

62.58 

65.88 

69x8 

72.46 

75  76 

790s 

a 

54.40 

1 

57.80 

1 

61.20 

64.60 

68.00 

71.40 

74.80 

78.20 

8X.60  1 

Estimating  Weights  of  Metals 
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Itiilds  for  Btttmatiiig  the  Weight  of  any  Ploca  of  Wrought 

Iron,  Steel  or  Cast  Iron 

Wrought  Iron. 

One  cubic  foot  of  wrought  iron  weighs 480  lb 

One  square  foot,  one  inch  thick,  weighs 40  lb 

One  square  inch,  one  foot  long,  weighs 3Vi  lb 

To  find  the  weight  per  square  foot  of  sheet  iron,  multiply  the  thickness  in 
inches  by  40. 

To  find  the  weight  per  linear  foot  of  bars  of  any  section,  multiply  the  cross- 
sectional  area  in  square  inches  by  $M. 

St6«L 

One  cubic  foot  of  steel  weighs 489.6  lb 

(Or  just  3%  more  than  wrought  iron.) 

One  square  foot,  one  inch  thick,  weighs 40.8  lb 

One  square  inch,  one  foot  long,  weighs 3-4  lb 

To  find  the  weight  per  linear  foot,  of  bars  of  any  section,  multiply  the  cross- 
sectional  area  in  square  inches  by  3.4;  or,  if  the  weight  is  known,  the  exact  sec- 
tional area  may  be  obtained  by  dividing  by  3.4. 

'  Cast  Iron. 

One  cubic  foot  of  cast  iron  weighs 450  lb 

One  square  foot,  one  inch  thick,  weighs 37H  lb 

One  square  Inch,  one  foot  long,  weighs 3mb 

One  cubic  inch  weighs 0.26  lb 

The  weight  of  irregular  castings  must  be  estimated  by  the  cubic  inch. 

Rules  for  Weights  of  Castings 

Multiply  the  weight  of  the  pattern  by  18  for  cast  iron,  13  for  brass,  19  for  lead, 
I  J. 3  for  tin,  1 1.4  for  zinc;  the  product  is  the  weight  of  the  casting. 

Redaction  for  Round  Cores  and  Core-Prints 

Rule.  Multiply  the  square  of  the  diameter  by  the  length  of  the  core  in  inches, 
and  the  product  multiplied  by  0.017  is  the  weight  of  the  pine  core  to  be  deducted 
from  the  weight  of  the  pattern. 

Shrinkage  in  Castings 


Pattem-makeri'  Role  ' 


Cast  iron.  M 

Brass Mt 

Lead H 

Tin Ma 

Zinc Me 


of  an  inch  longer  per  linear  foot 


1522 


Metal-Datt 


Paxt3 


yfti^ta  of  fltiMfH  Cttt*Inw  Coll 


ZiiMkr  »Mt« 


b 
t 


la 

14 
16 
x8 

20 

23 

24 
26 
28 
30 

32 
34 

36 
38 
40 

42 

44 
46 
48 
SO 

52 

54 
56 
58 
60 

62 

64 
66 
68 
70 

72 
74 
76 
78 
80 


lb 


18.6 

22.5 

26.4 

30.3 
34  2 

38  I 

42.0 

459 
498 
S3. 7 


57 
6x 

65 
69 
73 


77.1 
81.0 

84.9 
88.8 
92.8 

96.7 
100.6 

104.5 
108.4 
112. 3 

116. 2 
120  X 
124.0 

127  9 
X3X.8 

I3S  7 
139  6 

143  5 
147.4 
151.3 


Thtckoess  ol  metal,  inches 


Hin. 

Hin, 

xin. 

iH  in. 

114  in. 

lb 

lb 

lb 

lb 

lb 

21.  X 

23  3 

25.0 

26.4 

27.3 

25.8 

28.7 

31.3 

334 

35.1 

30.5 

34  2 

37  5 

40.4 

43.0 

35  2 

397 

438 

47  4 

50  8 

398 

45.1 

50.0 

545 

586 

44.5 

50.6 

S6.3 

6x.S 

66.4 

49  2 

56.1 

62.5 

68.5 

74  2 

53-9 

6x.s 

68.8 

75.6 

82.0 

58.6 

67.0 

75.0 

82  6 

89.8 

63  3 

72.5 

81.3 

89.6 

971 

68.0 

77.9 

87. S 

96.7 

1055 

72  7 

83.4 

93.8 

103.7 

X13.3 

773 

88.9 

100. 0 

XX0.7 

121.  X 

82.0 

943 

X06.3 

117. 8 

X26.9 

86.7 

99.8 

XX2.5 

xa4.8 

136.7 

91  4 

X0S.3 

X18.8 

131.8 

144.5 

96.1 

XX0.8 

I2S0 

X38.8 

152.3 

100  8 

XI6.2 

131  3 

I4S  9 

160.2 

105.5 

121. 7 

137. 5 

152  9 

16S.0 

1x0.2 

127.2 

143.8 

1S99 

175-8 

XX4.8 

132.6 

150.0 

167.0 

183.6 

119. 5 

138. X 

156.3 

174.0 

191.4 

124.2 

143-6 

x6a.5 

lAz.o 

199a 

X38.9 

149.0 

168.8 

188. 1 

207.0 

133.6 

154  5 

175.0 

195.1 

214.9 

138.3 

160.0 

181. 3 

202.x 

222.7 

143  0 

165.4 

187  S 

209.2 

230.5 

147  7 

170.9 

193.8 

216.2 

238  3 

152.3 

X76  4 

200.0 

223.2 

246.x 

X57  0 

x8t.8 

206.3 

230.3 

2539 

161. 7 

1S7.3 

212.5 

237.3 

a6x.7 

166.4 

192.8 

2x8.8 

244  3 

269.5 

171.  X 

1983 

225.0 

251.3 

277  3 

175  8 

203.7 

231  3 

258.4 

285.2 

180.5 

207.2 

237  5 

265.4 

293.0 

lb 


28 

37 

46 
S6 
65 


75  o 

844 

938 

103.  X 

1X2. 5 
I2X.9 

131-3 
140.6 
150.0 
159.4 

X68.8 
X78.1 
187  5 
196.9 
206.3 

2x5.6 
225.0 
234.4 

243.8 
253.2 

26a. S 
271.9 
2B1.3 
290.6 
300. o 

309.4 
318.8 
328.x 

337.5 
346.9 


z^in, 
lb 


49 
60 

71  1 


am. 
lb 


^1 
2  ♦ 


8a. o 
93.0 

103  9 
114-8 
125-8 


50  c 
625 
750 

•7-5 

xoo.o 

112  5 

I25-C 
137  5 


136.7 

ISO  0 

147.7 

162.5 

X58.6 

175  0 

169.5    187.5 

X80.5 

200.0 

191-4 

n2  5 

202.3 

225  C 

213  3 

237  5 

224.2 

250-C 

235  a 

262s 

246.1 
257  o 
268.0 

278.9 
289.8 

300.8 
311.7 
322.7 
333  6 

344.5 

355  5 

366.4 
377.3 
388.3 
399.a 


275  o 
287  5 
JDO.O 

31a  S 

325  o 


337 

3SO. 

362 

375 

397 


400  c 

412  5 

42s  o 

437  5 

450.0 


*  Birkmire. 

t  a  and  b  »  either  side,  outside  measurement, 
been  made  in  this  table  for  comers  counted  twice. 


a  a  +  2  6  "  number.    Allowance  has 


Example.     What  is  the  weight  per  linear  foot  of  a  12  by  z6  by  i  in  thick 

column? 

Solution.    2a+2ft«- 24+32- 56.    Opposite  this  number,  under  x -in-thick 
metal,  we  find  162.5,  or  weight  per  linear  foot  of  a  column  X2  by  x6  by  x -in-thick. 

Note.    For  flanges,  brackets,  etc.,  calculate  the  cubical  contents  of  same  and 
multiply  by  0.26;  cast  iron  averages  450  lb  per  cu  ft. 


Weights  oi  Cast-Inm  Columns 
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Wdghts  per  Lfaaar  Foot  of  Ckoular  0ist4k«ii  Columafl  *t 

Thickness  of  metal,  inches 

Outside 

diameter, 
inches 

Hin, 

Hin. 

Min. 

T6in. 

I  in. 

iH  in. 

iM  in. 

iHin, 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

3 

X3.3 

X4.6 

X6.60 

18.30 

X9.6 

4 

X7.2 

21.0 

24-00 

27.00 

295 

32.x 

33.8 

354 

5 

22.x 

27.0 

31.30 

35.50 

393 

43.0 

46.0 

49.0 

6 

27.0 

33.0 

39  00 

44.00 

49.1 

54.1 

58.3 

62.4 

7 

32.0 

39-1 

46.00 

53.00 

S9.0 

651 

70.6 

7^-1 

8 

36.8 

45.3 

53.40 

6X.20 

69.1 

76.x 

83.x 

89.5 

9 

4X7 

51.4 

61.  xo 

70.00 

78.6 

87.x 

95. 1 

1*3.1 

so 

46.6 

57  5 

68. X3 

78.41 

88.4 

98.0 

X07.4 

XX6.4 

XX 

51.6 

640 

75.50 

87.10 

98.2 

X09.Z 

130. Z 

X30.X 

12 

S6.S 

70.0 

82.87 

96.  xo 

X08.0 

xao.o 

132.1 

143  5 

13 

6X4 

76.0 

90.23 

X04.20 

tl8.x 

131. 2 

144. 2 

157.1 

14 

«3 

82.x 

97  60 

xx3.ao 

138.  X 

143.0 

156. 5 

170.4 

IS 

71  2 

88.2 

104.96 

12X.40 

137. 5 

153  3 

169.4 

X84.1 

l6 

76.x 

94.4 

112.33 

130. xo 

147.3 

164  3 

x8x.o 

197.4 

17 

8x.o 

100.5 

xao.io 

139  10 

157.1 

175.4 

193  3 

2XX.0 

x8 

86.0 

107.0 

X27.00 

147.00 

X67.0 

X86.4 

206.0 

224.4 

19 

9X.0 

113.0 

134-40 

156.00 

177. 1 

197  5 

3X8.  X 

238.0 

ao 

96.0 

119. 0 

X42.X0 

164.30 

186.6 

308.8 

330.x 

251.5 

31 

X00.6 

125. 0 

149.10 

173  10 

196.6 

319.6 

343.4 

285.0 

22 

X0S.6 

131. 2 

156.50 

X81.50 

206.2 

330.6 

3550 

278.0 

23 

X10.5 

137.3 

X64.XO 

X90.10 

216.  X 

342.0 

367.0 

292.0 

24 

115.4 

143-5 

17X20 

199  00 

236.0 

253  0 

379.2 

305.4 

Outside 
diameter* 

inches 

Thick 

aessof  ro 

etal,  incl 

les 

1?*  in, 

iH  in. 

!•?<  in. 

iTiin. 

2  in. 

2H  in. 

3Min, 

2H  in. 

lb 

ib 

lb 

lb 

Ib 

lb 

lb 

lb 

3 
5 

SI. 54 

54.1 

55-84 

57.5 

6 

66.30 

699 

73  02 

76.0 

78  6 

80.84 

83.83 

7 

81.00 

85.6 

90.90 

94.3 

98.2 

101.70 

XQS.OO 

X07.84 

8 

95. 8d 

X01.8 

107.40 

1X2.8 

1x7.8 

X22.60 

X27.00 

131.30 

9 

1x0.50 

117.7 

X24-60 

131. 2 

137  5 

143.40 

149  10 

154  50 

10 

125.20 

133.7 

X42.00 

149  6 

1S7  I 

164.30 

X7X.ao 

177.80 

XX 

140.00 

1496 

15900 

X68.0 

176.8 

185.30 

193  30 

20X.10 

12 

154.70 

165.6 

176.00 

186.4 

196.4 

206.00 

215.40 

224  40 

13 

169  40 

X81.5 

193  30 

204.8 

2X6  0 

226.90 

237  50 

247  70  1 

14 

X84  10 

197.4 

210.50 

223.2 

235.7 

247.70 

259-60 

27X.X0 

IS 

198.90 

213  4 

227.70 

241 -6 

255  3 

26S.20 

28X70 

294  40 

l6 

213.50 

229.4 

244  90 

260.0 

274  9 

289.50 

303.70 

317.70 

17 

228.30 

245  3 

262.00 

278.4 

204  5 

31030 

325  80 

341  00 

x8 

243-00 

261.3 

279.20 

296.8 

314  3 

331.20 

348.00 

364  30 

19 

257  70 

277.2 

296.40 

31S  2 

338.8 

352.10 

370.00 

387.70 

ao 

272.50 

293  a 

313  60 

333  6 

353  4 

372  90 

392.10 

4x1.00 

3X 

287.20 

309.0 

330.80 

352.x 

373  I 

393.80 

414.20 

434  30 

22 

302.00 

325.1 

348.00 

370.5 

393  0 

414  60 

436. 10 

457.60 

23 

316.70 

341.0 

365.10 

388.9 

412.3 

435  50 

458.40 

481.00 

24 

331  40 

357.0 

•U^*  •  J*' 

407.3 

43a  0 

456.40 

480.50 

504.20 

•  Birkralre. 

t  The  uble  is  arraaKcd  for  the  weight  of  plain  shaft.    For  brackets,  flanges,  etc.,  cal* 
culate  the  cubicai  oootenU  and  multiply  by  0.26. 
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Baxt  3 


Waiglit  of  Cast-Iroa  Ptatet 

W«ighta,  in  Poimda,  of  Cast-iron  PUtes  Ono  Inch  Thick 

Calculated  at  450  lb  per  cu  ft 


Width,  inches 

1 

Leogtb, 
inches 

6  m, 

8  in. 

xoin« 

i2in« 

14  in. 

x6tn. 

18  in. 

3oin. 

24x0, 

30  is.. 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

U> 

1 

1 
1 

4 

6.25 

8.3 

10.4 

12.5 

X4.6 

x6.6 

18.7 

30.8 

2S 

3X 

6 

9-37 

12.5 

1S.6 

187 

31. 8 

250 

28.x 

31.3 

38 

47       ■ 

8 

12. 50 

16.6 

20.8 

25.0 

29.x 

33-3 

37.4 

41.6 

SO 

62 

7« 

xo 

15.60 

20.8 

26.0 

31.2 

36.4 

41.6 

46.8 

52.0 

63 

13 

18.70 

25.0 

31.3 

37.5' 

43.7 

499 

56.2 

63.4 

75 

9*      . 

14 

31.80 

29.2 

36.4 

43  7 

51.0 

SS.2 

655 

72.8 

88 

109 

x6 

2490 

33.3 

41.6 

50.0 

58.2 

66.6 

74  9 

83.2 

xoo 

I3S 

18 

38.10 

37.5 

46.8 

56.2 

655 

74  9 

843 

93.6 

"3 

140 

20 

31.30 

41.6 

52.0 

62.3 

72.8 

83.2 

93-6 

X04.0 

I2S 

IS6 

23 

3430 

45.8 

57.3 

68.6 

80.x 

92  5 

103.0 

1x4.4 

138 

172 

24 

37  so 

50.0 

63.4 

75.0 

87.4 

99.8 

112. 3 

X24.8 

150 

It7 

26 

40.60 

S4.0 

67.6 

8X.2 

94.6 

X08.2 

I3X.7 

13s. 2 

163 

ao3 

28 

43.60 

58.2 

73.8 

87.S 

X01.9 

1x6.5 

13x0 

145.6 

175 

2x8 

30 

46.80 

62.4 

78.0 

93.7 

X09.2 

X24.8 

140.4 

X56.0 

x88 

Z34 

32 

49.80 

66.6 

83.2 

100. 0 

116. 5 

X33  I 

150.3 

166.4 

200 

250 

36 

56.10 

75-0 

93-6 

112. 5 

131. 0 

150.0 

X68.4 

187.2 

22s 

I 

25l 

For  larger  plates  take  size  of  plate  one-halP  smaller  and  multiply  by  2.  Thus 
a  plate  28  by  32  in  will  weigh  twice  as  much  as  one  14  by  32  in.  For  plates  more 
or  less  than  one  inch  in  thickness  multiply  weight  of  plate  by  thickness  in  inches. 


Approziiiiate  Weights  of  Square-Ribbed  Cast-iron  Column-Bases 

The  following  table,  giving  the  weight  of  cast-iron  column-bases,  will  be  useful 
when  estimating  the  steel  and  iron  in  tall  buildings.* 


Size  of 

Size  of 

square 

Weight. 

square 

Weight. 

base, 

lb 

base. 

lb 

in 

in 

22X22 

1 
600 

32X32 

1340 

24X24 

750 

34X34 

1450 

26X26 

880 

36X36 

X  600 

28X28 

I  020 

38X38 

X  720 

30X30 

I  180 

40X40 

X  850 

*  H.  G.  T>TreU,  in  Architects  and  Builders  Magazine,  January.  1903, 
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Soew-Tbraada,  tints,  and  Bolt-Raada 
Standud  Scnw-Thnada 
by  FnnkliD  Institute.  DcceinbR  ts.  iWi,  md  odopted  by  Navy  Dc- 
':  uid  by  muy  otlia  ol  tbc  promi- 


Aagfe  <i  tlmad  to*.    Fkt  tt  top  mud  bonoo)  H  <'  pttcb. 


Diwo 

Di-mat 

A™„t 

Dam 

Thraids 

DLamat 

A>»»t 

<rf 

Thnadi 

™to( 

t™ii>( 

rootol 

pnincb 

thnad. 

Ihiad. 

inch 

thread, 

thread, 

in 

1. 

«,in 

in 

in 

■qin 

„ 

jj 

oiM 

O.OIJ 

J 

tH 

ij.i 

3,J(H 

Jf4 

ei40 

0.04S 

4W 

i96> 

om 

e.«M 

3*1 

J.  17* 
3,416 

IJ^ 

Si 

0116 

1619 

5UB 

»U 

e4H 

aid 

3^i 

3'* 

J.B79 

H 

3M 

7M8 

3M 

S.6)l 

ii 

0  uo 

3S6? 

9,963 

O.BJI 

O-SSO 

4>i 

iH 

3798 

n.3»9 

OMO 

0.694 

aM 

4.018 

12.7SJ 

Hi 

1,065 

0.89J 

«)t 

4  JS6 

i« 

1.16a 

Ji-i 

4.4SO 

■s'tSj 

iti 

1K4 

l.*9S 

5M 

.Si 

■  A. 

SW 

19  jer 

i^i 

i.liS 

s« 

■  ;i 

.6.6 

>H 

S4y 

h'obb 

trt  diameter  of  n>iigb  ni 


.  .MXdL 


.It  +  Win 


il-.HX.Ua»0lbgil  +  M.in. 
H  o(  rough  nut  -  diani  of  bolt, 
a  of  finished  nut  -  diiiu  of  bolt  -  Ho  In, 
iineter  nf  mi«h  bead  -  iH  Xdiam  of  boll  +  Hio. 
ameler  of  Snitlial  bead  -  iH  X  diam  of  bolt  +  H<  ■>. 

Tybe  deu 
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Fart  3 


SMadttd  Dimaaiioos  of  Noli  aad  Bolfc^Heada 

Thick- 

Thick- 

Thick-   1 

Diam 

of 

bolt 

Short 
diam. 
rough 

Short 

diam, 

finished 

Long 
diam, 
rough 

Long 
diam. 
rough 

nees, 
rough. 

Nut 

,1 

ness, 

fini^ied. 

Both 

rm 

roagrh. 
Hesd 

1 

1 

i  III 

U 

LJ   . 

'•""^I 

1 

1 

H 

H     . 

^« 

*%A 

Me 

H 

Me 

M 

Me 

>%3 

nil 

>Ht 

»M« 

Me 

M 

>H4   : 

H 

«Ht 

w 

»H4 

•^ 

H 

Me 

»4I 

Mt 

«H» 

»H« 

Mo 

1H4 

Me 

H 

«H4        1 

H 

H 

»Mt 

I 

i>?i* 

>li 

Me 

Me 

%• 

H4a 

«W2 

xVi 

X«W4 

Me 

4 

•44 

H 

iM« 

I 

i^ii 

iH 

H 

Me 

^Tia     . 

H 

iH 

iMt 

1^1 « 

I*H4 

M 

»Me 

*t 

H 

xM« 

iH 

x»Hi 

2Vi. 

^ 

Mie 

«Ht 

X 

iH 

x9ie 

iH 

21^4 

I 

»Me 

iM« 

iM 

i»M» 

i?4 

2^8 

2Me 

iVi 

iM« 

«^ 

iH 

2 

i»Mt 

2^6 

2»H4 

xU 

xMe 

I 

xH 

a^fa 

2H 

2»Tfe 

3?i2 

xH 

xM« 

iHt 

iW 

2H 

3M« 

254 

:l>H« 

iW 

iMe 

Ifie 

iH 

2M. 

aVi 

2»^ 

3W 

xH 

xMe 

iHi 

lYi 

2f4 

2«Ma 

3M6 

3^%4 

xH 

x«He 

iH 

iH 

2»M« 

2H 

3»^ 

4Hi 

iH 

x^Me 

i»Hj 

2 

3W 

3M« 

3H 

4»'44 

a 

x»Me 

xMe 

2% 

3Vi 

3v<e 

4V^6 

4«H4 

2V4 

25U 

xH 

2H 

3% 

3»M« 

4>4 

S»H4 

jVi 

2Me 

x»«ie 

1 

2h 

4H 

49i« 

4«?ii 

6 

2H 

2tHe 

2M, 

3 

4H 

m$ 

sH 

6(T«s 

3 

2iMe 

2M« 

3H 

5 

4»Me 

5>M« 

7Me 

3W 

3^ie 

24 

3^4 

sH 

5M« 

6^4 

7*H4 

3V4 

3Me 

2lM« 

3^ 

sH 

S^H* 

6»yte 

8)i 

3H 

3»Me 

2H 

4 

6^ 

6Mi 

7Ha 

8«(64 

4 

3»Me 

3We 

4Vi 

64 

7Tit 

7Me 

9Me 

4M 

4Me 

3M 

4V4 

6]Pi 

61  Mt 

7»Vii 

9^4 

4W 

4Me 

3Me 

aH 

7K 

7Ma 

8»Ha 

loW 

4H 

4^  He 

3H 

5 

7H 

7M« 

8»?^ 

IO«H4 

S 

4«Me 

3»Me 

su 

8 

7»M6 

9*^^ 

II«H4 

sv< 

5Me 

4 

S^i 

8H 

8M6 

9»H2 

iiTi 

54 

SMe 

4Me 

5*4 

8?4 

SH'i* 

loHa 

X2H 

SM 

SH^t 

4H 

6 

9Vi 

9Vi« 

xo»n« 

i2iMe 

6 

5' Me 

4Me 

Weights  of  Bolts  and  Nuts 
Wtighti  of  Om  Bnndred  Bolts  With  Square  Head«  tnd  Nuts 

INCLUDES  WUCBT  OF  KUT 

Hoopes  &  TomiaeDd's  List 
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Length 
under 
head 

to  point 
in 


iH 

a 
aM 

a>4 

3 

3^i 

4 

4^4 

5 

6 

6U 

7 

7H 

8 

9 

10 

II 

13 

13 
14 
IS 
X6 

17 
l8 

19 
30 

Per  inch 

additiooal 


Hin, 


lb 

4  00 
40 


4 
4 
5 
5 
5 
6 

7 
7 
8 

9 

10 
10 


•( 


75 
IS 
50 
75 
35 
00 

75 
SO 
as 

00 

75 


Diameter  of  bolts 


37 


Me  in. 


lb 

7.00 

7.50 

8.00 

8.50 

9.00 

9  50 

10.00 

XI. 00 

12.00 

13  00 

14.00 

X500 

16.00 


a. 13 


Win. 


lb 
X0.50 
II. as 
xa.oo 
12.75 
13  SO 
X4.ats 
1500 
16.50 
18.00 
19  so 

31. oo 
23.50 

34-00 

as  SO 
37.00 

28.50 
30.00 


Mt  in. 


3.07 


lb 
15.20 
16.30 
17.40 
1S.50 
19.60 
20.70 
ax. 80 
24.00 
26.20 
28.40 
30.60 
33.80 
35.00 
37  20 
39.40 
41  60 
43.80 
46.00 
48.30 
50.40 
53.60 


4.X8 


Hin. 
lb 


33.50 
33.82 
25.15 
26.47 
37.80 
29.12 

30.45 

33x0 

35. 75 
3S.40 
41  05 
43.70 
46.35 
49.00 
SX.65 

59.60 
64.90 
70.20 
75.50 
80.80 
86.XO 
91.40 
96.70 

103.00 
107.30 
XX3.60 

117.90 

133.20 

5.45 


Hin. 
lb 


39  so 
41.62 

43  75 
4588 

48.00 
50.12 
52.35 
56.50 

60.75 

65.00 

69.25 

73.50 

77. 75 

83.00 

86.35 

90.50 

94-75 

103. as 

111.75 

120.35 

128.75 

137.2s 

14s. 75 

154.25 

162.7s 

171.00 

I79SO 

188.00 

306.50 

852 


9iin. 
lb 


63.00 
66.00 
69.00 
72.00 
75.00 
78.00 
81.00 
87.00 
93  10 
9905 
105.20 

111.25 
117.30 

12335 
129  40 
135  00 
141  50 
153.60 
165.70 
177  80 
189.90 

2Q3.00 

214. XO 

236.20 
238.30 
350.40 
363-60 

274.70 

386.80 
13.37 


Uin, 
lb 


109.00 

113  25 
117-50 
121.75 
136.00 

134-25 
142.50 
151  00 

159  55 
168.00 
176.60 
185.00 
193  65 
202.00 
210.70 

227. 7S 
234.80 

361.8s 
278.9c 

29s  95 
313  00 
330.0s 
347.10 

364.1s 
381.20 
398.2s 
41S  30 

16.70 


I  m, 

lb 


163 
169 
174 
180 

18S 
196 
207 
218 
229 
240 

251 
363 

273 
284 

295 
317 
339 
360 
382 
404 
426 
448 
470 
492 
514 
536 
558 

21.83 


Wtitfiti  oi  If «ti  and  Bolt-H«ids,  ia  Pouiids 

For  calculation  the  weight  of  bnger  bolts 


Diameter  of  bcrit,  in  tnchea 

Vi 

H 

H 

H 

H 

H 

\\  eticht  of  hexagon  not  and  head . . . 
Weight  of  square  nut  and  head 

•  »  •  ■ 
»  •  •  • 

0.017 
o.oai 

0.057 
0.069 

0.128 
0x64 

0.267 
0.320 

0.43 
OSS 

0.73 

0.88 

Diameter  of  bolt,  in  inches 

I 

xVi 

1 4 

i^i 

2 

2H 

3 

Weight  of  hexagon  nut  and  head. . . 
Weight  of  square  nut  and  head 

1. 10 
x.31 

2.14 

2.56 

3.78 
4  42 

56 

7-0 

8.75 
10.50 

17 
31 

38.8 
36.4 
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Part 


Weiffati  ol  RiTeti  and  Jtomid-HMded  Boltg  Witlumt  Nuts.     Sfeeel 

POUNDS  PER  HUNDRED 


Length, 

Hin 

Hin 

Hin 

fiin 

^in 

I  in 

iHin 

1      dtt2C 

in 

diam 

diam 

diam 

diam 

diam 

diam 

diazs 

iW 

55 

12.8 

32.0 

293 

439 

66.6 

93.3 

M7 

xKi 

6.3 

14.2 

a4  I 

3a.4 

48.2 

73.1 

100 

t36 

iH 

7.0 

15  5 

a6.3 

35-5 

5a.5 

77.7 

107 

145 

2 

7  9 

16.9 

38.5 

38.7 

S6.7 

83  3 

"4 

153 

2W    • 

8.7 

18.3 

30.7 

41.8 

6x.o 

88.8 

xax 

X62 

2J4 

94 

19.7 

32.8 

44.9 

65.3 

94-4 

138 

171 

2H 

10.3 

21.  X 

35.0 

48.0 

69  5 

100. 

136 

179 

3 

II. 0 

32.5 

37. a 

51. 1 

73.7 

X05. 

143 

288 

3^4 

II. 7 

239 

39-3 

54  3 

78.0 

Ill 

ISO 

X97 

3H 

13.6 

as.  3 

41  5 

57.4 

82.3 

116 

157 

apS 

354 

13  4 

a6.7 

43  7 

60. 5 

66.5 

132 

164 

314 

4 

14  r 

28.x 

45.9 

63.6 

90.8 

128 

170 

223 

AM 

14  9 

99.4 

48.0 

66.7 

95.0 

134 

177 

«5X 

aH 

15.7 

30.8 

50.2 

69.9 

993 

X39 

185 

240 

aH 

16.S 

3a. 2 

5a. 4 

73  0 

104 

145 

192 

249 

5 

17. a 

33.6 

54  5 

76.1 

106 

150 

199 

33s 

sH 

18. 1 

35.0 

56.7 

79a 

iia 

156 

206 

366 

sH 

18.8 

36.4 

58.9 

82.3 

116 

x6x 

3X3 

*7S 

sH 

19.6 

37.8 

61. 1 

85. 5 

I30 

166 

220 

284 

6 

1 

20.4 

39. a 

63.3 

88.6 

134 

17a 

337 

292 

\           6H 

21.9 

43.0 

67.6 

95.1 

133 

184 

34X 

3x0    ' 

.            7 

23  5 

44.7 

71-9 

lOI 

143 

195 

355 

337 

7^i 

25.1 

47.5 

76.1 

106 

150 

306 

369 

345 

8 

26.6 

50.3 

80.6 

114 

159 

217 

384 

363 

SH 

28.2 

S3  t 

8S.0 

120 

167 

227 

398 

379 

9 

29.8 

5S.0 

893 

126 

176 

a39 

313 

397 

9H 

31  3 

58.7 

93.7 

133 

I8S 

250 

335 

414 

10 

33.8 

61.4 

98.0 

139 

193 

261 

.340 

431 

iol6 

34  5 

64.3 

103 

145 

303 

272 

354 

449 

II 

36-0 

67.0 

107 

151 

310 

384 

368 

466 

11^4 

37.6 

69.8 

lit 

158 

318 

395 

383 

484 

12 

39  a 

73.5 

X15 

164 

337 

306 

396 

SOX 

Heads 

1.8 

5.8 

II. I 

13.6 

33.6 

390 

58.0 

835 

1 

For  lengtb  of  shaft  required  to  form  rivet-head,  see  Table  IV»  page  420. 
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NAILS  AND  SCBBWS* 

Nails.  Based  upon  the  process  of  manufacture  there  are  three  kinds  of  nails 
a  common  use,  namely,  plate  or  cut  nails,  wire  nails,  and  clinch-nails.  These 
.re  briefly  described  in  the  following  subdivisions  of  this  article  and  other  data 
>earin^  on  the  subject  is  included. 

(z)  Cut  Naila.  Cut  naiU  are  made  from  a  strip  of  rolled  iron  or  steel  of  the 
•ame  thickness  as  the  finished  nail  and  a  little  wider  than  its  length,  the  fiber 
>f  the  iron  being  parallel  with  the  length  of  the  nail.  Special  machinery  cuts 
:he  nails  out  in  alternate  wedge-shaped  slices*  the  heads  are  then  stamped 
)n  theoi  and  the  finished  naib  dropped  into  the  casks.  Cut  nails  made  from  iron 
are  generally  preferred  for  use  in  exposed  positions.  Cut  nails  are  made  in  a 
variety  of  shapes  to  suit  special  uses.  For  ordinary  use  in  building,  nails  of  three 
diderent  .shapes  are  made,  and  the  nails  are  called  cxjmmon  nails,  tinish-nails 
and  CASING-NAILS.  The  common  nails  are  used  for  rough  work,  finish-nails  for 
finished  work,  and  casing-nails  for  flooring,  matched  ceiling  and  sometimes  for 
pine  casings,  although  the  heads  are  rather  too  large  for  finish- work.  Cut  nails 
are  beginning  to  return  to  favor  as  they  have  holding  power  and  lasting  qualities 
superior  to  wire  nails. 

(a)  Bouls.  Brads  are  thin  nails  with  a  small  head,  used  for  small  finbh,  panel- 
moldings,  etc    They  vaiy  from  H  to  a  in  in  length. 

(3)  Cloat-Nails.  Cloot-naib  are  made  with  broad,  flat  heads,  and  are  sold 
in  sizes  varying  from  H  to  3  ^  in  in  length.  They  are  used  chiefly  for  fastening 
gutters  and  metal-work.  Special  nails  are  also  made  for  lathing,  slating,  shing- 
ling, etc. 

(4)  Wire  Nails.    These  have  of  late  years  become  as  oommon  as  the  cut  nails, 
and  are  sold  at  about  the  same  price.    They  are  said  to  be  stronger  for  driving 
than  the  cut  nails,  not  so  liable  to  bend  or  break,  espedaUy  when  driven  into  hard 
woods,  and  less  liable  to  split  the  wood;  for  these  reasons  they  are  generally 
preferred  by  carpenters.    Wire  nails  are  made  from  wire,  of  the  same  section- 
diameter  as  the  shank  of  the  nail,  by  a  machine  which  cuts  the  wire  in  even 
lengths,  heads  and  points  them,  and,  when  desired,  also  barbs  them.    In  general 
the  same  classification  is  used  for  cut  nails.    It  should  be  noticed  that  the  gauge 
of  the  wire  and  the  shape  of  the  head  vary  in  the  different  kinds,  and  that  some 
are  barbed,  others  plain.    The  various  types  of  wire  nails  are  drawn  round, 
S2100TH  or  BARBED,  for  the  domestic  trade;   for  export  they  are  drawn  oval, 
SQUARE,  or  DiAMO NO-SHAPED,  according  to  the  country  to  which  they  are  to  be 
shipped  and  its  requirements.    It  is  customary  to  charge  15  cents  more  per  xoo 
lb  for  standard  naUs,  barb^,  than  for  the  same  nails,  smooth. 

(s)  CUach-Nails.  These  are  made  from  open-hearth  or  Bessemer-steel  wire. 
Any  ordinary  wire  nail  will  clinch,  espsxnally  when  made  with  duck-bill  or 
flattened  points  lor  clinching  purposes,  or  even  otherwise,  if  annealed.  These 
nails  are  used  only  in  places  where  it  is  desired  to  turn  over  the  ends  of  the  naib 
to  form  a  clinch,  as  in  the  case  of  battens  or  cleats. 

(6)  Length  and  Weight  of  Ifailp.  The  length  of  nails  is  designated  by  pen- 
nies id's).  Two  explanations  are  given  for  the  origin  of  this  classification; 
for  example,  that  tenpenny  nails  originally  sold  for  tenpence  a  hundred,  or  that 
1 000  tenpenny  nails  originally  weighed  10  lb.  The  designation  is  retained  by 
manufacturers,  both  for  cut  and  wire  nails.  The  weights  expressed  in  pennies 
run  from  two  pennies  to  sixty  pennies,  the  larger  sizes  being  designated  by 

*  CoDdensed  from  article  by  Thomas  Nolan  in  chapter  on  Builders'  Hardware  in  re- 
vised edition  of  Building  Construction  and  Superintendeace,  Part  11,  Carpenters'  Work, 
by  F.  E.  Kidder. 
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fractions  of  an  inch.    Tlie  sizes  and  lengths  of  various  kinds  of  nails  and  xz.it. 
are  given  in  tables  on  pages  1531  to  1534. 

(7)  SiMs  of  Nailt  for  Different  Classes  of  Work.    It  Is  imperative  for  &r< 
class  work  that  nails  of  proper  size  should  be  used  and  to  insure  the  best  r^.i' 
it  is  well  in  certain  classes  of  work  to  specify  the  sixes  which  are  to  be  used.     ¥-•: 
framing,  twcntypenny,  fortsrpenny  and  sixtypenny  nails,  or  spikes,  are  ui<r 
according  to  the  size  of  the  timber.    For  sheathing  and  roof-boarding,  unc^- 
floors  and  cross-bridging,  tenpenny  common  naib  should  be  used.     For  o-»cr 
floors  tenpenny  floor-nails  or  casing-nails  should  be  used  for  jointed  boards,  a--' 
ninepenny  or  tenpenny  for  matched  flooring,  although  eigfatpenny  nails  a-v 
sometimes  used.     Ceiling  when  H  in  thick  is  generally  put  up  with  eightper- . 
casing-nails,  and  when  thinner  stuff  is  used,  with  sixpenny  nails.     For  in<i  i 
fimsh  any  size  of  finish-nails  or  brads  from  eightpenny  down  to  twopenny  - 
used,  according  to  the  thickness  and  size  of  the  moldings.    For  pieces  evcer^'- 
ing   I   in   in   thickness,   tenpenny  nails  should  be  used.    Clapboardinj;   I"^ 
generally  put    on  with  sixpenny  finish-nails  or  casing-nails.     Threepenny  t 
fourpenny  are  used  for   shingling  and  slating,  and  threepenny  for  lathir^ 
For  siaUng,  galvanized  nails  should  be  used,  and  they  are  also  better  for  &l:.n> 
gling.    Whether  wire  or  cut  nails  should  be  used  may  generally  be  left  tattr 
builder;  but  in  places  where  there  is  any  danger  of  the  nails  being  drawn  c  t 
either  by  the  warping  of  the  hoards  or  from  the  puH  of  the  nafl,  cut  n£tl« 
should  be  used,  ai  they  have  greater  holding  power  than  the  wire  nails  lUKfcr 
certain  conditions.    In  regard  to  the  comparative  holding  power  of  cut  naJ< 
and  wire  nails,  and  barbed  nails  and  smooth  nails,  and  tests  made  to  determine 
this  property,  see  page  1531. 

(•)  Copper  mad  Bfaaa  Kailt.  Nails  are  also  made  of  copper  and  cast  bra^s 
and  these  are  sometimes  used  in  connection  with  boat-building,  refrigeratc^r- 
work,  etc.  One  wing  of  the  Physical  Laboratory  Building  of  Harvard  Colkre 
is  put  together  entirely  with  brass  and  copper.  As  the  rooms  were  intended  Ut 
use  in  delicate  electrical  work,  no  iron  was  used  in  their  oonstractfoa. 

(9)  Cement-eeated  Wire  Kaiia.      The  coating  consists  of  various  resinoos 
gums  mixed  by  a  secret  formula,  and  put  on  the  nails  by  a  baking-process  which 
involves  the  use  of  quite  complicated  machinery.    Although  the  chief  market 
for  coated  naib  is  among  the  users  of  packages  to  be  shipped,  there  is  a  limited 
market  for  them  among  builders,  for  construction-purposes.    The  chief  merit  of 
the  coating  is  that  it  gives  the  nail  an  adheave  resistance  approximately  twice 
that  of  <irdinary  wire  nails.    This  quality  appeals  especially  to  the  manufact  uren 
and  users  of  packages  to  be  shipped,  for  which  strength  is  particularly  wanted.   It 
is  desirable  for  construction-purposes  also,  but  the  lack  of  holding  power  in  plain 
wire  nails  is  not  so  apparent  in  building.    About  90%  of  the  output  goes  to  box- 
factories  and  large  shippers.      Cement-coated  nails  are  quite  widely  used,  also, 
:tn  laying  both  ordinary  and  parquetry-flooring.    The  use  of  these  nails,  with  a 
:spedal  head  which  leaves  a  small  hole,  gives  a  Arm  floor  and  prevents  springing. 
Though  the  makers  do  not  claim  that  the  nails  are  absolutely  rust-proof,  they  do 
^daim  that  nails  thus  treated  will  resist  the  effects  of  noisture  from  so  to  $0^0 
better  than  the  uncoated  wire  nails.    But  it  is  when  in  use  that  the  non-rusting 
quality  is  most  evident.    There  is  more  coating  on  the  aaiJ^  than  ii  actually 
necessary  for  holding  power.    The  heat  caused  by  the  frictioB  of  driviag  the 
nail  softens  the  coating  and  the  surplus  is  forced  toward  the  head,  cofOfiletely 
closing  the  opening;  this  prevents  the  admission  of  moisture  between  the  wood 
and  the  nail.    Under  similar  conditions,  the  life  of  a  cement-coated  nail  will  be 
.about  twice  as  long  as  that  of  an  uncoated  one.    Less  force  is  ne^ed  to  drive  a 
coated  nail  as  the  softened  coating  forms  a  lubricant.    These  nails  are  made  in 
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wo  types,  4liffcriag  only  ia  the  heads^  and  are  cither  coouia  or  sinkers. 
be  former  have  Urge  flat  beads;  the  latter,  beads  slightly  reinforced  by  counter- 
nking.  They  are  mode  to  seplace  oonxnon  nails,  in  sisca  frooft  H  in  to  i  in, 
Qd  are  used  for  framing,  boarding,  shingling  and  staging,  and  for  boxes  and 
rates.  Results  of  tests  made  with  cement-coated  nails  to  determine  their 
dhesive  resistance  In  comparison  with  the  common  smooth-wire  nails  are  given 
elow. 

The  following  table  shows  the  result  of  tests  made  at  the  United  States  Arsenal, 
/atertown,  Mass.,  in  1902,  the  wood  being  pine: 

Comparadve  AdheslTo  Resistance  of  Common  Smooth-Wire  Hails  and 

Cement-Coated  Nails 
All  naib  were  driven  into  the  same  piece  and  were  perpendicular  to  the  grain 


Sise  and  name 

Diameter, 
in 

Length 

driven,* 

in 

Adhesive 

rcsistanoe,t 
lb 

Tenpenny,  oommoo,  smooth 

Tenpenny,  coated 

Ninepenny,  common,  smooth 

N  ineoenny.  coated 

0.145 
0.117 

0.133 
O.XX4 
O.X32 
0.112 

0.097 
0.092 

2V4 

2U 
2H 

2 
2 

iH 
iH 

X67 
418 

Z82 

189 
316 
106 
226 

Eightpenny,  common,  smooth 

EiKhtoenny.  coated 

Sixpenny,  common,  smooth 

Sixoenny .  coated 

*  All  of  the  nails  ware  left  with  their  heads^  projecting  from  ^  to  Hi  in* 
t  Average  of  three  trials. 

Holding  Power  of  Halle.  A  committee  appointed  by  the  Wheeling  nail- 
nanufacturers,  a  number  of  years  ago,  to  test  the  comparative  holding  power  of 
njt  and  wire  nails,  published  the  following  data.  The  kind  of  wood  is  not  named. 
The  effect  of  barbs  is  slight,  and  definite  conclusions  await  complete  tests. 

Poonds  Required  to  PnU  If  ails  Out 


Cat 

Wire 

Cut 

Wire 

Twentjn^enny . ....... 

X593 
906 

597 

1 
703 
3x5 

227 

1 

Sixpenny 

383 
286 

200 
X23 

Tenpenny 

Poufpenny 

Eightpenny. '. 

The  holding  power  of  nafls  varies  with  the  kind  of  wood  into  which  they  are 
Iriven.  Austin  T.  Byrne  gives  the  relative  holding  power  of  woods  as  about  as 
bllows:  White  pine,  x;  yellow  pine,  1.5;  whiteoak,  3;  chestnut,  z. 6;  beech,  3.2; 
ycamore,  2;  elm,  2;  basswood,  1.2. 

ComparatiTt  Holding  Power  of  Cut  and  Wire  Halls 

Very  thorough  tests  of  the  con^)arat!ve  holding  power  of  wire  luiils  and  cut 
lails  or  equal  lengths  and  weights  were  made  at  the  U.  S.  Arsenal  in  1892  and 
[893.  From  forty  series,  comprising  forty  sizes  of  nails  driven  in  spruce  wood,  it 
^as  found  that  the  cut  nails  showed  an  average  superiority  of  60.50%,  the  com- 
non  nails  showing  an  average  superiority  of  47'5^%  and  the  finishing-naiis  an 
iverage  of  72.22%.  In  eighteen  series,  comprising  six  sixes  of  box-wails  driven 
nto  pine  wood,  in  three  ways  the  cut  nails  showed  an  average  superiority  of 
^9.93%.    In  no  series  of  tests  did  the  wire  nails  hold  as  much  at  the  cut  naib. 
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QiMBti^  of  Ndte  Rtqairad  for  Differaat  SSndc  of 


For  1 000 shingles*  aUow  3H  to  6H  lb  loorpeony  luuls  or  3H  to  4H  lb  thrcapesr. 
I  000  latbs«  7  lb  threepenny  fine,  or  lor  xoo  sq  yd  of  lathinc.  10  lb  tfaxteepexmy  £s. 
X  000  sq  ft  of  beveled  siding,  18  lb  aispenny 
X  000  sq  ft  of  sheathing.  20  lb  eightpenny  or  S5  lb  tenpenny 
X  000  sq  ft  of  flooring,  30  lb  eightpenny  or  40  lb  tenpenny 
X  000  sq  ft  of  studding,  15  lb  tenpenny  and  s  lb  twentypenny 
X  000  sq  ft  of  I  by  2  J^tn  furring,  12-in  centers,  9  lb  eightpenny  or  14  lb  tctspesr 
X  000  sq  ft  of  X  by  aV^in  furring,  iWn  centers,  7  lb  eightpenny  or  10  lb  tenpenr 

*  Depends  upon  width  and  length  of  shingles  and  kind  of  nails. 

Cat  Steel  Ifeflt  and  Splkee 
Sizes,  lengths,  and  appioximate  number  per  pound 
Taken  from  the  Handbook  of  the  Cambria  Steel  Company 


Sizes 

Length, 
inches 

1 
Common  1    Clinch 

1 

Finishing 

Casing 
and  box 

1 
Fencing  |     Spikes 

1 

2d 

T 

740 
460 
a8o 

2X0 

x6o 

120 

88 

73 
60 

46 

33 

23 

20 

x6V6 

X2 

xo 
8 

4eo 
a6o 

X80 

X  100 
880 

uo 

%i              lU       1 

4d 
Sd 
6d 
Id 
Sd 

9d 
lod 
i2d 
i6d 

20d 
25d 

3Pd 
\od 
sod 
6od 

1^4 
x9i 

2 

2\i 
2M 
294 

3 

3^4 

3^i 

4 

4M 

AH 

5 

SH 

6 

6H 

7 

420 
300 
210 
180 
130 

X07 

88 
70 

53 

38 

xoo 

80 

68 

53 

48 

40 
34 
24 

3SO 
300 

2X0 

xfi8 

130 
104 

96 

86 
76 

xoo 

80 

60 

52 

3S 
26 

ao 

18 
x6 

17 

14 

30 
26 

2C 
16 

II 

, 

9 

7^i 

6        1 

S^i 

5 

Sizes 

Length, 
inches 

Barrel 

Light 
barrel 

Slating 

Sizes 

Length, 
inches 

Flat 
grip, 
fine 

Edge- 
grip. 
fine    J 

""2d" 
"34" 

Sd 

6d 

7d 

6d 

9d 
lod 
i2d 

X 

iVi 

iH 
iW 

iH 

2 

2H 
2H 
2H 

3 

3H 
3H 

750 
6co 
500 
450 
310 
280 
210 
190 

400 
304 

224 

1 



I 
xH 

I  462 
I  300 

I  TOO 

800 

6so 



.... 



2i 
3d 
4d 

960 

340 

750    1 
600 

28^ 

Tobaoeo 

Brads 

Shsn^e 

320 

x8o 

130 
97 
85 
66 
58 
jg 

X20 

94 
74 
6a 

50 
40 
a? 

90 
7a 
60 

7. 

ltd 

Naib,  Spikes  and  Tacks 
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SIZE,  LENGTH,  GAUGE  AND  APPROXDCATE  KtnCBEA  TO  THE  POUND 

Comtnled  from  Catalogue  of  American  Steel  and  Wire  Company,  19x0 
American  Steel  and  Wire  Company's  gauge.    (See  page  151  a.) 


Common  nails  and  brads  * 

CasJng-nails  t 

Finiahing-naiUt 

Siae 

Length, 
in 

Gauge 

Number 

to 
pound 

Gauge 

Number 

to' 
pound 

Gauge 

Number 

to 
pound 

2d 

3d 
Ad 
Sd 
6d 
Id 
Sd 
9d 

lOd 

I2d 
i6d 
aod 
30d 
AOd 
sod 

I 

iH 
iV* 
iH 

2 

2H 

2H 
3 

3U 
3H 

4 

aH 

5 

SH 
6 

IS 
14 

12H 

124 

ii4 

im 

loH 
loH 

9 

9 

8 

6 
S 

4 

3 

a 

876 

568 

316 

ari 

181 

161 

106 

96 

69 

63 

49 

31 

a4 

18 

14 
II 

1SV4 

14W 

14 

14 

ia4 

laW 
II 4 
uH 
loH 

TOH 

10 

9 
9 
8 

I  010 
63s. 
473 
406 

aio 

I4S 
13a 
94 
87 
71 
Sa 
46 
35 

i6H 
iSVx 
IS 
IS 

13 
13 

laH 

12\h 

iiH 
II 

10 

I  351 
807 
584 
500 

309 
238 

189 
17a 
121 
113 
90 
6a 

end 

Shingle-nails 

Spikes  t 

Size 

Length, 
in 

Gauge 

Number 
to 

pound 

Size 

Length, 
in 

Gauge 

Number 

to 
pound 

34 
3Md 
Ad 
54 
6d 
Id 
Sd 
9d 
lod 

lU 

iH 

1^4 

iH 

a 

aVi 

a>i 

af4 

3 

13 

12M 

429 

345 
274 
235 
204 
139 
I2S 

114 

«3 

lOJ 

I2d 

j6d 

20d 

3 

3U 

3^ 

4 

AM 

S 

5\i 

6 

7 
8 

9 
10 
xa 

6 
6 
5 

4 
3 

a 
I 

Me" 

H" 

41 
38 
30 

23 

17 
13 
ID 

9 

7 
4 

3M 
3 

3Pd 
AOd 

Pine  nails 

1 

sod 
6od 

7" 
8" 

9" 
10" 
la" 

2d 

24 

a4 

2d 

extra  Ane 

34 
extra  fine 

I 

l\i 

iH 

i64 

IS 

14 

17 
x6 

I3$I 
778 

473 
1560 

tois 

*  Common  brads  differ  from  common  nails  only  in  the  head  and  point. 
t  Lengths  are  the  same  as  common  nails  for  corresponding  size. 
X  Spikes  are  made  with  chiseUpoints  and  diamond  points;  also  with  convex  heads  and 
at  heads. 
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Steal-Win  Hafls  (Coatin— d) 

Clinch-naila 

Penc^naiU* 

Slatazic-oafls  * 

Length. 

Number 

Number 

Xnmber 

Site 

Gauge 

to 

Gauge 

to 

Gauge 

to 

in 

pound 

pound 

pooiul 

ai 

I 

• 

14 

7X0 

1 

13                             4U 

Jtf 

iH 

13 

439 

No  5  smallest 

loH                 ax5 

^ 

I^ 

X3 

874 

atie 

io>i                i»7 

Sd 

xH 

X2 

a35 

XO 

14a 

10 

X43 

6d 
9^ 

2 

a94 

XI 
XX 
XO 
XO 

IS7 

Z39 

99 

90 

XO 

9 
9 
6 

ia4 

8a 

63 

9 

«P3 

Barbed  loofizig-xiafis  t   | 

W"XNoi3 

714 

lod 

3 

9 

69 

7 

so 

H"XNoi* 

4S9 

xarf 

3H 

9 

63 

6 

40 

x"XNoi» 

411 

xM 

aVi 

8 

49 

S 

30 

iH"XNoi» 

365 

20i 

4 

7 

37 

4 

23 

iH"XNoxi 

asx 

1 

*  Length  sane  as  dBich-naHs  at  correspoDding  sue. 

t  Roofing-nails  are  designated  by  the  length,  not  by  fbnmy.    These  nafls  art 
lengths  up  to  sin. 

Win  Hack! 


Title. 

Length, 

Number 

Title. 

Length, 

Number 

Title. 

Length. 

Nttmber 

ounce 

in 

per 
pound 

ounce 

in 

per 
pound 

ounce 

in 

per 

pomnd 

I 

H 

x6ooo 

4 

lU 

4000 

14 

»Ms 

1 143 

iH 

Mt 

10666 

6 

^e 

2666 

x6 

H 

xooo 

3 

H 

8000 

8 

H 

2000 

x8 

»Ms 

«8 

2M 

^« 

6400 

xo 

^Hs 

1600 

30 

x 

800 

3 

H 

5333 

1 

13 

H 

X333 

33 

24 

xHs 
xH 

T27 
666 

Wire  carpet-tadu  are  made  pdished,  blued,  tinned,  01  coppered;  there  are  also  upbol* 
stems'  and  bill-posters'  or  railroad  tacka. 

Ezptntion-Bolti.  These  are  commonly  used  for  bolting 
wood  or  iron  to  masonry  that  is  alieady  built.  A  hole  is 
drilled  in  the  masonry  of  such  size  that  the  ejcpansion-nut  will 
fit'  closely,  and  when  the  bolt  is  screwed  up  the  nut  expaixis 
and  binds  firmly  in  the  masonry.  The  illustration  shows  the 
Evans  expansion-bolt,  which  is  also  furnished  with  screw-head 
bolts.  There  are  other  forms  of  expansion-bolts  on  the  market. 
From  experiments  on  expansion-bolts  it  was  found  that  the 
holding  capacity  was  364  lb  per  sq  in  when  embedded  in  i:  2 
_  Portland-cement  mortar,  843  per  sq  in  when  embedded  in 

Expansion-bdt     ^"^P^"*"  *°*^  4^5  lb  per  sq  in  when  embedded  in  lead.    For 
average  working  unit-stresses  it  is  safe  to  use  about  one-fifth  of 
the  vaJues  given.    When  the  work  is  exposed  to  fain  or  moisture  sulphur  should 
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lot  be  naed  as  the  add  which  results  will  rust  the  metal  and  will  also  tend  to 
Ixsintegrate  the  mafionwork  at  the  point  of  entrance  of  the  bolt. 

Screws.     The  substitution  of  screws  for  nails  in  building  operations  is  a 
marked  feature  of  modem  work.    Trimming  hardware  of  all  descriptions  is  put 
Du  with  screws,  and  a  great  deal  of  panel-work,  inside  finish,  etc.,  is  put  together 
virith  them.    Stop-beads,  the  casings  of  plumbing-fixtures,  etc.,  should  be  fas- 
tened with  screws,  as  well  as  all  kinds  of  store  and  office-fixtures,  and  cabinet- 
work in  general,  except  where  the  joints  are  glued.    Screws  are  also  largely  used 
in  making  furniture.    They  present  a  neater  appearance  than  nails,  have  greater 
liolding  power  and  are  less  apt  to  injure  the  material  if  it  should  be  removed  and 
replaced.    By  making  holes  for  the  screws  with  a  bit,  all  danger  of  splitting  the 
&xiish  is  averted.    The  ordinary  type  of  screw  has  a  gimlet-point  by  which  it  can 
be  turned  into  the  wood  without  the  aid  of  a  bit.    The  heads  are  made  in  various 
forms  to  suit  different  uses.    Screws  are  made  ordinarily  of  steel»  but  sometimes 
of  brass  and  bronze.    The  latter  sort  are  used  for  screwing  in  place  finished  hard- 
ware of  the  same  material,  and  have  heads  finished  to  correspond  with  the  trim- 
mings.    Steel  screws^  also,  are  finished  with  blue,  bronze,  lacquered,  galvanized, 
or  tinned  surface,  to  match  the  cheaper  class  of  trimmings.    The  galvanized 
finish  is  used  in  building  operations  at  the  seashore.    Screws  with  blue  surface, 
called  BLUED  SCREWS,  are  generally  used  with  japanned  hardware  and  for  stop- 
beads,  and  wherever  a  cheap  round-headed  screw  is  desired.    Silver,  nickel,  and 
gold-plated  screws  are  also  manufactured  for  use  in  connection  with  similar 
hardware.    .Steel  screws  for  wood  are  made  in  twenty  different  lengths,  varying 
from  Vi  to  6  in,  and  each  length  of  screw  has  from  six  to  eighteen  varieties  in 
thickness,  there  being  in  all  thirty-one  dif- 
ferent gauges;   so  that  altogether  there  are 
in  the  market  about  two  hundred  and  fifty 
different  sizes  of  ordinary  screws  used  for 
woodwork.    The  most  common  shapes  are     rrn       ■.j„,jL_jLj-L.uLn-T- 
the  ordinary  flat  head,  round  head  and  oval     M      I|M))NM)K|^^ 
head.    The  oval-head  screw  is  Uperad  for     U — y«*WWYfWf^ 
countersinking  but  is  slightly  rounded  on  top.  I<sg  sad  Coach-sacws 

Patent  diamond-point  steel  screws  are  made 

especially  for  driving  with  a  hammer.  These  can  be  driven  with  a  hanmier 
their  entire  length  into  any  hard  wood,  and  then  held  by  one  or  two  turns  as 
securely  as  the  ordinary  screw.  In  ordering  screws  both  the  length  and 
number  of  the  gauge  or  diameter  of  the  shank,  the  material  and  finish,  and 
the  use  to  which  they  are  to  be  put,  should  be  given. 

Screws  for  Metal  have  the  same  diameter  throughout  and  the  threads  are  V- 
shaped. 

Sizes  of  Screws.  The  sizes  of  screws  are  given  in  length  in  inches  and  the 
number  of  the  gauge,  the  gauge  denoting  the  diameter.  Thus,  a  z-in  No.  1 2  screw 
is  I  in  long  and  0.2158  in  in  diameter.  The  gauge-numbers  range  from  o  to  30 
and  the  lengths  from  H  to  6  in.  The  lengths  vary  by  eighths  of  an  inch  up  to 
1  in,  by  quarters  of  an  inch  up  to  3  in  and  by  halves  of  an  inch  up  to  5  in.  Screws 
from  H  to  4^i  in  long  are  nuide  in  about  sixteen  different  gauge-numbers.  Table 
XIII,  page  402,  gives  the  diameter  to  four  places  in  decimals  of  an  inch  of  the 
American  screw-gauge.  It  shoukl  be  noticed  that,  unlike  the  ordinary  wire- 
gauges,  the  o  of  the  screw-gauge  indicates  the  diameter  of  the  smallest  screw 
while  the  diameter  of  the  screw  increases  with  the  number  of  the  gauge. 

Lag-Screws  snd  Cosch-Screws  are  large,  heavy  screws  used  where  great 
strength  is  required,  as  in  heavy  framing,  and  for  fixing  ironwork  to  timber. 
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Lag-screws  with  conical  point  are  made  with  diameters  of  ^i«,  H,  M«f  H,  9ie.  ^ 
f4,  and  i  in,  and  in  lengths  from  iH  to  12  in;  coach-screws  in  diameters  from  *.- 
to  H  in  and  in  lengths  from  iVi  to  12  in.  For  putting  in  lag-screws  a  h<r 
should  be  bored  which  has  a  diameter  a  little  greater  than  the  unthreaded  sh^z. 
of  the  screw  and  it  should  be  bored  to  a  depth  corresponding  to  the  length  of  tk 
unthreaded  shank.  A  second  hole  should  then  be  bored  at  the  bottom  of  t:x 
first  hole  of  a  diameter  somewhat  less  than  that  of  the  threaded  shank  and  to  a 
depth  of  about  half  its  length. 


Holding  Power  of  Lag-Screws 
Tests  made  by  A.  J.  Cox,  Univerutjr  oC  lows,  1891,  quoted  by  Kent, 


pagtsu 


Kind  of  wood 


Seasoned  white  oak 

Seasoned  white  oak 

Seasoned  white  oak 

Yellow-jnne  stick 

.  White  cedar,  unfleasoaed 


Size  of 
screw, 

in 


H 
H 


Stxectf 

hole 

bored. 


m 


H 
H 


Length 

in 
wood, 

in 


4H 
3 

44 

4 
4 


Majdmum 

resist' 

anoe. 

lb 


N^mnber 
of 


8037 
6480 
8780 
3800 
340$ 


1 


3 

X 

2 
2 

a 


Hoopes  &  Townsend  give  the  force  required  to  draw  screws  out  of  yellow  piae 
as  follows: 


Screw 

Hia 

Hin 

——i — 1 
94  in 

H  in 

z  in    1 

I 

Wood,  death 

3V4in 
4960 

4  in 
6000 

4  in 
7685 

Sin 

XXSOO 

■            1 
6  in    < 

Force,  pounds 

zafiao  ' 

Wooden-screws  are  sold  by  the  gross,  lag-soews  and  coach-screws  by  the 

pound. 

DATA  ON  EXCAVATING  • 

Excavating  is  almost  invariably  measured  by  the  cubic  3rard  of  37  cu  ft.  For 
measuring  excavations  of  irregular  depth  see  page  65.  For  computing  the  ood- 
tents  of  wells  and  cesspools,  the  drcular  area  in  square  feet  may  be  obtained  from 
the  table  on  page  51,  and  this  drcular  area  multiplied  by  the  depth  in  feet  will 
give  the  contents  in  cubic  feet.  The  cost  of  excavating  and  removing  oirth  b 
ordinarily  made  up  of  the  following  items: 

(i)  Loosening  the  earth  for  the  shovelers; 

(3)  Loading  by  shovels  into  carts  or  barrows; 

is)  Hauling  or  wheeling  it  away,  including  emptying  and  retoming; 

(4)  Spreading  it  out  on  the  dump; 

For  every  large  job,  such  as  railroad-work,  it  is  also  necessary  to  make  an  al- 
lowance for  keeping  the  hauling-road  in  repair,  for  sharpening  and  repair  of  tools, 
and  for  carts,  harness,  superintendence  and  water-carriers.  Where  the  dirt 
excavated  can  be  spread  over  the  ground  immediately  surrounding  the  excava- 
tion the  loosened  dirt  may  be  removed  by  scrapers  without  shoveling. 

Data  for  Estimating  Cost  of  Loosening  Berth.  Two  men  with  a  plough  and 
team  of  horaes  will  loosen  from  20  to  .%o  cu  yd  of  strong,  heavy  soil  per  hour  or 

*  All  prices  given  are  pre-war  prices  and  are  retained  for  purposes  of  comparison  of 
rrUtive  values. 


Data  on  Excavating  1^7 

from  40  to  60  cu  yd  of  ordinary  loam.  One  man  with  a  pick  wOl  loosen  i  H  yd 
per  hour  of  stifi  clay  or  c<meDt0d  gravel,  4  yd  of  commoa  ioam,  or  6  yd  of  light 
sand. 

The  average  quantity  of  loosened  basxh  that  a  man  can  shovel  into  a  cart 
per  hour  is: 

Loam  or  sand 3.0  cu  yd 

Clay  and  heavy  soils i .  7  cu  yd 

Rock z  .0  cu  yd 

Average  earth  when  loosened  swells  to  from  iH  to  iH  times  its  original  bulk 
in  place. 

The  capacity  of  vehicles  used  for  moving  excavated  materials  is  about  as 
follows: 

Wheelbarrows 3  to   4  cu  f  t 

One-horse  dimip-carts 18  to  22  cu  ft 

Two-horse  dump-wagons 27  to  45  cu  ft  * 

Drag-scrapers 3  to    7  cu  f  t 

Wheel-scrapers 10  to  17  cu  ft 

Dump-can  on  rails. 27  to  80  cu  ft 

The  Bconomical  Length  of  Haul  with  drag-scrapers  is  about  150  ft;  with 
wheeled  scrapers,  500  ft;  with  wheelbarrows,  250  ft;  with  one-horse  dump-carts, 
600  ft.t    The  average  speed  of  horses  is  given  as  about  200  ft  per  minute. 

Much  valuable  data  for  estimating  X  the  cost  of  excavating  may  be  found  in 
the  Civil  Engineer's  Handbooks. 

Weight  of  Earth,  Sand  and-  Gravel.  For  general  calculations  the  following 
average  values  may  be  taken: 


14  cu  ft  of  chalk  weigh  x  ton 
18  cu  ft  of  clay    weigh  z  ton 
21  cu  ft  of  earth  weigh  x  ton 

X9  cu  ft  of  gravel  weigh  i  ton 
22  cu  ft  of  sand  weigh  i  ton 

Rock-Excavation.  A  cubic  yard  of  rock,  in  place,  when  broken  up  by  blasting 
for  removal  by  wheelbarrows  or  carts,  will  occupy  a  space  of  about  i^&  cu  yd; 
consequently  the  cost  of  hauling  or  removal  is  about  50%  more  than  for  dirt. 

"  With  labor  at  $1  per  day,  the  actual  cost  for  loosening  hatd  rock,  including 
tools,  drilKng,  powder,  etc.,  will  average  about  45  cents  per  cubic  yard,  in  place, 
under  all  ordinary  circumstances.  In  practice  it  will  generally  range  between  30 
and  60  cents,  depending  on  the  position  of  the  strata,  hardness,  toughness,  water 
and  other  considerations.  Soft  shales  and  other  allied  rocks  may  frequently  be 
loosened  by  pick  and  plough  as  low  as  15  to  20  cents,  while  on  the  other  hand  shal- 
low cuttings  of  very  tough  rock  with  an  unfavorable  position  of  strata,  especially 
in  the  bottoms  of  excavations,  may  cost  $1  per  cu  yd,  or  even  considerably  more. 
The  quarrying  of  average  hard  rock  requires  about  U  to  \i  lb  of  powder  per  cu  yd, 
in  place,  but  the  nature  of  the  rock,  the  position  of  the  strata,  etc.,  may  increase 
it  to  H  lb  or  more.  Soft  rock  frequently  requires  more  powder  than  hard.  A 
good  chum-driller  will  drill  8  to  10  ft  in  depth  of  holes  about  2H  ft  deep  and  2  in 
diameter  per  day  in  average  hard  rock,  at  from  12  to  18  cents  per  ft."  § 

*  The  ordinary  load  for  two-horse  wagons  such  as  are  commonly  used  for  hauling  dirt, 
•and  and  gravel  is  from  lU  to  i4  cu  yd. 
t  Inspectors'  Pocket-Book,  by  A.  T.  Byme. 
i  See,  also,  Handbook  of  Cost  Data,  by  H.  P.  GiUetU. 
I  The  Civil  Engineer's  Pocket-Book,  J.  C,  Trautwine. 
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DATA  ON  STONEWORK  * 

Slindt  of  Stonework.    The  commonest  kind  of  stonework,  that  is,  for  wa^ 

is  called  rubble  work.  No  work  whatever  is  done  on  the  stones  except  'u 
break  them  up  with  a  hammer.  If  the  wall  is  built  in  counes  it  is  dcsagaiiei 
COURSED  RUBBLE.  When  the  stones  showing  on  the  outside  face*  of  the  tl. 
are  squared,  the  work  is  designated  ashlar.  Ashlar  is  of  two  kinds:  ctxsstz 
ASHLAR,  in  which  the  stones  are  laid  to  form  courses  around  the  buildtng,  ali  <;t 
the  stones  in  any  course  being  of  the  same  height,  and  brokkn  ASHUot,  in  wtx^ 
stones  of  different  heights  are  used.  Hammer-dressed  ashlar  designates  vork 
where  the  stones  are  roughly  squared  with  a  hammer.  This  is  m  veiy  dieap  ck- 
of  work.  Good  ashlar  work  should  be  squared  on  the  bench  with  chiscfak  v^ 
with  beds  and  end-joints  cut  square  to  the  face.  Stonework  which  require!.  2 
chisel  or  any  other  tool  except  a  hammer  for  dressing  is  called  cut  work.  Cl! 
work  costs  considerably  more  than  hammer-dressed  work. 

Measurement  of  Stonework.  Rough  stone  from  the  quarry  is  usually  soh. 
under  two  classifications:  rubble-stone  and  dimension-stone.  Rubble  includes 
the  pieces  of  irregular  size  most  easily  obtained  from  the  quarry,  and  suitable  for 
cutting  into  ashlar  1 2  in  or  less  in  height  and  about  a  ft  long.  Stone  ordered  Ij 
be  of  a  certain  size,  to  square  over  24  in  each  way  and  to  be  of  a  particular  thick- 
ness, b  called  dimension-stone.  The  price  of  the  latter  varies  from  two  m> 
four  times  the  price  of  rubble.  Rubble  is  generally  sold  by  the  ton.  or  car- 
load. Footings  and  flagging  are  usually  sold  by  the  square  foot;  diin«isin& 
stone  by  the  cubic  foot.  In  Boston,  granite  blocks  for  foundations  are  usually 
sold  by  the  ton. 

In  Estimating  on  the  Cost  of  StoneworiE  put  into  a  building,  the  custom  vanV 
with  different  localities,  and  even  among  contractors  in  the  same  city.  Dimen- 
sion-stone footings,  that  is,  squared  stones  a  ft  or  more  in  width,  are  usually 
measured  by  the  square  foot.  If  built  of  large  rubble  or  irregular  stones  the 
footings  are  measured  in  with  the  wall,  allowance  being  made  for  the  projection? 
of  the  footings.  Rubblework  is  almost  universally  measured  by  the  perch  nt 
i6h  cu  ft.  The  author  has  been  unable  to  find  any  locality  where  the  lee  J 
perch  of  24^4  cu  ft  is  used  by  stone>masons.  In  Philadelphia,  St.  Louis  and  some 
sections  of  Illinois,  2  a  cu  f  t  are  callod  a  perch.  Railroad-work  is  usually  meas- 
ured by  the  cubic  yard.  When  stonework  is  let  by  the  perch,  the  number  d 
cubic  feet  to  the  perch  should  be  stated  in  the  contract,  and  it  should  be  stated. 
also,  whether  or  not  openings  are  to  be  deducted.  As  a  rule  no  deductions  are 
made  for  openings  of  less  than  70  superficial  feet. 

Data  for  Estimating  Cost.f  The  price  of  common  rubble  as  it  comes  from 
the  quarry  will  vary  from  55  cts  to  $1.65  per  ton,  free  on  board  cars  at  point  of 
delivery,  according  to  the  cost  of  quarrying,  transportation,  etc.  $1^5  a  perch 
is  probably  a  fair  average. 

A  ton  of  most  of  the  different  kinds  of  stones  will  make  from  x  perch  to  i^ 
perches. 

The  cost  of  laying  one  perch  of  stone  may  be  estimated  by  the  following  items: 

Labor:  mason  2H  hrs,  helper  i^  hrs,  based  on  two  helpers  to  three  masons; 
sand  yi  load;  lime  H  bu,  or  if  laid  in  all-cement  mortar,  one  perch  will  require 
from  M  to  H  bbl  of  cement. 

At  average  wages,  rubble  cellar-waUs,  from  18  in  to  a  ft  thick,  laid  in  lime  mor- 

•  The  prices  given  are  pre-war  prices. 

t  For  wages  different  from  those  named,  the  averafre  costs  may  be  calculated  by  pro- 
portion. 
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tar,  vuy  in  cost  from  $a.75  to  S4.50  per  perch,  $3.50  a  perch  being  a  fair  a\Herage; 
in  all-cement  mortar,  froni  $3.50  to  I4.50  per  perch. 

The  cost  of  ashlar  depends  very  largely  upon  the  kind  of  stone  used  and  the 
distance  it  has  to  be  brought.  The  price  of  the  rough  stock  on  the  oars  at  the 
point  of  delivery  may  vary  from  75  cts  to  $1.35  per  cu  ft  for  granite  and  from 
60  cts  to  $1.10  for  sandstones  and  limestones,  depending  largely  upon  cost  of 
transpoctation.  i  cu  ft  of  stone  should  make  2  sq  f t  of  ashlar,  at  least.  Some 
quarries  get  out  stone  espedally  suitable  for  ashlar  and  sell  it  at  about  30  cts  per 
Un  ft  for  courses  12  in  high. 

The  cost  of  cutting  ashlar*  with  stone-cutteis'  wages  at  $4  per  day,  will  average 
about  15  cts  per  sq  ft  for  soft  stones,  from  15  to  ao  cts  per  sq  ft  for  hard  sand- 
stones and  limestones,  and  from  25  to  30  cts  for  granite.  The  cost  of  setting  ash- 
lar will  vary  from  10  cts  per  sq  ft  to  25  cts  for  soft  stones  or  30  cts  for  granite, 
15  cts  being  an  average  price  for  sandstones  and  limestones. 

The  cost  of  cut-stone  trimmings  depends  so  largely  upon  the  kind  of  stone 
that  it  b  quite  impossible  to  give  prices  that  would  be  of  very  much  service. 
The  following  figures,  however,  may  serve  as  a  general  guide  in  forming  a  rough 
estimate,  the  prices  if  anjrthing  being  probably  a  little  above  the  cost  of  the 
local  stone  in  most  bcaUties. 

Flagstones  for  Sidewalks,  ordinary  stock,  natural  surface,  3  in  thick,  with 
joints  pitched  to  line,  in  lengths,  along  walk,  from  3  to  s  ft,  will  cost,  for  a  3 -ft 
walk,  about  xo  cts  per  sq  ft,  or  if  2  in  thick,  7  cts;  for  a  4-ft  walk,  xo  cts;  and  for 
a  5-ft.waIk,  12  cts  per  sq  ft.  The  cost  of  laying  all  sizes  will  average  about  4  cts 
per  sq  ft.    The  above  figures  do  not  include  the  cost  of  hauling. 

Curbing.  4  by  244n  granite  wiU  cost  at  the  quarry  from  30  to  35  cts  per  lin  ft; 
digging  and  setting  will  cost  from  x  2  to  14  cts  additional;  and  the  cost  of  freight 
and  hauling  must  also  be  added. 

Cut  Bluestone.  The  following  figures  show  the  approximate  cost  of  cut 
bluestone  for  various  uses: 


Flagstone.  5  in,  size  8  by  10  ft,  edges  and  top  bush-hammered,  per  square 
foot  fac^measure , 

Plafl^tooe,  4  in,  tise  5  by  s  ft,  select  stock,  edges  clean-cut,  natural  top, 
per  square  foot 

Ooor-stUa.  8  by  la  in,  clcaxv-cut,  per  linear  foot 

Window-sills,  s  by  xa  in,  clean-cut,  per  linear  foot 

Window-sills,  4  by  8  in,  clean-cut,  per  linear  foot 

Window-sills,  S  by  8  in,  clean-cut,  per  linear  foot 

Lintels,  4  by  xo  in,  clean-cut,  per  linear  foot 

Lint^«  8  by  la  in,  clean-cut,  per  linear  foot 

Water-table,  8  by  xa  in,  clean<ut,  per  linear  foot 

Coping.  4  by  ax  in,  clean-cut,  per  linear  foot 

Coping.  4  by  21  in.  rock-face  edges  and  top.  per  linear  foot 

Copin'g,  3  by  is  in,  rock-face  edges  and  top,  per  linear  foot , 

Coping,  3  by  x8  in,  rock-face  edges  and  top,  per  linear  foot 

Stepa.  sawed  stock.  7  by  14  in.  per  linear  foot 

Platform,  6  in  thick,  per  square  foot 


To  the  prices  of  cut  stone  above  given  must  be  added  the  cost  of  setting,  which, 
for  water-tables,  steps,  etc.,  will  be  about  10  cts  per  linear  foot,  and  for  window- 
sills,  etc.,  about  5  cts  per  linear  foot.  For  fitting,  about  xo  cts  per  cu  ft,  and  for 
trimming  the  joints  after  the  pieces  are  set  in  place*  about  5  cts  per  cu  ft  should 
alio  be  added* 
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DATA  ON  BRICKS  AND  BBICKWORK 

Clay  Bricks.  The  word  brick  u  conunonly  uied  refers  to  the  mate- 
clay,  molded  into  the  required  shape  and  siae  and  burned  in  a  kfln;  .. 
until  quite  recently,  piactically  all  bridks  were  made  from  day.  At  : 
present  time,  however,  bricks  are  also  made  from  sand  and  Kme,  and  t-' 
cement  and  concrete.  Clay  bricks  may  be  broadly  dassi6ed  as  coorr 
bricks,  face-bricks,  fire-bricks  and  paving-bricks.  As  to  the  prociess  otf  nu- 
facture.  bricks  are  classified  as  soft-mud  bricks,  stiff-mud  bricks,  dry-inr--: 
bricks  and  repressed  bricks. 

Soft-Mttd  Bricks  are  made  by  tempering  clay  with  water  until  it  becomes  > 
and  plastic  and  then  pressing  it  into  molds  either  by  hand  or  by  a  mact^- 
Practically  all  handmade  bricks  are  soft-mud  bricks.    Soft-mud  bricks  are  ot  :r 
REPRESSED  to  make  face-bricks. 

Stiff-Mod  Bricks  are  machine-made.  The  day  is  first  ground,  and  <>&. 
enough  water  is  added  to  make  a  stiff  mud.  The  stiff  day  is  forced  through  a  c- 
or  dies  in  the  machine  in  a  continuous  stream,  which  is  cut  up  automatically  :l' 
pieces  the  size  either  of  the  end  or  side  of  the  brick.  If  the  opening  is  the  size  : 
the  end  of  the  brick,  the  bricks  are  end-cut  bricks;  if  of  the  size  of  the  side  o:  :ll 
brick,  they  are  side-cut  bricks.  Stiff-mud  bricks  can  readily  be  distingui-^.  r: 
from  soft-mud  bricks  by  their  appearance.  As  good  if  not  better  bricks  car  v 
made  by  the  soft -mud  process  as  by  the  stiff-mud  process,  and  in  the  Ba^^tcr 
States  the  soft-mud  bricks  are  probably  the  stronger.  As  far  as  the  author^ 
observation  has  extended  in  the  Western  States,  the  stiff-mud  bricks  are  as  a  r^jc 
preferable  to  those  made  by  the  soft-mud  process.  Stiff-mud  bricks  are  usuiJy 
heavier  than  soft-mud  bricks  or  hand-made  bricks. 

Dry-pressed  Bridu  are  made  almost  entirdy  for  face-work,  although  in  st-ce 
localities  dry-pressed  bricks  are  also  used  as  common  bricks.  Hydraulic-pRsso: 
bricks  are  dr>'-pressed. 

Molded  Brida  are  always  dry-pressed.  Very  fine  bricks  are  made  by  this 
process. 

Burning  of  Bridn.  Bricks  made  by  any  of  the  above  processes  require  to  he 
burned  in  a  kiln.  According  to  their  position  in  the  kiln,  common  bricks  arr 
designated  arch-bricks  or  hard-burned  bricks,  hed  bricks  or  weU-bursed 
bricks,  and  salmon  bricks  or  soft  bricks.  As  a  rule,  salmon  bricks  are  not  tt  to 
use  in  an  exterior  or  bearing-wall. 

Cdor  of  Bricks.  The  color  of  bricks  depends  prindpally  upon  the  presence 
of  iron,  lime,  or  magnesia  in  the  clay.  A  large  proportion  of  oxide  of  iron  gives 
a  clear  bright  red.  Magnesia  produces  a  brown  color,  and  when  in  the  pre^noe 
of  iron,  a  light-drab  color.  Dry-pressed  bricks  are  often  colored  artifidaJIy 
either  by  mixing  clays  of  different  composition,  or  by  mixing  mineral  o^ors  «ith 
the  finely  ground  clay. 

Fire-Brlcks  are  ordinarily  made  from  a  mixture  of  flint  cby  and  plastic  clay. 
They  are  usually  white,  or  white  mixed  with  brown,  in  color  and  are  used  for  the 
lining  of  furnaces,  fireplaces  and  tall  chimneys. 

Paring-Bricks  are  very  hard  bricks,  usually  vitrified  or  annealed.  They  aze 
much  more  expensive  than  common  bricks  and  are  seldom  used  in  the  con- 
struction of  buildings. 

Sisa  and  Weight  of  Clay  Bricks.  In  this  country  there  is  no  legal  standard  for 
the  SIZE  OF  BRicivS,  and  the  dimensions  vary  with  the  maker  and  also  with  the 
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locality.  GommoDsUndaiditzesareSbysKliy  aHin^andS  hy$H  by23iiii. 
In  the  New  England  States  tbe  common  brick  averages  about  7H  by  394  by  a U  in. 
In  most  of  the  Western  States  common  bricks  measure  about  $M  by  4Vi  by  2V4  in, 
and  the  thicknesses  of  the  walk  measure  about  9. 13, 18  and  22  in  for  thicknesses 
of  z,  iH»  2  and  2H  bricks.  The  sises  of  all  common  bricks  vary  considerably  in 
each  lot,  according  to  the  degree  to  which  they  are  burned;  the  hard  bricks  being 
from  H  to  M«  in  smaller  than  the  salmon  bricks.  In  England  the  common 
standard  is  8H  by  4H  by  2H  in.  Pressed  bricks  or  face-bricks  are  more  uniform 
in  size,  as  most  of  tbe  manufacturers  use  the  same  siae  of  mold.  The  prevailing 
sizes  for  pressed  bricks  are  SH  by  4^  by  aH  and  8H  by  4  by  2V4  in.  Pressed 
bricks  are  also  made  ih  in  thick  and  xa  by  4  by  x H  in,  those  of  the  latter  size  be- 
ing generally  termed  roman  bricks  or  tiles. 

The  WEIGHT  or  bricks  varies  considerably  with  the  quality  of  the  clay  from 

which  they  are  made,  and  also,  of  course,  with  their  size.    Common  bricks 

average  about  4h  lb  each,  and  pressed  bricks  vary  from  5  to  5)^3  lb  each.    For 

the  STRENGTH  OF  BRICKS  and  brickwork,  see  Chapter  V.    The  fire-bricks  are 

made  in  various  forma  to  suit  the  required  work.    A  straight  brick  measures 

9  by  4^3  by  a>i  in  and  weighs  about  7  lb.    To  secure  the  best  results  fire-bricks 

should  be  laid  in  the  same  clay  from  which  th^  are  manufactured,  this  being 

mixed  with  water  into  a  thin  paste.    The  thiimer  the  joint,  the  better  the  wall 

will  stand  heat.    For  pavinc-bricks  the  size  and  weight  vary  according  to  the 

locality  and  to  the  requirements  of  the  specifications.   Former  standards  were, 

2  H  by  4  by  8  in,  required  6x  bricks  to  the  square  yard,  on  edge,  and  weighed  7  lb 

each.    Repressed  bricks,  aVi  by  4  by  8H  in,  require  58  to  the  square  yard 

and  weigh  6H  lb  each.    MEXRoroLiTAN  bricks  were  3  by  4  by  9  in,  required  45 

to  the  square  yard,  and  weighed  9H  lb  each.* 

Lim»*Mort«r  BrickB.t  General  Doscriptioii.  The  so-called  sand-lime 
bricks  were  originally  made  of  lime  mortar,  molded  in  brick  form  and  hardened 
by  exposure  to  the  air.  Such  bricks  are  said  to  have  been  largely  used  in  ancient 
times,  and  it  is  claimed  that  remains  of  such  materials  are  now  in  evidence  and  i.i 
a  good  state  of  preservation.  It  is  known  that  tlicy  were  formerly  used  in  Europe 
in  localities  where  other  materials  were  not  readily  available,  and  that  they  have 
been  used  in  some  localities  in  this  country  during  the  past  thirty-five  years. 
The  writer  knows  of  several  houses  in  Haddonfield,  X.  J.,  built  of  such  bricks, 
generally  with  the  exterior  surfaces  plastered.  One  of  them,  however,  said  to  be 
about  twenty-five  years  old,  has  not  been  plastered,  and  an  inspection  (1915) 
shows  the  bricks  to  be  in  an  excellent  state  of  iKeser\'ation.  Lime-mortar  bricks 
harden  by  the  absorption  of  carbonic-acid  gas  from  the  air.  This  gas  enters 
into  combination  with  the  lime,  forming  carbonate  of  lime.  The  hardening  proc- 
ess requires  several  weeks'  exposure  under  cover  and  the  product  has  not  virtues 
sufficient  to  commend  it  where  other  materials  are  available. 

Sand-Lime  Bricks.  It  was  discovered  in  Germany  about  i&js  that  lime- 
mortar  bricks  could  be  hardened  in  a  few  hours  under  heat  and  pressure,  and  it 
was  found  later  that  the  chemical  reaction  under  the  new  process  differs  essen- 
tially from  that  just  described,  and  that  the  percentage  of  lime  can  be  greatly 
reduced.  The  fundamental  principles  of  sand-lime-brick  manufacture  are  now 
common  property  and  only  the  details  of  the  manufacture  are  patentable. 
Sand-lime  bricks  were  first  made  in  Germany  about  1880,  and  the  more  extended 
commercial  development  of  the  industry  dates  back  in  Europe  to  about  1S88, 

*  Building  Inspectors'  Pocket-book,  A.  T.  Byrne. 

t  Condensed  from  article  on  Sand-Lime  Bricks  by  ProCeasor  Thomas  Nolan  in  the  re- 
viled iditwn  of  Building  CoostnictaaD  and  Superintendeace.  Part  I,  Masons'  Work,  by 
F.  E.  Kklder. 
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and  in  this  country^  to  about  1900.    There  are  now  (191 5)  several  factories  r. 
operation  in  this  country. 

Manulaetiire  of  Sand-Lime  Bricks.  Pure  sOica  sand,  mixed  with  from  5  t 
10%  of  high-calcium  lime  and  a  certain  proportion  of  water,  is  molditi  03*^" 
very  high  pressure  into  the  form  of  bricks.  These  are  piled  loosely  on  car*  bi-Vi 
ing  about  1000  bricks  each  and  placed  in  a  steel  cylinder  large  enough  to  bcK 
from  10  to  20  cars.  The  cylinder  is  then  closed  and  steam  is  turned  in  and  mzt 
tained  at  a  pressure  of  from  1 20  to  135  lb  to  the  square  inch  for  from  8  to  10  bocrs 
when  the  c>'lindcr  is  opened  and  the  bricks  removed,  ready  for  use.  The  trr 
mendous  pressure,  which  is  said  to  be  too  tons  on  each  brick,  under  which  tb* 
bricks  are  formed,  causes  great  density  and  a  bringing  of  the  component  ekmc^'^ 
into  close  contact.  The  heat  in  the  cylinder  dries  the  bricks  and  c&oses  a  cbem 
cal  reaction  between  the  lime  and  a  portion  of  the  silica,  forming  a  hydrostScx^ 
of  lime,  an  insoluble  and  durable  element,  which  bonds  the  remaining  partkW 
of  the  sand  together  and  forms  a  comparativdy  strong  cementing  matend 
The  small  residue  of  uncombined  lime  combines,  in  the  course  of  time,  either 
with  silica  or  with  carbonic-acid  gas  from  the  air,  until  no  free  Ume  remains.  Tbe 
bricks  thus  become  harder  and  stronger  with  age.  In  regard  to  the  constiiut:  - 
of  sand-lime  bricks,  Edwin  C.  Eckel  says:*  "It  may  be  safely  assumed  that  a 
sand-lime  brick  as  marketed  consists  of  (i)  sand-grains  held  together  by  a  net- 
work of  (2)  hydrous  lime  silicate,  with  probably  (if  a  magnesian  fime  is  used*' 
some  allied  magnesium  silicate,  and  (3)  lime  hydrate  or  a  mixture  of  lime  aad 
magnesia  hydrates.  These  three  elements  will  always  be  present,  and  the  struc- 
tural value  of  the  brick  will  depend  in  large  part  on  the  relative  percentage  ia 
which  the  sand  and  the  hydrates  occur." 

Quality  of  Sand-Lime  Bricks.  The  quality  of  the  product  depends  malnh 
upon  the  selection  and  treatment  of  the  sand  and  the  lime.  Pure  silica  sasdi 
containing  a  large  percentage  of  fine  grains  passing  through  screens  of  from  So  to 
150  mesh,  are  preferable.  Clay  or  kaolin  are  dangerous  elements  and  should  not 
be  present  in  quantities  of  more  than  5%.  The  lime  should  be,  preferably,  high- 
calcium  lime,  the  magnesium  »licates  formed  by  impure  limes  not  being  as  s^rocg 
as  calcium  silicates.  Some  manufacturers  use  ready-hydrated  lime,  other> 
hydrate  the  lime  themselves,  before  miring  it  with  the  sand,  and  others  grind  the 
quicklime,  mix  it  with  the  sand  and  slake  it  in  the  sand.  The  other  most  im- 
portant element  affecting  quality  is  the  press.  After  pressing  and  before  steam- 
ing, the  bricks  are  very  fragile  and  the  press  should  be  such  that  they  art 
subjected  to  no  shaking  or  friction  after  the  pressure  is  removed  from  the  moM. 
Vertical  clay-brick  presses  have  been  commonly  used,  but  do  not  ai^sear  to  be 
well  adapted  to  the  purpose.   The  rotary  table-presses  seem  to  be  most  successful. 

Tests  of  Sand-Lime  Bricks.  *  If  the  sand  is  reasonably  clean  and  pure,  and  the 
lime  finely  divided,  and  if  the  bricks  are  sound  and  have  a  good  metallic  ring, 
they  will  stand  weather-exposure  well.  If  a  brick  stands  in  still  water  for  an 
hour  and  the  moisture  rises  more  than  H  in,  it  is  not  a  first-class  brick;  if  the 
moisture  rises  2  in,  its  use  for  facings  is  questionable;  and  if  the  moisture  rises 
3  in,  it  should  not  be  used  on  outside  worii  of  any  importance.  Authentic  tests  t 
have  been  made  for  crushing,  fire-resistance,  frost-resistance,  add-resistance  and 
absorption,  from  which  it  may  be  concluded  that  under  proper  conditions  cJ 

*  "  Tbe  Production  of  Lime  and  Sand-lime  Brick  ia  1906."  in  the  Government  Report, 
dated  1907  and  published  in  1908,  on  Tbe  Mineral  Resources  of  the  United  States  for  the 
Calendar  Year,  1906. 

t  See,  also,  Tests  Upon  Sand-IJme  Bricks,  made  by  Ira  H.  Woolson,  November,  1005, 
at  tbe  Testing  Laboratory,  Columbia  Univenity,  New  York«  for  The  Natkmal  AsndatioB 
of  Manufacturers  of  Sand-Lime  Products. 
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manufacture  sand'iune  bricks  are  produced  having  the  foUiiwiiig  phjrsical  char« 
acteristics:  Cnnhing  strength*  average,  between  a  500  and  3  000  lb  per  sq  in,  ak. 
thous^  some  specimens  have  shown  over  5  000  lb  per  sq  in;  modulus  of  rupture^ 
average,  about  450  lb  per  sq  in;  fire-resistance,  but  little  inferior  to  that  of  fire- 
brick; frost-resistance,  generally  good;  add-resistance,  superior;  absorption, 
froia  7  to  xo%  in  48  hours;  rate  of  absorption,  slower  than  for  day  bricks; 
average  absorption  for  complete  saturation,  14%;  reduction  of  compressive 
streD^tb  by  satazation  for  absorption-test,  average  S3%- 

Special  PropertlM  of  Ssnd-Iime  Bricks.  The  bricks  are  square,  straight, 
unilonn  in  size  and  homogeneous  in  composition  and  density.  They  cleave 
accurately  under  the  stroke  of  the  trowel  and  present  a  weather-surface  with  the 
good  qualities  of  stone.  They  can  be  cut,  carved  or  sand-blasted,  are  easily 
washed  clean  and  show  no  efflorescence.  These  daims  are  well  established  for 
properly  manufactured  sand-lime  bricks.  It  should  be  further  stated  that  com- 
mon bricks  and  facings  are  made  in  the  same  press,  the  only  difference  bdng  in 
the  selection  of  the  materials  and  in  the  handling  of  the  raw  bricks.  It  b  there- 
fore claimed  that  a  rational  and  homogeneous  exterior  wall-structure  is  possible, 
since  backings  and  fadngs  may  be  built  and  bonded  in  even  courses,  with 
Plemish  or  other  ornamental  bonds.  Some  factories,  however,  manufactured, 
at  first,  inferior  bricks  and  care  should  still  be  taken  in  selections  from  their  out- 
I>uts.  Frequently  the  or^ary  runs  of  sand-lime  bricks  are  not  as  strong  as  the 
average  clay  building  bricks  and  some  of  them  are  too  low  in  their  resistance  to 
frost. 

Colors  of  Sand^Iime  Bricks.  The  natural  color  is  pearl-gray,  varying  in 
-warmth  with  the  composition  of  the  sand.  Permanent  colors  are  produced  by 
introducing  mineral  oxides  with  the  raw  materials  in  quantities  varying  accord- 
ins  to  the  intensity  of  color  desired;  but  as  the  oxides  are  foreign  materials  in 
the  bricks,  they  affect  the  quality  of  the  latter  in  proportion  to  the  quantity 

ube<|- 

OUaed  and  Enameled  Bricks.  The  term  glated  bricks  and  enam- 
E:i.d>  BRICKS  as  commonly  used,  refer  practically  to  the  same  product,  and 
neither  includes  what  is  known  as  salt-glazed  brick.  The  enameled  or 
glazed  bricks  are  generally  dipped  or  sprayed  and  then  burned,  whereas  the 
salt-glaze  is  obtained  by  the  introduction  of  salt  into  the  fire-boxes  of  kilns 
while  the  bricks  are  being  burned.  Glazed  or  enameled  bricks  are  generally 
divided  into  two  classes:  (i)  true  enameled  bricks,  which  have  a  glaze  contain- 
ing the  coloring  matter  applied  to  it  without  any  intermediate  slip;  (2)  bricks 
which  have  a  transparent  glaze  placed  over  a  white  or  colored  slip,  the  slip 
coming  between  the  glaze  and  the  material  to  be  glazed.  The  latter  is  the 
process  most  used  in  this  country.  Manufacturers  differ  as  to  which  process 
produces  the  best  bricks  although  it  would  seem  as  though  the  true  enamel 
would  not  chip  or  peel  as  readily.  These  bricks  can  be  made  in  a  variety  of 
coUyrs,  from  white  to  dark  green  or  chocolate,  and  either  in  a  higbly  glazed 
riKTSH  or  in  a  dull,  satin-finish,  the  latter  finish  being  quite  desirable  in 
many  instances  on  account  of  its  doing  away  with  the  glare  of  the  more  highly 
glaaed  bricks  or  tiles.  An  enameled  surface  may  be  distinguished  from  a 
glazed  surface  by  chipping  off  a  piece  of  the  brick.  The  glazed  brick  will  show 
the  layer  of  slip  between  the  glaze  and  the  body  of  the  brick;  while  the  enam* 
eled  brick  will  show  no  line  of  demarcation  between  the  body  of  the  brick  and 
the  enamel.  American  enameled  and  glazed  bricks  are  now  exten&wely  used 
for  the  exterior  suHaces  of  buildings,  particularly  for  street-fronts  and  light- 
courts,  and  for  interior  side  walls  and  partitions  of  rooms  or  buildings  used  for  a 
great  variety  of  purposes. 
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8izM  of  BaamM  Bricks.  EniindBci  briAs  are  nude  in  tiio  regular  aaa:  : 
Eoglish dize,  9 by  3-in enamded surface, ^H-ia. bed, and  (a)  American aEe^SH:; 
9K-in  enameled  surface,  4H4n  bed.  The  English-size  bricks  cost  about  $10  ^ 
X  ooo  more  than  the  American,  but  on  account  of  the  saving  in  the  numb^ 
bricks,  labor  of  laying  and  mortar  in  joints,  the  former  really  e£Fect  a  savic^  . 
about  7  cts  per  sq  ft.  Enameled  bricks  are  made,  also,  with  a  12  by  4-9-.: 
enameled  suriacei  iH-in  bed. 

Cost  of  Baameled  Bricks.*  The  selUng  price  of  enameled  bricks  raries  fr^ 
$75  P^  1 000  for  the  American  size  to  $8$  for  the  English  size  and  $100  for  t:<£ 
xa  fay  4H  by  aH-in  nze;  and  at  these  prices  the  cost  of  the  bricks  per  squan 
foot  is: 


American  slae,  7  bricks  to  the  foot. s*^^ 

English  size,  sH  bricks  to  the  foot 4SH 

English  flat,  3H  bricks  to  the  foot 36 

13  by  4H  by  aH-in,  3  bricks  to  the  foot so 

Cdors  of  Enameled  Bricks.  The  standard  colors  carried  in  stock  are  wbhe, 
cream  and  buff;  other  colors  are  made  to  order. 

Sttimating  QuantitieB  and  Cost  of  Brickwork  * 

Methods  of  Calculation.  The  almost  universal  method  of  calculating  t^ 
cost  of  brickwork  is  by  estimating  the  number  of  thousands  of  bricks,  w\i:- 
ifEASURE,  and  then  multiplying  by  a  certain  price  per  thousand,  which  is  usui^ 
determined  by  experience  and  which  is  intended  to  include  every  item  affectrc 
the  cost,  and  very  often  the  profit.  All  of  the  common  brickwork  in  any  girca 
building  is  usually  figured  at  the  same  price  per  thousand  bricks^  the  a4Jnst2De:t 
for  the  more  expensive  portions  of  the  work  being  made  in  the  manner  of  mea^;?- 
ing.    The  principle  underlying  this  system  is  explained  as  follows: 

"  The  plain  dead  wall  of  brickwork  is  taken  as  the  standard,  and  the  nsore 
difficult,  complicated,  ornamental,  or  hazardous  kinds  of  work  are  measured  up 
to  it  so  as  to  make  the  compensation  equal.  To  illustrate,  if,  in  one  day,  a  mr; 
can  lay  a  000  bricks  in  a  plain  dead  wall,  and  can  lay  only  500  in  a  pier,  arch,  ur 
chimney-top  in  the  same  time,  the  cost  of  labor  per  thousand  in  such  work  L^ 
four  times  as  much  as  in  the  dead  wall,  and  he  is  entitled  to  extra  compeosalija: 
but  instead  of  varying  the  price,  the  custom  is  to  vary  the  measurement  to  com- 
pensate for  the  difference  in  the  time,  and  thus  endeavor  to  secure  a  uniforai 
price  per  thousand  for  all  descriptions  of  ordinary  brickwork,  instead  of  a  di^er- 
ent  price  for  the  execution  of  the  various  kinds  of  work.''  f 

Measortmonts  of  Brick- Quantities.  Plain  walls  are  quite  universally  fiigured 
at  IS  bricks  to  the  square  foot  of  an  8  or  9-in  wall,  aaVi  bricks  per  square  ioot 
of  a  xa  or  Z3*in  wall,  30  bricks  per  square  foot  of  a  x6  or  17-in  wall,  axKl  7-3 
bricks  for  each  additional  4  or  4 ^  in  in  the  thickness  of  the  wall.  These  figures 
are  used  without  regard  to  the  size  of  the  bricks,  the  effect  of  the  latter  beiur 
taken  into  account  in  fixing  the  price  per  thousand.  No  deduction  is  nude  Kr 
OPENINGS  of  less  than  80  sup  ft,  and  when  deductions  are  made  for  larga-  openings 
the  width  is  measured  a  ft  less  than  the  actual  width.  Hollow  walls  are  abo 
measured  as  if  solid.    To  the  number  of  bricks  thus  obtained  is  added  the 

•  The  prices  given  are  pre-war  prices. 

t  From  Rules  of  Measurement  adopted  by  the  Brick  Contractors'  Exchange  of  Den^'v. 
Col. 
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^measurement  for  piers,  chimnQ%  arches,  etc    Footinos  are  genersDy  measured 
in  with  the  wall  by  adding  the  width  of  the  projection  to  the  height  of  the  wall. 
Thus  if  the  footings  project  6  in  on  each  aide  of  the  waU»  i  ft  is  added  to  the  actual 
height  of  the  wall.    Cbimney-breasts  and  puastebb  are  measured  by  multi- 
plying the  girth  of  each  breast  or  pilaster  from  the  intersections  with  the  wall  by 
the  height,  and  then  by  the  number  of  bricks  corresponding  with  the  thickness  of 
the  projection.    Flues  in  chinmeys  are  always  measured  solid.    Detached 
CHIMNEYS  and  chimney-tops  are  measured  as  a  wall  having  a  length  equal  to  the 
sum  of  the  side  and  two  ends  of  the  chimney,  and  a  thickness  equal  to  the  width 
of  the  chimney.    Thus  a  chimney  measuring  3  ft  by  x  ft  4  in  would  be  measured 
as  a  16  or  x7-in  wall,  5  ft  8  in  long.    The  rule  for  independe|IT  piers  is  to 
multiply  the  height  of  each  pier  by  the  distance  around  it  in  feet,  and  consider 
the  product  as  the  superficial  area  of  a  wall  whose  thickness  is  equal  to  the  width 
of  the  pier.    In  practice,  many  masons  measure  only  one  side  and  one  end  of  a 
pier  or  chimney.    Arches  of  common  bricks  over  openings  of  less  than  80  sup  ft 
are  iisually  disregarded  in  estimating.    If  the  arch  is  over  an  opening  larger  than 
80  sq  ft,  the  height  of  the  wall  is  measured  from  the  springing-line  of  the  arch. 
No  deduction  b  made  in  the  wall-measurement  for  stone  sills,  caps,  or  belt- 
courses,  nor  for  stone  ashlar,  if  the  same  is  set  by  the  brick-mason.  If  the  ashlar 
is  set  by  the  stone-mason,  the  thickness  of  the  ashlar  is  deducted  from  the  thick- 
ness of  the  wall.    The  sum  of  all  of  these  measurements  represents  a  certain 
number  of  thousands  of  bricks,  and  the  whole  is  then  multiplied  by  a  common 
price  per  thousand,  as  $6,  $8,  $12,  or  $16,  according  to  whatever  the  cost  of  plain 
brickwork  may  be.   If  the  building  is  to  be  faced  with  pressed  bricks,  the  actual 
cost  cf  the  pressed  bricks,  as  nearly  as  it  can  be  computed,  is  added  to  the  esti- 
mated price  of  the  common  brickwork,  nothing  being  added  for  laying  the  pressed 
bricks,  nor  anything' deducted  from  the  common-brick  measurement,  the  meas- 
iirement  of  the  common  work  displaced  by  the  pressed  bricks  being  assumed  to 
offset  the  difference  in  the  cost  of  laying  the  pressed  and  common  brickwork. 
In  arriving  at  the  cost  of  the  pressed  bricks,  the  external  superficial  area  of 
the  walls  faced  with  such  bricks  is  computed,  and  all  openings,  belt-courses,  stone 
cap)s,  etc.,  are  deducted.    Five-in  stone  sills  are  not  usually  deducted.    If  a  por- 
tion of  the  wall  is  covered  by  a  porch,  so  that  common  bricks  may  be  used  back 
of  it,  this  space,  also,  is  deducted.    The  net  pressed-brick  surface  is  then  multi- 
plied by  6,  6Vi,  or  7  to  obtain  the  number  of  bricks  required,  6H  giving  about 
the  number  of  pressed  bricks  of  the  standard  size  required  to  the  square  foot. 
The  topping  oxrr  of  chimneys,  if  of  face-brick,  is  measured  by  girting  the  chim- 
neys, multiplying  by  the  heights,  and  adding  the  sums  to  the  wall-area. 

Bzamide.  As  a  simple  example  of  this  system  of  estimating  consider  a  small 
brick  house,  28  by  32  ft  in  plan,  without  cross- walls,  the  basement- walls  beiny 
13  in  thick,  with  footings  2  ft  6  in  wide;  the  first-story  walls,  13  in  thick;  the 
second-story  walls,  9  in  thick;  the  height  of  the  basement-walls  from  the  trench  to 
the  top  of  the  first-story  joists,  8  ft  6  in;  the  height  of  the  walls  from  the  first- 
story  joists  to  the  top  of  the  second-story  joists,  xo  ft  6  in;  and  from  the  second- 
story  joists  to  the  plate,  9  ft. 

Wall-Measurements.  Basement-walls:  120  ft  (girth  of  building)  by  9  ft 
10  in  (height  and  projection  of  footing)  by  22>i  bricks  per  square  foot;  equal  to 
26  550  bricks. 

First-story  walls:  120  ft  by  10  ft  6'  in  by  22H  bricks  per  square  foot;  equal 
to  28  360  bricks. 

Second-story  walls:  120  ft  by  9  ft  by  15  bricks  per  square  loot;  equal  to 
16  200  bricks. 

Topping  out  two  chimneys,  each  x  ft  9  in  by  x  ft  5  in  by  14  ft  high  above  roof: 
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i  by  14  ft  by  (i  ft  5  in  plus  i  ft  9  in  plus  i  ft  s  in)  by  30  bricks  per  square  fnri 
equal  to  3  850  bricks. 

Total  brickworii:  74  960  bricks.    At  $9  per  x  000,  the  cost  is  $674.64. 

Pressed  Bkicks.  From  the  grade  to  the  under  side  of  the  plates,  the  vij 
measures  22  ft  6  in  and  it  is  to  be  faced  with  pressed  bricks  of  the  standard  «> 
costing  %ts  per  i  000.  The  door-openings  and  window-openings  measure  yi 
sup  ft. 

The  surface  of  pressed  bricks  equals  120  by  22^^  ft,  equal  to a  700  sq  ft 

The  deduction  for  openings  is 384  sq  ft 

Area,  after  deduction 2  316  sq  ft 

Addition  for  two  chimnesrs,  2  by  14  by  6  ft  4  in,  equal  to 177  sq  ft 


Total  2  493  sq  ft 

2  493  by  6H  equals  16  204  pressed  bricks,  which,  at  $15  per  i  ooo  cast,  equals 

I243. 

The  total  amount  of  the  bid  is  $674.64  plus  $243,  or  $9x7.64. 

The  above  figures  are  supposed  to  indude  the  necessary  lime,  sand,  water. 
scaffolding,  etc.,  required  to  make  the  mortar  and  put  up  the  walls,  a«i  aKi :; 
profit  for  the  contractor;  but  anything  in  the  way  of  ironwork,  such  as  ties, 
thimbles,  ash-doors,  etc.,  are  figured  as  additions  to  this  amount. 

Detailed  Estimates  of  Brickwork.  In  estimating  by  the  above  method,  th: 
price  per  thousand  is  to  some  extent  a  matter  of  guesswork,  and  while  an  exp^ 
rienced  contractor  may  perhaps  make  as  accurate  an  estimate  by  this  method  ^< 
is  possible  by  any,  yet  it  is  often  necessary  to  estimate  the  work  in  detail;  asd 
even  when  the  work  has  been  estimated  as  above,  it  is  necessary  for  the  cor 
tractor  to  know  how  many  bricks  and  how  much  sand  and  lime  will  be  requiiri 
to  do  the  work.    The  following  data  will  assist  in  making  such  detailed  estimates 

With  the  size  of  bricks  used  in  the  Western  States,  from  16H  to  17H  oomnkj- 
bricks  are  required  to  the  cubic  foot  after  deducting  openings,  and  figuring  thf 
thickness  of  walls  at  8,  12,  16,  20  in,  etc.,  the  actual  number  of  bricks  required 
will  run  about  two-thirds  of  the  wall-M£ASUR£  when  the  openings  are  of  aboU 
the  average  number  and  size. 

The  nimiber  of  pressed  bricks  will  be  about  6  or  6H  bricks  to  the  foot,  after 
deducting  openings. 

To  lay  I  000  common  bricks,  kiln-count,  requires  2^  bushels  or  200  lb  of  white 
lime  and  H  cu  yd  of  sand.  For  a  good  lime-and-cement  mortar,  allow  a  bushds 
of  lime,  I  bbl  of  cement  and  H  cu  yd  of  sand.  For  i  :  3  cement-and-saiKl 
mortar,  allow  il'i  bbl  of  cement  and  H  cu  yd  of  sand,  or  one-half  a  load. 

To  lay  I  000  pressed  bricks  with  buttered  joints  will  require  2  busheb  of  lime 
(160  lb)  and  ^  cu  yd  of  sand;  with  spread  joints,  from  2  to  2H  bushels  of  lime 
and  from  H  to  M  cu  yd  of  sand. 

If  colored  mortar  is  used,  about  $1  per  i  000  bricks  should  be  added  for  the 
mortar-color. 

A  brick-mason,  working  on  a  city  job  under  a  good  foreman,  will  lay,  on  an 
average,  60  pressed  (face)  bricks  per  hour,  and  from  150  to  175  common  bricks 
per  hour,  160  being  a  fair  average.  In  country  towns  the  average  is  nearer  120 
per  hour. 

With  wages  at  62  H  cts  per  hour  for  masons,  31H  cts  for  hod-carriers,  and  54H 
cts  for  mortar-mixers  and  carriers,  sand  at  60  cts  per  cu  yd,  and  lime  at  40  cH 
per  bushel  of  80  lb,  brick-masons  in  Denver  state  that  the  average  cost  of  laying 
common  bricks  in  12-in  walls  is  about  $6  per  1 000,  kiln-count,  and  of  laying 
pressed  bricks  about  $ro  per  i  000. 
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For  common  brickwork,  one  helper  will  be  required  for  every  maaon,  and  on 
9-in  walls,  faced  with  preaaed  bridu»  one  helper  to  every  two  masons.  In  build« 
ing  common-brick  fireplaces  and  chimneys  one  mason  and  helper  will  lay  about 
600  bricks  in  a  day  of  nine  hours. 

As  a  nile^  chimneys  built  of  common  bricks  and  with  44n  walls  cost  about  50 
cts  per  running  foot,  in  height,  for  single  flues,  and  90  cts  for  double  flues. 

Spftce  Required  for  Piling  Bricks.  One  thousand  bricks  closely  stacked 
occupy  about  56  cu  ft  of  space.  One  thousand  old  bricks,  cleaned  and  loosely 
stacked,  occupy  about  79  cu  ft. 

A  brick-layer's  hod  measures  21  by  7  by  7  in,  and  will  hold  18  bricks. 

A  mortar-hod  measures  24  by  12  by  12,  and  12  in  across  the  top. 

Mortar-Colors  are  usually  in  the  form  of  dry  powders,  or  of  pulp  or  paste. 
The  powders  are  put  up  in  barrels,  the  number  of  pounds  to  the  barrel  and  price 
per  pound  being  about  as  follows: 

Red,  in  500-lb  barrels,  dry from  iM  to  s     cts  per  lb 

Brown,  in  4SO-lb  barrels,  dry from  1^4  to  2H  cts  per  lb 

Buff,  in  400-lb  barrels,  dry from  iH  to  2^  cts  per  lb 

Black,  in  x  ooo-lb  barrels,  dry from  3     to  aVi  cts  per  lb 

For  lots  of  less  than  full  barrels  an  extra  charge  is  sometimes  made  for  packing 
and  drayage. 

In  pulp  or  paste-form: 

Red,  brown  and  buff iH  cts  per  lb 

Black 3     cts  per  lb 

All  other  colors 2     cts  per  lb 

Colors  in  paste-form  can  be  obtained  in  casks,  barrels,  half-barrels  and  kegs, 
all  (except  black  and  buff)  weighing,  in  casks,  900  lb;  in  barrels,  550  lb;  and  in 
half-barrels,  375  lb.  The  buff  weighs,  in  casks,  700  lb;  in  barrels,  450  lb;  and  in 
half-barrels,  300  lb.  Black  weighs,  in  barrels,  450  lb;  and  in  half-barrels,  275  lb. 
To  color  the  mortar  for  laying  i  000  bricks  with  H-in  joints  requires  about  50 
lb  of  red,  terra-cotta  color,  amber,  fern-green  and  salmon;  40  lb  for  buff,  brown, 
colonial  drab  or  French  gray;  and  25  lb  for  black.  For  wider  joints,  a  laiger 
quantity  of  stain  must  be  used.  For  paste-colors  an  average  mixture  h,  i 
bucket  of  paste-color  to  7  buckets  of  mortar  for  brickwork  with  H-in  joints. 
When  the  colors  are  in  the  form  of  dry  powder  they  are  first  mixed  with  dry 
sand,  the  cold  slaked  lime  is  then  added  and  again  mixed  thoroughly.  It  is  very 
important  that  the  color  be  uniformly  mixed.  If  it  is  not  added  at  first,  but  left 
until  the  mortar  is  made,  the  labor  of  mixing  is  doubled.  The  more  thorough 
the  mixing  the  less  color  is  required.  Mortar  colors  should  never  be  mixed  with 
hot  lime.  When  the  color  is  in  the  form  of  a  pulp  or  paste,  it  should  be  thor- 
oughly hoed  in,  in  order  to  secure  a  uniform  and  smooth  shade.  For  very  fine 
pressed  bricks,  the  stained  mortar  should  be  strained  through  a  coarse  sieve. 

Efllorescence  on  Brickwork.  A  white  eftlorescence  often  appears  on 
brickwork,  especially  in  moist  climates  and  damp  places.  It  may  spread  over 
Urge  areas  of  the  wall-siuface  although  originating  in  the  mortar  joints.  Solu- 
ble salts,  principally  of  soda,  potash  and  magnesia,  in  the  cement  or  lime  mortar, 
are  dissolved  by  the  water  absorbed  by  the  mortar  and  later  precipitated  on  the 
surface  of  the  brickwork  as  a  white  deposit,  when  the  water  evaporates.  This 
deposit  seems  to  be  greater  with  the  natural  than  with  the  Portland-cement  mor- 
tars and  still  heavier  with  lime  mortar.  The  origin  of  the  effloresence  may  be  in 
the  bricks  themselves  as  well  as  in  the  mortar  jused.  This  b  the  case  when  the 
bricks  are  made  from  clays  containing  iron  pyrites  or  burned  with  sulphaiaoa 
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ooal.  Moittore  in  ttich  bricks  tends  to  dissolve  the  sulphate  of 
sulphate  of  lime,  which,  in  the  evapoFstion  of  the  water,  are  deposited  od  tcx 
surface  as  cr3nta]s  of  these  salts.  Efflorescence  may  r»ult,  also,  from  waL- 
impregnated  from  the  mortar,  absorbed  by  the  bricks  and  then  evaporaic<^ 
leaving  the  whitish  deposits;  and  it  is  sometimes  caused  1^  auiultenuions  L 
certain  mostas-coloss.  As  a  preventive,  Genersl  Gilmore  reoommended  th; 
addition  to  every  300  lb  of  the  cement  powder,  100  lb  of  quicUinie»  and  f  lotr  "> 
to  12  lb  of  any  cheap  amdcal  vat,  whxrh  is  to  be  thoroughly  incorporated  w.'t 
the  quicklime  before  the  latter  is  slaked,  preparatory  to  adding  it  to  the  cetncsi 
The  alkaline  salts  tend  to  be  saponified  by  the  fat.  This  ^  not  an  entire.: 
satisfactory  treatment,  and  as  a  rule  it  only  partly  prevents  or  removes  tx- 
objectionable  deposits;  and  this  addition  to  the  cement  retards  its  setting  a.  i 
somewhat  diminishes  its  strength.  It  b  claimed  by  some  that  boiled  lixseix- 
OIL,  applied  to  brickwork  in  two  coats,  will  lessen  the  absorption  of  moisture  iV: 
from  one  to  three  years  and  thus  lessen  the  tendency  to  efflorescence.  It  b 
usually  mixed  in  the  proportion  of  2  gal  of  oil  to  300  lb  of  dry  cement,  either  v:th 
or  without  lime;  but  it  is  injured  by  the  mortar  and,  like  the  fat,  retards  the 
setting  of  the  cement  mortar  and  weakens  it.  In  order  to  diminish  the  chanvc^ 
of  efflorescence  on  brickwork,  the  walb  should  be  made  as  imperviocs  as  po»>r  ir 
by  laying  the  bricks  in  a  rich  well-mixed  Portland-cement  mortar  and  fiiliiu?  3. ' 
joints  full  and  solid.  If  the  building  is  on  damp  ground,  carefully  construcid 
DAMP-PROOF  COURSES  of  the  proper  materials  should  be  built  into  the  walls  ur ;: 
course  of  horizontal  joints  near  the  bottom  of  the  walls  should  be  waterfroofii 
Reasonably  hard  bricks  should  be  used  for  facing,  projections  and  exposed  to: 
surfaces  waterproofed  and  provided  with  drips,  and  the  roof,  cornice  and  guttrri 
made  water-tight.  When  efflorescence  is  due  to  the  penetration  of  rain-water  1  r 
moisture  into  the  brickwork  and  it  is  required  to  preserve  the  texture  and  ci-kr 
of  the  work,  the  surface  may  be  coated  with  preparations  of  p.\RAPnNE  or  w-.ti 
various  patented  waterproofing  mixtures.  The  preparations  contain:  r 
parafiine  are  usually  applied  hot,  and  the  walls,  also,  are  heated  by  pattz:.: 
heaters  previous  to  the  application.  They  give  fairly  good  results,  but  are 
quite  expensive,  owing  to  the  time  and  labor  required  for  their  application 
Brick  walls  may  be  rendered  impervious  to  moisture  by  washes  applied  by  the 
Sylvester  process.  These  washes  consist  of  an  alum-solution  made  by  dis- 
solving I  lb  of  alum  per  gallon  of  water,  and  a  soap-solution  made  by  dissoI\i!;c 
2  U  lb  of  pure  hard  soap  per  gallon  of  water.  The  brick  walls  should  be  dry  and 
clean  and  it  is  recommended  that  they  should  not  be  colder  than  50*  F.  Tx 
ooap-wash  is  made  boiling  hot  and  then  applied  to  the  brickwork.  The  tem- 
perature of  the  alum-solution  is  usually  from  So"  to  70"  ?•  when  put  on.  One 
wash  is  applied  and  allowed  to  dry  for  about  24  hours,  after  which  the  other  vz-h 
is  put  over  it.  When  aluminium  sulphate,  improperly  called  alum,  is  substi 
tuted  for  the  alum,  the  cost  of  the  wash  is  less,  only  two-thirds  as  much  sujph;i:e 
as  alum  is  required  and  the  results  are  better. 

LIME* 

Nature  and  Properties  of  Lime.  Chemipdly,  lime  is  calcium  oxide.  Used 
in  a  broader  sense,  it  is  the  class-name  of  a  great  variety  of  products  manu- 
factured by  the  calcination  of  limestone.  Limestone  consists  of  the  carbonates 
of  calcium  and  magnesium  which  vary  widely  in  their  ratio  to  each  other.  The 
limestones  used  in  the  manufacture  of  lime  products  may  be  diNided  into  two 

*  Valuable  practical  data  relating  to  lime  and  i^aster  has  been  furnished  by  the  Chadea 
Warner  Comoaay,  of  Wilmington.  Del. 
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rlasses,  calcium  ldcessonss  and  dolomitic  limestones.    High-calcium  lime- 
stones contain  only  a  relatively  low  percentage  of  magnesium  carbonate,  while 
dolomitic  limestones  contain  a  considerable  amount  of  it.    Dolomitic  limestone 
usually  corresponds  roughly  to  the  theoretical  formula  of  dolomite  (CaCOs) 
(  MgCOk).    The  CALaNAiiON  of  limestone  consists  of  heating  to  expel  the  carbon 
dioxide.    The  product  resulting  from  calcination  of  limestone  is  known  as 
QuiCKUME  and  pomesses  great  affinity  for  water.    Slaking  is  the  process  of 
adding  water  to  quicklime.    During  the  process  of  slaking,  heat  is  energetically 
evolved  and  much  of  the  water  driven  off  in  the  form  of  steam.    During  this 
slaking  process,  also,  high-caldum  quickKmes  must  be  agitated  and  stirred  con- 
tinually or  a  portion  will  fail  to  receive  the  proper  quantity  of  water  and  will 
contain  unslaked  pdzticks  which  are  Ukdy  to  slake  after  being  used  in  the  work, 
causing  popping,  pitting  and  disintegration.    Dolomitic  limes  do  not  slake  so 
energetically,  and  while  they  should  be  stirred  while  slaking,  this  is  not  so  neces- 
sary as  with  high -calcium  limes.    Either  class  of  quicklime,  thfough  faulty  manu- 
facture, is  Ukely  to  contain  over-burned  portions  which  slake  with  difficulty  and 
may  cause  popping,  etc.,  if  the  lime-paste  is  not  carefully  screened  before  use. 
The  SETTING  and  hardening  of  common  lime  mortar  is  due,  first,  to  the  drying 
out  and,  secondly,  to  the  absorption  of  carbon  dioxide  from  the  atmosphere  and 
the  formation  of  crystals  of  calcium  carbonate  to  which  the  strength  of  the  mor- 
tar is  ascribed.    In  the  manufacture  and  use  of  common  lime  mortar,  therefore, 
the  raw  material,  limestone,  h  first  caldned,  and  the  carbon  dioxide  expelled;  it 
is  then  slaked  with  water  and  forms  caldum  hydroxide,  in  which  the  water  is 
gradually  replaced  by  carbon  dioxide.    The  lime  thus  eventually  returns  to  its 
original  carbonate  form.    As  far  as  the  ultimate  result  b  concerned,  there  is 
generally  little  difference  between  high-caldum  and  dolomitic  quicklimes. 
Owing  to  greater  familiarity  with  one  or  the  other  of  the  classes  of  lime,  archi- 
tects and  builders  in  certain  sections  of  the  country  prefer  one  to  the  other. 

SpedflcAtionB  for  Quicklime.  The  lime  industry  has  in  recent  years  been 
made  the  subject  of  careful  study  and  the  following  clauses  give  the  various 
requirements  of  Standard  Spedfications  for  Quicklime  adopted  by  the  American 
Society  for  Testing  Materials  in  191 5. 

1 .  Definition.  Quicklime  is  a  material  the  major  part  of  which  is  caldum 
oxide  or  calcium  and  magnesium  oxides,  which  will  slake  on  the  addition  of  water. 

2.  Grades.    Quicklime  is  divided  into  two  grades: 

(d)  Selected.  Shall  be  well-burned, -picked  free  from  ashes,  core,  clinker  or 
other  foreign  material. 

(6)  Run-of-KUn.    Shall  be  well-bumed,  without  selection. 

3.  Forms.    Quicklime  is  shipped  in  two  forms: 
(a)  Lump.    Shall  be  kiln-size. 

(6)  Pulverized  Lime.    Lump  lime  reduced  in  size  to  pass  a  ^An  screen. 

4.  Classes.  Quicklime  is  divided  into  four  classes:  {a)  High-Caldum;  (b) 
Calcium^   (c)  Magnesian;  (i)  High-Magnedan. 

5.  Basis  or  Purchase.  The  particular  grade,  form  and  class  of  quicklime 
desired  shall  be  spedfied  in  advance  by  the  pnrchaser. 

I.    Chemical  Properties  and  Tests 
(A)  Sampling 

6.  LncE  in  Bulk.  When  quicklime  is  shipped  in  bulk,  the  sample  shall  be  so 
taken  that  it  will  represent  an  average  of  ail  parts  of  the  shipment  from  top  to 
bottom,  and  shall  not  contain  a  disproportionate  share  of  the  top  and  bottom 
layers,  which  are  most  subject  to  changes.  The  samples  shall  comprise  at  least 
10  shovelfuls  taken  from  different  parts  of  the  shipment.    The  total  sample 


1550 


Lime 


Part  3 


taken  shall  weigh  at  least  loo  lb  and  shall  be  crushed  to  pass  a  x-in  not;  2rA 
quartered  to  provide  a  i$-lb  sample  for  the  laboratory. 

7.  Lime  in  Barrels.  When  quicklime  is  shipped  in  barrels,  at  least  3^  f 
the  number  of  barrels  shall  be  sampled.  They  shall  be  taken  frovn  various  ptn 
of  the  shipment,  dumped,  mixed  and  sampled  as  specified  in  Section  6. 

8.  Laboratory  Samples.  All  samples  to  be  sent  to  the  laboratory  shall  be 
immediately  transferred  to  an  air-tight  container  in  which  the  unused  porti  z 
shall  be  stored  till  the  quicklime  is  finally  accepted  or  rejected  by  purdiaser. 

(B)  Chemical  TMta 

g.  Cheutcal  Properttes.  (a)  The  dasaes  and  chemical  properties  of  quick- 
lime shall  be  determined  by  standard  methods  of  chemical  analsrsis.  :< 
Samples  shall  be  taken  as  specified  in  Sections  6,  7  and  8.  (c)  Qmckliine  **«i- 
conform  to  the  following  requirements  as  to  chemical  composition: 

Chemical  Composition 
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n.  Physical  PropertieB  and  Tests 

10.  Percentage  of  Waste.  An  average  5-lb  sample  shall  be  put  into  a  box 
and  slaked  by  an  experienced  operator  with  sufficient  water  to  produce  the 
maximum  quantity  of  lime  putty,  care  being  taken  to  avoid  burning  or  drown- 
ing the  lime.  It  shall  be  allowed  to  stand  for  24  hours  and  then  washed  througli 
a  20-mesh  sieve  by  a  stream  of  water  having  a  moderate  pressure.  No  material 
shall  be  rubbed  through  the  screens.  Not  over  3%  of  the  weight  of  the  selectee 
quicklime  nor  over  5%  of  the  weight  of  the  run-of-kiln  quicklime  shall  be 
retained  on  the  sieve.  The  sample  of  lump  lime  taken  for  this  test  shall  be 
broken  so  that  all  of  it  will  pass  a  i-in  screen  and  be  retained  on  a  H^in  scrceiL 
Pulverized  lime  shall  be  tested  as  received. 

IZL  Inspectioii  aad  Rejectioa 

11.  Inspection,     (a)  AU  quicklime  shall  be  subject  to  inspection. 

(6)  The  quicklime  may  be  inspected  either  at  the  place  of  manufacture  or  the 
point  of  delivery,  as  arranged  at  time  of  purchase. 

(c)  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  tinics 
while  work  on  the  contract  of  the  purchaser  is  being  performed,  to  ail  parts  of 
the  manufacturer's  works  which  concern  the  manufacture  of  the  quicklime 
ordered.  The  m-uiufacturer  shall  afford  the  inspector  all  reasonable  facilities 
for  inspection  and  sampling,  which  shall  be  so  conducted  as  not  to  intexfcre  un- 
necessarily  with  the  operation  of  the  works. 
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id)  The  puithaaer  may  make  the  tests  to  goviem  the  acceptance  or  rejection 
of  the  quicklime  in  bis  own  laboratoiy  or  eUewhere.  Such  tests,  however,  shall 
be  made  at  the  expense  of  the  purchaser. 

I  a.  Rejection.  Unkss  otherwise  specified,  any  rejection  based  on  failure 
to  pass  tests  prescribed  in  accordance  with  these  specifications  shall  be  reported 
within  five  days  fiom  the  taking  of  samplea. 

13.  Reheaking.  Samples  which  represent  refected  quicklime,  shall  be  pre- 
served  in  air-tight  containers  for  five  days  from  the  date  of  the  test-report.  In 
case  of  dissatisfaction  with  the  results  of  the  tests,  the  manufacturer  may  make 
claim  for  a  rehearing  within  that  time. 

Hydrated  lime.  The  sbkJng  of  quicklime  is  an  opention  which  is  almost 
invariably  carried  on  by  laborers  who  have  little  or  no  conception  of  the  impor- 
tance of  their  task.  As  a  resoit,  many  faihuea  have  been  charged  to  lime  in  the 
past  which  actually  were  due  to  improper  preparation  during  the  slaking  opera- 
tion. The  new  product  known  as  BYDRAisn  ldie  has  been  offered  widely  to  the 
trade  in  recent  years  and  has  met  with  much  success.  Hydrated  Kme  is  a  dry 
flocculent  powder  resulting  from  the  slaking  of  quicklime  by  mechanical  means, 
with  an  amount  of  water  which  is  sufficient  to  satisfy  the  caldum  oxide,  but 
insufficient  to  make  a  paste  or  putty.  Hydrated  lime  is  manufactured  in  me- 
chanical hydraton  in  which  the  batches  ol  quicklime  and  water  used  are  carefully 
proportioned  by  weight.  After  paaaiBg  from  the  hydrator,  hydrated  lime  is 
subjected  to  a  mechanical  ^rstem  of  separation  which  eliminates  the  coarse  or 
impure  particles  which  may  cause  peeping,  etc.  Hydrated  lime  is  sold  in  bags  of 
definite  weight  and  requires  only  to  be  mixed  with  sand  and  water  to  make  the 
mortar.  The  bags  have  usually  been  made  of  heavy  burlap  or  duck  doth,  con- 
taining 100  lb,  or  of  paper,  containing  40  lb.  Sevend  of  the  more  prominent 
manufacturers  of  hydrated  lime  in  the  United  States  employ  chemists  who 
regular^  superintend  the  manufacture  of  hydrated  lime,  just  aa  the  chemists  in 
Portland-cement  factories  superintend  the  proportioning  of  the  raw  mix  going 
to  the  kilns  to  be  burned  for  Portland  cement.  The  hydrated  lime  manufac- 
tured under  such  chemical  supervision  is  a  reliable  product  free  from  tendencies 
which  might  give  rise  to  popping,  pitting  or  disintegration.  Hydrated  lime  of 
good  quality  may  be  used  for  ahnost  any  purpose  for  which  lime  mortar  is  used, 
and  is  by  some  considered  a  more  reliable  product  than  quicklime.  Among  the 
newer  uses  for  hydrated  lime  may  be  mentioned  its  employment  in  cement  mor- 
tars and  concrete.  An  addition  of  about  i$%  of  hydrated  lime  to  cement 
mortar  or  concrete  decreases  its  permeability  to  water,  reduces  the  cracking 
due  to  shrinkage,  etc.,  and  increases  the  plastidty  of  the  mortar  or  concrete, 
thus  preventing  separation  of  the  sand,  stone  and  cement  and  causing  the  mix- 
ture to  flow  and  fill  the  forms  more  readily.    (See  Macgregor  tests,  page  276.) 

Specifications  for  Hydrmted  Ume.  The  folfewfaig  clauses  give  the  various 
requirements  of  Standard  Specifications  for  Hydrated  Lime  adopted  by  the 
American  Society  for  Testing  Materials  in  1915. 

1 .  Definition.  Hydrated  lime  is  a  dry  flocculent  powder  resulting  from  the 
hydration  of  quicklime. 

2.  Classes.  Hydrated  lime  is  commercially  divided  into  four  classes:  (a) 
High^aldum;   {b)  Caldum;  (c)  Magneaian;  (d)  Hlgh-Magnesiaa. 

3.  Basis  or  Purchase.  The  particular  type  of  hydrated  lime  desired  shall 
be  spedfied  In  advance  of  purchase. 

L  Cheadcal  Piopertlee  and  Teste 

4.  SAMPLmo.  The  sample  shall  he  a  fair  average  of  the  shipment.  Three  per 
cent  of  the  packages  shall  be  sampled.  The  sample  shall  be  taken  from  the 
furiace  to  the  center  of  the  package.    A  s-lb  sample  to  be  sent  to  the  laboratory 
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shall  immediately  be  transferred  to  an  air-tight  cootainer,  in  which  the  unuse^d 
portion  shall  be  stored  ontil  the  hydrated  lime  has  been  finally  accepted  or  i>e> 
jected  by  the  purchaser. 

5.  Chemical  Pkopexties.    (a)  The  dasses  and  chemical  properties  of  h>'- 
drated  lime  shall  be  determined  by  standard  methods  of  chemical  analysis.    (^; 
The  non* volatile  portion  of  hydrated  lime  shall  conform  to  the  following  require- 
ments as  to  chemical  composition: 


Chemicai.  CoMPasTnoM 
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n.   Phfsical  Properties  and  Tests 

6.  FtNCNESs.  A  Too-g.  sample  shall  leave  by  weight  a  residue  of  not  over 
5%  on  a  standard  xoo-mesh  sieve  and  not  over  0.5%  on  a  standard  30-mesh 
sieve. 

7.  Constancy  of  VoitTME.  Hydrated  lime  shall  be  tested  to  determine  its 
constancy  of  volume  in  the  following  manner:  Equal  parts  of  hydrated  lime 
under  test  and  volume-constant  Portland  cement  shall  he  thoroughly  mixed 
together  and  gauged  with  water  to  a  paste.  Only  sufficient  water  shall  be 
used  to  make  the  mixture  workable.  From  this  paste  a  pat  about  3  in  in  diam- 
eter and  H  in  thick  at  the  center,  tapering  to  a  thin  edge,  shall  be  made  on  a 
clean  glass  plate  about  4  in  square.  This  pat  shall  he  allowed  to  harden  24 
hours  in  moist  air  and  shall  be  without  popping,  checking,  cracking,  warping 
or  disintegration  after  5  hours'  exposure  to  steam  above  boiling  water  in  a 
loosely  closed  vessel. 

m.    Packing  and  MarUag 

8.  Packing.  Hydrated  lime  shall  be  packed  either  in  doth  or  paper  bags 
and  the  weight  shall  be  plainly  marked  on  each  package. 

9.  Markino.  The  name  of  the  manufacturer  shall  be  legibly  marked  or 
tagged  on  each  package. 

IV.   Inspection  and  kejeetlMi 

10.  Inspection,    (o)  All  hydrated  lime  shall  be  subject  to  inspection. 

(b)  The  hydrated  lime  may  be  inspected  either  at  the  place  of  manufacture 
or  the  point  of  delivery,  as  arranged  at  the  time  of  purchase. 

(f)  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  times 
while  work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the 
manufacturer's  works  which  concern  the  manufacture  of  the  hydrated  lime 
ordered.  The  manufacturer  shall  afford  the  inspector  all  reasonable  facilities 
for  inspection  and  sampling,  which  shall  be  so  conducted  as  not  to  interfere  un- 
necessarily with  the  operation  of  the  works, 

(d)  The  purchaser  may  make  the.  tests  to  govern  the  acceptance  or  rejection 
of  the  hydrated  lime  in  his  own  laboratory  or  elsewhere.  Such  tests,  howevei; 
shall  be  made  at  the  expense  of  the  purchaser. 
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T  I.  Rejection.  Unless  otherwise  specified,  any  rejection  based  on  failure  to 
pa.ss  tests  prescribed  in  these  specifications  shall  be  reported  within  five  worldng 
days  from  the  taking  of  samples. 

x3.  Reheaung.  Samples  which  represent  rejected  hydrated  lime  shall  be 
preserved  in  air-tight  containers  for  five  days  from  the  date  of  the  test-report. 
In.  case  of  dissatisfaction  with  the  results  of  the  tests,  the  manufacturer  may 
make  claim  for  a  rehearing  within  that  time. 

AlcA  Lime.    A  recent  development  in  the  lime  industry  b  Alca  Lirae.*    This 
Is  a  matecul  said  to  combine  the  plasticity  and  sand-canying  qualities  of  lime 
mortar  with  the  strength,  hardness  and  quicker  set  of  the  gjrpsum  plasters. 
It  is  composed  of  approximately  85%  of  hydrated  lime  and  15%  of  a  specially 
prepared  material  containing  alumina  and  silica  in  such  proportions  as  to  com- 
bine, forming  bodies  which  greatly  contribute  to  the  strength,  hardness  and 
plasticity  of  the  product.    It  is  sold  in  zoo-lb  packages  and  requires  only  to  be 
mixed  with  sand  and  water  before  use.    When  used  for  plastering,  it  has  the 
characteristics  of  lime  mortar,  and  while  it  becomes  hard  and  strong,  it  b  claimed 
that  it  b  free  from  ibo  so-called  soundlag^board  effects  noticed  in  some  hard-wall 
plasters.    It  b  not  injured  by  water  and  is  often  used  for  outside  «tucco-work 
and  also  as  a  brick-laying  mortar  in  place  of  lime  mortar  gauged  with  Portland 
cement.    The  manufacturers'  directions  for  the  use  of  Alca  Lime  should  be  care- 
fully observed,  and  thb  may  be  said  of  all  prepared  plastering  or  cementing 
materiab. 

Useful  Data  on  Qisickfime.  Quicklime  is  shipped  either  in  barrels  or  in  bulk. 

In  dry  climates  it  wiU  keep  for  a  long  time  in  bulk,  but  in  damp  climates  and 

along  the  coast  it  soon  slakes  unless  enclosed  in  barreb'.    By  Act  of  Congress, 

August  23,  19 16,  it  is  required  that  lime  in  barrels  shall  be  packed  only  in  barrels 

containing  280  lb  or  180  lb,  net  weight.    When  shipped  in  bulk  it  is  generally 

sold  by  the  bushel  of  80  lb,  3  H  busheb  or  280  lb,  net,  of  lime  being  considered 

as  equivalent  to  a  large  barrel.    Other  weights  are  x8o  lb,  net,  per  small  barreU 

and  64  lb  per  cu  ft.    The  average  yield  of  lime-paste  from  the  best  Eastern 

limes  has  been  found  to  be  2.62  times  the  bulk  of  unslaked  lime.    A  barrel  of 

good  quality  well-burned  lime  should  make  8  cu  ft,  or  so  pails,  of  lime-paste  or 

putty.    Careful   experiments  conducted  by   United   States  engineers   have 

demonstrated  that  the  best  mortar  b  obtained  by  mixing  one  part  of  lime  paste 

to  two  parts  of  sand. 

Cements.    For  data  on  cements,  see  Chapter  III. 

SAND  AND  GRAVEL 

Sand  is  obtained  from  banks  or  pits,  from  river-beds  and  from  the  seashore. 
Pit-sand  or  bank-sand,  free  from  clay  or  earthy  materials,  b  generally  considered 
the  best  for  mortar,  although  excellent  sand  is  often  obtained  from  river-beds. 
Sea-sand  contains  alkaline  salts  which  attract  and  retain  moisture  and  which, 
unless  thoroughly  washed,  cause  efflorescence  when  used  in  brickwork.  Both 
sea-sand  and  river-sand  have  more  or  less  rounded  grains,  to  which  lime  or  cement 
will  not  adhere  as  well  as  to  sharp,  angular  grains.  Both  are  extensively  used, 
however,  for  lack  of  better  materials.  The  use  of  sand  in  mortar  is  to  prevent 
excessive  shrinkage  and  to  save  the  cost  of  lime  or  cement.  Sand,  when  used  in 
the  proportion  of  i  :  2,  strengthens  lime  mortar,  but  any  additk>n  of  sand  to 
cement  weakens  it. 

Screening  Sand.  Sand  for  mortar  must  ordinarily  be  screened.  Sand  for 
brown  mortar  for  plastering  or  common  brickwork  b  ordinarily  run  through  a 

*  This  is  a  patented  article  and  b  offered  for  sale  by  many  Ucenses  in  the  United  StaCet 
nader  the  Soackman  patftntii 
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No.  4  screen  having  4  by  4  meshes  to  the  inch.  For  sand  finish  and  mortar  lor 
pressed  brickwork,  either  a  No.  xo  or  a  No.  xa  screen  with  xo  by  10  or  x  2  by  12 
meshes  to  the  inch  is  commonly  used.  For  rubble  stonework  the  sand  is  x^t 
ordinarily  screened,  unless  it  contains  much  gravel,  in  which  case  it  should  be 
screened  through  a  H-in  mesh. 

Wetflit  of  Gaud.  Dry  sand  weighs  from  80  to  1x5  lb  per  en  ft.  The  aver- 
age weight  of  damp  (not  wet)  sand  is  about  96  lb  per  cu  ft,  or  about  2  600  lb 
per  cu  yd.  The  voids  for  ordinary  sand  range  from  o.s  to  0.5  of  the  volume,  dw 
aveiage  for  screened  sand  suitable  for  mortar  being  0.35  of  the  volimie.  The 
more  uneven  the  grains  in  size  the  smaller  the  percentage  of  the  voids.  A 
one-horae  load  of  sand  contains  about  32  cu  ft.  Two-horse  loads  vary  from 
I  >^  to  3  yd.  The  amount  hauled  per  load  in  the  larger  cities  is  genefaHy  fixed 
by  the  Team  Owners'  Association.  iH  3^  is  a  fair  load,  x>^  5-d  a  good  load 
and  a  yd  a  large  load. 


LATHING  AND  PLASTERING 

Wooden  Latha  should  be  well  seasoned,  free  from  sap,  bark  and  dead  knots, 
fiark  on  laths  is  quite  sure  to  stain  the  plaster.  White  pine  is  generally  con- 
sidered the  best  wood  for  laths,  although  spruce  and  hemlock  laths  are  much 
ased.  Hard  pine  h  not  a  good  material,  as  it  contaixis  too  much  pitch.  The 
regular  size  of  laths  is  U  in  by  iH  in  by  4ft.  The  width  and  thickness  var>' some- 
what in  different  mills.  There  is  a  new  lath  on  the  market,  which  is  only  32  in 
long  and  which  costs  from  $1.75  to  $a  less  than  the  46-in  lengths.  Laths  are 
sold  by  the  thousand,  in  bunches  containing  100  laths,  from  $4.50  to  $5.50  be- 
ing about  the  average  prices.     (Pre-war  prices.) 

Metal  Lathing.    (See  Chapter  XXm,  pages  883  to  887.) 

Plaatering  on  laths  is  generally  done  in  three  coats.*  The  first  coat  is  caDed 
the  scratch-coat;  the  second,  the  brown  coat,  and  the  third,  the  white  coat. 
SKDC-COAT,  or  FINISH.  On  brickwork  or  stonework  the  scratch-coat  is  generally 
omitted.  For  first-class  work  each  coat  should  be  permitted  to  dry  thoroughly 
before  the  next  coat  is  applied,  and  under  no  circumstances  should  the  finish- 
ooat  be  applied  before  the  brown  coat  is  thoroughly  dry. 

Drawn  Work  is  a  brown  coat  applied  to  a  scratch-coat  from  the  same  staging, 
immediately  after  the  scratch-coat  is  applied.  It  is  a  little  cheaper  than  dry 
SCRATCH,  and  much  of  it  is  done  in  the  Western  States. 

The  Scratch-Coat  should  always  be  made  rich  in  lime,  and  should  contain  iH 
bu  of  hair,  or  an  equivalent  quantity  of  fiber' to  each  cask  of  lime,  or  i  bu  of  hair 
*o  2  of  lime.  A  proportion  of  one  part  lime-paste  to  two  parts  of  sand  will  re- 
quire I  cask  (a^i  bu)  of  lime  to  5M  bbl  of  screened  sand. 

The  Brown  Coat  should  contain  i  cask  (aH  bu)  of  lime  to  7  bbl  of  screened 
sand,  and  i  bu  of  hair  to  5  of  lime.  Very  little  plaster  is  mixed  by  measure,  how- 
ever, the  usual  custom  being  to  mix  as  much  sand  with  the  sLaJced  lime  as  the 
mortar-mixer  thinks  it  will  stand  and  give  satisfaction,  the  tendency  being  alwa>'s 
to  make  the  lime  go  as  far  as  possible. 

The  Third  or  Finiahing  Coat  is  designated  by  various  terms,  such  as  skqi- 
OOAT,  WHITE  COAT,  PUTTY-COAT,  SAND-FINISH,  etc.    The  skim-coat  as  used  in  the 

*  lo  the  Eastern  States,  dwellings  of  moderate  cost  are  generally  plastered  with  tvo> 
coat  work,  the  first  or  scratch-coat  being  brought  nearly  to  the  grounds,  and  carefully 
vtraightened  to  receive  the  skioKoat. 
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Eaatetn  States  is  gencnUy  composed  ol  Hne-potty  ind  wmsfaed  beach-eaad  in 
equal  pcDportkns. 

Sftnd  Flakh,  wbich  has  fi  rough  surface  resembfing  ooaise  sandi>aper,  is  mixed 
in  the  same  way,  only  that  coarser  sand  and  more  of  it  is  used,  and  it  is  finished 
-with  a  wooden  or  oork^f aced  float. 

White  Coating  or  Hard  Ffadah  generally  means  a  composition  of  lime-imtty 
and  plaster  of  Paris,  to  which  marble^ust  is  sometimes  added.  PhiSter  of  Paris 
and  marble-dust  when  used  should  not  be  mixed  with  the  lime-putty  until  a  few 
moments  before  using,  and  no  more  should  be  prepared  at  one  time  than  can  be 
used  up  at  once,  as  it  soon  sets,  after  which  it  should  not  be  used.  The  skim- 
coat  or  hard  finish  should  be  finished  with  a  steel  trowel  and  vet  brush.  The 
more  the  work  is  troweled  the  harder  it  becomes.  A  superior  hard  finish  is  ob- 
tained by  mixing  4  parts  of  Beat's  Keene's  cement  to  i  part  lime^putty. 

Moctar  for  Flasteriiig.  To  make  sure  that  the  lime  is  well  slaked,  it  is  cus- 
tomary to  require  that  the  mortar  for  plastering  shall  be  mixed  at  least  seven 
days  before  it  is  used. 

Hair  such  as  is  used  by  plasterers  is  obtained  from  the  hides  of  cattle,  and  after 
being  washed  and  dried  is  put  up  in  paper  bags,  each  bag  being  supposed  to  con- 
tain I  bushel  of  hair  when  beaten  up.    Each  pacl^age  is  supposed  to  weigh  from 
7  to  8  lb  but  the  weight  often  falls  short.    Asbestos  and  Manilla  fiber  are  both 
used  in  place  of  hair;  they  are  cleaner  than  hair  and  are  said  to  be  less  injured  by 
the  lime.    It  b  much  better  to  add  the  hair  to  the  lime-paste  after  it  is  cold 
and  before  mixing  in  the  sand,  as  hot  Kme,  and  the  steam  caused  by  the  slaking, 
bum  or  rot  the  hair  so  as  to  greatly  weaken  it.    The  common  practice  is  to  put 
the  hair  in  the  mortar-box,  run  ofiF  the  hot  lime  as  soon  as  it  is  slaked,  throw  in 
the  sand  and  mix  the  whole  together.    It  is  then  thrown  out  of  the  box  into  a 
pile  and  a  new  batch  mixed  up. 

Machine-Made  Mortar.  In  several  of  the  larger  dties  plants  have  been 
equipped  for  the  mixing  of  mortar  by  machinery.  Machine-mixed  mortar  should 
be  much  better  than  the  ordinary  hand-mixed  mortar,  for  the  reason  that  time 
can  be  given  for  the  lime  to  slake,  the  lime  and  sand  can  be  accurately  measured, 
and  the  hair  and  lime  are  not  mixed  with  the  Ume  until  just  before  delivery.  The 
mixing  may  also  be  more  thoroughly  and  evenly  done  by  machinery  than  is 
possible  by  hand. 

Improved  WaH-Pl  Asters.    Owing  to  the  difficulty  of  obtaining  sufficient  space 

in  building  operations  in  central  sections  of  large  cities  to  properly  slake  sufficient 

lime  mortar  to  carry  on  the  plastering  with  the  necessary  speed,  other  kinds  of 

plastering  ntaterials  have  come  into  existence  in  recent  years.    These  are  known 

as  GYPSUU  FLASTESS  or  HASi>-WAi.L  PLASTERS.    The  base  of  these  products  is 

calcium  sulphate  or  gsrpsum  which  has  been  calcined  to  partially  expel  the 

water.    The  setting  and  hardening  of  these  products  is  dependent  upon  their 

combining  chemically  with  the  gauging  water  and  crystallizing  in  the  same 

chemical  form  as  the  material  possessed  before  calcination.    All  hard-wall 

{^asters  contidn  material  added  for  the  purpose  of  controlling  the  set.    The 

straight  calcined  gypsum  sets  in  a  very  few  minutes,  which  time  would  be  en- 

tirdy  too  short  to  permit  the  workmen  to  apply  the  plaster  to  the  wall  and 

straighten  it  up  before  it  had  set.    These  plasters  are  characterized,  also,  by 

their  inability  to  carry  as  much  sand  as  lime  mortar.    Many  of  them  contain 

other  substances,  such  as  day  or  hydiatod  lime,  added  to  improve  their  plastic- 

ITY^   Hard-wall  plasters  manufactured  in  the  eastern  part  of  the  United  States 

from  rock-gypsum  invariably  contain  15%,  more  or  less,  of  day  or  hydrate, 

added  for  this  purpose.    Plasters  made  in  Kansas,  Oklahoma,  Texas  and  other 
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Wettecn  and  Southwesteni  States  are  made  from  earth-gypsum.    In  the 

of  these  materials,  day  and  hydrated  lime  are  not  added,  for  the  reason  that  the 

earth-gypsum  contains  considerable  day  matter,  which  renders  further  additinn^ 

unnecessary. 

Use  of  Hard-Wall  Plasters.  Hard-wall  plasters  are  found  to  be  very  cqo> 
venient  in  cases  where  space  and  time  are  the  most  important  elements  in  the 
building  operation.  They  set  more  rapidly  than  lime  plasters,  thus  perxnittiog 
the  white  coating  and  finishing  of  the  job  to  be  completed  earlier.  While  hard- 
wall  plasters  become  extremely  hard,  this  property  is  sometimes  considered 
objectionable,  as  it  may  give  rise  to  what  is  called  the  soundikg-board  effect. 

Keene's  Cement  Plasters.  Asdistinguished  from  theordinaiy  hard- wall  plasters^ 
there  exists  another  class  of  gypsum-products  which,  however,  are  somewhat 
different  in  the  method  of  preparation  and  behavior.  In  the  manufactnze  i>t 
these  materials,  the  gypsam  is  caldned,  immersed  in  a  bath  of  alum  or  similar 
chemical  and  recaldned.  The  name  Keene's  ceicent  is  usually  ai^ed  to  these 
materials,  which  are  made  by  several  manufacturers  in  this  country.  These  are 
slow-setting  and  ultimatdy  attain  great  strength  and  hardness.  Keene's  cement 
is  generally  used  with  considerable  lime-putty  or  hydrated  lime.  The  use  of 
equal  parts  of  hydrated  lime  and  Keene*s  cement  in  making  a  plastering  material 
is  often  recommended  and  found  in  specifications.  (For  Alca  lime  used  as  a 
wall-plaster,  see  page  1553.) 

Advantages  of  Improved  Wall-Plasters.  Among  the  advantages  gained  by 
the  use  of  these  plasters  are  uniformity  in  strength  and  quality,  extra  hardness 
and  toughness,  freedom  from  pitting,  saving  in  time  required  in  making  aad  dry- 
ing, minimum  danger  from  frost  while  being  applied  and  before  set,  less  weight 
and  moisture  in  the  building,  and,  in  some  cases,  greater  resistance  to  the  action 
of  fire. 

M  easuring  Plasterers'  Work.  Lathing  is  always  figured  by  the  square  yard 
and  is  generally  induded  with  the  plastering,  although  in  small  country  towns  the 
carpenter  often  puts  on  the  laths.  Plastering  on  plane  surfaces,  such  as  walls 
and  ceilings,  is  always  measured  by  the  square  yard,  whether  it  is  one-coat,  two- 
coat,  or  three-coat  work,  or  lime  or  hard  plaster.  In  regard  to  deductions  for 
openings,  custom  varies  somewhat  in  different  parts  of  the  country  and  also  with 
different  contractors.  Some  plasterers  allow  one-half  the  area  of  openings  for 
ordinary  doors  and  windows,  while  others  make  no  allowance  for  openings  of  less 
than  7  sq  yd. 

Miscellaneous  Details.  Returns  of  chimn^-breasts,  pilasters  and  all  strips 
less  than  12  in  in  width  should  be  measured  as  12  in  wide.  Closets,  soffits  of 
stairs,  etc.,  are  generally  figured  at  a  higher  rate  than  plain  walls  or  ceilings,  as  it 
is  not  as  easy  to  get  at  them.  For  circular  or  elliptical  work,  domes  or  groined 
ceilings,  an  additional  price  is  made.  If  the  plastering  cannot  be  done  from 
trestles  an  additional  charge  must  be  made  for  staging.  Whenever  {Mastering  is 
done  by  measurement  the  contract  should  definitely  state  whether  or  not  open- 
ings are  to  be  deducted,  and  a  spedal  price  should  be  made  for  the  stucco-work, 
based  on  the  full-size  details. 

Cornices  and  Moldings.  Stucco  cornices  and  molded  work  are  generally 
measured  by  the  superfidal  foot,  measuring  on  the  profile  of  the  molding.  When 
less  than  1 2  in  in  girth  they  are  usually  rated  as  x  ft.  For  each  intenud  angle  i 
lin  ft  should  be  added,  and  for  external  angles,  2  Bn  ft.  For  cornices  on  drcular 
or  dliptical  work  an  additional  price  should  be  charged.  Enridied  moMings  are 
generally  figured  by  the  linear  foot,  the  price  depending  upon  the  design  aad  size 
of  the  mold. 
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QuaiititiM  of  Materials  for  Lathing  aad  Platteriog 

MiaceUaneottS  Pata.  To  cover  xoo  sq  yd  requires  from  1 400  to  i  500  laths, 
or  say  i  450  for  an  average  job,  and  10  lb  of  threepenny  fine  nails. 

Three-coat  plastering  on  wooden  laths,  plaster-of-Paris  finish,  will  require 
from  xo  to  12  bu  of  lime,  i  ^i  cu  yd  of  sand,  2  bu  of  hair  and  100  lb  of  plaster  of 
Paris  per  100  sq  yd. 

If  the  finish-coat  is  omitted,  deduct  2  bu  of  lime  and  all  of  the  plaster  of  Paris. 

If  sand-finished,  omit  the  plaster  of  Paris  and  add  M  cu  yd  of  sand. 

To  cover  100  sq  yd  with  two  coats  on  brick  or  stone  walls,  the  brown  coat  and 
finishing  coats,  will  require  from  8  to  10  bu  of  Ume,  i>i  cu  yd  of  sand,  and  100  lb 
of  plaster  of  Paris,  to  too  sq  yd. 

Using  Best's  Keene's  cement  for  brawn  mortar  and  Keeoe's  finish  on  e3q;)anded- 
metal  lath  will  require,  for  brown  mortar,  550  lb  of  cement,  s^i  bu  of  hme,  a  cu 
yd  of  sand  and  2  bu  of  hair;  for  the  finish,  300  lb  of  cement  and  i  bu  of  Ume  per 
100  yd. 

Hard  plasters  on  expandcd-metal  lath,  plaster-of-Paris  finish,  require,  for 
brown  mortar,  3  000  lb  of  plaster  and  2  cu  yd  of  sand;  for  the  finish,  x  bu  of  lime 
and  100  lb  of  plaster  of  Paris  per  100  yd. 

Coat  of  Lathing  and  Plastering.  The  average  price  for  putting  on  wooden 
laths,  labor  only,  is  4^4  cts  p>er  yard.  For  expanded  or  sheet-metal  laths  on 
wooden  studding,  sH  cts;  on  steel  studding,  wired,  from  10  to  13  cts. 

The  cost  of  putting  three  coats  on  laths,  plaster-of-Paris  finish,  labor  only, 
runs  about  22  cts  per  yard. 

With  sand  finish  the  cost  is  about  33  cts. 

These  figures  are  based  on  plasterers'  wages  at  75  cts  per  hour,  and  50  cts 
per  hour  for  hod-carriers  and  mortar  mixers. 

The  following  schedule  *  gives  the  average  cost  of  different  kinds  of  plastering, 
based  on  lime  at  40  cts  per  bushel,  sand  at  75  cts  per  k)ad  oisM  cu  yd,  hair  at  40 
cts  per  bushel,  plaster  of  Paris  at  50  cts  per  100  lb. 

Scratch  and  brown  coat  (lime)  on  wooden  laths as  cts  per  sq  yd. 

Three  coats  (lime)  on  wooden  laths.  plaster-of-Paris  finish  . .  30  cts  per  sq  yd. 

Three  coats  (lime)  on  wooden  laths,  sand  finish 30  cts  per  sq  yd. 

Brown  coat  and  finish  on  brick  walls 23  cts  per  sq  yd. 

For  hard-wall  plaster  instead  of  lime,  add 3  cts  per  sq  yd. 

Three  coats  (lime),   plaster-of-Paris  finish,  metal  lath  on 

wooden  studding 65  cts  per  sq  yd. 

Three  coats  (lime)  plaster-of-Paris  finish,  metal  lath  on  steel 

studding 68  cts  per  sq  yd. 

For  Keene's  cement  finish,  add 10  cts  per  sq  yd. 

For  blocking  in  imitation  of  tile,  add 50  eta  per  sq  yd. 

Two  coats  hard-wall  plaster,  plaster-of-Paris  finish,  metal 

lath,  wooden  studding 70  cts  per  sq  yd. 

Two  coats  hard-wall  plaster,  plaster-of-Paiis  finish,  metal 

lath  on  steel  studs 73  cts  per  sq  yd. 

For  Keene's  cement  finish,  add 10  cts  per  sq  yd. 

Portland  cement,  brown  coat,  finished  with  Keene's  cement 

blocked  in  imitation  of  tile,  3  by  6  in $3.80  per  sq  yd. 

For  running  base,  9  in  high,  in  Best's  Keene's  cement 10  cts  per  ft. 

For  running  plain  moldings  in  plaster  of  Paris,  from  3  to  5  cts  per  inch  of  girth. 
For  finifthing  shafts  of  columns,  from  16  to  34  in  in  diam.,  from  12  to  14  ft  high, 

$3  per  column  (labor  only). 

*  These  are  pre-war  prices  and  the  unit  values  per  sq  yd  must  be  largely  increased  a** 
account  of  the  increase  in  wages  and  materials. 
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These  prioes,  of  coiane,  v«iy  Homewiiat  m  different  sectioDS  of  tbe  oountxr. 
In  some  localities  prices  for  materials  or  labor  are  less,  in  others  higher. 

Staff  is  a  composition  of  plaster  of  Paris  and  hemp-fiber,  cast  in  molds,  arid 
nailed  or  wired  in  place.  All  of  the  buildings  of  the  Columbian  Exposadoo  ^t 
Chicago  (1893)  were  covered  with  this  material  and  all  of  the  temporary  build- 
ings of  the  St.  Louts  Exposition  (1904).  It  is  not  sufficiently  durable  for  per- 
manent work  unless  it  is  frequently  painted.  The  cost  of  staff,  as  used  on  the 
buildings  at  Chicago  in  1893,  varied  from  $2  to  $2.25  per  sq  yd. 


DATA  ON  LUMBER  AND  CABPENTERS*  WORK « 

RelatiTe  Hardness  of  Woods.  Taking  shell-bark  hickory  as  the  liisbesi 
standard  of  our  forest- trees,  and  calling  that  xoo,  other  trees  will  compare  with  it 
for  hardness  as  follows: 


Shell-bark  hickory 100 

Pignut  hickory 96 

White  oak 84 

White  ash 77 

Dogwood 75 

Scruboak 73 

White  hazd 72 

Apple4xee 70 

Red  oak 69 

White  feeech , 65 

Black  walnut 65 

Black  bitch 62 


Ydlowook 6c 

Hard  maple 56 

Whiteelm 58 

Red  oedar 56 

Wild  cherry SS 

Yellow  pine 54 

Chestnut 52 

Yellow  poplar 51 

Butternut 43 

Whitebitch 43 

White  pine 30 


Weight  of  Rou^  Lumber  per  i  000  Feet 

BOASD-MEASD&E,  APPROXIMATE 
For  weight  of  various  woods  see  tables  on  pages  1501  to  1508 


Kind  of  wood 


Ash 

Chestnut 

Hemlock 

Maple,  hard . . 

Maple,  soft 

Oak.  red 

Oak,  white 

Pine,  long-leaf 
Pine,  white.... 

Poplar 

Spruce 

Sycamore 

Walnut,  black. 


Green  from 

law. 

lb 


4600 

4aoo 

5  400 
Sooo 
SSOO 

S700 
4$oo 
3500 
4000 

3  ISO 

4  753 
4900 


Shipping- 
dry, 
lb 


3000 

4  ISO 
3«So 
43S0 
4500 
3SPO 

2SP0 

3000 
2700 
3200 
4000 


Wdl. 

seasoned, 

lb 


3S00 


3900 
3300 

4000 

4  xoo 


2400 
2900 
2300 
3000 
3800 


Kiln-dried.  I 

lb  I 


3300 

3400 
3000 
3400 
3600 


aaoo 

2  400 

2200 

*  A  coraprebentive  booklet  giving  the  rules  for  the  grading  and  classfificatko  of  jwDow- 
Dine  lumber  and  dressed  stock  may  be  obtained  from  The  Soutben  Pfae  Assodstion. 
New  Orleans,  La. 


Measoremcnt  o£  Rough  Lumber 


1&59 


Framing-Lumber  may  oommofily  be  puftfaaded  t&  any  of  the  following  nomi- 
tislI  sizes,  except  that  common  pine,  j^>ruce,  and  hemlock  cannot  usually  be  ob- 
t. alined  ia  lazgec  sixes  than  12  by  12  in. 

Nominal  Siies  of  Fnuntog-Lomber 


in 

m 

m 

m 

2X4 

3X  6 

4X12 

8XX2 

2X6 

3X  8 

4X14 

8XX4 

2X8 

3X10 

6X  6 

xoXxo 

2    Xio 

3X12 

6X  8 

10X12 

2    X12 

3X14 

6X10 

X0X14 

2    X14 

3X16 

6XX2 

xoXx6 

2    X16 

4X4 

6X14 

X2XX2 

2WX12 

4X6 

6X16 

X2XI4 

2HXX4 

4X  8 

8X  8 

X2Xx6 

2HXX6 

4XX0 

8X10 

X4XI4 

I4XX6 

In  some  of  the  New  England  mills,  the  following  sises,  also,  are  sawed:  j  by  3, 
3  by  5»  2  by  7*  a  by  9, 3  by  4  and  3  by  5  in.  These  sises  are  not  commonly  carried 
in  stock,  and  in  most  localities  would  have  to  be  obtained  by  ripping  larger 
sizes.  Most  of  the  long-leaf  yellow  pine  and  Douglas  fir  is  smppED  surfaced 
ONE  SIDE  AND  EDGE,  the  actual  dimensions  being  from  M  in  to  H  in,  aii'd  some- 
times H  in,  scant  of  the  iu>minal  dimensions.  When  framing-lumber  is  required 
to  be  full  to  dimensions  it  should  be  ordered  in  the  sough,  and  a  special  contract 
made  on  that  understanding. 

Lengths  of  Framing-Timbers.  All  timber  is  cut  and  sold  in  even  lengths,  as 
10,  12,  X4  and  x6  ft.  Odd  and  fractional  lengths  are  counted  as  the  next  higher 
even  length;  consequently  it  is,  in  certain  cases,  possible  and  economical  to  pUn 
buildings  so  that  timbers  of  even  lengths  may  be  used  without  waste. 

M«aiur«ment  of  Rough  Lumber,  All  rough  lumber  is  sold  by  the  foot. 
BOARD-MEASURE,  one  foot  being  the  equivalent  of  a  board  x  ft  wide,  x  ft  long,  and 
I  in  thick.  To  compute  the  board«measure  in  any  board,  plank,  or  timber,  di- 
vide the  nominal  sectional  area,  in  inches,  by  12,  and  multiply  by  the  length  in 
feet.  Thus  the  number  of  feet  in  a  2  by  4-in  scantling,  8  ft  long  «*  (2  x  4/12)  x 
8  -  5^i  ft,  board-measure.  A  xo-in  board,  12  ft  long,  contains  (x  x  10/12)  x 
12  *  10  ft,  boaid-measure.  Extensive  tables  are  published  showing  the  feet,  in 
board-measure,  for  almost  any  commercial  size  of  timber.  The  following  table, 
however,  although  compact,  will  enable  one  to  readily  estimate  the  number  of 
FEET  in  any  of  the  standard  siies  of  boards,  planks,  or  timbers.  To  use  the  table, 
find  the  product  of  the  lateral  (Umensions  of  the  cross-section;  then  in  the 
column  having  a  heading  equal  to  this  product,  and  in  the  horizontal  line  oppo- 
site the  given  length  will  be  found  the  number  of  feet  in  board-measure.  Thus, 
for  a  3  by  4,  2  by  6,  or  I  by  12-in  timber  look  in  the  column  headed  12;  for  a  2 
by  12, 4  by  6,  or  3  by  S-in  i^ece,  look  in  the  column  headed  24.  For  lengths  not 
given  In  the  table,  take  either  twice  the  length  and  divide  by  2,  or  one-half  the 
length  and  multiply  by  2.  Where  timbers  of  the  same  size  abut  end  to  end,  it 
economizes  labor  in  reducing  to  board-measure  to  take  the  full  length;  for  this 
reason  the  lengths  in  the  table  are  carried  beyond  those  lor  single  sticks. 
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Lumber  and  Caipentezs'  Work 
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Tabl«  of  Bosrd-Ueuim 
For  expbiuticm,  see  pace  1559 


Length 
in  feet 


6 

S 

10 

la 

14 
x6 
x8 
20 
22 
34 

a6 
a8 
30 
32 

34 
36 
38 
40 

4a 


6 

8 

10 

12 

14 
16 
18 

30 
32 
34 

26 
28 
30 
3a 
34 
36 
38 
40 
42 


Sectional  area  in  square  inches 


4 
ft    in 


2 
2 
3 
4 
4 
5 
6 
6 

7 
8 

8 

9 

10 
10 
II 

12 
12 
13 
14 


O 

8 

4 

o 
8 

4 
o 
8 

4 
o 

8 

4 
O 

8 

4 
o 
8 

4 

o 


6 

8 

10 

12 

ff 

ft 

in 

ft 

in 

ff 

3 

4 

0 

S 

0 

6 

4 

5 

4 

6 

8 

8 

S 

6 

8 

8 

4 

10 

6 

8 

0 

xo 

0 

12 

7 

9 

4 

IX 

8 

14 

6 

10 

8 

13 

4 

16 

9 

12 

0 

IS 

0 

18 

10 

13 

4 

16 

8 

20 

IX 

14 

8 

18 

4 

22 

12 

16 

0 

20 

0 

24 

13 

17 

4 

21 

8 

26 

X4 

18 

8 

23 

4 

28 

IS 

20 

0 

n 

0 

30 

16 

21 

4 

26 

8 

3a 

17 

22 

8 

28 

4 

34 

18 

24 

0 

30 

0 

36 

19 

25 

4 

31 

8 

38 

30 

26 

8 

31 

4 

40 

21 

28 

0 

35 

0 

41 

14 

ft    in 


7 

9 
II 

14 
16 
18 
21 
23 
25 
28 

30 
32 
35 

37 
39 
42 
44 
46 
49 


o 

4 
8 

o 

4 
8 
o 

4 
8 
o 

4 
8 
a 

4 
8 
0 
4 


16 

ft    in 


8 
10 

13 
16 
18 
21 

24 
26 

29 
32 

34 

37 
40 
42 
45 
48 
50 


o 
8 

4 
o 
8 

4 
o 
8 

4 

o 

8 

4 
o 
8 

4 
O 


18 

ff 


9 
12 

15 
x8 
21 
24 
27 
30 
33 
36 

39 
42 

45 
48 
SI 
54 


ft      in 


8  I  S3 
o  '  56 


8  57 
4  60 
0       63 


xo 

13 
x6 


^3 

3iS 

30 
33 
36 

40 

43 
46 

I  SO 
53 
S6 
60 

63 
66 
70 


8 
c 
4 
8 
o 

4 
S 

c 

4 
8 

c 

4 
8 

o 

4 
8 
c 


I 


Sectional  area  in  sqtiare  inches 


24 
ft* 


12 

x6 
20 
24 
28 
32 
36 
40 

44 
48 

52 

S6 
60 

64 
68 
72 
76 
80 
84 


28 
ft     in 


14 
28 

23 
28 

32 
37 
42 
46 
SI 
56 

60 
65 

70 
74 
79 
84 
88 

93 
98 


o 
8 

4 
o 
8 

4 
o 
8 

4 
0 

8 

4 
o 
8 

4 
o 
8 

4 
o 


30 
ft» 


IS 
20 

25 

30 
35 
40 
45 

50 

55 
60 

65 

70 
7S 
80 

85 

90 

95 

100 

105 


32 
ft      in 


16 

21 
26 
32 

37 
42 

48 

S3 

58 

64 

69 

74 

80 

85 
90 
96 

lOX 

xo6 
112 


o 

4 
8 
o 

4 
8 
o 

4 
8 
o 

4 
8 
o 

4 
8 
0 

4 
8 
o 


35 
ft     m 


36 

ff 


40 
ft     in 


17 

6 

18 

23 

4 

24 

29 

2 

30 

35 

0 

36 

40 

10 

42 

46 

8 

48 

52 

6 

54 

S8 

4 

60 

64 

2 

66 

70 

0 

72 

75 

ZO 

78 

81 

8 

84 

87 

6 

90 

93 

4 

96 

99 

2 

102 

105 

0 

106 

no 

10 

"4 

it6 

8 

120 

122 

6 

126 

20 

26 

33 

40 
46 

53 

60 
66 

73 
80 

86 
93 

100 

106 

113 
120 
126 

133 

140 


o 
6 

4 
o 
8 
4 
0 
8 

4 
0 

8 

4 
o 
8 

4 
0 

8 

4 
o 


42 
ft* 


48 
ff 


21 
28 

35 

42 

49 
S6 
63 

70 

77 
84 

91 

98 
105 
1X2 
119 
126 

133 

140 
147 


24 
32 
40 
48 

S6 
64 
72 
8c 
88 
96 

X04 

112 

120 
128 
136 
144 

152 

160 
168 


*  The  measurements  m  these  columns  come  out  in  even  leeL 


Board*Measaie 
T«bto  of  Board-MMMf*  (ContinMtf) 
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For  explanation, ; 

wp««e  t559 

Sectional  area  in  square  inches 

I..eiUEth 

in  feet 

56 

60 

64 

72 

83 

84 

96 

100 

X12 

\ 

ft 

in 

ff 

ft  in 

ff 

ft  in 

ft* 

ff 

ft 

in 

ft  in 

1    . 

X8 

8 

20 

21  4 

»4 

26  8 

28 

32 

33 

4 

37  4 

1      ^ 

28 

0 

3f> 

32  0 

36 

40  0 

42 

48 

50 

0 

56  0 

» 

37 

4 

40 

42  8 

48 

53  4 

56 

64 

66 

8 

74  8 

10 

46 

8 

SO 

53  4 

60 

66  8 

70 

80 

83 

4 

93  4 

12 

S6 

0 

60 

64  0 

72 

80  0 

84 

96 

xoo 

0 

XI3  0 

14 

65 

4 

70 

74  8 

84 

93  4 

98 

112 

XI6 

8 

X30  8 

x6 

74 

8 

80 

85  4 

96 

106  8 

112 

Z28 

X33 

4 

149  4 

l8 

84 

0 

90 

96  0 

X08 

X20  0 

126 

144 

150 

0 

x6S  0 

30 

93 

4 

xoo 

X06  8 

120 

133  4 

140 

x6o 

166 

8 

x86  8 

22 

102 

8 

XIO 

117  4 

132 

X46  8 

154 

176 

X83 

4 

205  4 

34 

XI2 

0 

X20 

X28  0 

144 

x6o  0 

x68 

X92 

200 

0 

224  0 

a6 

121 

4 

J30 

13S  8 

156 

173  4 

X83 

203 

2X6 

8 

242  8 

28 

130 

8 

X40 

149  4 

168 

186  8 

196 

224 

233 

4 

261  4 

30 

140 

0 

ISO 

160  0 

X80 

200  0 

210 

240 

250 

0 

280  0 

32 

149 

4 

z6o 

170  8 

192 

213  4 

224 

256 

266 

8 

298  8 

34 

ISS 

8 

170 

181  4 

204 

226  8 

23S 

272 

283 

4 

3x7  4 

36 

x68 

0 

X80 

X92  0 

216 

240  0 

252 

288 

300 

0 

336  0 

38 

177 

4 

190 

202  8 

228 

253  4 

266 

304 

316 

8 

354  8 

40 

186 

8 

200 

213  4 

240 

266  8 

280 

320 

3.13 

4 

373  4 

^ 

196 

0 

210 

234  0 

252 

2S0  0 

294 

336 

350 

0 

392  0 

44 

20s 

4 

220 

234  8 

264 

293  4 

308 

352 

366 

8 

410  8 

46 

214 

8 

230 

24s  4 

276 

306  8 

322 

36S 

383 

4 

419  4 

48 

224 

0 

240 

256  0 

233 

320  0 

336 

384 

400 

0 

448  0 

.   SO 

233 

4 

250 

366  8 

300 

x\^   4 

350 

400 

416 

8 

466  8 

52 

242 

8 

260 

277  4 

312 

346  8 

364 

416 

433 

4 

485  4 

54 

252 

0 

270 

288  0 

324 

360  0 

378 

432 

450 

0 

504  0 

56 

261 

4 

280 

298  8 

336 

373  4 

392 

448 

466 

8 

522  8       1 

58 

270 

8 

290 

309  4 

348 

386  8 

406 

464 

483 

4 

541  4 

6o 

280 

0 

300 

320  0 

360 

400  0 

420 

480 

500 

0 

560  0 

62 

289 

4 

3x0 

330  8 

372 

413  4 

434 

496 

SI6 

8 

578  8 

64 

298 

8 

320 

34Z  4 

384 

426  8 

448 

512 

533 

4 

597  4 

66 

30S 

0 

330 

3S2  0 

396 

440  0 

462 

528 

550 

0 

6x6  0 

68 

317 

4 

340 

362  8 

408 

453  4 

476 

544 

566 

8 

634  8 

70 

326 

8 

350 

373  4 

420 

466  8 

490 

560 

583 

4 

653  4 

12 

336 

0 

360 

384  0 

«» 

480  0 

504 

576 

600 

0 

672  0 

74 

345 

4 

370 

394  8 

444 

493  4 

5X8 

592 

6x6 

8 

690  8 

76 

354 

8 

380 

40s  4 

456 

506  8 

53^ 

608 

633 

4 

709  4 

78 

364 

0 

390 

416  0 

468 

520  0 

546 

624 

650 

0 

728  0 

80 

373 

4 

400 

426  8 

480 

533  4 

560 

640 

666 

8 

746  8 

8a 

382 

8 

4x0 

437  4 

492 

546  8 

574 

656 

683 

4 

76s  4 

84 

302 

0 

420 

448  0 

504 

560  0 

588 

672 

700 

0 

784  0 

r 

•TIm 

\  nu 

sasuren 

lenUintl 

I^^^^W  %^P 

IttffilttCOl 

Boeottt 

IB  em 

tfeet. 
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Lumber  and  Caipeatas'  Work 


Part  3 


TMd«  of  BMwd-lUanK  C 

For  cxpluution,  aee  pace  is59 


Length 

Siae  and  sectional  area  in  inches 

in  feet 

120 

140 

144 

160 

168 

193 

196 

294 

ioXi2 

10X14 

12X12 

10X16 

12X14 

12X16 

14X14 

X4X16 

ff 

ft    in 

ff 

ft     in 

ff 

ft* 

ft     in 

a    is 

4 

40 

46    8 

48 

53    4 

56 

64 

65    4 

74     8 

6 

6o 

70    0 

73 

80    0 

84 

96 

98    0 

X12    0 

8 

8o 

93    4 

96 

106    8 

113 

128 

130    8 

149     4 

10 

100 

116    8 

120 

133    4 

140 

160 

163    4 

Xll6    8 

12 

I20 

140    0 

144 

160    0 

168 

192 

196    0 

224    0 

14 

140 

163    4 

16B 

186    8 

196 

224 

238    8 

261     4 

16 

160 

186    8 

192 

213    4 

234 

2S6 

261    4 

298    8 

i8 

180 

210    0 

216 

240    0 

252 

288 

394    0 

3J6    0 

30 

200 

233    4 

240 

266    8 

380 

330 

326    8   ! 

373     4 

32 

230 

256    8 

364 

293    4 

308 

353 

359    4 

410    8 

34 

240 

260    0 

288 

320    0 

336 

384 

393    0 

448    0 

26 

260 

303    4 

312 

346    8 

364 

416 

434    8 

4%     4 

28 

280 

336    8 

336 

373    4 

39* 

448 

457    4 

522     8 

30 

300 

350    0 

360 

400    0 

420 

480 

490    0 

560    0 

32 

320 

373    4 

384 

426    8 

448 

512 

533    8 

S97    4 

34 

340 

396    8 

408 

453    4 

476 

544 

555    4 

634    8 

36 

360 

420    0 

432 

480    0 

S04 

576 

588    0 

672    0 

38 

380 

443    4 

456 

S06    8 

533 

608 

620    8 

709    4 

40 

400 

466    8 

480 

533    4 

560 

640 

653    4 

746    8 

43 

420 

490    0 

504 

560    0 

588 

672 

686    0 

784    0 

44 

440 

513    4 

528 

586    8 

6(6 

704 

718    8 

821    4 

46 

460 

536    8 

552 

613    4 

644 

736 

751    4 

8sS    8 

48 

480 

560    0 

576 

640    0 

672 

768 

784    0 

896    0 

SO 

500 

583    4 

600 

666    8 

700 

800 

816    8 

933    4- 

53 

520 

606    8 

624 

693    4 

738 

832 

849    4 

970    8 

54 

540 

630    0 

648 

730    0 

756 

864 

883    0 

looB    0 

S6 

560 

653    4 

672 

746    8 

784 

8q6 

914    8 

1Q45    4 

58 

580 

676    8 

696 

773    4 

812 

928 

947    4 

1082    8 

6o 

600 

700    0 

720 

800    0 

840 

960 

980    0 

1  120     0     . 

62 

620 

723    4 

744 

836    8 

868 

992 

10I3     8 

I  157     4 

64 

640 

746    8 

768 

853    4 

896 

1024 

1045    4 

1194    8 

66 

660 

770    0 

792 

880    0 

934 

1056 

I  078    0 

I  232    0 

68 

680 

793    4 

816 

906    8 

952 

1088 

1  no    8 

X269    4 

70 

700 

816    8 

840 

933    4 

980 

I  ISO 

I  143    4 

1306    8 

72 

730 

840    0 

864 

960    0 

1008 

1 152 

I  176    0 

1344    0 

74 

740 

863    4 

888 

986    8 

1  oj6 

1J84 

I  308    8 

1381     4 

76 

760 

886    8 

912 

I  013    4 

1  064 

I  2X6 

1  241    4 

I  418    8   j 

78 

780 

910    0 

V36 

1  040    0 

1092 

I  248 

1374    0 

1456    0 

80 

800 

933    4 

960 

1066    8 

1 120 

l38o 

1306    8 

1493    4 

82 

830 

956    8 

984 

1093    4 

1  148 

1312 

1339    4 

1530    8 

84 

840 

980    0 

I  008 

I  120    0 

1  176 

1344 

1373    0 

1  568    0 

J 

The 


in  thsBS  mIumim 


out  in  ev«D  i«t« 


Meuureoiait  d  Lumber  1583 

ICMSsrmiMnt  of  Fintehjnc-Liiinber^  Flobffais»  C«ilitig,  Btt.  Most,  if  not 
wilX  himbcr  for  finishing  is  sawed  for  use  in  thicknesses  of  i  in,  iH  in,  i^  in,  and 
3  in,  and  some  woods,  such  as  white  pine  and  poplar,  are  sawed  into  thicknesses 
off  sH  in  snd  3  in. 

When  surfaced  both  sides,  the  thickness  is  reduced  to  >M«»  iM«,  iM«,  tH,  ^H, 
sknd  2>Mc  in. 

All  dressed  stock  is  measured  and  sold  snup-comiT,  that  is,  full  size  of  rough 
xnaterial  neoessarily  used  in  its  manufacture.  Thus  i  H«-in  boards  are  measured 
S3LS  though  xH  in  thick.  The  number  of  feet,  board-measure,  for  xK-in  stock 
<  iH«  finished)  is  zM  times  that  in  a  i*in  board,  and  in  the  same  way  for  x>i-in 
£Lnd  2>^in  stock.  i^4-in  planks  are  always  measured  2  in  thick,  and  2H-in 
stock,  2H  in  thick.  Boards  less  than  z  in  thick  are  measured  the  sazne  as  i-in 
lx)ards,  but  for  H-in  and  H-in  stock  a  reduced  price  is  generally  made. 

Matched  Ordinary  Flooring.*  The  standard  sizes  for  flooring  (other  than 
liardwood,  parqueting  or  parquet-flooring)  are  z  by  3,  i  by  4  and  i  by  6;  or  i  H  by 
3,  zU  by  4  and  iH  by  6.  The  thickness  of  z-in  flooring  should  be  >^ft  in,  and 
of  X  U-in  flooring,  x^^  in.  3-in  flooring  should  show  2H  in  on  the  face,  after  it  b 
laid;  4-in,  3>4  in;  and  6-izi,  sH  in* 

Matched  Maple  Flooring  is  usually  made  in  2-in,  2Vi-in  and  3M>in  face,  and 
in  thicknesses  of  ^Me,  iMt  and  xMe  in. 

Ceiliag,  matched  and  beaded  boards,  is  regularly  stuck  in  the  same  widths  as 
flooring.  The  standard  (nominal)  thicknesses  of  yellow^pine  ceiling  are  H,  H, 
H  and  H  in,  the  actual  thickness  of  each  being  Ms  in  less.  The  H~in  ceiling  is 
dressed  one  side  only,  the  other  thicknesses  both  sides. 

Yellow  Pine  Drop-Siding.    Dressed  and  matched  yellow  june  drop-siding  is 

9 4  by  31-6  and  ^4  by  5M  in,  showing  zH  and  5>4-in  face;  and  worked  shiplap  is 

f  •  by  3>i  and  H  by  sVi  in,  showing  3  and  5-in  face.  ^ 

n 

Bereied  Siding  is  resawcd  on  a  bevel  fzom  stock  if(«  by  3Vi  and  >H«  by  sM  i&* 

after  suHacing. 

New  Baglaad  Ctapbetids  are  4  ft  long,  6  in  wide,  H  in  thick  at  the  butt,  and 
about  M  in  thick  at  the  other  edge.  They  are  put  up  in  bunches  and  sold  by  the 
thousand. 

Rules  for  Estimating  Quantities  of  Sheathing,  Flooring,  Etc.  For  com- 
zxion  riieathlng  laid  horizontally  on  a  wall  or  roof  without  openings,  add  one- 
tenth  to  the  actual  superfidal  area  to  allow  for  waste.  On  the  walls  of  dwellings* 
figure  the  walls  as  though  without  openings  and  allow  ziothing  for  waste.  If 
sheathing  Is  laid  diagonally,  add  one-sixth  to  the  actual  superficial  area. 

For  tight  sheathing  laid  horizontally,  add  one-fifth  for  6-in  boards,  one-seventh 
for  8-in  boards  and  one-ninth  for  xo-in  boards.  If  laid  diagonally  add  one- 
fourth  for  6-in  boards,  one-sixth  for  8-in  boards,  and  one-eighth  for  zo-in  boards. 

For  3-in  matched  flooring  add  one-half  to  the  actual  superficial  area  to  be 
.  covered. 

For  4-in  flooring  add  one-third  and  for  6-in  flooring  add  one-fifth.  Ceiling  is 
measured  the  same  as  flooring. 

For  drop-skiing,  add  one-fifth  to  the  superficial  area. 

Fos  lap-siding,  laid  4  in  to  the  weather,  add  one-half  to  the  actual  superficial 
area;  if  4 ^i  in  to  the  weather,  add  one-third. 

*  EveiywiMK  except  in  New  England  fijOoaxMO  is  always  undaotood  to  be  tantaed  aad 
groovtd< 
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Parts 


Cost  of  Labor  for  CarpODton*  Work.  Tliere  are  to  many  itana  and  cod- 
ditions  which  enter  into  the  cost  of  carpenters'  work,  and  the  coat  varies  so 
widely  with  the  locality,  that  it  is  quite  impossible  to  give  figures  which  are  of 
general  practical  value,  although  several  books  *  have  been  published  on  esti- 
mating labor  and  materiak  for  buildings. 

The  following  figures  of  the  cost,t  for  labor  and  nails,  of  framing  and  potting 
on  sheathing  and  siding  and  lajring  flooring  were  computed  on  the  baab  of  car- 
penters' wages  at  $3  a  day  of  eight  hours  (574  cts  per  hour).  The  cost  of 
framing  is  almost  alwajrs  figured  at  a  certain  price  per  thousand  feet  of  lumber, 
board-measure.  The  cost  of  laying  flooring,  sheathing,  etc,  is  almost  always 
figured  by  the  square  of  xoo  sq  ft  (xo  by  xo  ft). 


Character  of  wcvrk 


For  setting  up  studding  and  framing  walla  of  wooden 

dwellings 

For  framing  and  setting  floor-joists,  a  by  8  to  2  by  xa. . . 
Framing  and  setting  heavy  joists  and  girders,  6  by  la  to 

xo  by  14 

Framing  gable  roofs  and  setting  in  place 

Framing  hip-roofs  and  setting  in  place 

For  putting  in  bridging,  after  it  is  cut.  per  100  lin  ft  in  the 
tow 

For  covering  the  sides  or  roofs  of  wooden  buildings  with 
dressed  sheathing,  laid  horizontally 

The  same,  if  lai<^  diagonally 

The  cost  of  labor  and  nails  for  laying  6-in  flooring,  blind- 
nailed  to  every  joist,  without  dressing  after  laying,  is 
about .* 

For  4-in  flooring,  not  dressed,  allow 

For  3-in  flooring,  not  dressed,  allow 

For  yin  hard-pine  flooring,  hand-smoothed  or  traversed. 

For  >in  red-oak  flooring,  hand-smoothed  or  traversed. . 

For  3-in  white-oak  flooring,  hand-smoothed  or  traversed 

For  3*in  maple  flooring,  hand-smoothed  or  traversed . . . . 


Coat 


1x0.00  per  xooo 
I9.00  to  $10.00  per  100c 

$  8.50  per  xooo 
10.00  per  xooo 
In  .00  to  lu.oo  per  1000 

$1.25 

60  cts  per  square 
75  cts  per  square 


Sa.co  per  square 
2. as  per  square 
3.5oi)er  sqxiare 
3-75  per  square 
6.00  per  square 
8.00  per  square 
Ixo.oo  to  Sxa.oo  per  sq 


BUILDING  PAPERS,  BUILDING  FELTS  AND  QUILTS 

Sheathiiig-Papora,t  Felta,  Quflta,  Btc.  It  is  well  known  that  frame  build- 
ings when  merely  sheathed  and  clapboarded  or  shingled  on  the  outside  and  simply 
lathed  and  plastered  on  the  inside,  are  almost  sure  to  be  hot  in  summer  and  coM 
in  winter;  and  as  the  wood  almost  alwasrs  shrinks,  cracks  result  through  which 
the  wind  finds  its  way.  For  these  reasons  some  extra  provision  should  be  made 
for  keeping  out  the  wind  and  the  heat  and  cold;  and  it  is  generally  admitted  that 

*  Readers  are  referred  to  The  Building  Estimator's  Reference  Book,  by  F.  R.  Wslker 
The  New  Building  Estimator,  by  William  Arthur.  Handbook  of  Cost  DaU.  by  H.  P 
Gillette  and  the  Estimators'  Price  Book,  by  I.  P.  Hicks.   To  all  of  these,  architects  an<W 
builders  are  referred  for  detailed  information  and  valuable  data  on  costs  of  labot  va 
material. 

t  The  wages  of  carpenters  varied  (19x6)  in  the  United  States  from  35  to  70  cts  per  hour. 
or  from  $2.80  to  $5.60  per  day  of  8  hours.  For  rates  per  day  higher  than  thos^giwo 
the  figures  showing  the  costs  in  the  schedule  must  be  raised  proportionately. 

t  The  terms  bvildikg  paper  and  sheathinc-papek  are  by  the  public  indiscrimiiiatelr 
applied  to  all  kinds  of  paper  used  in  connection  with  building-construction.  In  tbe 
trade,  however,  tbe  term  Butiimio  papbr  is  confined  to  tbe  rosin-daed  and  chesper 
grades  of  paper,  while  the  h*f  ^'m'  and  better  grades  are  clasMd  as  saEAlRXNG-TAms. 


Building  Papeis»  Building  Fdto  and  QuQts  1565 

tihere  is  no  nuiterial  that  will  do  this  so  wdl  and  at  so  small  an  expense  as  good 
sheathing-papers  or  sheathing-f elts.    The  papers  made  for  this  purpose  are  com- 
monly known  as  sbeatrxmo-papers  or  building  papers.    There  is  a  great 
variety  of  sheathing-papers  manufactured,  many  of  them  of  great  excellence, 
and  even  the  best  are  comparatively  inexpensive,  costing  only  about  $i.oo  per 
loo  sq  ft;  so  that  only  the  better  qualities  of  any  kind  of  fdt  or  paper  should  be 
specified.    Where  the  cost  of  the  sheathing-paper  on  an  ordinary  house  is  only 
a  few  dollars,  it  is'poor  economy  to  use  a  cheap  paper,  as  the  labor  of  applying  it 
is  an  important  item  and  the  poorer  the  paper  the  more  difficult  the  work  of  put- 
ting it  on.    The  qualities  which  good  sheathing-paper  should  possess  are  per- 
manence, impenetrability  to  air  and  water  and  sufficient  strength  to  permit  of 
applying  without  tearing.    Protection  or  proof  against  vermin  and  insects  is 
another  important  requirement.    It  should  not  be  brittle  nor  have  a  lasting 
strong  odor  and,  for  the  convenience  of  the  builder,  should  be  dean  for  handling. 
There  are  so  many  papers  possessing  all  or  most  of  these  qualities  that  it  is  deemed 
inexpedient  to  mention  particular  brands.    The  architect  should  decide  for  him- 
self, from  the  samples  with  which  he  has  probably  been  furnished,  what  papers 
are  best  adapted  to  the  particular  conditions;  and  he  should  then  specify  those 
brands,  giving,  also,  the  manufacturers'  names,  instead  of  leaving  the  choice  to 
the  builder,  who  will  be  quite  sure  to  be  guided  by  price  rather  than  by  quality. 
Many  object  to  tarred  or  saturated  sheathing-papers  and  felts  because  of  their 
tendency  to  become  brittle  and  because  they  emit  a  strong  odor  and  are  some- 
what disagreeable  to  handle.    On  the  other  hand,  the  advocates  of  tarred  felts 
emphasize  their  cheapness,  warmth  and  even  their  odor,  which  makes  them 
vermin-proof.    The  odor  graduaUy  disappears  after  the  clapboards,  sicfing  or 
shingles  are  put  on  and  the  inside  walls  finished.    Sheathing-paper  is  usually 
applied  just  previous  to  putting  on  the  clapboards,  siding,  or  shingles.    It  is 
generally  placed  horisontally  and  should  lap  about  2  in  over  each  sheet  and  over 
the  paper  previously  placed  around  the  window  and  door-frames.    If  sheathing- 
quilt  or  similar  material  is  to  be  placed  under  the  clapboards  or  siding,  laths 
should  be  nailed  vertically  over  it,  opposite  each  stud,  and  the  siding  or  cla|>> 
boards  nailed  to  the  laths;  otherwise  it  will  be  difficult  to  put  them  on  evenly, 
owing  to  the  thickness  and  elastic  quality  of  the  quilt.    Shingles,  however,  may 
be  applied  directly  over  it.    Sheathing-quilt  possesses  marked  fire-resisting 
properties.    The  sheathing-paper  and  the  labor  of  putting  it  on  should  be  in- 
cluded in  the  carpenter's  specifications. 

Rottn-Sized  Building-Papert.  These  are  the  common  grades  of  building 
paper;  they  are  not  water-proof,  and  should  not  be  used  on  roofs  or  on  walls  in 
damp  climates.  In  dry  places  they  protect  from  dust,  draughts,  and  to  some 
extent  from  heat  and  cold.  They  are  generally  either  a  dull  red  or  gray  in  color, 
have  a  hard,  smooth  surface,  and  are  clean  to  handle.  They  are  always  put  up 
in  rolls  36  in  wide  and  usually  contain  500  sq  ft.  The  weight  varies  from  18  to 
40  lb  to  the  roll  of  500  sq  ft. 

Insulating  and  Deadening- Quiltt.  Among  the  insulating  and  deadening- 
quilts  much  in  use  are  those  mentioned  below.  There  are  also  other  good  ma- 
terials in  this  line  which  are  manufactured  and  used  for  insulating  and  deadening 
purposes. 

ShetftUng-  Quilt.*  This  consists  of  a  felted  matting  of  eel-grass  held  in  place 
between  two  layers  of  strong  Manila  paper  by  quilting.  "The  long,  flat  fibers 
of  eel-grass  cross  each  other  at  every  angle  and  form  within  each  layer  of  quilt 
innumerable  minute  dead-air  spaces,  that  make  a  soft,  elastic  cushion.    This 

•  *  Made  by  Samuel  Cabot  (Inc.),  Boston,  Msm. 
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gives  the  most  perfect  conditions  for  noiKoiiductioii."  Eel-ccMS  is  dbotes 
for  the  filling  because  of  its  long,  flat  fibers^  which  especially  adapt  it  ior 
felting;  because  of  its  great  durability,*  and  its  resistance  to  fire;  and  bccauy, 
owing  to  the  large  percentage  of  iodine  which  it  oontatns*  it  is  lepelle&t  to  rat3 
and  vermin.  This  quilt  is  made  in  single  and  double-ply  thicknes8»  and  is  pui 
up  in  bales  of  500  sq  ft.  It  is  abo  now  made  with  a  covering  of  asbestos*  whtJi 
tenders  it  thoroughly  fire-proof.  The  material  is  also  very  efficient  for  he^t- 
insulation.  When  used  for  this  piupose  there  is  no  objectioQ  to  nails  pausing 
tiirough  it. 

Keystone  Hair  Insulstor.  Another  mateihl  used  for  similSr  purposes  is  the 
Keystone  Hair  Insulator.f  This  consists  of  thoroughly  cleansed  catties'  hair, 
between  two  layers  of  strong,  non-porous  building  paper,  securely  stitched  to- 
gether. The  hair  is  chemically  treated,  so  that  it  is  coated  with  fime;  which 
makes  the  finished  material  vermin-proof  and  odoriess. 

Mineral-Wool  Deadeners,  wMch  are  fire-proof  sound-deadening  quilts  of 
rock-fiber  wool  stitched  between  two  sheets  of  building  paper  or  of  asbestos 
paper  according  to  the  grade  desired,  are  made  by  the  Union  Fibre  Company  01 
Winona,  Minn.,  and  other  firms.  Thb  company  makes^  also,  what  is  caHed 
Lith  and  Feltlino,  which  are  sound-deadening  materials  in  board  form.  They 
manufacture,  also^  linofelt,  a  building-quilt  of  flax-fibers  (unbleached  finoi 
threads),  stitched  between  water-proof  paper  or  asbestos  paper  according  to  need. 
It  is  H  in  thick.  Linofelt  for  sheathing  in  place  of  ordinary  building  paper  adds 
from  I  to  ili%  to  the  cost  of  a  house. 

Felt'-Pspsrs.  There  are  a  great  many  fett-pspers  for  lining  floors  and  a  few 
aremadefire>proof  by  means  of  chemicals.  As  a  rule  these  felts  are  cheaper  than 
Cabot's  QUILT,  although  the  saving  in  an  oidinary  residence  would  be  bat  Hulc; 
and  even  among  the  felts  themselves  there  is  quite  a  difference  in  coat.  In 
choosing  a  felt-paper  for  lining,  the  architect  should  select  'one  that  b  soft  and 
clastic  enough  to  fonn  a  cushion,  and  the  thicker  the  felt,  provided  it  has  the 
above  qualities  the  greater  will  be  its  non-conduction.  Some  fdts  are  made 
water^pioof  by  an  asphalt  center,  which  is  an  advantage  in  case  of  fire  or  leaks, 
but  some  authorities  think  that  it  is  doubtful  if  such  felts  obstruct  the  passage  of 
sound  as  well  as  felts  without  the  asphalt  center.  The  experience  of  some 
acoustical  experts  seems  to  show  that  one  of  the  best  methods  of  deadening  is  by 
a  combination  of  heavy  hair-felt  or  felt-paper  with  sheets  of  galvanised  iroa. 
Two  layers  of  felt,  each  from  H  to  i  in  thick,  are  placed  on  either  ^de  of  a  single 
layer  of  galvanized  iron,  the  latter  resting  freely  between  the  felt  layers.  This 
form  of  construction  is  to  be  preferred  where  the  deadening-malerial  is  not  at- 
tached to  the  enclosing  woodwork.  .An  additional  layer  of  iron  and  of  fdt 
increases  the  effectiveness  of  the  combination. 

Saturated  Felts4  Common  roofing-felts  are  made  by  saturating  conunon 
dry  felt  with  eoal-tar  pitch.  Roofing-felts  are  commonly  made  in  weights  of  la, 
15,  and  20  lb  to  the  100  sq  ft.  Nothing  lighter  than  la  lb  should  be  used  (or 
roofing.  They  are  usually  sold  by  weight.  A^halt-felts  are  commonly  made 
in  the  same  weights. 

Dry  Saturated  Tarred  Felts  are  specially  run  through  a  tier  of  calender 
to  give  a  hard,  uniform  surface  and  contain  a  minimum  amount  of  coal-tar. 

*  A  sample  of  eel-grass  aso  years  old  and  in  a  perfect  state  of  presenrotioii,  may  ht  setu 
at  Mr.  Cabot's  office. 

t  Made  by  Johas-Mahville.  Inc.,  New  York. 

I  The  Barrett  Company  and  other  maau£actuzers  make  numerous  braads  of  these 
sheathing  and  roofing*paperk  ' 
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They  are  e^iecially  adapted  for  slaters'  use,  aa  they  will  cany  a  chalk  Hne  and 
axe  easy  to  handle.  The  rolls  are  36  in  wide,  contain  500  sq  ft  and  weigh  about 
30  lb. 

Asbestos  Building  Felts  are  usuaUy  made  about  6,  10,  14  and  16  lb  to  the 

100  sq  ft,  although  different  manufacturers  make  different  weights.  They  come 
in  rolls  36  in  wide  and  are  soldjby  weight. 

Soiind-Deadsning  Felts.  These  deadening-felts  are  made  by  various  manu- 
facturers. In  one  of  these  felts  *  the  material  itself  is  rather  hard  and  thin,  but 
it  is  pressed  in  such  a  way  as  to  form  small  indentations  or  air-cells.  This  makes 
it  elastic  and  breaks  up  the  sound-waves. 

Aabestos  Sheathing.  Sheathing-papers  or  building  felts,  made  of  asbestos, 
are  used  to  a  considerable  extent  for  floor-linings  and  for  covering  the  outside 
walls  of  wooden  buildings,  principally  on  account  of  their  fire-proof  and  vermin- 
proof  qualities.  These  papers  are  well  known  in  the  trade  and  can  be  procured 
without  difficulty.  They  are  supplied  by  the  manufacturers  in  50  or  loo-Ib 
rolls,  36  in  wide,  on  a  basis  of  the  following  scale  of  weights: 

4  lb  to  the  100  sq  ft  18  lb  to  the  100  sq  ft 

6  lb  to  the  100  sq  ft  20  lb  to  the  100  sq  ft 

8  lb  to  the  100  sq  ft  24  lb  to  the  100  sq  ft 

20  lb  to  the  100  sq  ft  32  lb  to  the  xoo  sq  ft 

12  lb  to  the  100  sq  ft  He  in  thick 

14  lb  to  the  100  sq  f t  9ii  in  thick 

16  lb  to  the  100  sq  ft  H  in  thick 

The  sheathing  in  the  H«,  ^ia  and  H-in  thicknesses  is  used  only  for  special  pur- 
poses where  an  unusually  thick  lining  is  desired  for  possible  fire-protectioa 
around  exposed  flues,  for  chimney-breasts,  etc.    When  the  weight  of  paper  ex* 
ceeds  32  lb  to  the  square  foa4  it  b  known  as  roll-board  and  is  no  longer  classed 
by  weight  per  100  sq  ft,  but  by  thickness.    For  floor-linings,  i6-Ib  paper  is  gen- 
erally employed,  this  weight  being  sufficiently  thick  and  strong  to  resist  ordi- 
nary damage  in  application  and  in  handling.    Asbestos  felts  and  building  papers 
appear  to  have  approximately  the  same  effect  in  retarding  the  passage  of  sound- 
waves as  other  felt-papers  of  a  relatively  similar  thickness  and  quality,  while 
their  fire-proof  and  vermin-proof  qualities  are  a  distinct  advantage.    The  cost  of 
asbestos  paper  and  building-felt,  while  somewhat  greater  than  that  of  the  ordi- 
nary papers  used  for  similar  purposes,  is  not  excessive.    The  market  price  varies 
and  depends  upon  the  fluctuations  of  the  market.    For  example,  the  coat  of 
100  sq  ft  of  i6-lb  asbestos  paper  varied  from  32  to  40  cts,  according  to  the 
market,  before  the  war.f 

Water-Proof  Papers.  Neponset  Black  Sheathing  is  water-proof  and 
air-proof,  odorless  and  clean  to  handle,  and  is  an  excellent  paper  under 
siding,  shingles,  slate,  or  tin.  The  rolls  are  36  in  wide,  containing  250  and 
500  sq  ft. 

Keponset  Red  Rope  Shesthing  and  Roofing.  This  is  made  of  rope- 
stotk,  has  great  strength  and  flexibility,  and  is  absolutely  water-proof  and  air- 
tight. It  is  one  of  the  best  sheathing-papers  and  makes  a  good  cheap  roofing 
for  sheds,  poultry-houses,  etc.    The  rolls  are  36  in  wide,  containing  100,  250  and 

500  sq  ft. 

*  Nepooflet  Florian  Sound-Deadening  Felt,  supplied  by  Bird  &  Son,  East  Walpok; 
Mass. 
t  These  prkes  are  now  much  higher. 
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ParchniMit  Wat«r-Proof  Sheatbing.  There  are  various  pardune&t-sheatb- 
ings  OD  the  market  which  are  semitransiMireiit,  have  smooth  surfaces,  and  are 
odorless,  water-proof,  air-proof  and  vermin-proof.  They  are  adapted  for  genoal 
sheathing  purposes.  In  general  i-ply  weighs  25  lb  to  900  sq  ft;  2-ply,  25  lb  to 
500  sq  ft;  3-ply,  25  lb  to  275  sq  ft.    They  are  36  in  wide. 

Cost  of  Building  and  Sheathing-Papera  in  Place.*  The  following,  al- 
though necessarily  restricted  to  a  few  lines,  will  give  a  general  idea  df  the  dost  oti 
different  kinds  and  grades  of  sheathing-papers,  the  prices  given  being  fair  aver- 
ages for  the  materials  applied  to  an  outside  wall  or  roof: 

Price  per  xoo 
sqoarsleet 

Conunon 'tarred  felts  (15  lb  per  square) 30  ct^ 

Red  rosin-sized  sheatbing»  best  grades 25  cts 

Monahan's  parchment-sheathing,  single-i^y 26  cts 

Monahan's  parchment-sheathing,  double-ply 40  cts 

Monahan's  ship-rigging  tar-sheathing,  2-ply 75  cts 

"Neponset"  black  (water-proof)  paper 45  cts 

"Neponset"  red-rope  roofing $1.20 

Sheathing-papers  with  asphalt  center 40  to  50  cts 

Asbestos  building  or  sheathing-felt,  zo  lb  per  square 22^1  cts 

Asbestos  building  or  sheathing-felt,  X4  lb  per  square 3iH  cts 

Cabot's  sheathing-quilt,  single-ply Si  -OS 

Cabot's  sheathing-quilt,  double-ply $1.25 

Barrett's  specification-felt 35  cts 

Barrett's  defender,  felt-sheathing 80  cts 

Sackett's  water-proof  sheathing 30  cts 

Empire  parchment-sheathing,  i-ply 25  cts 

Empire  parchment-sheathing,  2-ply 36  cts 

Empire  parchment-sheathing,  3-pIy 50  cts 

Barrett's  red  rope $z  .00 

Barrett's  black,  water-proof  sheathing 40  cts 

PAINT  AND  VARNISH  f 

Pigments  and  Vehicles.  The  solid  ingredient  of  a  paint  is  called  the  ptcvEyT, 
and  is  a  fine  powder,  nearly  all  of  which  will  pass  through  a  brass-wire  sieve  of 
xoo  meshes  to  the  linear  inch;  in  fact,  most  pigments  are  much  finer  than  that, 
and  those  formed  as  precipitates  by  chemical  processes  are  so  fine  that  there  is 
no  way  to  measure  them.  The  liquid  part  is  called  the  \^hicle.  This  b  usu- 
ally linseed-oil,  sometimes  with  the  addition  of  a  little  turpentine  or  other  volatile 
solvent.  In  the  enamel  paints  it  is  varnish  and  in  kalsomine  and  other  cold- 
water  paints  it  is  a  solution  of  glue,  casein,  albumen,  or  some  similar  cementing 
material.    The  cementing  material  is  sometimes  called  the  binder. 

Ingredients  of  Oil-Paint.  White  lead  and  white  zinc  are  the  common  white 
pigments.  There  are  white  pigments  of  variable  composition  called  leaded  zi:  c 
and  zinc  lead,  furnace-products,  composed  of  zinc  oxide  and  lead  sulphate. 
There  is  also  a  basic  lead  sulphate,  commercially  called  sublimed  white  lead, 
which  is  a  similar  furnace-product  consisting  chiefly  of  sulphate  of  lead. 
These  composite  white  pigments  are  largely  used  in  mixed  paints,  uthopoke 
is  a  mixture  of  sulphide  of  zinc  and  sulphate  of  barium.    It  is  very  white,  fine 

*  All  prices  quoted  are  pre-war  prices  and  the  data  are  retained  for  purposes  of  cosn- 
parisoa  and  relative  values. 

t  The  editor  is  indebted  to  Professor  Alvah  H.  Sibfn  for  valuable  assistance  in  tiw 
revision  of  the  daU  relating  to  this  subject. 
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and  opaque  and  largely  used  as  the  basis  of  flat  wall-flnishes  for  interior  work, 
but  is  not  durable  for  exterior  work.    It  is  discolored  (grey)  by  strong  light,  but 
this  is  not  a  very  serious  practical  objection.    White  lead  is  used  everywhere, 
but  tends  to  yellow  somewhat  in  the  dark.    White  zinc  is  chiefly  used  on  interior 
work,  being  the  whitest  paint  known.    Both  are  often  mixed  and  both  are  used 
in  mixed  paints.    Yellow  paint  is  commonly  chromate  of  lead,  or  chrome  yellow; 
green  is  chrome  green,  which  is  a  mixture  of  chrome  yellow  and  Prussian  blue; 
blue  is  ultramarine,  or  sometimes  Prussian  blue.    The  brilliant  reds  are  coal-tar 
colors  as  a  rule;  the  dull  reds  and  browns  are  oxides  of  iron.    Ochres  are  dull 
yellow.     Carbon  forms  the  base  of  all  black  paints,  either  as  lampblack,  drop- 
black  (boneblack),  or  graphite.    Linseed-oil  is  either  raw  or  boiled.    Raw  oil  is 
the  oil  irf  its  natural  state  as  it  is  extracted  from  the  seed;  it  should  be  settled 
and  Altered  perfectly  clear;  it  is  yellow  or  greenish  yellow  in  color.    Boiled  oil  is 
raw  oil  which  has  been  heated  to  400°  or  500°  F.  with  compounds  (usually  oxides) 
of  lead  and  manganese;  it  is  darker  in  color  than  raw  oil,  and  dries  quicker. 
Raw  oil  exposed  in  a  thin  film  to  the  air  is  converted  in  about  five  days  into  a 
tough  leathery  substance;  boiled  oil  undergoes  this  change  in  from  10  to  24  hours. 

Driers.  These  are  compounds  of  lead  and  manganese,  dissolved  in  oil,  and 
this  solution  thinned  with  turpentine  or  benzine.  They  act  as  carriers  of  oxygen 
between  the  air  and  the  oil,  and  their  addition  to  a  paint  makes  it  dry  more 
rapidly.  Some  driers  are  also  called  japans.  Not  more  thin  10%  by  volume  of 
any  of  these  liquid  driers  should  be  added  to  oil.  Excess  of  drier  causes  the 
paint  to  lack  durability.  Cheap  driers  often  contain  rosin.  It  is  well  to  specify 
that  driers  and  japans  should  be.free  from  rosin  (not  resin,  as  varnish-resins  are 
present  in  some  of  the  best  driers). 

Priming  Coat.  This  is  the  first  coat  applied  to  the  dean  surface.  A  priming 
coat  for  wood  is  chiefly  oil,  and  is  usually  equivalent  to  a  gallon  of  ordinary  paint 
thinned  with  a  gallon  of  raw  linseed-oil.  Paint,  however,  b  not  thinned  to  make 
a  priming  coat  for  structural  metal.  In  all  wood-work,  nail-holes  and  other  de- 
fects  are  filled  with  putty  after  the  priming  coat  has  been  applied;  but  if  the 
wood  is  resinous,  knots  and  resinous  places  must  be  covered  with  shellac  varnish 
before  the  priming  coat  is  put  on.  Pitchy  woods,  such  as  southern  yellow  pine 
and  cypress,  do  not  readily  absorb  oil,  and  turpentine  should  be  substituted  for 
part  of  the  oil.  Red  lead  is  successfully  used  as  a  primer  (3  parts  to  i  of  white 
lead)  on  such  woods;  this  is  the  standard  practice  in  England,  and  is  better  than 
the  use  of  all  white  lead. 

Outside  Painting.  The  priming  coat  having  largely  been  absorbed  by  the 
wood,  a  second  and  third  coat  of  paint  are  to  be  applied.  The  most  conunon 
paint  used  on  houses  is  white  lead.  This  is  commonly  sold  as  paste  white  lead, 
containing  8%  of  oil;  100  ib  of  this  is  equal  to  2.8  gal  in  volume,  and  is  conmionly 
mixed  with  a'^j  gal  of  raw  linsced-oil,  i  qt  of  turpentine  and  i  pt  of  drier  to  make 
6H  gal  of  paint  for  the  second  coat;  or  with  4  gal  of  oil,  z  pt  of  turpentine  and  i 
pt  of  drier  for  the  finishing  coat.  If  white  dnc  is  used,  9^&  lb  of  dry  zinc  oxide 
and  5.7  lb  of  oil  make  i  gal  of  paint;  to  this,  turpentine  and  drier  should  also 
be  added.  White  lead,  after  about  a  year,  begins  to  chalk,  that  is,  its  surface 
becomes  dry  and  chalky;  this  docs  not  indicate  failure,  however,  and  it  makes  a 
good  surface  for  repainting.  Finely  reticulated  checking,  not  extending  through 
the  film,  occurs  later,  and  when  sufficiently  marked  indicates  need  of  repainting, 
la  any  paint,  when  cracks  begin  to  extend  through  to  the  wood,  repainting  is 
called  for;  these  cracks  occur  sooner  on  pitchy  woods.  White  zinc,  if  used  alone 
on  outside  (not  inside)  work,  is  very  hard  and  tends  to  peel  off.  Mixed  paints 
(prepared  proprietary  paints)  generally  contain  zinc  mixed  with  either  white 
lead  or  some  of  the  pigments  based  on  basic  lead  sulphate,  and  some  auxiliary 
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pigmentSp  such  as  barytes,  Ctdna  clay,  etc.,  ground  in  ofH  and  ttirpentiDe  aad 
containing  the  necessary  drier.    The  best  of  these  are  excellent,  but  some  are 
very  poor;  the  safest  way  to  use  them  is  to  specify  them  by  name,  and  use  then 
according  to  the  maker's  directions.    Colored  paints  are  conunonly  made  by 
adding  colored  pigments  to  lead  or  zinc;  but  some  dark  paints  contain  cmly  iraa. 
oxides,  ochers,  etc.,  as  pigments;  these  weigh  frmn  12  to  14  lb  per  gal.     Painting 
should  alwa3rs  be  done  in  dry  weather  and  no  painting  should  be  done  until  the 
inside  plastering  is  dry.    Paint  should  not  be  applied  to  lumber  that  is  not  dr>^. 
A  week  or  more  should  be  allowed  between  successive  cotits.    In  painting  the  out  • 
side  of  a  house,  the  trim  should  be  painted  first;   then  the  body-^olor  can  he 
laid  neatly  against  it.    The  final  brushing  should  be  in  the  direction  of  the  grain 
of  the  wood.    It  is  good  practice  to  have  the  successive  coats  (except  for  white 
point)  vary  a  little  in  color,  to  facilitate  inspection.    White,  light  blue  and  lii^hc 
green  are  less  durable  colors  than  yellow,  gray,  or  dark  colors  in  genera],  owizie 
to  the  fact  that  the  chemical  rays  of  light  penetrate  the  former  more  easily.     A 
gallon  of  paint  will  cover  from  400  to  600  sq  ft  of  surface,  depending  upon  the 
character  of  the  surface.    Roof-paints  should  contain  a  larger  proportion  of  oiU 
and  a  smaller  amount  of  drier  or  none  at  all.    Three  coats  are  desirable.    Tin 
roofs  and  galvanized-iron  work  should  be  thoroughly  scrubbed  and  then  dried 
before  painting.    The  shingles  on  the  walls  and  roofs  of  a  house  are  sometimes 
stained  with  creosote  stain,  which  cOn»sts  of  a  pigment  suq)ended  in  creosote 
or  some  similar  liquid.    The  creosote  has  some  preservative  effect. 

Inside  Painting.    Door-frames  and  window-frames  should  recrive  a  priming 
coat  of  paint  in  the  shop;  if  they  are  to  be  finished  in  varnish  this  paint  will  be 
applied  to  the  back  only.    As  has  already  been  said,  before  any  painting  is  done 
any  resinous  knots  should  be  vami^ed  with  shellac.    All  interior  surfaces  vhich 
are  to  be  painted  should  be  puttied  after  the  priming  coat  and  the  putty  should 
be  applied  with  a  wooden  spatula,  not  a  steel  one,  to  avoid  marring  the  suif are. 
The  paint  for  the  second  coat  should  contain  as  much  turpentine  as  oil,  that  is» 
its  vehicle  should  be  half  oil  and  half  turpentine.    The  ^ect  of  this  b  to  make 
the  paint  dry  with  a  dull  instead  of  a  gkissy  surface,  flat  stitpAce  bein^  the 
painter's  term.     To  this  the  next  coat  will  adhere  well.    If  the  next  is  the  final 
coat,  it  may  be  an  ordinary  oil-paint.    When  thoroughly  dry  the  gloss  may  be 
removed  by  lightly  rubbing  it  with  pumice  and  water.     Enamel  paint  consists 
of  pigment  with  varnish  as  a  vehicle.    It  is  harder  and  makes  a  finer  finish  tha.n 
oil-paint.    It  is  also  more  expensive.    It  is  usual  to  apply  it  over  oil-paint,  in 
which  case  the  last  coat  of  oil-paint  should  be  lightly  sandpapered  when  qjuite 
hard  and  dry.    A  coat  of  enamel  paint  is  then  put  on,  and  when  it  is  dry  it  should 
be  sandpapered  or  rubbed  with  curled  hair.    The  final  coat  of  enamel  is  then  laid 
on  and  it  may  be  rubbed  in  a  like  maimer  if  a  flat  surface  b  desired,  or  it  may  be 
left  with  the  gloss.    It  is  also  common  practice  for  painters  to  make  a  final 
enamel  finish  by  adding  varnish  to  white  lead  or  white  zinc,  very  little  oil  beins 
used  in  this  case.    The  best  varnish  for  this  purpose  is  a  qnr-vamish  from 
a  thoroughly  reliable  maker.     The  quicker-drying  varnishes  will  crack  and 

ALUGATOa. 

Vanish.  There  are  two  principal  kinds  of  ramish,  (i)  spirit  varnishes,  of 
which  shellac  vamish  is  the  most  important,  and  which  consuts  essentially  of  a 
resin  dissolved  in  a  volatile  solvent,  and  (3)  oleoresinous  varnishes,  in  which  the 
resinous  ingredient  is  combined  with  linseed-oil,  and  this  compound  is  dissolved 
in  turpentine  or  benzine.  The  oleoresinous  varnishes  are  commerdaUy  the 
more  important,  and  are  largely  used  in  interior  finishing.  A  gallon  of  vamish 
coveiB  500  sq  ft,  one  coat.  Surfaces  to  be  varnished  are  treated  in  the  following 
manner.    If  the  wood  is  open-grained,  as  oak,  chestnut,  or  ash,  it  first  receives  a 
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of  pMte-fiUer.  Liquid  fillets  are  not  desirablie^  a*  thef  fonn  a  poor  base  for 
tubsequent  woriL.  A  paste-fiUer  is  really  a  sort  of  paint,  the  pigment  being  silex, 
)r  ground  quarta,  and  the  vehicle  is  a  quick-drying  varnish  made  thin  with  tur- 
sentine  or  benaine.  This  is  cubbed  strongly  in  on  the  grain  of  the  wood  with  a 
ihort  stiff  brush,  and  as  soon  as  it  has  aet,  usually  within  half  an  hour,  it  is  rubbed 
>ff  with  a  harsh  doth  or  a  handful  of  escebior,  the  rubbing  being  hard  across  the 
{rain  of  the  wood.  If  it  is  desired  to  stain  the  wood,  the  oil-stain  may  be  mixed 
with  the  filler;  but  if  a  close-grained  wood  is  used,  which  needs  no  filler,  the  oil- 
aain  may  be  thinned  to  the  desired  color  with  turpentine  or  bcoaiae  and  applied 
IS  a  wash.  In  cleaning  the  filler  out  of  moldings,  comeis^  etc,  a  suitably  shaped 
>tick,  but  not  a  steel  implement,  may  be  used.  If  any  puttying  is  necessary  it  is 
done  next.  After  two  days  the  first  coat  of  varnish  is  applied;  after  five  days  it 
>hould  be  rubbed  with  curled  hair  or  fine  sandpaper  to  remove  the  gloss,  so  that 
the  next  coat  will  adhere  well;  then  one,  two  or  three  more  coats  of  vambh  are 
idded,  five  days  or  more  apart,  each  coat  being  rubbed.  The  last  coat  may 
be  rubbed  or  left  with  the  natural  gloss.  Outside  doors,  window-sills,  jambs. 
Inside  blinds,  and  all  surfaces  exposed  to  the  direct  rays  of  the  sun,  should  be 
varnished  with  spar-varnish  and  left  glossy.  If  shellac  varnish  is  used  as  the  in- 
terior finish  it  b  applied  in  the  same  way,  but  at  least  six  coats  should  be  applied. 
Floors  which  are  to  be  varnished  should  be  treated  as  has  been  described;  but 
if  they  are  to  be  waxed  they  should  receive  one  or  two  coats  of  shellac  varnish, 
then  five  or  six  coats  of  wax,  at  intervals  of  a  week,  each  coat  being  well  polished 
with  a  weighted  floor-brush  made  for  the  purpose.  Floor-wax  is  not  beeswax, 
but  is  a  compound  wax  made  for  the  purpose.  Shellac  is  a  good  floor- varnish^ 
it  discolors  the  wood  less  than  any  other  varnish,  and  dries  rapidly. 

Paitttiac  PUst«rad  Walla.  Plastered  walb  which  must  be  painted  are  usu« 
ally  washed  with  a  solution  of  soap  and  then  with  a  solution  of  ahun.  When 
this  is  dry  it  is  sponged  oS,  then  allowed  to  diy,  then  oiled,  then  pamted.  If  ths 
paint  ia  applied  to  the  fresh  plaster  the  lime  in  the  plaster  will  attack  the  paint. 

Repainting.  The  exterior  woodwork  of  a  house  needs  repainting  once  in  five 
to  ten  years,  according  to  climate  and  other  conditions,  although  if  not  done  with 
pmi)er  material  or  sufficient  care  it  will  not  last  as  long  as  this;  the  interior 
should,  with  good  care,  stand  fronv  fifteen  to  twenty  years,  and  then  may  not 
require  complete  renewal.  Exterior  paint  sometimes  loses  its  luster,  while  the 
body  of  the  paint  is  still  good,  and  in  cases  of  this  kind  it  is  sufficient  to  wash  the 
surface  and  then  give  it  a  coat  of  oil.  This  replaces  the  oil  which  has  superficially 
()crished,  imparts  a  gloss  and  brings  out  the  color.  If  the  point  is  worn  off  so 
as  to  show  the  wood  in  places,  or  is  peeling,  it  must  be  very  carefully  examined. 
In  extreme  cases  it  is  necessary  to  burn  off  the  old  paint;  this  is  done  with  a 
painter's  torch,  a  lamp  which  bums  alcohol,  naphtha,  or  kerosene,  and  which 
furnishes  a  flaring  blast  of  flame,  which  is  directed  against  the  painted  surface 
just  long  enough  to  soften  the  paint  which  is  at  once  removed  with  a  scraper 
M'hile  still  hot.  The  paint  is  not  actually  burned,  but  only  softened  by  the  flame; 
it  may,  however,  be  removed  as  well  as  softened  by  this  method.  Houses  cov« 
ered  with  pitchy  wood,  like  southern  pine,  sometimes  require  this  treatment, 
and  the  next  painting  is  found  to  be  more  lasting.  In  many  cases  it  is  sufficient 
to  thoroughly  scrub  the  surface  with  a  stiff  steel-wire  brudu  Interior  surfaces 
may  be  cleaned  (if  the  removal  of  the  old  paint  and  varnish  is  necessary)  with 
varnish-remover;  this  is  a  mixture  of  solvent  liquids,  which  penetrate  the  old 
p>aint  or  vamith  and  soften  it,  when  it  may  be  removed  with  scrapers  or  brushes. 
Iliere  is  less  danger  of  fire  with  this  method  than  with  the  baniing<<)ff  method, 
but  it  is  slower  and  costs  more.  It  must  not  be  forgotten  that  vamisb-remover 
is  voUtile  and  highly  inflammable  and  must  ont  be  used  in  a  room  where  there  ia 
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a  fixe.  It  a  etpedally  tultabie  for  cleaning  out  moldings  and  all  ixresular  s'jt- 
faces  from  which  the  varnish  may  then  be  removed  with  stiff  bnishcs,  if  it  b  i:<  { 
convenient  to  use  scrapers.  It  is  especially  desirable  to  have  floors  occaaioD^y 
deaned  in  this  way;  but  if  a  house  has  been  varnished  originally  with  a  hr-i- 
class  varnish  it  may  be  necessary  only  to  wash  it  thoroughly  and  then  apply  a.&- 
other  coat  of  vam^  Smoke  and  dirt  may  often  be  thoroughly  reoaovcd  fri-s 
ceilings  with  the  crumbs  of  fresh  bread,  where  washing  would  not  be  desirabk 
A  io%  solution  of  carbonate  of  soda  (sal  soda)  in  hot  water  may  be  used  ic 
remove  old  floor*waz. 

The  Painting  of  Strncttirtl  Steel.    Steel  being  usually  more  perishaV; 
than  wood,  as  well  as  more  expensive,  and  used  for  serNice  where  its  strength  Is 
essential  to  the  stability  of  the  structure,  its  protection  from  corrosion  by  pai-.t- 
ing  is  of  much  importance.    It  must  first  of  all  be  recognized  that  the  precaution 
always  taken  in  painting  wood,  to  secure  a  clean  surface  for  the  paint,  must  li^A 
be  omitted  with  steel.    Mud  and  dirt  must  first  be  removed  from  the  sted;  t  bm 
it  must  be  examined  for  rust,  and  any  rust-spots  must  be  thoroughly  cleamd 
Loose  scale  may  be  removed  with  wire  brushes,  but  thick  and  dose^y  adhere- 1 
rust  must  be  removed  with  steel  scrapers,  or  with  hammer  and  chisel  if  neccssan-. 
No  doubt  the  best  way  to  dean  steel  is  to  use  the  sand-blast,  but  it  is  not  avaiUl > 
for  much  architectural  work.    In  any  case  much  care  must  be  taken  to  obtair.  x 
clean  surface.    On  wood  the  priming  coat  sinks  into  the  wood  and  forms  a  perf c-.  t 
bond  between  it  and  the  succeeding  coats;  but  on  metal  no  such  thing  is  p.  ?• 
sible  and  it  is  a  case  of  ^mple  adhesion,  which  demands  a  dean  surface  for  etti- 
dent  results.    The  paint  for  structural  metal  should  be  tough  and  elastic.  ar.J 
to  as  great  a  degree  as  possible  it  should  be  water-proof.    Less  than  two  coits 
should  never  be  applied,  and  three  are  better.    Paint  is  always  thin  on  edges  and 
angles,  and  also  on  bolt  and  rivet-heads;  it  is  therefore  good  practice,  after  the 
first  full  coat,  to  apply  a  partial  or  stnping  coat,  covering  the  angles  and  cdces 
and  the  surface  for  at  least  i  in  back  from  the  edges,  and  covering  all  bcOt- 
heads  and  rivet-heads.    After  this  striping  coat  has  become  dry,  the  second  iull 
coat  is  applied,  and  it  may  then  be  assumed  that  the  whole  surface  has  recdvcd 
two  full  coats.     At  least  a  week  should  elapse  between  coats.    In  designing  the 
steelwork,  all  cavities  which  may  be  filled  with  rain  during  erection  should  be 
properly  drained;  and  during  erection  all  small  cavities  should  be  filled  with 
cement,  and  all  contact-surfaces  thickly  painted. 

Kinds  of  Paint  for  Structural  Steel.  Red  lead  is  more  generally  used  than 
anything  else  as  a  paint  for  structural  steel.  It  is  a  "  true  red  lead  '*  (PbiO«).  usu- 
ally made  from  litharge  (PbO),  and  frequently  containing  from  lo  to  20%  of  thf 
latter.  If  it  contains  much  litharge,  it  rapidly  thickens  when  mixed  with  oii  an  ] 
finally  hardens;  this  makes  it  a  paint  difficult  to  apply.  If,  however,  the  materui 
from  which  it  is  made  is  reduced  to  a  suffidently  fine  powder  before  it  is  oxidized. 
an  almost  completely  oxidized  red  lead  is  produced,  which  is  as  easily  worked 
as  white  lead,  and  better  in  every  respect.  The  requirements  of  the  govern- 
ment of  the  United  States  have  for  years  called  for  red  lead  of  not  less  than  94^.* 
of  "  true  red  lead  "  (Pb^4),  and  the  Navy  Department,  as  well  as  se\'eral  Urp: 
railway  companies,  is  now  using  large  amounts  of  red  lead  which  has  not  less  than 
98%  of  "  true  red  lead."  It  may  now  be  obtained  in  paste-form,  similar  to  white 
lead  and  containing  about  6H%  of  raw  linseed-oil.  33  lb  of  red  lead  (dry  pig- 
ment) to  I  gal  of  oil  is  the  maximum  and  this  is  espedally  suitable  for  hydraulic 
work;  aS  lb  to  i  gal  of  oil  (containing  20  lb  of  pigment  in  a  gallon  of  paint) 
is  more  common;  while  25  lb  to  a  gallon  of  oil  b  a  common  requirement  (or  raii- 
road-spedfications.  Finely  ground  graphite  in  linseed-oil  is  a  favorite  p&int 
for  metal;  it  flows  well,  is  easily  applied,  less  expensive  than  red  lead,  and  if  well 
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made  giv«8  exodlent  reraUs.    Gimphite  ii  aomediiiea  miied  with  lampblack,  prob- 
ably with  advantage.    Boncblack  ia  also  an  important  ingredient  of  caxbon 
PAINTS.     Formerly  oxide  of  iron  in  linseed-oil  was  used  more  than  all  other  paints 
for  this  purpose;  but  while  many  engineers  still  like  it,  its  use  has  very  greatly  di- 
minished.    AsraALTDM  haa  been  used  and  is  still  used,  as  a  varnish  either  alone 
or  in  combination,  and  some  of  these  asphaitic  preparations  are  fairly  satis* 
factory.    The  fact  is,  that  a  really  competent  paint*manufacturer  can  make  a 
reasonably  good  paint  out  of  any  of  these,  and  if  the  paint  is  carefully  applied 
the  results  will  be  satisfactory.    There  are  great  differences  in  painters.    In  re- 
gard to  the  surface  of  structural  steel  covered  by  a  galk>n  of  paint,  there  is  a 
great  difference  of  opinion  among  experts.    Some  say  from  300  to  400  sq  ft, 
others  1000  or  1200  sq  ft.    The  truth  is  that  any  paint  may  be  brushed  out 
into  an  exceedingly  thin  film  by  a  skilled  workman,  while  ordinary  usage  results 
in  a  film  at  least  twice  as  thick.    The  general  opinion  is  that  it  is  not  wise  to  esti- 
mate more  than  400  sq  f t  to  the  gallon  for  one  coat.    Varnish-paints  cover  less 
than  oil-paints,  but  if  well  made  they  ue  very  durable. 

Painting  on  Cement  and  Conerete.  Cement  and  concrete-work  are  diffi- 
ctilt  to  paint,  because  they  are  strongly  alkaline  and  even  caustic  when  new. 
Work  in  these  materials  should  be  allowed  to  stand  a  year  or  two  if  possible  be- 
fore it  is  painted;  then  it  may  be  painted  with  any  ordinary  paint.  A  practice 
which  has  been  highly  reconunended  is  to  wash  the  surface,  repeatedly  if  possible, 
with  a  strong  solution  of  xinc  sulphate,  the  sulphuric  add  uniting  with  the  free 
lime  and  the  sine  being  left  in  the  pores  as  an  oxide  or  hydrate.  Some  prepara^ 
tions  for  this  purpose  are  on  the  market;  and  while  some  are  probably  good, 
others  are  to  be  distrusted.  The  best  way  ia  to  allow  the  sur&ioe  to  age,  if  this 
is  at  all  possible. 

WraDOW-GLASS  AND  GLAZING* 

Glazing.  The  glazmg  of  windows  originally  belonged  to  the  painter's  trade, 
and  when  glass  is  broken,  it  is  still  customary  to  go  to  a  painter  to  have  it  re- 
placed; but  custom  has  so  changed  in  some  parts  of  the  country,  that  when  new 
windows  are  to  be  glazed,  the  work  is  sometimes  done  at  the  mill  or  factory 
where  the  sashes  are  made,  sometimes  by  the  local  glass- jobber  in  the  town  where 
the  building  is  being  erected,  and  again,  in  other  localities,  the  glazing  of  new 
buildings  is  still  done  by  the  painter.  Common  window-glass  is  usually  set 
with  putty  and  secured  with  triangular  pieces  of  zinc  called  glaziess'  points, 
driven  into  the  wood  over  the  glass  and  covered  with  putty.  In  the  best  work,  a 
thin  layer  of  putty  is  first  put  in  the  rebate  of  the  sasU  and  the  glass  is  then  placed 
on  it  and  pushed  do^n  to  a  solid  bearing.  This  is  called  back-puttying.  The 
points  are  then  driven  about  8  or  10  in  apart  and  the  putty  applied  over  the  glass 
and  points  so  as  to  fill  the  rebate.  Outside  windows  should  always  be  glazed  on 
the  outside  of  the  sash.  Common  window-glass  has  a  slight  bend  in  it,  the  re- 
sult of  its  original  cylindrical  shape;  it  should  be  glazed,  therefore,  with  the 
convex  side  out,  as  this  reduces  to  a  minimum  the  effects  of  the  waviness  when 
looking  through  it  either  from  the  outside  or  inside.  Plate  glass,  in  window- 
sashes  and  door-lights,  should  be  back-puttied  and  secured  by  wooden  beads. 

Leaded  Olaaa.  It  was  formerly  a  common  practice  for  architects  to  name 
in  the  specifications  a  certain  sum  of  money  to  be  allowed  by  the  carpenter  tor 
the  leaded  glass  and  to  be  expended  under  the  direction  of  the  architect.    Where 

*  Condensed  from  article  on  Window-Glass  and  Glaring  by  Professor  Thomas  Nolao 
in  Building  Constnictioa  and  Siqwrintendenoe,  Part  II,  Carpentcfs'  Week,  by  F.  E; 
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clear  glass  was  used,  l&e  patteni  was  soinetimes  shown  on  the  diawinss  and  trw 
glass  was  specified  in  the  same  manner  as  any  other  work.  When  colored  fra^c 
was  to  be  used,  it  was  customary  to  make  a  definite  allowance  and  then  to  t-r 
trust  the  work  to  a  good  art-glass  manufacturer.  But  leaded  glass  sikould  U 
designed,  furnished  and  put  in  place  by  those  who  are  entirely  familiar  with  :b 
manufacture  and  its  limitations;  the  purchase  of  the  same  should  be  left  entire  y 
in  the  hands  of  the  owner;  and  no  specification  as  to  its  price  or  make  should  tx 
used  by  the  architect.  Hie  colored-glass  windows  should  show  as  much  indi- 
vidual artistic  taste  as  any  other  picture  or  decoration  used  in  the  building.  T  bt 
cheap  and  inartistic  leaded  glass  is  fast  becoming  a  thing  of  the  past  and  owners 
are  confining  themselves  to  purely  worlcs  of  art  placed  in  some  appcopriate 
location  in  the  building. 

Sheet  Glass.    General  I>escri|»tion«    Common  window-glass  is  techiucaUr 
known  as  sheet  glass  or  cylinder  glass.    *'It  is  made  by  the  workmen  dip- 
ping a  tube  with  an  enlarged  end  in  the  molten  glass  or  hetal  until  from  7  to  :o 
lb  are  gathered  up.    Then  it  is  blown  oat  slightly  by  the  workman,  taken  on  a 
blowing-tube  and  still  further  blown  and  manipulated,  until  a  cylinder  aboi.t 
15  in  in  diameter  and  60  in  long  is  formed.    This  cylinder  has  the  two  ends 
trimmed  off  and  is  then  cut  longitadinaily  and  gradually  warmed.    It  is  then 
placed  on  a  large  flat  stone  supported  by  a  carriage,  where  it  b  heated  until  it 
noftens  sufficiently  to  open  out  flnt;  the  carriage  is  then  pushed  into  the  anneal- 
mg-chamber  and  the  sheet  taken  off."    About  the  year  1910,  sheet  glass  bk>wa 
by  machinery,  utiliang  compressed  air,  was  perfected,  and  the  result  has  been  a 
gradual  decrease  in  its  cost.    The  cylinder  blown  by  compressed  air  is  split  c^iea 
and  flattened  out  in  just  the  same  manner  and  by  the  same  process  as  in  the 
mouth-blown  cylinder. 

Grades  and  Qualities  of  Sheet  Glass.    Sheet  glass  is  graded  as  DOtrBLE-iHici:. 
or  SINGLE-THICK,  sod  each  thickness  is  further  divided  Into  three  qualities,  fisst. 
SECOND^  or  THnu),  according  to  its  relative  freedom  from  defects.  The  price  varies 
according  to  the  strength  and  quality.    It  should  be  remembered  that  sheet  glass 
is  always  wavy,  the  result  of  the  flattening  of  the  C3^der.    Many  suppose  that 
by  designating  sheet  glass,  crystal-sheet  glass,  selected-sheet  glass,  or 
sheet  glass  tree  from  waves  and  mpERFECTiONS,  a  sheet  glass  free  from  waves 
and  blemishes  can  be  obtained.**  The  terms  and  names  do  not  change  the  nature 
of  this  glass,  which  still  remains  sheet  glass,  characterized  by  the  defects  inherent 
!n  the  method  by  which  it  is  manufactured.    To  obtain  a  thin  glass,  free  from 
waviness,  plate  glass,  H  in  thick,  soinetimes  known  as  crystal  plate,  or  plate 
glass  Ht  in  thick,  must  be  specified.    Since  the  improvement  in  the  manufac- 
ture of  window-glass  in  this  country,  scarcely  any  sheet  glass  is  now  imported  for 
glazing  purposes.    A  small  amount  of  Belgian  sheet  glass  is  brought  to  this 
country  and  used  along  the  Atlantic  seaboard  for  iMcture-fiaming.    The  bw 
prices  of  the  American  sheet  glass,  and,  its  excellent  quality,  have  practically 
forced  imported  sheet  glass  out  of  the  market.    All  common  sheet  glass,  without 
regard  to  quality,  is  graded  according  to  thickness,  as  single-thick  or  double- 
thick.    The  thickness  of  the  double-thick  glass  is  a  scant  H  in  while  that  of  the 
single-thick  averages  about  ^2  in.    It  is  customary  to  use  the  double  thickness 
for  sheet  glass  over  24  in  in  width.    The  best  quality  of  sheet  glass  is  specified  as 
AA,  the  second  as  A  and  the  third  as  B. 

Sizes  of  Sheet  Glass.  The  regular  stock-sises  vary  by  inches  from  6  to  16  in 
in  width.  Above  that  they  vary  by  even  inches  up  to  60  in  in  width  and  70  io  in 
length  for  double  thickness,  and  up  to  30  by  50  in  for  single  thickness. 

Cost  of  Sheet  Glasa.  The  prices  for  sheet  glass,  aa  for  all  other  dear  glass, 
vary  with  the  size,  strength  and  quality.    Prices  are  determined  by  a  schedule 
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r  price-list/  giving  the  price  for  each  size,  in  both  thicknesses,  and  all  qualities; 
nd  from  these  prices  a  very  large  discount  is  allowed.  Fluctuations  m  prices 
re  regulated  by  the  discount,  the  list  usually  remaining  unchanged  for  a  number 
f  years.  The  price-list  prevailing  in  19x3  was  in  use  from  October  i,  1903. 
^he  only  way  to  ascertain  the  price  of  a  light  of  glass  of  a  given  size  is  to  find  it 
-oiTi  the  price-list,  from  which  the  discount,  quoted  by  the  glass-dealer,  must  be 
educted.  For  the  benefit  of  the  Pacific  Coast  trade  there  is  a  Western  Glass 
.ist  t  which  differs  somewhat  from  the  Eastern  list.  The  list  is  for  sheet  glass, 
he  plate  glass  lists  being  the  same  in  the  East  and  West.  The  price  per  square 
3ot  increases  rapidly  as  the  size  of  the  pane  increases,  so  that  it  is  much  cheaper 
0  divide  a  large  window  into  eight  or  twelve  lights  than  into  two  lights.  Com* 
tared  with  the  cost  of  the  building,  however,  the  glass  is  a  small  item  and  in  the 
tetter  classes  of  buildings  each  sash  is  usually  glazed  with  a  single  light  of  glass, 
n  factories,  workshops,  etc.,  where  there  b  usually  a  large  amount  of  glass- 
urface,  the  size  of  the  lights  is  not  of  so  much  importance,  while  the  saving  by 
sing  small  lights  is  quite  an  item;  hence  twelve-light  and  even  sixteen-light 
/indows  are  generally  used  in  such  buildings.  The  following  table  shows  quite 
learly  the  relative  cost  (1913)  per  square  foot  of  different-sized  panes  of  Ameri- 
an  glass,  the  prices  given  being  an  average  at  that  time  for  the  whole  cxnmtry. 

Comparative  Coat  (19x3)  of  American  Sheet  Glaaa  per  Square  Foot,  Baaed 
Upon  a  Diaceont  of  90  and  ao  Par  Cent  on  tha  List  of 

October  X,  1903  X 


Sises  of  lights  in  inches 

Gxades 

I0XX2 

XSX20 

24X34 

30X36 

36X40 

40X60 

60X70 

Pikes  in  cents  per  square  foot 

Double  strength: 

First  quality 

Second  quality 

Single  strength: 

First  quality 

Second  quality.... 

7.0 
6.0 

S.o 
4.3 

8.3 
7.3 

4.8 

4-5 

94 
8.3 

6.4 
5.6 

xo.o 

9.0 

6.8 

6.0 

10.8 
xo.o 

14.0 

14  4 

29  2 

27.0    1 

Crystal-Sheet  Glaaa,  36-Ovnce.  This  glass  is  made  by  the  cylinder-process, 
jut  is  a  little  thicker  than  the  ordinary  double-strength  glass.  It  is  probably 
he  best  glass  made,  next  to  plate  glass,  but  owing  to  the  method  of  its  manu« 
acture  is  necessarily  characterized  by  a  wavy  appearance.  If  good  glass  is 
equired  for  first-class  residences,  hotels,  office-buikhngs,  etc.,  polished  plate 
;hLss  should  be  used.  The  latter  invariably  gives  satisfaction,  while  sheet  glass, 
lu  matter  of  what  thickness,  u  usually  (fisappointing  in  its  appearance. 

Defecli  of  Sheet  GhuM.  All  sheet  glaaa,  when  k)oked  upon  from  the  outside, 
tuis  a  wavy,  watery  appearance,  like  the  surface  of  a  lake  slightJiy  agitated  by 

*  The  price-li&ts  of  glass  have  been  omitted  23  they  can  readily  be  obtained  from  the 
Klas&-dcalers  in  nny  city.  Such  lists  are  not  of  much  service  unless  they  arc  complete; 
and  the  full  lists  are  too  long  to  be  inserted  in  a  condensed  handbook. 

t  This  list,  with  dncounts  from  the  prices  given,  may  be  obtained  from  the  W.  P.  Fuller 
Compuiy,  Saa  Francisco,  Cat. 

t  Much  valuable  infonnatMm  in  regard  to  Window-Glass  and  Glazing  was  fuxaisbed  by 
Mr.  S.  C.  GihDore  of  tbc  Hires-Turner  Glass  Company,  Philadelphia,  Pa. 
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the  wind;  and  when  the  sunshine  falls  upon  it  the  irregularity  of  the  surface  U 
greatly  emphasized.  This  characteristic  of  sheet  glass  is  due  to  its  bein^  made 
in  the  shape  of  a  cylinder  and  then  stretched  or  flattened  out  into  a  sheet,  and  h 
cannot  be  wholly  avoided.    Besides  this  universal  defect,  the  cheaper  gnuies  ^-; 

often  STKINGY,  BUSTBRY,  SULPHURED,  SMOKED,  Or  STADTED;    SO  that»  io  lookh^ 

through  the  glass,  objects  seen  at  a  distance  are  deformed  and  distorted. 

Plate  Glasa.  General  Description.  Plate  glass  is  commonly  known  ai^ 
POUSHED  PiATE  GLASS  because  its  surface  is  finely  polished  and  thus  made  dea- 
and  transparent.  It  is  more  largely  used  every  year  for  windows  ol  fine  nfi- 
dences,  hotels  and  office-buikiings,  where  transparency  is  desired  from  the  in^dc 
and  an  elegant  appearance  required  on  the  outside.  The  process  of  manuf ac:  urt 
of  plate  glass  is  entirely  different  from  that  of  sheet  glass.  In  making  plate  gl^-^ 
the  metal,  which  b  prepared  with  great  care,  is  melted  in  large  pots  and  then  cu.< 
on  a  perfectly  flat  cast-iron  table.  "The  width  and  thickness  of  the  plate  Is 
determined  by  means  of  metal  strips  called  guns,  which  are  fastened  on,  and  on 
which  a  heavy,  metal  roller  travels.  The  ends  of  the  guns  are  tapered  so  th:it 
when  the  roller  is  at  one  extremity,  it  and  the  guns  form  three  sides  of  a  shalk^w. 
rectangular  dish.  The  molten  metal  is  poured  on  and  the  roller  passed  alcr^ 
slowly,  forcing  the  metal  in  front  of  it  and  rolling  out  the  sheet."  The  sheet  is 
then  annealed  and  forms  what  is  known  as  rough  plate,  which  is  used  for  \*aii]*  - 
lights,  skylights,  floor-lights  and  the  like.  "For  polished  plate  the  rough  pbte 
is  carefully  examined  for  flaws,  which  are  cut  out,  leaving  the  largest-sized  sheet 
practicable.  The  plate  is  then  fastened  to  a  revolving  table  by  means  of  piaster 
of  Paris,  and  two  heavy  shoes,  shod  with  cast  iron,  are  mounted  over  it.  The 
table  is  then  revolved  and  sand  and  water  fed  onto  the  surface;  the  shoes  re\*o[\ie 
also,  going  over  all  parts  of  the  plate  and  grinding  it  down  to  a  true  plane. 
Emery -powder  is  then  fed  on,  in  successive  degrees  of  fineness  until  the  plate  ii 
made  absolutely  smooth  and  all  grit  removed.  After  this,  new  rubbers,  sb-d 
with  very  fine  felt,  are  put  on  and  liquid  rouge  is  added  for  the  polishing.  When 
one  side  is  completed  the  other  side  is  similarly  treated,  the  {date  losing  about 
40%  in  weight  by  the  operation." 

Qualities  of  Polished  Plate  Glass.  For  glazing  purposes  there  b  but  oce 
quality  of  plate  glass  on  the  market.  The  best  of  thb  is  selected  for  manufactur- 
ing mirrors.  At  one  time,  plate  glass  was  extensively  imported,  but  the  gradu- 
ally improving  methods  of  the  American  manufacturers,  as  well  as  the  greit 
cheapening  of  the  process,  have  practically  eliminated  imported  plate  glass  free. 
the  market.  The  American  plate  glass  is  equal  in' every  respect  to  that  whic:. 
was  imported.  The  usual  thickness  of  polished  plate  glass  is  from  H  to  ^«  il. 
but  it  can  be  made  thinner  than  this;  and  when  required  for  residence-window:, 
or  car-windows,  may  be  obtained  in  ^it  or  H-in  thicknesses.  It  is  manu£actun?d 
from  the  same  thickness  of  rough  plate  used  for  the  ordinary  thicknesses,  but  U 
ground  down  thinner  and,  owing  to  the  additional  cost  of  grinding,  as  well  as  to 
the  risk,  is  more  expensive  than  glass  of  the  ordinary  thickness. 

Cost*  of  Pollched  Plate  Olaat.  The  cost  of  plate  glass  of  ordinary  tfaickoes 
varies  with- the  size  of  the  lights.  The  net  price  of  polished  plate  glass  (191  >) 
glazing  quality,  was  about  45  cts  ($0.45)  per  sq  ft,  for  sizes  of  not  more  than  10 
sq  ft  per  plate,  50  cts  ($0.50)  per  sq  ft  for  sizes  containing  from  xo  to  50  sq  ft  per 
plate,  and  65  cts  ($0.65)  per  sq  ft  for  sizes  containing  not  more  than  1 10  aq  f t  ptf 
plate.  For  larger  sizes  the  price  increased  ranidly  up  to  $2.00  per  sq  ft.  The 
price,  however,  can  be  accurately  determined  only  by  means  oi  a  pcice-liat  and 
discount.  The  price-list  in  use  (1913)  was  introduced  in  March,  1910,  and  the 
*  Hiese  are  pre-war  prices  and  the  data  are  retained  for  purposes  of  cooBparaoa. 
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]t9count  was  about  90%.  Plate  glass  9i«  m  thick  costs  15%  more  than  glass  of 
he  regular  thickness  on  account  of  the  ^tra  expense  of  grinding  it  down.  Plate 
;iass  yi  in  thick  costi  from  25  to  40%  more  than  glass  of  the  regular  thickness. 

Sizes  of  Polished  Plate  Glass.  Plate  glass  is  cut  into  stock  sizes,  varying  by 
:vcn  numbers  from  6  by  6  in  up  to  144  by  240  in,  or  138  by  a6o  in. 

Comparative  Cost  of  Different  Binds  of  Window-Glass.  The  following 
tal>le  gives  an  idea  of  the  comparative  cost  of  the  different  kinds  and  qualities 
of  glass  used  in  this  country  for  glazing.  The  prices  for  the  sizes  are  the  19x4. 
net,  average  prices.  The  first  colunm  of  the  table  gives  the  kinds  of  glass,  and 
includes  both  the  American  plate  and  the  American  sheet  glass.  The  other 
columns  of  the  table  give  the  sizes  of  the  different  lights  in  inches. 


Comparative  Cost  of  Different 


of  Whidow  Glass  * 


I 


Kinds  of  glass 


American  Plate  Glass 

Cflaxing-qoality 

Crystal<«heet  glaas,  a6>oz 

American  Sheet  Glass 

Double^trength,  first  quality 

Doubl^-strength.  second  quality. 

SinRle-strenglh,  first  quality 

Single-strenjjth,  second  quality... 


Sizes  of  lights  in  inches 


24X32 

30X36 

36X40 

48X60 

I2.35 

1. 00 

I3.38 

1.54 

S4-60 
2.34 

$9.80 
6.66 

0.54 
0  47 
0.37 
0.32 

0.83 

0.73 
0.56 
0.50 

1.2s 
1. 13 

3.55 
3.30 

It  will  be  seen  from  this  table  that  the  relative  difference  in  the  cost  of  plate 
and  sheet  glass  decreases  rapidly  as  the  sizes  of  the  lights  increase.  The  prices 
in  this  table  are  based  on  the  list  of  October  i,  1903,  on  a  discount  of  90%  for 
plate  glass,  90  and  20%  for  American  sheet  glass  and  85%  on  AA  double- 
thick  for  a6K>z  crystal-sheet  glass. 

Wiro-Glats.    This  is  described  in  Chapter  XXIII,  page  831. 

Figured  Rolled  Glass.  This  is  a  translucent  or  obscured  glass  with  a  pat- 
tern stamped  on  one  surface.  As  the  molten  metal  is  rolled  out  on  the  table, 
the  design,  cut  into  the  table,  imprints  itself  into  the  soft  glass.  This  kind  of  glass 
has  almost  entirely  supplanted  the  ordinary  ground  glass  because  of  its  greater 
cleanliness.  There  are  several  popular  designs  on  the  market,  made  by  various 
manufacturers.  Some  of  the  designs  in  common  use  are  known  as  moss,  maze, 
COLONIAL,  FLORENTINE,  COBWEB,  etc.  This  glass  IS  usually  made  M  in  thick  and 
in  large  sheets  from  24  to  42  in  wide  and  from  8  to  10  ft  long.  Maze,  Floren- 
tine and  COBWEB  designs  can  be  had  either  with  or  without  the  wire  mesh  in 
them.  One  important  property  of  figured  rolled  glass  is  that  of  diffusing  the 
light  which  passes  through  it.     (See,  also,  pages  1453  and  1554.) 

Pressed  Prism-Plate  Glass,  t  This  is  manufactured  in  different  patterns  and 
for  different  purposes  and  includes  (i)  Imperial  Prism-Plate  Ornamental  Glass 
ir  five  diiTerent  patterns.  {2)  Imperial  Prism- Plate  Glass  and  (3)  Imperial  Sky- 
light Prism  Glass.    The  general  description  is  as  follows: 

*  These  are  prr-war  prices  ani  the  data  are  retained  for  purpows  of  eomparisor. 
t  Mana(actai«(l  by  the  Pressei  Prisnn  Plate  Clans  Company,  ChicaTO,    111.     Se^ 
aho,  pages  1453  to  14:6. 
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(x)  Imperial  Prism-Plate  Omamentai  Glass  is  plate  glass  ground  and  polish^ } 
on  one  aide.  It  is  manufactured  in  plates,  54  by  7a  or  7a  by  S4  uu  can  be  w . 
into  smaller  siaes,  and  is  made  in  five  different  stock  patterns.  It  is  usee  l 
modem  mercantile,  office  and  public  buildings  for  partitions*  transoms,  do-r 
lights,  vestibule  doors,  ornamental  ceiling-lights*  bank- windows  and  other  stric: 
windows,  and  in  all  places  where  semiobscuiity  and  omamentai  effect  are  desirei : 
On  account  of  its  prismatic  qualities  it  gives  a  strong  diffusion  of  light  for  o&<.r 
use  where  privacy  is  desired. 

(a)  Imperial  Prism-Plate  Glass.  This  is  manufactured  in  lar^e  sheets,  54  ^ 
7a  or  72  by  54  in,  and  can  be  cut  into  smaller  sizes.  It  is  made  in  several  diffeavr.t 
angles  in  order  to  obtain  the  proper  diffusion  of  light  for  varying  conditions-  It 
is  a  plate  glass,  ground  and  polished  on  one  side.  There  are  no  wires  or  bars  t<.> 
collect  dirt  and  retard  the  light  and  it  is  very  easily  cleaned.  It  is  used  in  th" 
upper  sashes  of  windows  and  in  transoms,  store-fronts,  etc. 

(3)  Imperial  Skylight  Prism  Glass.  This  is  made  in  unit  plates.  18  by  60  ir. 
with  a  ^^in  back,  and  conforms  to  the  requirements  of  the  Board  of  Fire  Insur- 
iince  Underwriters.  It  is  used  for  skylights,  roofs  over  areawa3rs  and  in  li^ht- 
Wells,  etc.  The  possibility  of  leakage  is  lessened  on  account  of  the  large-^zoJ 
plates  in  which  it  may  be  obtained.  These  i^ates,  however,  can  be  cut  mi> 
smaller  sizes  if  required.  It  is  particularly  adapted  for  lighting  the  rear  paru 
of  stores  and  for  railway-stations,  sheds,  etc. 

Prism  Glass,  for  glazing  windows,  skylights  and  sidewalk-lights,  is  noir  manu- 
factured in  a  large  niunber  of  forms  in  both  prisms  and  sheets,  and  by  sever jj 
companies.    The  diffusing  properties  of  several  types  are  described  on  pa^e^ 
1453  to  1456  under  the  subject  of  Illumination.    This  glass  is  made  with  shArp 
prisms  which  are  glazed  horizontally  in  the  windows  and  by  refracting  the  lighr 
throw  it  back  horizontally  into  the  rooms,  adding  very  materially -to  the  ia 
tenor  lighting.    It  is  manufactured  by  several  companies  and  can  be  procurai 
from  glass- jobbers  in  practically  all  the  cities  of  the  Umted  States.     (See,  ais.-. 
page  821.)    Glass  prisms  for  lighting  are  made  of  pieces  of  glass  of  standard  di- 
mensions, about  4  in  square,  with  a  smooth  outer  surface  and  an  inner  surface  di- 
vided into  a  series  of  prisms.    They  are,  in  many  cases,  formed  into  plates  by 
the  process  of  electroglazing,  the  edges  of  the  imsm-lenses  being  welded  together, 
so  to  speak,  by  a  narrow  line  of  copper  which  gives  the  desired  stiffness  and 
strength  for  use  in  large  frames,  and  also  an  attractive  appearance  considered  by 
some  to  be  superior  to  ordinary  leaded  work.    These  prism-plates  can  be  made 
in  any  desired  size,  but  for  very  large  surfaces  two  or  more  plates,  di\ided  by 
means  of  metal  sash-bars,  are  generally  used.     (See,  also,  page  821.) 

The  commercial  value  of  these  prisms  depends  on  that  property  of  glass  which 
causes  what  is  known  as  refraction.    Prism-plates  recei\e  the  light  from  the 
sky,  not  necessarily  from  the  sun,  and  refract  or  turn  it  back  into  the  room  whi:h 
is  to  be  lighted.    With  an  ordinary  window  the  light  from  the  sky,  passir..; 
through  the  glass,  strikes  the  floor  at  a  point  not  very  far  distant  from  the  window. 
As  the  color  of  the  ffoor  is  usually  dark,  reflecting  perhaps  only  one-tenth  part 
of  the  light  falling  on  it,  the  rear  parts  of  the  room  receive  only  a  small  portion 
of  the  light  which  enters  the  window.    For  this  reason  it  has  been  necessai>^  ti> 
make  very  high  stories  for  deep  rooms,  in  order  to  light,  even  moderately,  ihcvfe 
parts  which  are  at  a  distance  from  the  window.    When  prisms  are  substituted 
for  the  common  window-glass  or  plate  glass,  the  rays  of  light  as  they  enter  the 
glass  are  refracted,  and  by  employing  prisms  of  the  proper  angle,  the  ra>'s  may 
be  given  almost  any  direction.     Moreover,  by  utilizing  different  prisms  m  thf 
same  plate,  some  of  the  rays  may  be  directed  to  the  rear  of  the  room  while  others 
are  thrown  so  as  to  strike  near  the  front.    The  prism-plates  do  not  increase  the 
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quantity  of  light  entering  the  window,  but  simply  redistribute  it»  directing  it 
into  those  portions  of  the  room  in  which  it  is  most  needed.  By  thus  changing 
the  direction  of  light-rays  a  room  with  a  low  ceiling  can  be  better  lighted  than 
when  sheet  or  plate  glass  b  used.  To  insure  success  in  the  lighting  of  interiors 
by  means  of  prisms  requires,  however,  a  superior  quality  of  glass,  and  careful 
scientific  calculations  and  experiments,  besides  practical  and  attractive  means 
of  glaring  and  methods  of  installation.  These  requirements  have  been  met  by 
the  several  companies  making  these  prisms  and  their  products  may  be  con- 
sidered among  the  relatively  new  building  materials.  They  have  been  very 
successfully  applied  to  the  lighting  of  dark  rooms  by  daylight.  The  ai:^lication 
of  prisms  to  any  particular  building  depends  upon  the  surrounding  conditions 
and  requirements,  each  case  requiring  some  special  treatment;  but  in  a  general 
way  the  various  appliances  used  in  the  installations  may  be  divided  into  four 
classes  as  follows: 

(i)  Vertical  Plates,  which  are  set  directly  in  the  sashes  in  place  of  the  ordinary 
window-glass.  They  are  commonly  used  for  the  transom-Ughts  of  store-windows 
and  the  upper  sashes  of  double-hung  windows.  They  may  also  fill  the  entire 
window. 

(a)  Foriluxes,  which  are  vertical  prism-plates  set  in  independent  frames  and 
placed  in  window-openings  substantially  flush  with  the  face  of  the  wall. 

(3)  Canopies,  which  are  external  prism-plates  in  independent  frames,  placed 
over  window-openings  and  set  at  an  angle  with  the  vertical,  a  position  similar  to 
that  of  an  ordhiary  awning. 

(4)  Pavement-Prisms,  which  are  set  in  iron  frames  in  the  pavements  or  side- 
walks, in  place  of  the  ordinary  bull's-eye  lights.  In  connection  with  the  pave* 
ment-prisms,     when     a 

well-lighted  basement  is 
desired,  vertical  plates  of 
prisms,  hung  below  and 
opposite  the  pavement- 
lights,  are  often  used. 
These  hanging,  vertical 
plates  receive  the  light 
from  the  pavement- 
prisms,  and  again  chang- 
ing its  direction,  project 
it  horizontally  into  the 
basement.    This  feature  Refraction  and  Transmis^on  of  Light  by  Prisms 

is     illustrated     in     the 

figure  here  given,  reproduced  through  the  courtesy  of  the  Luxfer  Prism 
Company. 

The  canopies  may  be  made  either  stationary  or  adjustable  and  may  be  em- 
ployed in  a  variety  of  ways,  combining  the  useful  with  the  ornamental.  The 
hanging,  vertical  plates  lend  themselves  to  a  highly  decorative  treatment.  In 
both  the  fixed  and  hanging  vertical  platen  the  prisms  may  be  arranged  to  pro- 
duce ornamental  effects,  and  designs  may  be  inwrought  on  the  face  of  the  prism- 
plates  to  correspond  with  the  designs  worked  into  the  surfaces  of  the  building 
and  with  the  style  of  the  entire  facade.  The  prism-plates  weigh  no  more,  and 
often  less,  than  plate  glass  of  the  same  size,  while  they  are  much  stronger  in 
rcsi:iting  wind-pressure,  the  action  of  hail  and  the  impact  of  flying  fragments. 
Although  transmitting  a  very  large  amount  of  light,  these  prism-plates  are  not 
transparent  in  the  ordinary  sense,  and  may  thus  be  used  as  screens  to  hide  un- 
attractive views  or  to  prevent  persons  looking  either  in  or  out  of  a  window.    At 
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the  same  time  a  maximum  quantity  of  light  is  admitted.  The  prism-pl^rs 
owing  to  the  sti£f,  durable  manner  in  which  they  are  united  by  the  electrr- 
glasiog  process,  serve,  also,  as  a  fire-retardant  or  as  a  partial  substitute  for  tr. 
ordinary  iron  fire-shutters.  The  copper  glazing  forms,  as  it  were,  a  continu<  ..- 
rivet,  which  holds  the  individual  prism4ights  together,  even  after  tbey  b^vt 
become  badly  cracked  by  the  action  of  fire  and  water.  The  details  of  the  v^: 
ous  makes  of  prisms  are  too  complicated  to  be  set  forth  in  a  few  pa^es,  but  tbc.. 
are  well  described  in  the  various  handbooks  and  catalogues  published  by  tk 
different  manufacturers.  From  a  commercial  point  of  view  the  special  ad 
vantages  of  these  systems  of  interior  lighting  arc  manifold.  They  transfonD 
rooms,  particularly  basements,  otherwise  too  dark  for  occupancy,  into  inci^t- 
producing  spaces;  in  many  buildings  they  do  away  with  the  use  of  Ught-shai:>. 
thus  saving  a  large  amount  of  valuable  floor-space;  and  in  all  large  or  dr^p 
rooms  they  effect  a  great  saving  in  artificial  lighting.  Once  installed,  there  - 
no  cost  for  maintenance.  The  extent  to  which  these  prisms  have  t>een  used  ' . 
architects,  in  both  new  and  old  buildings,  shows  that  they  have  had  a  deckki! 
influence  upon  commercial  architecture. 

Glass  for  Skylights.  General  Description.  The  glass  ordinarily  used  ocv 
for  skylights  is  either  rough  or  ribbed  skylight-glass,  and  since  the  great  cheaper 
ing  in  the  process  of  manufacturing  glass  with  wire  mesh  in  it,  wire-glass,  also,  l"^ 
being  largely  used  for  this  purpose.  The  sizes  used  depend  largely  upon  ta^ 
pitch  of  the  skylight,  small  sizes  being  more  desirable  when  the  pitch  is  sligs! 
The  weight  of  rough  or  ribbed  glass,  with  or  without  wire  mesh,  is  af^Moziinauly 
as  follows: 


Weight  of  Rough  or  Ribbed  Glass 


Thickness  in  inches . 
Weight  in  pounds . . . 


H 


?i6 

2H 


H 


H 


8^5 


,io 


I 


Cost  of  Skylight-Glass.*    The  different  kinds  of  skylight-glass  in  small  quar.- 
tities  were  quoted  (191 4)  about  as  follows: 


Cost  of  Skylight-Glass 


Kinds  of  glass 


Rough  or  ribbed  skylight^glass,  f^in. . . 
Rough  or  ribbed  skylight-^ilafss,  ^ii-in. . 
Rough  or  ribbed  skylight-glass,  l^-in. . . 

Rough  or  ribbed  wire-glass,  M-in 

Maze,  Cobweb,  or  Florentine  wire-glass 
Sheet  prism  glass 


Cost 


6  cts  per  sq  '". 

8  cts  per  s<i  i*. 
12  cts  per  5'^  - 
16  cts  per  Ki  i- 
20  cts  per  SQ  t 
30  cts  per  sq  h 


Glass  for  Mirrors.  Mirrors  are' made  by  silvering  one  side  of  a  sheet  -J 
polished  plate  glass.  This  is  the  only  kind  of  glass  suitable  for  making  mirror, 
because,  unless  the  surface  of  glass  is  polished,  the  reflection  is  distorted.  A 
generation  ago,  mirrors  were  made  by  the  old-style  process  of  pressing  the  gU>i 
by  means  of  heavy  weights  onto  mercury,  backed  by  tinfoil,  the  tufinity  of  mer- 
cury for  tin  forming  an  amalgam  which  protected  the  back  of  the  mirrors  aji<i 
gave  the  reflection.  This  was  a  very  slow  and  expensive  process.  During  tht 
twenty-five  years  prior  to  1913,  practically  all  of  the  mirrors  made  were 
manufactured  by  what  is  known  as  the  patent-back  process,  in  which  nitrate 

*  The  prices  have  materially  advanced  and  as  they  change  from  yeu  to  year»  the  naa 

ufacturera*  lists  must  be  consulted. 
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of  silver  is  precipitated  in  a  film  over  the  surface  of  the  glass,  thus  giving  it  the 
property  of  reflecting.  This  film  is  afterward  covered  and  protected  by  shellac, 
varnish  and  paint.  This  modem  method  of  iranufacture  has  made  it  possible 
to  supply  mirrors  in  considerably  less  time,  and  at  a  very  much  lower  cost,  than 
when  manufactured  by  the  old-fashioned  mercury-back  process.  There  are 
many  who  claim  that  in  spite  of  modem  processes  of  manufacture,  the  old 
method  produced  the  best  results  as  far  as  durability  is  concerned.  This  is 
evidenced  by  the  following  statement  inserted  by  Mr.  Kidder  in  the  preceding 
editions  of  the  Pocket-Book:  "There  are  two  kindft  of  mirrors  on  the  market, 
one  the  old  time  reliable  mercury-back  minor,  the  other  the  nitrate  of  silver,  or 
what  is  better  known  to  the  trade  as  the  patent-back  mirror.  The  latter  is  now 
and  has,  in  recent  years,  been  most  extensively  sold  as  a  substitute  for  the  former. 
In  the  manufacture  of  mercury-back  mirrors  no  chemicals  are  used,  only  two 
metals,  mercury  and  tin-foil.  The  affinity  of  mercury  for  tin  forms  an  amalgam 
impervious  to  and  not  affected  by  the  atmosphere.  A  mercury-back  mirror  is 
universally  considered  to  be  the  only  durable  and  permanent  mirror.  A  nitrate- 
of-silver  or  patent-back  mirror  is  produced  by  the  precipitation  of  a  chemical 
solution  of  nitrate  of  silver  and  other  media  on  the  surface  of  the  glass,  to  which 
is  added  one  coat  of  shellac  varnish  overlaid  with  one  or  more  coats  of  paint. 
This  mirror,  irrespective  of  the  quality  of  the  glass  from  which  it  is  made,  will 
steadily  deteriorate  from  the  date  of  its  manufacture  to  that  of  its  final  collapse, 
which  may  occur  at  any  time  from  a  few  months,  but  certainly  within  a  few 
years." 

MEMORANDA  ON  ROOFING 

ShingleB.*  The  best  shingles  are  those  made  from  cypress,  cedar,  redwood, 
white  and  yellow  pine  and  spruce,  in  the  order  mentioned.  Redwood,  while 
perhaps  not  quite  as  durable  as  cypress,  is  less  inflammable;  sawed  pine  shingles 
are  inferior  to  cedar,  and  spruce  shingles  are  not  suitable  for  good  work. 


Noxnb«r  and  Weii^t  of  Cedar  and  Pine  Shinglea  Per  Square  of  One 

Hundred  Square  Feet 


Length, 
in 

Assumed 
width. 

Weather 
or  Rauxe, 

Number 

of 
shingles 

Weight  per  square 

Number 

of 

nails 

Weight 

of  nails 

per 

m 

in 

per 

Cedar. 

Pine. 

per 

square, 

square  t 

lb 

lb 

square 

lb 

14 

4 

900 

310 

233 

I  8oo 

4  50 

IS 

AM 

Soo 

300 

233 

x6oo 

4.00 

I6 

5 

7ao 

193 

ai3 

1440 

3.60 

X8 

SM 

655 

197 

218 

X3I0 

328 

30 

6 

6oo 

300 

322 

I  200 

3.00 

22 

6H 

554 

ao3 

226 

I  loS 

2.77 

24 

7 

515 

306 

229 

I  030 

258 

SizM  of  Shiiiglai.    Cedar  and  redwood  shingles  as  commonly  sawed  are  so  in 
in  length,  and  cypress  shingles  usually  from  30  to  34  in  long,  the  longer  ones  allow- 

*  For  more  complete  information  see  Kidder's  Building  Construction  and  Superinten- 
dence. Part  II.  Carpenten'  Work,  pages  331  to  32s- 

t  To  allow  for  waste,  add  from  6  to  10%.  the  greater  allowance  being  for  the  shorter 
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ing  a  greater  exposure  to  the  weather.    Redwood  shingles  and  the  codar  shirj- 
from  the  States  of  Washington  and  Oregon,  which  States  furnish  most  of  : 
shingles  used  west  of  the  Mississippi,  are  ^«  and  He  in  thick  at  the  hr 
cypress  shingles  are  usually  sawed  thicker.    Those  used  in  Boston  are  *.<  - 
thick.    Ordinary  roofing-shingles  are  of  random  widths,  varying  from  31.  - 
14  and  sometimes  16  in.    They  are  put  up  in  bundles,  usually  four  bundls.^  : 
the  thousand.    A  thousand  common  shingles  means  the  equivalent  of  1  oul 
shingles  4  in  wide. 

Dimenaion-Shingles  are  sawed  to  uniform  width,  either  4,  5,  or  6  in.  Dim-. - 
sion-shingles  with  the  butt  sawed  to  various  patterns  are  also  carried  j 
stock. 

On  hip-roofs,  or  for  four  valleys,  add  5%  for  cutting.    On  irregular  roofs  wif. 
dormer-windows,  add  xo%.    It  is  claimed  that  redwood  shingles  will  go  fartr  - 
than  cedar  shingles.    With  a  rise  to  the  ro<^  of  from  8  to  10  in  to  the  foot  ird.- 
shingles,  or  any  shingles  16  or  18  in  in  length,  should  be  laid  from  4  to  4^4  ti ' 
the  weather;  with  a  rise  from  10  to  12  in,  from  4V4  to4H  in  to  the  weaibr- 
and  on  steeper  roofs  they  may  be  laid  from  4M  to  5  in.    Redwood  shingles  r... 
be  laid  H  in  more  to  the  weather.    Some  authorities  allow  s%htly  greater  ei 
posures  for  these  lengths.    Where  the  longer  shingles  are  used  the  exposure-  '• 
the  weather  may  be  increased  up  to  7  in  for  the  24-tn  lengths.     On  walls  ceii.* 
shingles  are  commonly  laid  s  in  to  the  weather,  and  redwood  shingles  6  in 

Labor.  An  average  shingler  should  lay  i  500  riiingles  in  9  hours  on  pLr 
work;  on  irregular  roofs  with  dormers,  i  000  per  9  hours. 

Nails.  It  requires  from  3  J4  to  4H  lb  of  threepenny  or  from  3  H  to  6  H  lb  •.: 
fourpenny  nails  to  i  ood  shingles,  depending  upon  width  and  length  of  shingles. 

Slate  Roofs 

Characteristics  of  Good  Slate.  A  good  slate  should  be  both  bar]  and  to  j^ 
If  the  slate  is  too  soft,  however,  the  nail-holes  will  become  enlarged  and  the  >S .'  - 
will  become  loose.  If  it  is  too  brittle  the  slate  will  fly  to  pieces  in  the  |Moce$^^  !•: 
squaring  and  holing  and  will  be  easily  broken  on  the  roof.  "A  good  slate  shvVLi 
give  out  a  sharp  metallic  ring  when  struck  with  the  knuckles;  should  not  splinter 
inder  the  slater  s  axe;  should  be  easily  holed  without  danger  of  fracture,  ard 
should  not  be  tender  or  friable  at  the  edges.*'  The  surface  when  freshly  ^i  ^: 
should  have  a  bright  metallic  luster  and  be  free  from  all  loose  flakes  or  dull  sur- 
faces. Very  few  of  the  Vermont  slates,  however,  hsLve  the  metallic  luster  ir 
ribbons.  Most  slates  contain  ribbons  or  seams  which  traverse  the  slate  n 
approximately  parallel  directions.  Slates  containing  soft  ribbons  are  infcr-xr 
and  should  not  be  used  in  good  work. 

Color.  The  color  of  slates  varies  from  dark  blue,  bluish  bhick*  and  purple  to 
gray  and  green.  There  are  also  a  few  quarries  of  red  slate.  The  color  of  tar 
slate  does  not  appear  to  indicate  the  quality.  All  slate  quarried  in  Maine  s 
black  as  is  also  that  quarried  in  Virginia,  while  that  quarried  in  Pennsyh*a.n-a 
and  Maryland  is  also  black  but  borders  on  dark  blue  and  is  advertised  by  sc>rv 
firms  as  dark  blue.  Slate  quarried  in  New  York  State  is  red,  of  various  tints, 
while  that  quarried  in  Vermont  is  of  various  colors,  such  as  green,  purple,  v^nt- 
gated,  etc.  The  red  and  dark  colors  were  formerly  considered  the  moet  effec- 
tive but  at  the  present  time  the  greens  are  going  on  some  of  the  largest  vA 
finest  of  the  new  residences.  Some  slates  are  marked  with  bands  or  patched 
of  a  different  color,  and  the  dark-purple  slates  often  have  krge  spots  of  liirb: 
green  on  them.  These  spots  do  not  as  a  rule  affect  the  durability  of  the  sUte, 
but  they  greatly  detract  from  its  appearance. 
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Orading  of  Slates.  The  Mooson,  Me.,  slates  and  Brownville,  Me.,  slates 
are  graded  as  folbws:  No.  i.  Every  sheet  to  be  full  Me  in  thick,  both 
sides  smooth  and  all  corners  full  and  square.  No  pieces  to  be  winding  or 
warped. 

No.  2.  Thickness  may  vary  from  H  to  V4  in,  all  comers  square,  one  side  gener« 
ally  smooth,  one  side  generally  rough,  no  badly  warped  slates. 

The  Bangor,  Pa.,  slates  are  graded: 

No.  I  Clear.    A  pure  slate  without  any  faults  or  blembhes. 

No.  I  Ribbon.  As  well  made  as  No.  i  Clear,  except  that  it  contains  one  or 
more  ribbons  (a  black  band  or  streak  across  the  slate),  which,  however,  are  high 
enough  on  the  slate  to  be  covered  when  laid,  thus  presenting  a  No.  x  roof. 

No.  a  Ribbon.    This  contains  several  ribbons,  some  of  which  cannot  be 
covered  when  laid. 

No.  2  Clear.    A  slate  without  ribbons,  made  from  rough  beds. 

Hard  Beds.    A  clear  Bangor  slate,  not  quite  as  smooth  as  No.  x  Clear,  but 
much  better  than  No.  2  Clear. 

Ordinary  Bent  Slate.  A  smooth  slate  similar  to  No.  i  Clear,  but  bent  at  a 
radius  of  about  12  ft. 

Pimchiag.  Formerly  nail-holes  in  slates  were  punched  on  the  job;  now,  how* 
ever,  slates  are  bored  and  countersunk  at  the  quarry,  when  so  ordered.  Archi- 
tects should  always  specify  that  the  slates  are  to  be  bored  and  countersoak,  as 
punching  badly  damages  the  slates. 

Sizes.  The  sizes  of  slates  range  from  9  by  7  in  to  24  by  14  in,  there  being  some 
thirty-seven  dii!erent  sizes;  the  more  common  sizes,  however,  are  the  following: 
The  ^zes  of  slates  best  adapted  for  plain  roofs  are  the  large  wide  slates,  such  as 
12  by  16  in,  x8  by  la  in,  20  by  12  in,  or  24  by  14  in.  Slates  from  8  by  16  to  10 
by  ao  in  are  popular  sizes,  9  by  x8-in  slates  being  probably  used  oftener  than 
those  of  any  other  size.  The  11  by  22  and  1 2  by  24-in  slates  are  used  principally 
on  very  large  high  buildings.  The  lower  grades  of  slate  arc  used  largely  on  ware- 
houses and  barns.  The  larger  sizes  make  fewer  joints  in  the  roof,  require  fewer 
nails,  and  diminish  the  number  of  small  pieces  at  hips  and  vallejrs.  For  roofs 
cut  up  into  small  sections  the  smaller  sizes,  such  as  14  by  7  in  or  16  by  8  in,  look 
the  best. 

ThickoMt.  Slates  vary  in  thickness  from  H  to  H  in;  ^»  in  is  the  usual  thick- 
ness for  ordinary  sties  (see  Grading  of  Slates  in  the  preceding  pacagraphs).  It 
b  of  utmost  importance  for  architects  to  specify  the  thickness  of  slates,  either 
fully  Hi  in  thick,  or  fully  V4  in  thick,  to  secure  a  strong  and  duiab&e  roof. 

Laying.  Slates  are  lud  either  on  a  board  sheathing  (rough,  or  tongued  and 
grooved)  covered  with  tarred  or  water-proof  paper  or  felt,  or  on  roofing-laths 
from  2  to  3  in  wide  and  from  t  to  iH  in  thick,  nailed  to  the  rafters  at  distances 
apart  to  suit  the  gauge  of  the  states.  Each  slate  should  lap  the  slate  in  the 
second  course  beJow,  3  in.  The  slates  are  fastened  with  two  threepenny  or  four- 
penny  nails,  one  near  each  upper  comer.  For  slates  20  by  10  in  or  hirger,  four- 
penny  nails  should  be  used.  Copper,  oxnposition,  tinned,  or  galvanized  nails 
should  be  used.  Piain-iron  nails  are  speedily  weakened  by  rust,  aod  they 
break  and  allow  the  slates  to  be  blown  off.  On  iron  roofs  slates  are  often 
placed  directly  on  small  iron  purlins  spaced  at  suitable  distances  apart  to  receive 
them,  and  fastened  with  wire  or  spidai  forms  of  fasteners.  Tbe  gauge  of  a 
slate  is  the  portion  exposed  to  the  weather,  which  should  be  one-half  the  re- 
mamder  obtained  by  subtracting  3  in  from  the  length  of  the  slate.  Roofs  to  be 
covered  with  slate  should  have  a  rise  of  not  leas  than  6  ia  to  the  foot  for  ao^in  or 
34-in  slates,  or  8  in  for  soiaUer  lises. 
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BiMtic  Cem«it.  In  first-class  work,  the  top  course  of  slate  on  the  rklse.  .i'  ^ 
slate  for  from  a  to  4  ft  from  all  gutters  and  z  ft  each  way  from  aU  valleys  ^- . 
htps»  should  be  bedded  in  elastic  cement. 

Flashiogi.  By  flashings  are  meant  pieces  of  tin,  zinc,  or  copper  laid  ^,y. 
slate  and  up  against  walls,  chimneys,  copings,  etc. 

Cotmterflashingi  are  of  lead  or  zinc,  and  are  laid  between  the  courses  in  bri-  *: 
and  turned  down  over  the  flashings.  In  flashing  against  stonework,  grooves  -" 
reglets  often  have  to  be  cut  to  receive  the  counterflashings. 

Close  and  Open  ValleTi.    A  close  valley  is  one  in  which  the  slates  are  mitcrr . 
and  flashed  in  each  course  and  laid  in  cement.    In  such  valleys  no  metal  caa  t< 
seen.     Close  valleys  should  only  be  used  for  pitches  above  45°.     An  open  vsdir. 
is  one  formed  of  sheets  of  copper  or  zinc  15  or  16  in  wide,  over  which  th. 
slates  are  laid. 

Old  EngliBh  Method  of  Laying  Slates.*    This  method  of  laying  slate  in- 
volves the  use  of  different  shades  of  colored  slates  in  graduated  courses  and  >> 
random  widths  beginning  at  the  eaves,  for  example,  with  slates  28  in  lon^  and  i  * 
in  thick,  and  using  the  different  thicknesses  from  x^  to  H  in,  in  shorter  Iengch>> 
in  working  upward  on  the  roof.    The  use  of  this  kind  of  woric  for  roofs  ba»  in- 
creased in  recent  years  and  the  method  possesses  vast  possibilities  for  carry 
ing  out  architects'  ideas  for  varied  artistic  effects.     The  slates  are  made  «->^h 
rough-cut  edges  in  all  thicknesses  from  Me  to  iH  in,  in  a  combination  of  various 
shades  carefully  selected  in  such  proportion  as  to  produce  the  best  possible  lur- 
mony,  when  laid.    As  all  of  these  colors  and  shades  are  unfading,  the  we  ^theafid 
effect  is  obtained  at  once  and  is  permanent.    These  slates  are  made  not  only  :i: 
usual  sizes,  but  in  the  old  encush  style,  to  be  laid  in  graduated  courses  of  dif- 
ferent lengths  and  in  random  widths.    The  Old  English  color-combination  ruoi- 
ing-slates  should  be  spcdfied^to  secure  the  light  and-shadow  effect,  and  it  is  of  t  be 
utmost  importance  to  specify  the  thickness  desired,  as  the  price  is  the  same  for 
all  sizes,  while  the  cost  varies  according  to  thickness.    When  graduated  courses 
are  desired,  specifications  should  call  for  the  number  of  courses  to  be  laid  in  each 
length  and  thickness  beginning  at  the  eaves  courses,  where  the  thicks  slates 
are  used  in  the  largest  sizes,  sometimes  30  or  even  36  in  in  length,  and  working 
upward  on  the  roof  with  the  shorter  lengths  and  thinner  slat^es  to  the  ridges  where 
the  smallest  sizes  and  thinnest  slates  are  used.    To  secure  a  rough  effect  at  mini- 
mum cost,  specifications  should  call  for  Old  English  color-combination,  all  slates 
to  be  fully  H  in  thick  with  rough  cut  edges  and  graduated  courses  in  sizes  rang- 
ifig  from  24  by  X 6  to  13  by  6  in,  with  nail-holes  drilled  and  countersunk.    Tc 
secure  the  best  roiigh  effect,  specifications  should  call  for  eaves<ourses  not  less 
than  H  in  thick,  stating  the  thickness  desired  for  the  eaves,  and  the  number  uf 
courses  desired  in  each  length  and  thickness.    Among  the  good  specimens  of  the 
Old  English  style  of  roofing  may  be  mentioned  the  buildings  of  Princeton  Uni- 
versity for  the  Graduate  College,  where  different  shades  of  unfading-grrea 
slates  are  used  in  thicknesses  miming  from  x>i  in  at  the  eaves  to  H  in  at  the 
ridge. 

Measurement.  Slates  are  sold  by  the  squark,  by  which  is  meant  a  sufficient 
number  of  slates  of  any  size  to  cover  roo  sq  ft  of  surface  on  a  roof,  with  3  in  of 
lap,  over  the  head  of  those  in  the  second  course  below.  The  square  is  also  the 
basis  on  which  the  cost  of  laying  is  measured.  "Eaves,  hips,  valleys,  and  cut- 
tings against  walls  or  dormers  are  measured  extra;    x  ft  wide  by  their  whole 

*  Full  Information  !n  regard  to  the  details  of  the  slates  for  this  purpose  and  the  metbodh 
employed  in  laying  them  can  be  obtained  from  the  various  coapanics. 
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mgth,  the  eitra  charge  being  made  for  waste  material  and  the  increaaed  bbor 
eauired  in  cutting  and  fitting.  Openings  leas  than  3  sq  ft  are  not  deducted,  and 
II  cuttings  around  them  are  measured  extra.  Extra  charges  are  also  made  for 
orders,  figures,  and  any  change  of  color  of  the  work  and  for  steeples,  towers,  and 
erpendicular  surfaces."* 

Coflt.t  The  cost  of  slates  varies  with  the  size,  color  and  quality.  The  prices 
iven  in  the  following  table  were  about  the  average  in  19 15  for  blue-black  slate,  of 
^o.  X  grade,  loaded  on  the  cars  at  the  Pennsylvania  quarry.  The  freight  in 
ar-load  lots  of  60  squares  or  over  to  Philadelphia  from  Bethlehem,  Pa.,  was  60 
ts  per  square,  from  Pennsylvania  to  Omaha,  Neb.,  $2.60  and  from  Vermont, 
bout  the  same.  It  will  be  seen  that  slates  of  the  uedium  sizes  cost  the  most, 
nd  those  of  the  larger  and  smaller  sizes  the  least.  Special  prices  are  quoted  for 
pecial  sizes.  The  larger  ^zes  make  the  cheapest  roofs.  Red  slates  cost  from 
o  to  150%  more  than  black  slates.  The  green  slates  are  more  expensive  than 
he  black  with  the  exception  of  the  Maine  and  Peach  Bottom  varieties. 


Number  aad  Cost  f  of  Slates,  and  Pounds  of  Naila  tp  too  Square  Feet  of  Roof 

3-inch  Lap 


Sires  of 

slates, 

in 

Exposed 

when  laid, 

in 

Number  to 
a  square 

Weighta  of 
salvanised 

nails, 
lb    oz 

Cost  per 

square  at 

quarry 

X4X24 

X2X24 

12X22  . 

XXX22 

XIX20 

xoXao 

X2X1S 

xoVi 
loH 
9^ 
9V^ 
8H 
8^4 
7H 
7^4 

64 
6H 

SV4 
SH 
54 
AH 
4V4 
AM 

98 
IIS 

X26 

138 
155 

170 
x6o 
192 
214 
I8S 
222 

247 
277 
262 
328 

375 

400 

457 
534 

4d 
3d 

I      6 
I    10 
X    12 

1  IS 

2  0 
2       6 

X    13 
2      3 
2      7 
2       2 

2  8 

3  0 
3      2 
3      0 

3  X2 

4  4 

4  9 

5  3 

6  X 

$4  50 
4  SO 
4  75 

4  75 

5  25 
5.2s 

10X18 

9X18 

X2X16 

5.25 

5  25            1 

X0X16 

9Xx6 
8X16 
X0X14 
8XX4 
7XX4 
8X12 

5  2S 
5  25 

4  75 
4-75 

7X12 
6XX2 

4  25 
4  25 

The  cost  of  blue-black-slate  roofs,  complete,  varies  from  $9  to  $t6  per  square, 
depending  on  the  class  of  work  and  remoteness  from  the  quarries.  The  addi- 
tional cost  of  laying  slate  in  elastic  cement  varies  from  $1.75  to  $2.50  per  square. 
An  experienced  roofer  will  lay,  on  an  average,  iH  squares  of  slate  in  8  hours. 

Weight.  Slate  roofing  fi  e  in  thick  will  weigh  on  the  roof  about  64  lb  per  sq  ft, 
and  if  H  in  thick,  894  lb,  the  smaller  sizes  weighing  the  most  on  account  of  the 
lap.    The  actual  weight  of  a  square  foot  of  slate  H  in  thick  is  3.63  lb.    A  cubic 

*  The  Buitdinff  Trades  Pocket-book. 

t  These  prices  have  advanced  and  the  manufacturen'  lists  must  be  consulted. 


1580  Memomnda  on  Roofing  Part  3 

foot  of  Vennotit  slate  wdghs  approiiiiiatdly  175  lb.  The  average  ***TT^'y 
weight  lor  No.  1,  Mc-in  slates^  is  approjdmately  72$  lb;  for  H>iii  slates,  z  ooo 
lb;  for  H-in  slates,  a  000  lb,  etc. 

Roofing-Tiles 

General  Notes  on  Roofing-Tiles.    The  term  roofing-tile  is  canamoniy 
understood  to  refer  to  exterior  roof-covering  made  from  day  in  units  of  various 
shapes  and  laid  with  overlapping  edges.    Clay  or  terra-cotta  rool-tiJes  ha^-e 
long  been  very  largely  used  in  Europe,  where  their  cost  is  much  less  than  ia 
America.    Since  the  year  1893  the  advance  here  in  the  character  and  extent  g: 
roofing-tile  has  been  marked  and  rapid.    This  material  can  now  be  had  at  much 
lower  prices  than  formerly  prevailed,  and  the  result  has  been  that  thousands  ui 
squares  of  terra-cotta  tiles  have  been  placed  on  shops  and  factories  which  wouki 
under  former  conditions  have  been  covered  with  slate  or  metal.     Whether  or  out 
a  tile  roof  is  as  durable  and  satisfactory  as  one  of  No.  i  slate  is  a  much-dis- 
puted question.     Mr.  Kidder  was  of  the  opinion  that,  considering  the  quantitio 
used,  slates  have  given  better  satisfaction  than  tiles.     A  tile  roof,  however,  in 
certainly  more  attractive  than  a  slate  roof,  and  it  is  generally  held  that  there 
are  many  roofing-tiles  on  the  market  which  if  properly  laid  prove  as  tight  and 
durable  as  slates.    There  are  so  many  patterns  of  roofing-tiies  that  it  is  impos- 
sible here  to  enter  into  a  descrq>tion  of  them.    Of  the  various  patterns,  those 
which  interlock  are  consideced  from  a  practical  standpoint,  to  make  the  noust 
satisfactory  roof. 

Laying  Roofing-Tiles.    Roofing-tiles  have  been  laid  directly  on  a  porous 
book  tile  or  concrete  base  or  on  a  sheathed  surface  over  such  base,  or  they  have 
been  fastened  to  stripping  over  the  sheathing  or  wooden  or  steel  purlins  by  means 
of  copper  wires.    When  thus  fastened  by  wires,  the  joints  were  usually  pointed 
on  the  under  side  after  they  were  laid,  to  prevent  the  entrance  of  dust  or  dr>' 
snow.    Tiles  of  the  older  patterns  were  nailed  to  the  sheathing,  but  later  on  thi> 
method  was  superseded  by  the  practice  of  fastening  with  copper  wires  from 
pierced  lugs  near  the  lower  ends  of  the  tiles.    The  best  modem  method,  however, 
seems  to  be  the  one  involving  a  solid  continuotis  base  for  the  roofing-tiles,  whether 
or  not  purlins  are  used.    "Such  purlins  should  be  filled  in  between  either  with 
book  tiles  or  a  concrete  base  and  felt  should  be  laid  thereon.    The  book  tiles,  it 
used,  should  be  of  a  porous  quality.    Instead  of  regarding  the  nailing  of  tfles  as 
a  defective  method,  we  have  returned  to  it  as  the  only  proper  method  of  fasten- 
ing tiles  and  have  eliminated  the  stripping  of  sheathed  roofs  and  the  use  of  oopper 
wires.    Such  methods  would  do  in  some  portions  of  central  Europe  where  the 
winds  and  other  climatic  conditions  are  not  severe,  but  through  a  twenty-five- 
years'  experience  in  the  varied  climatic  conditions  of  the  United  States,  we  have 
found  that  the  nailing  of  tiles  with  copper  nails  is  the  only  satisfactory  method 
of  application.    We  have  also  found  that  a  roof  should  be  sheathed  and  covered 
with  a  good  asphaltum-felt  to  prevent  wind-suction."  *    Roofing-tiles  weigh 
from  750  to  I  200  lb  pet  square  of  100  sq  ft. 

Specifications  for  Tile  Roofing 

The  following  specification  t  contains  valuable  suggestions  for  the  proper  lay- 
ing of  tile  roofs: 
All  pitched  roofs  shall  be  covered  with  ( )  tiles  with  fittings  suitable  for 

*  Quoted  by  permission  from  data  on  roof-tiling,  by  the  Ludowici-CeladcMi  Compaay, 
Chica^,  111. 
t  Prepared  from  data  furnished  by  the  Ludowki-Celedon  Company.  Chfcago,  DL 
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eac:h  pattern  unless  otherwise  selected  hy  tlie  architect.  The  tiles  as  specified 
above  are  to  be  hard-bumed»  of  red  color,  and  in  accordance  with  samples  de- 
posited in  the  office  of  the  architect. 

(i)  Preparation  of  Roof.    Before  the  roofer  is  sent  for,  the  owner  or  general 

contractor  is  to  construct  the  roofs  in  strict  accordance  with  the  plans,  sheath  the 

roofs  TIGHT,  have  all  chimneys  and  walls  above  the  roof-line  completed,  have  all 

vent-pipes  put  through  the  roofs,  furnish  all  strips  of  required  width  used  under 

hipHroUs,  furnish  all  x  by  H-in  cant-strips  used  under  the  tiles  at  the  eaves  and 

have  all  the  scaffolding  ready  for  the  roofers'  use.    The  metal-contractor  is  to 

have  all  gutters  in  place  on  the  roof  (gutters,  whether  box,  hanging  or  secret 

gutters,  are  to  extend  over  the  roof-sheathing  and  cant-strips,  and  nm  imder 

the  felt  and  tiles  at  least  8  in)  and  is  to  have  in  place,  also,  all  valley-metal,  the 

width  of  which  is  to  be  not  less  than  24  in,  with  both  edges  turned  up  H  in 

through  the  entire  length  of  the  valley.    The  valley-metal  is  to  be  fastened  with 

clips  and  never  nailed  or  punctured  in  any  manner.    The  valley-metal  is  to  be 

laid  over  one  layer  of  felt  running  lengthwise  the  entire  distance  of  the  valley. 

The  metal-contractor  is  to  have  in  readiness  all  flashing-metal  used  alongside 

and  in  front  of  dormers,  gables,  skyUghts,  towers  and  perpendicular  walls,  and 

around  vent-pipes  and  chimneys,  and  is  to  place  the  same  after  the  arrival  of 

the  tile-roofer  and  under  his  direction. 

(2)  La3ring  the  Felt.  After  the  roofs  have  thus  been  prepared  to  receive  the 
felt  and  tiles,  the  tile-roofer  is  to  cover  the  sheathing  of  the  roofs  with  one  thick- 
ness of  asphalt  roofing-felt  weighing  not  less  than  30  lb  to  the  square,  laying  the 
same  with  a  2H-in  lap  and  securing  it  in  place  by  capped  nails.  The  felt  is  to 
be  laid  parallel  with  the  eaves,  lapped  over  all  valley-metal  about  4  in  and  laid 
under  all  flashing-metal  about  6  in. 

(3)  Laying  the  Tiles.  The  roof  having  thus  been  prepared,  the  tile-layer  is  to 
fasten  the  tiles  with  copper  nails.  The  roofer  is  to  see  that  the  tiles  are  well 
locked  together  and  that  they  lie  smoothly,  and  no  attempt  is  to  be  made  to 
stretch  the  courses.  The  tiles  are  to  be  laid  so  that  the  vertical  llnes.are  parallel 
with  each  other  and  at  right-angles  to  the  eaves.  The  tiles  that  verge  along  the 
hipB  are  to  be  cut  close  against  the  hip-boards,  and  a  water-tight  joint  made  by 
cementing  cut  hip-tiles  to  the  hip^boards  with  elastic  cement.  Each  piece  of 
hip-roll  is  then  to  be  nailed  to  the  hip-board,  and  the  hip*rolls  are  to  be  cemented 
where  they  Up  each  other.  The  interior  spaces  of  hip-rolls  and  ridge-roUs  are 
not  to  be  filled  with  the  pointing-material. 

Cost  of  Ro<>fliig-Tilet.*  The  prices  of  tiles  vary  from  $7  to  $30  per  square, 
according  to  the  character  of  the  surface-finish  and  to  the  pattern.  The  cost 
of  laying,  including  asphalt-felt,  varies  from  $5  to  $10  per  square,  according  to 
the  pattern  of  tiles  used,  the  number  of  layers  of  felt  and  the  character  and 
extent  of  the  roof.  If  roofing-tiles  are  laid  on  book  tiles  or  on  cement,  20% 
must  be  added  to  the  cost  for  laying  on  wooden  sheathing.  Fluctuating  values 
of  copper  make  the  item  of  copper  nails,  when  these  aie  used,  one  of  im« 
portance. 

Sheet-Metal  Tiles.  Roofing-tiles  stamped  from  sheet  steel,  plain  or  galvan- 
ized, and  also  from  sheet  copper,  in  imitation  of  clay  tiles,  are  made  by  several 
manufacturers  and  have  been  extensively  used  for  factories  and  buildings  of 
secondary  importance.  The  first  cost  of  these  tiles,  except  those  made  of 
copper,  is  much  less  than  that  of  clay  tiles  and  they  do  not  require  as  heavy 
roof-framing.  Tin  or  galvanized-iron  tiles,  however,  must  be  painted  every 
few  years,  so  that  for  a  long  period  of  years  they  probably  cost  as  much  as  clay 
tiles  and  more  than  slate. 

*  These  prices  have  advanced  and  the  roanufactiiren'  lists  must  be  consulted. 
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^n  Roofs 

Tho  Sheets.    Roofing-plates  are  made  of  soft  steel  of  \'urious  special  azi.&}>'-5fe?. 
or  wrought  iron  (more  commonly  of  the  former),  covered  with  a  mixture  oi  lea,* 
and  tin,  and  are  designated  terne-plates,  in  distinction  from  plates  ooac  rd 
only  with  tin  and  therefore  called  bright  tin.    Roofing-plates  are  coated  by 
two  methods,     (i)  The  original  method  of  coating  the  plates  consbted  in  di;«- 
ping  the  black  plates  by  hand  into  the  mixture  of  tin  and  lead,  and  allowing  ir^ 
sheets  to  absorb  all  the  coating  that  was  possible;   and  at  least  one  brand  kA 
roofing-tin  is  still  made  by  this  process,     (a)  The  other  process,  by  which  the  m  i- 
jority  of  roofing-plates  are  now  made,  b  known  as  the  patent-roixer-pkoces<s 
by  which  the  plates  are  put  into  a  bath  of  tin  and  lead,  and  are  passed  through 
rolls.    The  pressure  of  these  rolls  leaves  on  the  iron  or  steel  a  thickness  of  coadn^ 
which,  to  a  great  extent,  determines  the  value  of  the  plates.    These  rolls  can  be 
adjusted  to  leave  a  relatively  large  amount  of  coating  on  the  plate,  an  ordinary 
coating,  or  a  very  scant  coating.    The  heavier  the  coating  the  more  valuable  the 
plate.    Some  makers  employ  a  variation  of  this  patent  process,  by  which  the 
plates  are  given  an  extra  dip,  by  hand,  in  an  open  pot,  to  give  a  hani>-dipp£d 
FINISH.    It  is  claimed  that  hand-dipped  plates  will  last  much  longer  than  tlKise 
made  by  the  new  process,  although  the  latter  process  is  much  more  extensively 
used  and  many  good  roofing-sheets  are  made  by  it. 

Brands.  The  best  roofing-plates  alwajrs  have  the  brand  stamped  on  them, 
and  as  the  manufacturers  have  a  pecuniary  interest  in  keeping  up  the  reputatioa 
of  these  brands,  the  only  way  of  being  sure  of  a  good  tin  roof  is  to  specify  a  brand 
of  tin  that  has  a  reputation  for  quality  and  durability.  Some  of  the  be^t-known 
brands  are  Taylor's  Target-and- Arrow  (formerly  Old  Style);  Merchant's  Oki 
Method,  MF;  Follansbee's  Banfield  Process;  and  Margaret.  Machine-made 
plates  are  usually  stamped  with  the  weight  of  coating  per  box  of  112  sheets^  2S 
by  2o-in  size. 

SizM  of  Sheeti.  The  common  sixes  of  tin  plates  are  10  by  14  in  and  multiples 
of  that  measure.  The  sixes  generally  used  are  14  by  ao  in  and  28  by  20  in.  The 
larger  size  is  the  more  economical  to  lay,  and  hence  roofers  prefer  to  use  it;  but 
for  flat  roofs  the  14  by  20'in  size  makes  the  better  roof. 

Tfaiekneases  of  Sheets.  Temc-plates  are  made  in  two  thicknesses,  IC,  in 
which  the  iron  body  weighs  about  50  lb  per  100  sq  ft,  and  IX,  in  which  it  weighs 
62 V^  lb  per  100  sq  ft.  For  roofing,  theIC,  or  lighter  weight,  is  to  be  preferred, 
because  the  seams  do  not  contract  and  expand  as  much  as  they  do  when  the 
thicker  plates  are  used.  For  spouts,  valleys  and  gutters,  however,  IX  plates 
should  always  be  specified,  and  should  preferably  be  used  for  flashings,  as  the>* 
are  stiffer  and  less  liable  to  be  dented  or  punched.  The  thickness  of  the  iron 
does  not  add  to  the  durability  of  the  plates,  as  this  depends  entirely  upon  the  tin 
coating. 

Weights  of  Sheets.  The  standard  weight  of  14  by  20-in  IC  teme«plates  is  107 
lb  for  112  sheets,  the  number  usually  packed  in  one  box,  and  of  14  by  20-in  DC 
sheets,  135  lb.  The  38  by  20-in  sheets  should  weigh  just  twice  as  much.  The 
black  sheets,  before  coating,  should  weigh,  per  112  sheets,  from  95  to  100  lb  for 
IC,  14  by  20-in  sheets,  and  from  125  to  130  lb  for  IX,  14  by  20-in  sheets.  The 
difference  between  the  weights  of  the  black  sheets  and  finished  sheets  is  the 
weight  of  the  tin.  A  heavily  coated  tin  should  weigh  from  115  to  120  lb  per  iii 
sheets  for  IC,  14  by  20-in  sheets,  and  from  145  to  150  lb  for  IX,  14  by  20-in  sheets. 
The  28  by  20-in  sheets  should,  of  course,  weigh  twice  as  much. 

The  Roof.  Roofs  of  less  than  one-third  pitch  are  made  with  flat  seams  and 
should  preferably  be  covered  with  14  by  20-in  sheets  rather  than  with  28  by  ao-io 
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leets,  because  the  larger  number  of  seams  stiffens  the  surface  and  helps  to  pre* 
ent  buckles  and  rattling  in  stormy  weather.  For  a  flat-seam  roof,  the  edges  of 
he  sheets  are  turned  Irj  in,  locked  together  and  well  soaked  with  solder.  The 
heets  are  fastened  to  the  sheathing-boards  by  cleats  spaced  8  in  apart  and  locked 
n  the  seams.  Two  i-in  barbed  and  tinned-wire  nails  are  used  in  each  cleat.  No 
lails  should  be  driven  through  the  sheets.  The  seams  must  be  made  with  great 
rare  and  sufficient  time  taken  to  properly  sweat  the  solder  into  the  seams.  Steep 
.in  roofs  should  be  made  with  standing  seams  and  with  28  by  20-in  sheets. 
The  sheets  are  first  single-seamed  or  double-seamed  and  usually  soldered  to- 
ilet her,  preferably  end  to  end,  into  long  strips  that  reach  from  eaves  to  ridge. 
The  sloping  seams  are  composed  of  two  upstamds,  interlocked  at  the  upper  edge, 
and  held  to  the  sheathing-boards  by  cleats.  The  standing  seams  are  usually  not 
soldered  but  simply  locked  together  with  the  cleats  folded  in  about  i  ft  apart. 
Nails  should  be  driven  into  the  cleats  only.  The  use  of  acid  in  soldering  the 
scams  of  a  tin  roof  should  be  carefully  avoided  as  acid  coming  in  contact  with  the 
bare  iron  on  the  cut  edges  and  comers,  where  the  sheets  are  folded  and  seamed 
together,  causes  rusting.  No  other  soldering-flux  but  good  rosin  should  ever  be 
used. 

Durability  of  Tin  Roofs.    A  tin  roof  of  good  material,  properly  put  on,  and 
kept  properly  painted,  will  last  from  forty  to  fifty  years,  or  longer.    All  traces 
of  rosin  left  on  the  vool  should  be  removed  as  soon  as  the  tin  is  laid  and  soldered, 
and  one  coat  of  paint  should  be  applied  promptly;  a  second  coat  should  follow 
two  weeks  after  the  first.    One  or  more  layers  of  felt  or  water-proof  paper  should 
be  placed  under  the  tin,  to  serve  as  a  cushion,  and  also  to  deaden  the  noise  pro- 
duced by  rain  striking  the  tin.    The  durability  of  tin  roofing,  and  especially  of 
tin  gutters,  vallejrs  and  flashings,  is  generally  increased  by  painting  the  tin  on 
the  back  before  laying.    An  excellent  paint  for  tin  roofs  is  composed  of  10  lb  of 
Venetian  red,  i  lb  of  red  lead  and  x  gal  of  pure  linseed^oii. 

Maintenance  of  Tin  Roof^.  The  tin  roof  should  be  given  one  coat  of  paint 
after  it  is  laid  and  an  additional  coat  of  paint  at  four-year  or  five-year  intervals 
should  be  amply  sufficient  to  keep  its  upper  surface  in  first-class  condition  as 
long  as  the  building  stands.  With  each  painting  the  roof  is  fully  restored  to  its 
original  condition.  Graphite  and  tar  paints  should  be  avoided  on  tin  roofs. 
Metallic  brpwn,  Venetian  red,  red  oxide  or  red  lead,  only,  should  be  used  as 
pigments,  with  pure  linseed-oil.  Tinned  gutters  should  be  swet>t  clear  of  accu> 
mutations  of  leaves,  dirt,  etc.,  and  if  water  has  a  tendency  to  lie  in  the  gutters 
they  should  be  painted  yearly. 

If  nmber  of  Sheets  Required  to  a  Square.  For  tlat-seau  rooftnc  a  sheet  of 
tin  14  by  20  in,  with  ^-in  edges,  measures,  when  edged  or  folded,  13  by  19  in, 
or  247  sq  in ;  but  its  covering  capacity  when  joined  to  other  sheets  on  the  roof  is 
only  12H  by  18^  in,  or  231.25  sq  in.  The  number  of  sheets  to  a  square,  there- 
fore, equals  14  400  divided  by  231.25  or  63,  and  an  area  of  x  000  sq  ft  requires  625 
sheets.  A  box  of  112  14  by  20- in  sheets  will  cover,  approximately,  180  sq  ft 
Sheets  38  by  20  in,  when  edged  or  folded,  have  a  covering  capacity  of  490.25  sq  in 
each.  To  cover  i  000  sq  ft  (10  squares)  requires  294  sheets.  For  6TAMDin> 
SEAM  ROOFING  the  locks  require  2*4  in  ofT  the  width  and  xH  in  off  tht  length  ol 
the  sheet.  A  28  by  20-in  sheet,  with  the  seams  on  the  long  edges,  will  cover  463 
sq  in.    To  cover  x  000  sq  ft  requires  312  sheets. 

The  Cost*  of  Tin  Roofing  varies  from  $8  to  Si  2  per  square,  according  to  the 

grade  of  the  tin,  the  locality  and  nature  of  the  work  and  the  scale  of  wages. 

Standing'seam  roofs  cost  about  50  cts  a  square  less  than  flat-seam  roofs.    The 

cost,  when  14  by  20-in  sheets  are  used,  is  djout  25%  more  than  for  28  by  20-in 

*  Variations  in  cost  must  be  ascertained  from  maaufacturere'  lists. 
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sheets,  owing  to  the  greater  number  of  seams;  hence,  more  tin,  solder,  dcats 
and  work  are  required. 

How  a  Tin  Roof  Should  be  Laid  * 

The  Slope  of  the  Roof.  If  the  tin  is  laid  with  a  flat  seam  or  flat  lock,  the  roof 
should  have  an  mdineof  H  in  or  more  to  i  ft.  If  laid  with  a  standing  seam,  there 
should  be  an  incline  of  not  less  than  2  in  to  i  ft.  Although  tin  is  usckI  00  roofs  cd 
less  pitch  than  this  and  on  some  which  are  almost  flat,  a  good  pitch  is  desirable 
to  prevent  the  accumulation  of  water  and  dirt  in  shallow  puddles.  Gutters, 
valleys,  etc.,  should  have  sufficient  incline  to  prevent  water  from  standing  31 
them  or  backing  up  far  enough  to  reach  standing  seams.  Tongued  and  srooved 
sheathing-boards  of  well<seasoned  dry  lumber  are  recomm»ided.  Narrow 
widths  are  preferable,  and  the  boards  should  be  free  from  holes,  and  of  even  thick- 
ness.  A  new  tin  roof  should  never  be  laid  over  old  tin,  rotten  shingles,  <»-  tar 
roofs.  Sheathing-paper  is  not  necessary  where  the  boards  are  laid  as  spedncd 
above.  If  steam,  fumes,  or  gases  are  likely  to  reach  the  under  side  of  the  tir:. 
some  good  water-proof  sheathing-paper,  such  as  black  Neponset  paper,  should  be 
used.  Tarred  paper  should  never  be  used.  No  nails  should  be  driven  through 
the  sheets. 

Flat-Seam  Tin  Roofing.  When  the  sheets  are  laid  singly,  they  should  be 
fastened  to  the  sheathing-boards  by  cleats,  using  three  to  each  sheet,  two  on  the 
long  side  and  one  on  the  short  side.  Two  i>in  barbed-wire  nails  should  be  usted 
to  each  cleat.  If  the  tin  is  put  on  in  rolls  the  sheets  should  be  made  up  into  long 
lengths  in  the  sbop^  and  the  crossHseams  locked  together  and  well  soaked  with 
solder.  They  should  be  edged  H  in,  and  fastened  to  the  roof  with  cleats  ^Mccd 
8  in  apart,  and  the  cleats  locked  into  the  seam  and  fastened  to  the  roof  with  tw;> 
I  -in  barbed-wire  nails  to  each  cleat. 

Standing-Seam  Tin  Roofhig.  The  sheets  should  be  put  together  in  lozij? 
lengths  in  the  shop^  and  the  cross-seams  locked  together  and  well  soaked  with 
solder.  They  should  be  applied  to  the  roof  the  narrow  way,  and  fastened  with 
cleats  spaced  i  ft  apart.  One  edge  of  the  course  is  turned  up  lU  in  at  a  right 
angle,  and  the  cleats  are  mstalled.  The  adjoining  edge  of  the  next  course  is 
turned  up  x  H  in,  and  these  edges  are  locked,  turned  over  and  the  seam  flattened 
to  a  rounded  edge. 

VaUeys  and  Gtitfeera.  These  should  be  lined  with  IX  tin,  and  formed  with 
flat  seams,  the  sheets  being  applied  the  narrow  way.  It  is  important  to  see  that 
good  solder,  bearing  the  manufacturer's  name,  is  used,  that  it  is  guaranteed  one- 
half  tin  and  one-half  lead,  new  metals,  and  that  nothing  but  rosin  is  used  as  a 
flux.    The  solder  should  be  well  sweated  into  all  seams  and  joints. 

Painting.  All  painting  should  be  done  by  the  roofer.  The  tin  should  he 
painted  one  coat  on  the  under  side  before  it  is  applied  to  the  roof.  The  upper 
surface  of  the  tin  roof  should  be  carefully  cleaned  of  all  rosin-spots,  dirt,  etc.,  ai^i 
immediately  painted.  The  approved  paints  are  metallic  brown,  Venetian  red. 
red  oxide,  and  red  lead,  mixed  with  pure  linseed-oil.  No  patent  drier  or  tur 
penttne  should  be  used.  All  coats  of  paint  should  be  applied  with  a  hand-brush, 
and  well  rubbed  on.  A  second  coat  should  be  applied  two  weeks  after  the  first 
and  a  third  coat  one  year  later. 

Cautioo.    No  unnecessary  walking  over  the  tin  roof,  or  use  of  it  for  stora^  of 
materials,  should  be  allowed  at  any  time.    Workmen  should  wear  rubber-soled 


*  These  suggestions  are  in  accordance  with  the  standard  working  spedficatioos  ^^flftfd 
by  the  National  Association  of  Sheet  Metal  Contiactors. 


Covering  Capacity  of  Roofing-Tin 


1591 


hoes  or  overshoes  when  on  the  roof.    Wherever  the  slope  is  steep  enough  the  tin 
bouid  be  laid  with  standing  seams,  which  allow  for  expansion  and  contraction. 

Sizes,  Waightt,  Etc,  of  Rooflng-Tin* 

Roofing-tin  is  usually  furnished  in  two  sizes,  sheets  14  by  20  in  and  28  by  20  in» 
tacked  112  sheets  to  the  box.  Target-and-Arrow  tin  is  furnished  in  three  thick- 
lesses:  IC  thickness,  approximately  No.  30  gauge,  U.  S.  Standard;  IX  thickness, 
pproximately  No.  28  gauge,  U.  S.  Standard;  2X  thickness,  approximately  No. 
7  gauge,  U.  S.  Standard,  etc.  Weight  per  xoo  sq  ft  laid  on  the  roof,  about  65  lb 
or  IC  thick  ncfw. 

Coyering  Capacity  of  Roofing-Tin 

Flat-SMun  Tin  Rooing.  The  following  table  shows  the  quantity  of  14  by  ao-in 
in  required  to  cover  a  given  number  of  square  feet  with  flat-seam  tin  roofing.  A 
heet  14  by  20  in  with  H  in  edges  measures,  when  edged  or  folded,  13  by  19, 
T  247  sq  in,  but  its  covering  capacity  when  joined  to  other  sheets  on  the  roof 
s  only  12M  by  i8H  in,  or  231.25  sq  in.  In  the  following  table  each  fractional 
tart  of  a  sheet  is  counted  a  full  sheet. 


■  •  ■   ■   '  '  ■  1 
N'o.  ol  square  feet . 
Sheets  required. . . 

r  ■ 
100 
63 

no 
69 

120 
75 

130 
81 

MO 
88 

ISO 
94 

x6o 
100 

170 
106 

180 

1X2 

190 
119 

200 

125 

No.  of  square  feet. 
Sheets  required.. . 

210 
131 

220 

137 

230 

X44 

240 
ISO 

250 

156 

260 
i6a 

270 
169 

280 
175 

290 

181 

300 

187 

310 
193 

Nfo.  of  square  feet. 
Sheets  reqaired... 

200 

330 
206 

340 
112 

350 
218 

360 
»4 

370 
231- 

380 
237 

390 
243 

400 
249 

410 
256 

420 
262 

No.  of  square  feet . 
Sheets  required. . . 

430 
268 

440 

274 

450 
281 

460 
387 

470 
a93 

480 
299 

490 
30s 

SOO 

312 

Sio 
318 

530 
324 

530  f 

330  1 

1 

No.  of  square  feet. 
Sheets  required . . . 

540 
337 

5S0 
343 

Sfio 
349 

570 
3SS 

S«o 

362 

590 
368 

600 
374 

610 
380 

6ao 
386 

630 
393 

640  j 
399 

No.  of  square  feet. 
Sheets  required . . . 

650 
405 

660 
411 

670 
418 

880 
424 

690 
430 

700 
436 

710 
442 

720 

448 

730 
455 

740 
461 

750 
467 

No.  of  square  feet. 
Sheets  required . . . 

760 
474 

770 
480 

780 
486 

790 
49> 

800 
499 

810 
50$ 

820 
5" 

830 

517 

840 
523 

850 
530 

860 

536 

No.  of  square  feet . 
Sheets  required. . . 

870 
S4> 

880 
548 

890 
554 

900 
S6t 

910 
S67 

920 
573 

930 
579 

940 

586 

950 
592 

960 
598 

970  I 
604  ^ 

No.  of  square  feet. 
Sheets  required . . . 

980 
610 

990 
6i7 

1000 

>  •  • 

•  •  • 

•  ■  • 

•  •  » 

•  •  • 

... 

-••  ! 

A  boi  of  1X3  sheets  14  by  20  in  laid  ia  this  way  will  cover  180  sq  ft. 

Flat-Seam  Tin  Roofing.  The  following  table  shows  the  number  of  28  by  2o-in 
heets  required  to  cover  a  given  number  of  square  feet  with  flat-seam  tin  roofing. 
?he  flat  seams  edged  M  in  take  1  ^t  in  off  the  length  and  width  of  the  sheet.  The 
overing  capacity  of  each  sheet  is,  therefore,  76H  by  iSi-i  in,  or  490.25  sq  in.  In 
he  following  table  each  fractional  part  of  a  sheet  is  counted  a  full  sheet. 

*  The  following  tables  of  sizes,  weights,  covering  capacities  and  costs  are  adapted  from 
mFuI  data  compiled  for  the  use  of  sheet -metal  worken  by  the  N.  &  G.  Taylor  Company, 
'hiladdphia.  Pa. 
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Memoranda  on  Roofing 


No.  of  square  feet. 
Sheets  required . . . 

100 

30 

no 
33 

X20 
36 

130 

39 

140 
42 

150 
45 

x6o 
47 

170 
50 

x8o 
S3 

56       S= 

No.  of  square  feet. 
Sheets  required . . . 

210 
62 

220 
65 

J30 

68 

24Q 

71 

250 
74 

260 

77 

270 

80 

380 
83 

290 

85 

300     31C 
89       s^ 

No.  of  square  feet . 
Sheets  required . . . 

320 

94 

330 

97 

340 
100 

3SO 
103 

360 
106 

370 
109 

380 
112 

390 

115 

400 
xx8 

r   4IO 
LZI 

L2* 

No.  of  square  feet. 
Sheets  required . . . 

430 
127 

440 
130 

450 
133 

460 
136 

470 
Z39 

480 
141 

490 

144 

500 

147 

510 
ISO 

153 

S 

No.  of  square  feet . 
Sheets  required . . . 

540 
159 

550 
162 

s6o 
165 

S70 
168 

58c 

171 

590 
174 

600 

177 

610 
180 

620 
183 

630      <W= 
x86      xSs& 

No.  of  square  feet. 
Sheets  required . . . 

650 
191 

660 
194 

670 
197 

680 
300 

690 
203 

700 
206 

710 
209 

720 
2X2 

730 
215 

740 
ai8 

*3C 
27Z 

No.  of  square  feet . 
Sheets  required . . . 

760 
224 

770 
227 

780 

2J0 

790 

800 
23s 

810 
238 

820 
241 

830 
244 

840 
247 

S50      86c 

250        2Si 

No.  of  square  feet. 
Sheets  required . . . 

870 
256 

880 
259 

890 
262 

900 

265 

9x0 
268 

920 
271 

930 
274 

940 
277 

9S0 
2S0 

2S3 

9TC 

No.  of  square  feet. 
Sheets  required . . . 

980 
388 

990 
291 

1000 

294 

•  •  • 

•  •  • 

•    a   • 
«    *    • 

•  •  • 

•  ■  • 

«    ■   • 

■  •  • 

A  box  of  xx2  sheets  28  by  20  in  laid  in  this  way  will  cover  381  sq  ft. 


Staxiding-Secm  Tin  Roofing.  The  following  table  shows  the  number  of  x 4  by 
20-in  sheets  required  to  cover  a  given  number  of  square  feet  with  staxKiing-scam 
roofing.  The  standing  seams,  edged  iH  and  iH  in,  take  2H  in  off  the  width: 
and  the  flat  cross-seams,  edged  H  in,  take  i  Vi  in  off  the  length  of  the  sheet.  The 
covering  capacity  of  each  sheet  is,  therefore,  xxH  by  xSU  in,  or  212.34  aq  ixi.  In 
the  following  table  each  fractional  part  of  a  sheet  is  counted  a  full  sheet. 


No.  of  square  feet . 
Sheets  required . . . 

xoo 
68 

XIO 

75 

X20 
82 

X30 

89 

140 
95 

150 
X02 

160 
109 

170 
xx6 

x8o 
133 

190 

129 

30C 

xj6 

No.  of  square  feet . 

Sheets  required. . . 

2x0 
143 

220 
150 

230 
156 

340 

X63 

«50 
X70 

260 

177 

270 
184 

280 
190 

290 

197 

300 
204 

31c 

2XX 

No.  of  square  feet. 
Sheets  required. . . 

320 
2x8 

330 
224 

340 
231 

350 

«8 

360 
245 

370 
251 

380 
258 

390 
36s 

400 
271 

410 
*79 

430 

3S5 

No.  of  square  feet. 
Sheets  required . . . 

430 
292 

440 
299 

450 
306 

460 
3x3 

470 
319 

480 
326 

490 
333 

500 

340 

510 

346 

5» 
3S3 

S3C 
3fio 

No.  of  square  feet. 
Sheets  required. . . 

S40 
367 

550 
374 

S6o 
379 

S70 
387 

S8o 
393 

S90 

40X 

600 
407 

6X0 
414 

630 
421 

630 
428 

1 

640 
435 

No.  of  square  feet . 
Sheets  required. . . 

650 
441 

660 
447 

670 
455 

680 
462 

690 
468 

700 
475 

710 
483 

720 
489 

730 

495 

740 
501 

750 
509 

No.  of  square  feet. 
Sheets  required . . , 

760 
S15 

770 
523 

780 
529 

790 
536 

800 
543 

8x0 

550 

820 
557 

830 
563 

840 
570 

8SD 
577 

860 

584   , 

No.  of  square  feet. 
Sheets  required . . . 

870 

590 

880 
597 

890 
604 

900 
6xx 

9x0 
6x8 

920 
623 

930 
630 

940 
637 

950 
644 

960 

651 

9TO 
658 

No.  of  square  feet. 
Sheets  required . . . 

980 
66s 

990 
672 

xooo 

679 

•  •  * 

•  •  • 

•  ■  • 

•  •  ■ 

•  •  • 

•  •  « 

•  ■  • 
■  •  ■ 

•  •  ■ 

•  «  • 

•  •  • 

•  •  • 

«  •  * 
•  ■  • 

•  •  • 

A  box  of  1x2  sheets  14  by  30  in  laid  in  this  way  will  cover  165  sq  ft. 
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Stendiac-SMm  Tin  Rooflag.  The  following  table  shows  the  number  of  38  by 
io-ln  sheets  required  to  cover  a  given  number  of  square  feet  with  standing-seam 
oofing.  The  standing  seams  take  2H  in  off  the  width»  and  the  flat  cross-seams, 
;dged  H  in.  take  xH  in  off  the  length  of  the  sheet.  The  covering  capacity  of 
;ach  sheet  is,  therefore,  a6Ti  by  X7H  in,  or  463.59  sq  in.  In  the  following  table 
ach  fractional  part  of  a  sheet  is  counted  a  full  sheet. 


No.  of  square  feet . 
Sheets  required . . . 

xoo 
3i 

IXC 

3S 

X30 

38 

130 

.4* 

X40 
44 

ISO 
47 

x6o 
SO 

170 
53 

x8o 
56 

190 
59 

300 

63 

No.  of  square  feet . 
Sheets  required.. . 

aio 
6s 

330 

68 

330 
71 

340 
74 

350 
77 

360 
80 

370 
84 

380 
87 

390 
90 

300 

94 

3x0 

97 

No.  of  square  feet . 
Sheets  required . . . 

320 

100 

330 
103 

340 
X06 

350 
109 

360 
XX3 

370 
XX5 

380 
xx8 

390 

X3I 

400 

X3S 

410 

138 

430 
X3X 

No.  of  square  feet. 
Sheebi  required . . . 

430 
134 

440 

137 

450 

MX 

460 
144 

470 
147 

480 
ISO 

490 
153 

SOO 
156 

Sio 
IS9 

S30 
X63 

530 
x6s 

No.  of  square  feet . 
Sheets  required . . . 

S40 
168 

SSO 
171 

560 
X74 

570 
177 

S8o 

ifto 

S90 
184 

600 
X87 

6x0 
190 

620 
193 

630 
196 

640 
:99 

No.  of  square  feet . 
Sheets  required . . . 

650 
303 

660 

305 

670 
300 

680 
3X1 

690 

3x4 

700 

3X8 

710 
3ax 

730 
334 

730 
337 

740 
330 

750 
333 

No.  of  square  feet . 
Sheets  required . . . 

760 
336 

770 
339 

780 
343 

790 
345 

800 
349 

810 

3S3 

830 
3S5 

830 
3S8 

840 
361 

8sc 
365 

860 
368 

No.  of  square  feet. 
Sheets  required.. . 

870 
371 

880 
374 

890 
377 

900 

a8o 

9x0 
383 

930 

386 

930 
389 

940 
393 

9SO 
396 

960 
399 

970 

303 

No.  of  square  feet , 
Sheets  required . . . 

980 
30s 

990 
308 

•  •   « 

•  ■    • 

•  •  • 

•  •  • 
»  •  • 

■  •  • 

•  •  • 

•  ■  • 

•  ■  • 

•  •  • 

•  •  • 

•  •  ■ 

■  ■  • 
•  ■  • 

«  *  • 

A  box  of  xxa  sheets  38  by  so  in  laid  in  tlus  way  wiU  cover  360  sq  ft. 

Lajring  the  Long  or  Short  Way.  Sheets  14  by  30  in  can  be  laid  either  the 
ong  or  short  way.  The  best  roof  is  made  by  laying  the  sheets  the  X4-in  way; 
imilarly,  in  using  the  28  by  20-in  sheets,  they  should  always  be  laid  the  30-in 
vay,  that  is,  with  the  short  dimexision  crosswise. 

Cost  of  Roofing-Tin 

Cost  of  Tin  for  Staading-Seam  Roofing 
Sheets  38  by  30  in.    Price  per  box  and  per  square  foot 


When  tin  costs 

1 

1 

1 

1 

•*- 

per  bos 

Ixx.ooSxx.so 

1X3.00 

fX3.S0|SX3.00 

$13-50 

$X4. 00,1X4. 50 

8x5.00 

txsso 

Standing-seam 

roofing  costs 

per  sq  f  t 

0.0397  0.03x0 

0.0334 

0.0337  0.0351 

0.0364 

O.Q378 

0.Q39X 

0.0404 

0.04x8 

\S  hen  tin  costs 

per  box 

16.00,  16.50 

17.00    X7.50    X8.00'  X8.50 

X9.00 

19  50 

30.00 

30.50 

Standing-seam 

1 

,                   1 

roofing  costs 

1         ' 

persqft 

0.0432  0.0446^0.0459 

0.0473  0.0486'o.osoo 

0.05x3 

0.0536 

0.0540 

0.0553 

When  tin  costs 

per  box 

2X.00    21.50 

23.00    33.50    33.00    33.50    34.00 

34-50 

35  00 

•  •  >  • 

Stand  tng-seam 

1 

roofing  costs 

t 

1 

persq  ft 

0.0567  0.0580  O.0594'o.o6o7  0.0621(0. o634|o. 0648*0. 0661 

0.0675 

•  «  •  • 

The  above  estimates  do  not  include  cost  of  laying.  The  cost,  using  14  by  20-in  sheets, 
vUl  amount  to  about  25%  more  than  the  cost,  using  38  by  20-in  sheets,  owing  to  the 
ireater  number  of  seams.    More  tin,  solder,  cleats  and  work  are  therefore  necessary. 
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Tia  a  IMIiw  or  0«etw-4teip« 

Nofflber  of  sheets  required  per  linear  foot  for  so  and  sS-in 


Feet 

Widths 

Feet 

Widths 

Feet 

Width! 

Hui»- 
dred 

Widths 

1 

20 

28 

* 

20 

28 

20 

26 

feet 

20 

2^ 

I 

I 

X 

35 

16 

23 

<9 

31 

44 

09 

I-* 

2 

X 

2 

36 

16 

Z3 

70 

32 

45 

134  •      1% 

3 

2 

2 

37 

17 

24 

71 

32 

45 

X7«  \      J3f 

4 

2 

3 

38 

17 

24 

72 

32 

46 

»3 

33= 

5 

3 

4 

39 

18 

25 

73 

33 

47 

267 

^ 

6 

3 

4 

40 

X8 

26 

74 

33 

47 

31.2 

AAi 

7 

4 

5 

41 

19 

27 

75 

34 

48 

356 

Si: 

8 

4 

5 

42 

19 

27 

76 

34 

48 

401 

.'Tt 

9 

4 

6 

43 

20 

28 

77 

35 

49 

xo 

445 

64c 

10 

5 

7 

44 

20 

28 

78 

35 

SO 

XI 

495 

7C4 

IX 

5 

7 

45 

20 

29 

79 

36 

50 

12 

540 

7» 

12 

6 

8 

46 

21 

29 

80 

36 

SI 

u 

585 

^ii 

13 

6 

9 

47 

2X 

30 

81 

36 

52 

14 

6y>       h» 

14 

7 

9 

48 

22 

31 

82 

37 

52 

15 

675  ,     9K 

15 

7 

10 

49 

22 

31 

83 

37 

53 

16 

720 

I  CM 

i6 

8 

XI 

50 

23 

32 

84 

3B 

54 

17 

76s 

xofis 

17 

8 

XI 

51 

23 

33 

85 

38 

54 

x8 

8x0 

I  IS2 

z8 

8 

12 

52 

24 

33 

86 

39 

55 

19 

8S5 

xir6 

19 

9 

12 

53 

24 

34 

87 

39 

55 

ao 

900 

X2fc 

30 

9 

13 

54 

24 

34 

88 

40 

56 

21 

945 

1344 

21 

10 

14 

55 

25 

35 

89 

40 

57 

22 

990 

14tf 

23 

10 

14 

S6 

25 

36 

90 

40 

S7 

23 

I  <QS 

1473 

23 

IS 

57 

26 

36 

91 

41 

58 

24 

I  080 

153* 

24 

16 

58 

26 

37 

92 

41 

59 

25 

lias 

ite 

25 

i6 

59 

27 

38 

93 

42 

59 

26 

I  ITO     I  €ec 

26 

17 

60 

27 

38 

94 

42 

60 

27 

1  215      I  1^ 

27 

i8 

61 

28 

39 

95 

43 

6x 

28 

I  260     I  TV- 

28 

i8 

62 

28 

40 

96 

43 

62 

29 

I  305  ■"  I  8sf 

29 

19 

63 

28 

40 

97 

44 

62 

30 

r  350    1  92: 

30 

*^ 

19 

64 

29 

41 

98 

44 

63 

31      ' 

I  395     i<*4 

31 

20 

6S 

29 

41 

99 

44 

64   ! 

32 

I  440      2  04^* 

32 

ax 

66 

30 

42     1 

1   100 

45 

64    1 

33 

1485 

2  U2 

33 

21 

67 

30 

43 

•  •  •  « 

•  •  ■  ■ 

«  •  •  •     1 

34 

IS30 

2  ITt 

34 

i6 

22 

68 

31 

43 

1 

.... 

•   •  •  • 

....  1 

35 

1575 

1 

224Ci 

Cost  of  Tin  in  Rolls  or  Gutter-Strips 

Labor,  solder,  paint,  rosin  and  ottier  materials  not  included 

A  box  of  xxa  sheets  in  28-in  roll  will  cover  175  Hn  ft 
A  box  of  112  sheets  in  2o-!n  roll  wiU  cover  248  lin  ft 
A  box  of  II a  sheets  in  i4-in  roll  will  cover  350  lin  ft 
A  box  of  112  sheets  in  lo-in  roll  will  cover  496  lin  ft 


Cost  per  box  (28  by  20  in) 

Cost  per  linear  foot,  28  in  wide. 
Cost  per  linear  foot,  20  in  wide. 


1X0.00 

0.05714 
0.04032 


Six. 00 
0.06285 
0.04435 


$12.00 


I13  00 


0.06S56  0.07426 
0.048380.05241 


$14  00 
0.07998 
0.05644 


I15  cc 
0.0856U 
0.0604: 


Cost  per  box  (28  by  20  in) f  16  00   81700 

Cost  per  linear  loot,  28  in  wide 0.09x49  0.097x1 

Cost  per  linear  foot,  20  in  wide {0.06450  0.06653 


1x8  00 
0.XO2I 
0.07256 


I1900 
0.10853 
0.09699 


§90.00 

0.1X424 

O. 


Slag  and  Giavd  Roofing  1595 

Tin  in  Sols.  For  the  convenienoe  of  roolexs  and  for  nub-ordflfs,  Tai^etHuid- 
rrow  tin  is  put  up  in  roUs  14,  20  and  28  in  wide.  Each  roU  contains  208  sq  ft 
kbout  63  lin  ft,  sS  bsr  90-in  sheets  laid  ao  in  wide).  The  tin  is  painted  on  one 
*  both  sides,  as  wanted,  with  an  approved  metaiiic  brown  paint.  The  seams 
re  carefidly  soldered  by  hand,  good  100  to  100  solder  and  rosin  being  used  as 
flux. 

Slag  or  Gravel  Roofing 

The  Ordinary  GfaTel  Roofing  over  boards  is  formed  by  6rst  covering  the 
irface  of  the  roof  with  dry  felt  (paper)  and  over  this  laying  three,  four,  or  five 
lyers  of  tarred  or  asphaltic  felt  lapping  each  other  like  shingles,  so  that  only 
om  6  to  xo  in  of  each  layer  are  expc^ed.  In  la3ring  roofs  over  concrete  the  dry 
:lt  is  omitted,  a  mopping  of  pitch  is  placed  directly  on  the  concrete  and  the  first 
lyer  of  the  felt  embedded  in  it. 

Flashing  against  walls,  chimneys,  curbs  of  skylights,  etc.,  is  done  by  turning 
he  felt  up  6  in  against  the  walls.  Over  this  is  laid  an  8-in  strip  with  half  its 
k'idth  on  the  roof.  The  upper  edge  of  the  strip  and  of  the  several  layers  of  felt  b 
hen  fastened  to  the  walls  by  nailing  wooden  strips  or  laths  over  the  felt  and  into 
he  walls.  Metal  ^ashing§  to  protect  the  felt  are  better  than  the  wooden  strips 
ind  should  be  used  when  possible.  At  the  eaves  and  on  all  exposed  edges, 
netal  gravel-stops  should  be  used. 

A  Better  Method  of  Slag  or  Gravel  Roofing  is  to  lay  two  plies  of  tarred  felt, 
apping  each  other  17  in,  and  then  spreading  a  coat  of  pitch  over  the  entire  roof. 
^n  this  again  three  more  layers  of  felt  are  laid  and  then  coated  with  pitch,  into 
A'bich  the  crushed  slag  or  screened  gravel  is  embedded. 

SpeciflcationB  for  Pitch-Slag  or  Gravel  Roofing.  The  following  spedfi' 
:atiun-notes  *  describe  the  latter  method  more  in  detail  and  also  the  materials 
that  should  be  used  to  secure  a  first -class  job.  These  roofs  are  most  efficient  and 
durable  on  comparatively  flat  inclines.  The  usual  built-up  roof  consists  of  suc- 
cessive layers  of  saturated  felt  cemented  together  and  surfaced  with  coal-tar 
I)itch  or  asphalt,  into  which  is  embedded  the  gravel  or  slag.  Tile  is  also  used  as  a 
surfacing  material.  The  saturants  used  in  the  felt  are  generally  coal-tar  or 
ai>phalt-compounds. 

(i)  Speciikation  for  Pitch-Slag  or  Pitch-Gravel  Rooflog  Over  Wooden 

This  specification  should  not  be  used  when  the  roof-incline  exceeds  3  in  to  i  ft. 

Lay  one  thickness  of  sheathing-paper  or  unsaturated  felt  weighing  not  less 
than  5  lb  per  100  sq  ft,  lapping  the  sheets  at  least  i  in. 

Over  the  entire  surface  lay  two  plies  f  of  tarred  felt,  lapping  each  sheet  17  in 
over  the  precedinf;  one,  and  nail  as  often  as  is  necessary  to  hold  them  in  place 
until  the  remaining  felt  is  laid. 

Coat  the  entire  surface  uniformly  with  pitch. 

*  Condensed  and  adapted  from  the  roofing  specifications  puUiahed  by  the  Barrett 
Company  and  known,  in  their  hill  form,  as  "The  Barrett  Specificatioos."  They  can  be 
obuined  from  the  manufacturers. 

t  In  the  Western  Sutes  the  number  of  "plies"  n  construed  to  mean  the  total  num- 
ber of  laye^^  including  dry  as  well  a»  saturated  felt,  and  the  terms  3-ply,  s-ply^  etc.,  are 
hereinafter  used  on  that  basis.  In  the  Eastern  States,  3-ply>  5-ply.  etc.,  usually  refers 
to  the  number  of  layers  of  saturated  felt,  the  total  number  of  layers  should  always  be 
si^ecificd  if  there  is  any  doubt  as  to  the  exact  meaning  of  the  term  as  used  In  the  speci- 
ficatioos. 
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to  bum  out  the  mfljumnabie  oil  in  them  and  to  cauae  the  residue  to  swidl  aod  forn 
a  pon>us»  incombustible  coke.  This  type  of  roofing  is  not  attacked  t»y  conoaiv- 
gases  or  add-fumes,  and  is  used  extensively  on  railroad-roundhotises  and  ott^f 
■tructures  where  the  conditions  are  particuiaurly  severe.  Coal-tar  or  tar-c>i 
•houid  not  be  added  to  the  pitch  to  soften  it. 

Guarantee.    Roofers  generally  give  a  five-year  guarantee  with  gravel  roots 

Cost*  of  Pitch-Slag  or  GraTel  Roofing.    The  cost  of  this  type  of  rootr.^ 
varies  greatly,  depending  on  the  location,  size  and  quality  of  the  work,  the  t% 
tremes  being  approximately  $2.50  and  $3.50  per  square  for  three-ply,  $3.50  ar-: 
$4.50  per  square  for  four-ply,  and  $4.50  and  $7.00  per  square  for  five-ply  roofing 

Asphalt-Gravel  Roofing 

Asphalt-Gravel  or  Aaphalt-Slag  Roofing  differs  from  coal-tar  roofing  prind- 
paily  in  the  substitution  of  asphalt  or  asphaltic  cement  for  the  coal-tar  pitch.  10: 
saturating  the  felt  as  well  as  for  mopping  and  surface-coating.  It  is  claimed  thi: 
the  oils  of  asphalt  do  not  evaporate  as  quickly  as  do  those  of  coal-tar  pitch  undr- 
ordinary  temperatures  and  that  therefore  the  flexibility  and  life  of  asphaltic  frits 
and  coatings  are  not  as  quickly  destroyed.  As  a  matter  of  fact,  asphalt  roof  ^  <io 
not  always  last  longer  than  some  coal-tar  roofe,  but  the  chances  are  that  th^* 
will  last  fully  as  long  and  possibly  longer,  depending  upon  the  quality  of  the 
materiab  and  the  workmanship.  The  asphalt  used  for  roofing  is  obtained  prirr 
cipally  from  the  island  of  Trinidad. 

Specifications  for  Asphalt  Roofing,  f  The  following  specifications  wcr? 
prepared  by  the  above-named  company  and  are  for  Warren's  heavy  standani 
Anchor-brand  roofing.  The  manner  of  laying  the  felting  differs  from  that  ordi- 
narily employed  for  coal-tar  roofing. 

(x)  Specification  for  Asphalt-Gravel  Roofing  Over  Wooden  SiMMrtiiw^ 

Cover  the  roof  with  two  thicknesses  of  Warren's  Composite  xoofing-feit, 
manila-paper  side  down,  lapping  each  sheet  17  in  over  the  preceding  one,  and 
securing  with  nails  through  tin  discs  about  sH  ft  apart. 

Over  the  entire  surface  of  the  Composite  felt  thus  laid,  mop  an  even  coatiitf 
of  Warren's  Anchor  Brand  roofing-cement,  into  which,  while  hot,  lay  tw.< 
thicknesses  of  Anchor  Brand  felt,  lapping  each  sheet  17  in  over  the  shee'. 
preceding,  sticking  these  laps  the  f  uU  width  with  hot  Anchor  cement  and  securii^ 
with  nails  through  tin  discs  not  more  than  20  in  apart. 

Over  the  entire  surface  of  the  felt  thus  prepared,  ^read  an  even  coating  of  thf 
rament,  covering  it  immediately  with  a  sufficient  body  of  well-screened,  di> 
gravel  or  crushed  slag. 

If  the  roofing  is  applied  in  cold  weather  the  gravri  or  slag  must  be  heated. 

Slag  only  should  be  used  if  the  incline  of  the  roof  exceeds  3  in  to  the  foot. 

All  layers  of  felt  must  be  turned  up  at  least  4  in  over  battlement-walls,  sky- 
light*curbs,  or  any  projections  raised  above  the  roof. 

(2)  Specification  for  AsphaH^Orave!  Roofing  Over  Coaerete 

The  concrete  foundation  is  to  be  smooth  and  perfectly  graded  to  carry  the 
water  to  the  outlets  or  gutters. 

Over  the  entire  surface  of  the  concrete  first  mop  a  smooth,  even  ooatin^  of 
Eclipse  Asphalt  cement,  into  which,  while  hot,  lay  two  thicknesses  of  Warren*s 
Anchor  Brand  roofing-felt,  lapping  each  sheet  17  in  over  the  sheet  preccifing. 

*  These  nricc*  have  advanced  and  the  manufacturecs'  lists  must  be  consulted. 

fTbe  asphalt -roofing  materials  manufactured  by  the  Warren  Chemical  &  Mannfac- 
turinK  Company  of  New  York  have  been  tued  for  many  jrears  and  have  given  good 
'utisfaction.  /■ 
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Mop  bade  (or  the  full  width  between  the  laps  of  the  felt  thus  laid,  with  War- 
m*s  Anchor  Brand  roofing-cement. 

Cyvec  the  entiiT  exposed  surface  of  the  felt  mop  an  even  coating  of  said  Anchor 
ement,  into  which,  while  hot,  lay  two  thicknesses  of  Anchor  Brand  felt,  lapping 
ach  sheet  17  in  over  the  sheet  preceding,  and  sticking  these  laps  thoroughly  the 
ull  width  with  hot  cement. 

Over  the  entire  surface  of  the  felt  thus  prepared,  spread  an  even  coating  of  the 
.-«inent,  covering  it  immediately  with  a  sufficient  body  of  well-screened,  dry 
n^vel  or  crushed  slag. 

If  the  roofing  is  applied  in  cold  weather,  the  gravel  or  slag  must  be  heated. 
Slag  only  should  be  used  if  incline  of  roof  exceeds  3  in  to  the  foot.  On  steep 
surfaces  nailing-strips  should  be  provided  in  the  concrete,  unless  the  latter  is 
sufficiently  soft  to  admit  of  nailing.  All  layers  of  felt*  must  be  turned  up  at 
least  4  in  over  battlement-walls  and  skylight-curbs,  or  any  projections  raised 
above  the  roof. 

Cost  of  Aflphtlt-Gravel  or  Slag  Roofing.  Asphalt-gravel  roofing  costs  a 
little  more  than  pitch-gravel  roofing  of  the  same  grade.  (See  Cost  of  Pitch- 
Slag  or  Gravel  Roofing,  page  1598.) 

Roof-Incline.*  Asphalt-gravel  or  asphalt-slag  roofing  should  not  be  applied 
to  roofs  which  are  steep  enough  to  make  the  material  run  in  hot  weather.  The 
manufacturets  of  various  roofings  will  guarantee  the  permanency  of  their  roofings 
for  certain  mayimum  slopes. 

Prepared  Roofing.    There  is  a  large  number  of  so-called  PR£PAa£0  aooFiNcs 
or  READY  KOOPTNGS,  which  are  made  by  cementing  together  two,  three,  or  more 
layers  of  saturated  felt  or  felt  and  burlap  and  then  coating  the  combination  either 
with  a  hard  solution  of  the  same  cementing  material,  or  with  hot  pitch  or  asphalt 
into  which  is  embedded  sand  or  fine  gravel.    These  roofings  are  commonly  put 
up  in  rolls  36  in  wide  and  are  applied  by  lapping  the  strips  2  in  with  a  coat  of 
cementing  material  between,  and  nailing  every  2  or  3  in  with  tin-capped  roofing- 
nails.    A  sufficient  quantity  of  cement,  nails  and  tin  caps  is  packed  in  the  middle 
of  the  rolls.   The  particular  advantage  of  these  roofings  is  that  no  previous  expe- 
rience is  required  for  laying  them  and  no  kettles  are  required;  for  this  reason  they 
are  extensively  used  in  the  country,  and  on  railroad-shops,  factories,  and  mill- 
buildings.    In  cities  there  is  no  particular  advantage  in  using  them  except  for 
roofs  that  are  too  steep  for  coal-tar  pitch,  as  they  cost  on  the  roof  about  the  same 
as  good  gravel  roofing.    Many  of  these  prepared  roofings  are  as  durable  under  or- 
dinary conditions  as  the  light-weight  gravel  roofs.    In  Colorado,  however,  it  has 
been  found  that  they  are  badly  damaged  by  severe  hail-storms,  probably  owing 
to  the  lack  of  the  protecting  gravel.    For  roofs  having  a  rise  of  x  in  or  more  to 
the  foot,  these  roofings  make  economical  and  durable  roofs,  and  for  some  build- 
ings aie  to  be  preferred  to  other  materials. 

CofTogatod  Iron  and  Steel  Sheets 

Cormgated  Sheets  of  iron  and  steel  are  very  extensively  used  for  the  roofing 
and  siding  of  mills,  sheds,  grain-elevators  and  warehouses.  The  best  grades  of 
corrugated  sheets  are  now  made  of  double-refined  box-annealed  iron  or  steel.f 

*  The  Editor  has  been  notified  by  the  Warren  Chemical  ft  Maaafacturing  Company, 
New  Yoifc,  that  when  pot  on  aocording  to  their  directioos,  their  Anchor  Brand  roofing  has 
been  successfulb^  used  on  relatively  steep  surfaces  where  the  slope  was  as  high  as  9  in  to  the 
foot. 

t  It  is  claimed  that  "the  life  of  a  genuine  vuddlxd-ikon  sheet  when  exposed  only  to 
the  pure  air  and  nstunl  elements  is  (torn  five  to  eight  tines  longer,  and  when  exposed  to 
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The  corrugations  arc  usually  made  lengthwise  of  the  sheet,  eithc  by  pa&a- 
chem  through  rolls  or  by  pressing  the  plain  sheets  in  a  press  made  to  give  tK 
desired  corrugations.  It  is  claimed  that  the  latter  method  gives  the  more  pe* 
feet  and  uniform  corrugations.  The  weight  and  thickness  of  the  metal  is  rfp> 
resented  by  the  gauge-number  of  the  black  sheets  from  which  the  corrugated 
sheets  are  made.  The  standard  gauge*  for  sheet  iron  and  steel  in  this  count r. 
is  that  established  by  act  of  Congress,  March  3,  XB93.    (See  pagie  402.) 

Gauges.  The  following  table  gives  the  weights  and  thicknesses  of  the  dif  er- 
ent  gauges,  from  No.  7  to  No.  30,  for  flat  black  sheets.  The  gause  ezten^^ 
from  No.  7-0,  H  in  thick,  up  to  No.  40, 0.005469  in  thick,  but  sheet  steel  is  n*: 
commonly  made  thinner  than  No.  30,  and  above  fie  in,  the  thickness  is  gener- 
ally designated  by  frac^ons  of  an  inch.  Section  3  of  the  act  of  Congress  pro- 
vides that  in  the  practical  use  and  application  of  this  gauge,  a  variation  of 
t^i%  either  way  may  be  allowed. 


United  States  Standard  Oauge  for  Sheet  Iron  and  Steel  * 
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0«lvanicing  the  Sheets  adds  approximately  2U  oz  per  sq  ft  to  the  abo\*e 
weights.  The  regular  sizes  of  the  corrugations  are  3Vi,  xH,  H  uid  H«  in. 
measared  from  center  to  center.    Besides  these  sizes,  5-in,  3-in  and  2-in  corru- 

salphurous  and  other  gases  from  ten  to  twenty  times  longer,  than  a  sheet  of  steel  or  wtad- 
steel  of  the  same  gauge,  or  a  light-gauge  sheet  made  from  (Hire  puddled  pig-iron;  sad  Uut 
it  will  wear  longer  than  steel  sheets  of  the  heaviest  gauges,  or  galvanised  sheets  of  the 
same  gauge. " 
•  For  Other  gauges,  see  pages  401,  402,  403,  1469,  X473.  tjog.  15x0  and  1512. 
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ktk>ns  are  made  by  one  or  two  corruKatinff  oompanies.  Corrugated  sheets  an 
irried  in  stock  in  4>ft,  5-ft»  6-ft,  74t,  8-f t,  9-ft  and  lo-ft  lengths.  Sheets  can 
t  obtained  as  bog  as  12  ft  at  a  cost  of  5%  extra.  The  8-ft  length,  however,  is 
lost  commonly  used  The  width  of  the  sheets,  ss  a  rule,  is  24  in  between  cen- 
irrs  of  the  outer  corrugations,  so  that  the  covering  width  is  24  in  when  one 
jrrugation  is  used  for  the  side  lap.  This  applies  to  all  sizes  of  corrugations,  all 
Hough  one  or  two  mills  make  wider  sheets.  The  2-in,  2H-U1  and  3-in  corrugated 
tieets  are  made  in  ail  gauges  from  No.  16  to  No.  aS,  the  xV4-in  corrugated  sheets 
'om  No.  22  to  No.  38,  the  H-in  corrugated  sheets  from  No.  24  to  No.  28  and  the 
lo-in  corrugated  sheets  in  Nos.  26,  27  and  28  only.  No.  28  gauge  is  the  one  com- 
nonly  used  for  all  purposes.  The  sheets  are  generally  painted  with  a  red  mineral 
>aint  before  shipping  and  galvanized  sheets,  also,  can  be  obtained  if  desired. 
Ul  corrugated  sheets  are  sold  by  the  square  (xoo  sq  ft),  measuring  the  actual 
widths  and  lengths  of  the  corrugated  sheets. 


Corrngatod-Steel  Rooflng* 

XTseful  Data.  For  covering  roofs,  either  a-in,  2^i-in,  or  2-in  corrugations 
ihould  be  used,  the  2^  c-in  being  the  most  common  size.  The  thickness  or  gauge 
iepends  upon  the  distance  between  the  supports  on  which  the  sheets  are  laid. 

Nos.  26  to  28  gauges  should  be  laid  on  close  sheathing,  or  strips  not  more 
:han  from  i  to  2  ft  on  centers.  The  maximum  distances  between  supports  for 
>ther  gauges  should  be  as  follows  :t 

For  No.  24  gaufl^e,  from  2  to  2^  ft,  center  to  center. 

For  Nos.  22  and  20  gauge,  from  2  to  3  ft,  center  to  center. 

For  No.  x8  gauge,  from  4  to  5  ft,  center  to  center. 

For  No.  16  gauge,  5  to  6  ft,  center  to  center. 

The  least  pitch  which  should  be  given  to  roofs  that  are  to  be  covered  with 
corrugated  sheets  is  3  in  to  the  foot,  and  for  trussed  roofs  it  is  not  desirable  to 


Fig.  1.    Approved  Method  of  Laying  for  Side  Lap 

have  less  than  a  one-fourth  pitch  (6  in  to  the  foot).  When' laid  on  a  roof,  comi^ 
gated  sheets  should  have  a  lap  at  the  lower  end  of  from  3  to  6  in,  according  to 
the  pitch  of  the  roof.  For  a  \^  pitch,  a  3-in  lap  is  used;  for  a  Va  pitch,  a  4-in 
lap:  and  for  a  fi  pitch,  a  5-in  lap.  For  the  side  lap  it  is  recommended  that 
each  alternate  sheet  be  laid  upside  down  and  lapped  as  shown  in  Fig.  1.  By 
this  method,  when  water  is  blown  through  the  fint  lap,  it  will  stop  and  not  pass 
the  half  lap,  but  run  down  and  out  at  the  end  of  the  sheet.  A  great  deal  of 
roofing,  however,  is  laid  as  in  Fig.  2.  In  applying  to  sheathing  or  wooden  strips, 
the  sheets  are  secured  by  nailing  through  the  tops  of  the  corrugations,  the  nails 
being  driven  through  every  alternate  corrugation  at  the  ends,  and  about  8  in 

*  Much  practical  information  regarding  the  use  of  corrugated  sheets  on  mill-build- 
ings,  with  many  details,  is  contained  in  Steel  Mill  Buildings  and  in  the  Structural  En- 
gineers' Handbook,  by  Milo  S.  Ketchura. 

t  For  tbe  strength  of  corrugated  sheets,  see  the  books  above  mentbned. 
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•part  at  the  sides.    When  appfied  to  iroa  or  sted  pqrlixis.  the  side  laps 
extend  over  at  feast  iVi  oomigatiooSp  and  the  sheets  should  be  riveted 
every  8  in  on  the  sides  and  at  every  alternate  corrugation  at  the  ends. 
Cincinnati   Corrugating  Company  makes   a  patent  edge-comigatioii 
makes  a  tight  joint  with  a  lap  of  only  one  corrugation.    To  fasten  the 


Tbf 

rhick 


Fig.  2.    Commoci  Method  of  Laying  for  Side  Lap 


the  purlins,  which  are  usually  steel  angles,  cleats  of  band-iron,  H  or  Ti  m  wide, 
may  be  passed  around  or  under  the  purlins  and  riveted  at  both  ends  to  the 
sheets,  as  shown  in  Fig.  3.  By  contracting  or  pressing  these  cleats  toward  the 
web,  a  tight,  secure  fastening  results,  which  allows  for  contraction  and  expansi.3a 
of  the  sheets.    Cleats,  however,  are  generally  used  only  with  channel  or  Z-bar 


V\g.  3.    Sheets  Fastened  to  Angle- 
purlin  by  Band-iron  Cleats 


Fig.  4.    Sheets  Fastened  to  Angle-paiUa 
by  Clinch-nails 


purlins.    For  angle-iron  purlins,  clinch-nails,  made  of  soft -iron  wire,  are  con*.- 
mo.ily  used,  as  shown  in  Fig.  4;  they  make  very  satisfactory  fastenings. 

The  following  table  shows  the  sizes  of  clinch-nails  to  be  used  with  different 
sizes  of  angle-purlins  and  also  the  number  of  nails  to  the  pound  in  each  instance: 


I 


L 


Purlin-angles 2X2  in 

Lengths  of  nails 4  in 

Number  of  nails  per  pound 48 


2HXi  in 

3HX3H  in 

4X4^  i 

5  in 

6  in 

7  in 

38 

33 

27 

m 


The  nails  should  be  placed  through  the  top  of  every  second  or  third  corruga< 
tion.  At  the  eaves  of  the  building  and  along  the  edges  of  the  ventilators  special 
pains  should  be  taken  in  fastening  the  roofing,  as  these  are  the  places  where  the 
force  of  the  wind  is  the  greatest  and  where  it  tends  to  strip  the  roofing  from  the 
purlins.  For  these  parts  of  the  roof  the  best  method  of  fastening  is  that  shown 
in  Fig.  5.  These  fastenings  consist  of  strips  of  sheet  iron  about  2  in  wider  than 
the  purlins,  made  of  No.  12  iron  and  riveted  to  the  purlins  with  U-in  riveti 
spaced  10  in  apart.  To  these  strips  the  corrugated  sheets  are  riveted,  e\'e:y 
5  in  or  every  two  corrugates,  with  6-lb  rivets.  The  method  of  fastening  shown 
in  Fig.  6,  also,  answers  very  well  and  is  less  expensive. 


CoiTugftted  Siding 


ieQ3 


In  otderiag  corrugated  sheets  an  allowance  must  be  made  for  the  laps.    Tha 
foUowiog  table  gives  the  number  of  square  feet  neoessary  to  cover  one  square  of 


Fig.  6.    Approved  Fastening 
for  SboeU  at  Eaves 


Fig.  6.    Alternate  Method  of 
Fastening  at  Eaves 


actual  surface,  using  sheets  8  ft  long.    If  shorter  sheets  are  used,  the  allowanoo 
must  be  slightly  increased. 


Number  of  Square  Feet  of  Corrugated  Sheets  to  Cover  lOO  Square 

of  Roof 

Feet 

Bnd-laps 

I  in 

a  in 

3  in 

4in 

sin 

6in 

Side  lap,  i  corrugation 

Side  lap,  i  ^  oorrugations 

Side  lap,  a  corrugations 

sqft 
no 
xi6 

123 

sqft 
III 
"7 

124 

sqft 

ZI2 

1X8 

125 

sqft 
1X3 
1.19 

126 

sqft 
XI4 

X20 
127 

sqft 
IIS 

I2X 
128 

Approsiniate  Weights  hi  Pounds  of  loo  Square  Feet  of  a^f-in  CoRvgsted 

Sheeto 


Gauge 

No.  28 

No.  27 

No.a6 

No.  34 

No.  aa 

No.  20 

No.  i8 

No.  16 

Painted .... 
Galvanised. 

69 
86 

77 
93 

84 
99 

III 

X27 

IJ8 
154 

i6s 
z8a 

aao 

236 

275 
291 

Anti*Condensation  Lining.  Wherever  corrugated  steel  is  laid  on  purlins 
with  no  sheathing  or  paper  underneath,  if  the  building  is  heated,  moisture  will 
invariably  collect  on  the  under  side,  and  if  the  air  in  the  building  is  warm  and 
humid,  considerable  dripping  will  result.  To  prevent  this  dripping,  it  is  neces- 
sary to  protect  the  under  side  of  the  corrugated  steel  with  paper  or  felt.  This 
may  be  done  by  first  stretching  poultry-netting  over  the  purlins,  from  eaves  to 
ridge,  and  wiring  the  strips  together  at  the  edges.  Over  this  should  be  laid  one 
thickness  of  asbestos  paper  and  one  or  two  layers  of  saturated  felt.  The  cor- 
rugated steel  may  then  be  fastened  to  the  purlins  in  the  usual  way.  The  side 
laps  may  be  secured  by  stove-bolts,  with  x  by  Vi  by  4-in  plate  washers  on  the 
under  side,  to  support  the  lining. 

Corrugated  Siding 

For  Siding,  either  the  a^i,  a,  or  iH-in  corrugations  are  used.  The  iH-in  size, 
however,  makes  the  best  appearance.  For  the  laps,  i  in  at  the  bottom  and  one 
corrugation  at  the  sides  are  sufficient. 

For  Sheds,  etc.,  the  sheets  may  be  nailed  to  cross-pieces  cut  in  between  the 
studs  horizontally  and  spaced  from  a  to  3  ft  apart,  the  studs  being  from  3  to  4  ft 
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on  centen.  For  elevators,  either  ooss-conugated  sheets  or  sheets  not  nK--i 
thao  32  in  long  should  be  used.  The  nails  should  be  driven  in  the  troui:h  1 
each  alternate  corrugation,  2  in  above  the  lower  end  of  the  sheet,  which  wiU  •! 
1  in  ABOVE  the  top  end  of  the  under  sheet.  This  allows  the  sheet  to  slide  i  1 
in  33  in  as  the  building  settles,  before  the  nail  will  strike  the  upper  end  oi  tii 
lower  sheet.    The  side  lap  should  not  be  nailed. 

CeiUngs.    For  the  ceilings  of  stores,  stables,  etc.,  Hs  or  H-in  conm^t^i 
sheets  are  much  used;   and  the  construction  is  an  excellent   one    for   t.  1 

purpose. 

Galvanized  Iron.  This  term  is  commonly  applied  to  all  galvanized  ibt< 
metal.  Formerly  most  of  the  galvanized  sheets  had  a  steel  base,  but  sa^.e 
r.bout  1906  a  nearly  pure  iron,  called  Toncan  Metal,  has  been  larnrely  u<e*dl  f  >.' 
rhe^tc!  of  very  fine  cur.lit.".  Galvanized  sheets  come  in  lengths  3f  6.  7  antl  ^  t 
in  United  States  Gauge-Nos.  14,  16,  18,  20,  22,  24,  26,  27,  28  and  30,  and  b 
widths  of  24,  26,  28,  30  and  36  in  for  all  gauges  except  No.  30,  wliich  is  made  or.i. 
in  widths  of  24,  26  and  28  in.  Sheets  of  No.  28  gauge  are  also  made  in  widths  -i 
32  and  34  in.  The  widths  commonly  carried  in  stock  are  24,  38  and  30  1:1 
Most  of  the  galvanized  iron  used  for  cornices  and  ornamental  work  is  No.  2: 
gauge.    No.  28  b  sometimes  used  for  gutters  and  coixiuctors. 

Copper  for  Roofs 

Method  of  Applying.  This  is  usually  in  2^  by  5-ft  sheets,  malrttt^  i^  . 
sq  ft  and  weighing  from  10  to  14  lb  per  sheet.  It  is  laid  on  boards  to  which  :: 
is  fastened  by  copper  cleats.  No  solder  is  employed,  as  it  is  in  tin  roofs,  10  t:» 
horizontal  joints,  and  the  horizontal  and  sloping  joints  are  made  by  sim^y  over- 
lapping and  bending  the  sheets.  The  horizontal  joints  are  locked  together  ar-i 
then  tightly  flattened  down. 
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Floor-TIUng  and  WaU-Tillng 

TOe  Floors  are  extensively  used  in  the  better  class  of  buildings,  and  par- 
ticularly in  those  portions  which  are  used  by  the  public,  on  account  of  their  grral 
durability,  sanitary  qualities  and  decorative  effects.  As  a  matter  of  fact,  a  go-d 
tile  floor  is  also  cheaper  in  the  long  run  than  a  wooden  floor  if  it  is  subject  to 
much  wear.  The  materials  used  for  tiling  floors  are  tiles  made  from  differ«n: 
grades  of  clay,  marble,  slate,  glass  and  rubber.  Of  these  probably  the  mo< 
durable  and  sanitary  are  the  vitreous  clay  tiles.  For  walb  and  wainscotings 
glazed  tiles,  marbles  and  glass  are  extensively  used. 

Floor-Tiles.    The  following  include  some  of  the  principle  kinds  of  clay  tiles: 

(1)  Common  Bocaustic  Tiles.  These  belong  to  the  cheapest  grades,  and  are 
made  of  naturally  colored  clays,  red,  buff,  gray,  chocolate  and  black.  These 
tiles  are  of  a  porous,  absorbent  nature  and  are  used  for  common  floors  where 
sanitary  requirements  are  not  exacting. 

(2)  Semivitreoiis  Tflet.  These  belong  to  a  somewhat  better  grade  than  the 
first  mentioned  and  are  less  porous  and  absorbent. 

(8)  Vitreous  TOes.  These  are  the  hardest  tiles  known,  cannot  be  scratched 
by  steel  or  sand,  and  are  non-absorbent  and  thoroughly  aseptic.  They  are  used 
principally  for  floors  requiring  a  perfect  sanitary  condition  and  arc  manufsctured 
in  white,  blue,  gray,  green  and  pink  colors  of  great  delicacy. 
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(4)  Cermmic  TQes  or  Cenmk  Rmbmui  MomIc.  This  material  is  made  of 
VITREOUS  clay  in  tesseral  pieces  representing  the  tesserae  of  the  Roman  mosaics. 
It  is  made  into  regular  tiles  ranging  from  H  to  9<-in  squares  and  also  in  hexagonal 
shapes  from  H  in  to  i  in  in  size.  A  rounded  lozenge  tile  is  also  manu- 
factured to  be  laid  in  tesseral  paving.  (See,  also.  Flooring  of  Mosaic,  Terrazzo, 
etc.,  page  1607-) 

The  material  itself  is  of  great  hardness  and  well  suited  for  work  of  a  monu- 
mental or  public  character.  The  even  and  regular  texture  of  the  tessere  admits 
the  adoption  of  damask  designs  which  have  become  identified  and  associated 
with  this  material.  The  minuteness  of  the  tesserae  admits  of  a  great  range  in 
dcsigoing  and  the  following  of  the  architectural  lines.  The  ceramic  Roman 
mosaic  is  much  preferred  to  mosaic  consisting  of  natural  marbles,  because  of  the 
great  variety  in  colors  and  its  greater  durability.  The  vitreous-clay  tiles  are 
impervious  to  attacks  of  any  acids  contained  in  the  atmosphere,  while  marbles, 
especially,  are  subject  to  rapid  disintegration  caused  by  the  sulphuric  acid  con- 
tained in  the  smoke-laden  atmosphere  of  our  cities. 

(5)  Florentine  Moaaics  and  Flint  Titea.  These  are  the  largest  and  heaviest 
tiles  manufactured  in  this  country.  They  are  either  plain  or  inlaid  and  are  in 
use  especially  in  ecclesiastic  work  on  account  of  their  relation  to  mediaeval 
application.  The  material  is  vitreous,  annealed  and  tougher  than  it  is  brittle. 
It  is  also  in  use  for  exterior  polychrome  work. 

(S)  Aaeiitic  TUoa.  These  are  large,  heavy  and  thoroughly  vitreous  tiles  used 
for  institute  work.  They  are  the  only  vitreous  tiles  of  large  size  made  in  this 
country.  As  the  tiles  are  large  and  generally  of  hexagonal  shape,  the  joint- 
spaces  are  reduced  to  a  minimum,  and  they  are,  therefore,  especially  adapted 
for  hospitals,  operating-rooms  and  wards  for  contagious  diseases. 

Enameled  TUet,  Wall-Tilei  and  Mantel-TOes.  The  following  include 
some  of  the  enameled  tiles: 

(1)  White,  Wall-Tilee.  These  are  glazed  tiles  for  wainscots.  They  have 
a  white,  soft  body  and  a  surface  covered  with  a  dear  glaze.  The  brilliancy  of 
this  glaze  and  its  reflecting  properties  make  the  white  wall-tiles  especially  de- 
sirable for  dark  passages. 

(S)  C<4ored,  Glazed  or  Bnameled  TQet.  These  tiles  are  about  the  same  as 
the  former  In  quality;  the  glaze  or  enamel,  however,  is  stained  with  metallic 
oxides,  which  produces  a  brilliant  decorative  efiPect. 

(S)  Dtttt-Satim  etc..  Finished,  Bnameled  Tilee.  These  are  glazed  tiles  with 
a  DULL  or  BLIND  enamel-finish  The  dull  finish  is  produced  either  by  sand- 
blasting or  by  devitrifying  enamels.  It  is  principally  used  for  quaint  decorative 
effects  in  mantel-work. 

(4)  Glazed  Roman  Moaaica.  This  is  a  type  of  enameled  tiling  which  has 
great  decorative  possibilities.  It  has  the  same  tesseral  texture  as  the  ceramic 
floor- tiles  and  is  readily  applied  to  wainscots  and  mantel- work. 

Setting  of  Tilai.  Clay  tiles  are  set  in  Portland-cement  mortar  as  a  rule, 
and  flooring  of  this  character  should  always  be  provided  with  a  substantial 
concrete  base.  Ceramic  mosaics  are  sometimes  laid  on  a  flexible  base.  With 
this  construction  wooden  floors  can  be  provided  with  tile  covering,  and  owing 
to  the  elasticity  and  lightness  of  the  material,  floors  in  elevators,  boats  and  other 
ambulant  structures  can  be  safely  tiled. 

HarUa  Tilet,  from  9  to  x  3  in  square,  have  been  extensively  used  for  flooring, 
principally  on  account  of  their  decorative  effect.  None  of  the  marbles,  however, 
b  as  bard  and  consequently  as  durable  as  the  vitreous  and  rrramir  tiles,  and 
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from  all  practical  staodpobts  the  iharbles  do  not  make  as  good 
When  used,  they  should  be  xH  in  thick  and  not  over  12  in  square,  And  sltoakl  t- 
bedded  in  cement  on  a  concrete  base.  Marbles  should  not  l>e  used  for  floors 
in  hospitais,  as  they  yield  rapidly  to  the  usual  antiseptic  fkwr-waahes. 

Slate,  although  non-absorbent  and  not  a£Fected  even  by  dUute  mineral  aod^. 
is  too  cold  and  dingy  to  commend  itself  for  floor-tiles,  but  because  It  ia  ootxv.-^ 
iently  handled  in  large  slabs  it  is  valuable  as  a  cheap  base  and  as  a  cx>ver  !  - 
wiring  and  |Npe-trenches  in  the  floors.  As  these  often  foUow  a  wall,  it  may  sen? 
in  the  capacity  of  a  border  and  as  such  be  extended  around  the  floor-sp-^c 
Slate  slabs  for  floors  should  be  about  xM  in  thick. 

Marbleithlc  Tiles  or  Slabs  are  made  of  small  pieces  or  chips  of  marble^  •■( 
irregular  shapes,  set  in  a  backing  of  sand  and  Portland  cement.  After  the  -^f 
ment  has  set,  the  top  surface  is  rubbed  until  it  becomes  flat  and  smooth.  M^' 
bleithic  resembles  mosaic  or  Terrazzo,  except  that  it  is  laid  in  the  form  of  u  « 
instead  of  being  put  down  on  the  floor  in  a  plastic  condition.  Much  objection  h  _' 
been  made  to  Terrazzo  because  of  the  cracks  which  commonly  occur  in  it,  coc 
to  the  slight  'settlements  which  are  unavoidable  in  a  new  bnikiing.  (See,  al>  >. 
flooring  of  Mosaic,  Terrazzo,  etc.,  page  1607.)  With  tile  floors  of  any  mater.J 
the  joints  allow  for  any  slight  movement  of  the  floor-constractioo.  without 
causing  visible  cracks.  By  the  process  of  manufacture,  marbleithic  is  m&ue 
much  harder  than  it  is  possible  to  make  mosaic  floors  that  are  laid  in  a  plasUi: 
condition,  so  that  they  have  a  much  better  wearing  surface.  Floocs  of  tr^- 
material  have  been  in  use  since  1895  and  show  Uttlc  if  any  wear.  Marbleith : 
tiles  are  made  of  various  colored  marbles  and  in  different  siaes,  shapes  and 
patterns,  so  that  a  great  variety  of  effects  may  be  produced.  Saoitaiy  coveii 
bases,  stair-treads,  and  wainsootings,  also,  are  made  of  this  materiaL 

Cast-Glaaa  Tilas,  while  quite  resistant  to  a  blow  when  the  polish  is  b> 

broken,  will  break  very  easily  when  the  surface  is  scratched.    All  glass  tiks 
should,  therefore,  be  veiy  thick  and  small  or  protected  by  metal  framing. 

Nowt  Sanitary  Glasa  *  is  a  sanitary  structural  glass  manufactured  in  jI 
thicknesses  from  H  in  up  to  2  in  and  in  slabs  of  all  widths  and  lengths  up  to  xoo  is 
in  width  and  180  in  in  length.  It  is  made  in  various  colors  and  designs  and  b 
the  following  flnishes:  natural-fire  finish,  hone,  semipolished  and  pohshed 
It  can  be  worked  and  handled  the  same  as  marble,  it  is  readily  drilled  axKi  shaped 
to  acconunodate  fixtures,  etc.,  and  is  very  handsome  in  app^rance.  It  is  izc- 
pervious  to  discoloration  and  is  non-crazing.  These  qualities  make  it  especialfy 
desirable  for  floors,  wainscoting,  tables,  shelves,  etc.,  in  all  pbces  where  an  al»o- 
lutely  sanitary  condition  combined  with  a  handsome  appeaianoe  is  required. 

Interlockmg  Rubber  TUing 

General  Descriptioii.  There  is  an  interlocking  rubber  tiHng,t  wincfa,  ht- 
cause  of  its  being  noiseless,  non-slippery,  and  more  comfortable  to  the  feet  than 
inelastic  substances,  has  met  with  great  favor  for  floors  in  banking-rooms, 
counting-rooms,  vestibules,  elevators,  stairs,  cal6s,  libraries,  churches,  etc  F»r 
elevators  it  is  one  of  the  most  durable  and  practical  floors  that  can  be  laki; 
it  is  also  especially  and  peculiarly  adapted  Cor  flocHS  of  yachts  and  steamships^ 
The  interlocking  feature  unites  the  tiles  into  a  smooth,  unbroken  sheet  oi 
rubber,  unlimited  in  area.  The  tiles  do  not  pull  apart  or  come  up,  and  eadt 
being  distinct,  almost  any  color-scheme  can  be  anpJoyed,  the  tiles  being  made 
in  a  carefully  selected  variety  of  colors.    The  tiles  are  laid  directly  over  the 

*  Made  by  the  Pena-American  PUte  GUss  Company,  Pittabngfa,  Pa. 

t  Msnufartiutd  by  the  New  York  Belting  and  Packing  Go0|iaay»  New  Yoik. 
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origiiia]  floor,  like  a  carpet,  except  that  th^  are  not  fastened.  Experience  has 
shown  that  they  are  very  durable.  Each  tile  is  2H  in  square  and  H  in  thick; 
25.5  tiles  are  required  to  the  square  foot.  Rubber  nosing  for  stairs  is  made  to 
interlock  with  the  tiles. 

Cost  *  of  Different  Tiles 

Approzimate  Coat.  The  following  prices  are  approximately  the  cost,  to  the 
trade,  at  the  factory.  To  these  should  be  added  the  freight  and  the  dealers' 
profits.  The  cost  of  lajring  the  tiles  on  a  cement  base,  in  addition  to  the  cost 
of  the  tiles,  should  not  exceed  25  cts  per  sq  ft. 


Ploor-Tiles 

Kinds  of  tiles 

Factory  price 
persqft 

-    15  eta 

22H0CtS 

from  23  to  26  cts 
from  20  to  35  cts 

Vitreous  tiles,  white 

Colors,  large  sizes 

Ceramic  t>le«,  or  c*Ta"iic  Roman  m'osftir: 

Wall-Tilra  and  Mantel-TUes 

• 

Kinds  of  tiles 

Factory  price 
persqft 

Wtiite  glazed  wall-tiles                      ^     ^ 

23  cU 
35  cts 

SO  cts 

Colored  glazed  or  enameled  tiles 

Enameled  tiles,  dull  satin-finish 

Marbleithic,  frpm  45  rt«,  upwHrds,  laid 

Hand-made  faience,  plain  colors 

from  Id. 60 toll 

Flooring  of  Mosaic,  Terrazxo.t  etc. 

Flooring  of  Moaaic  Work  is  largely  used.  (See,  also.  Ceramic  Tiles,  or 
Ceramic  Roman  Mosaic,  page  1605,  and  Marbleithic  Tiles,  page  x6o6.)  It  is 
oompoaed  of  small  pieces  of  stone,  marble,  pottery  or  glass,  usually  laid  in  some 
ornamental  design  or  pattern.  A  bed  of  concrete  is  first  laid  and  the  small 
pieces  of  the  material  used  set  in  a  floating  of  cement  and  made  from  H  to  i  in 
thick.  When  cubes  of  varicolored  marble  are  used,  pressed  into  the  cement 
mortar,  it  is  called  Roican  Mosaic.  A  somewhat  cheaper  flooring  is  made  by 
^reading  marble  chips  of  irregular  shape  over  the  surface  of  the  cement, 
pressing  them  into  it  with  plasterers'  floats  and  rolling  them  with  iron  rollers. 
This  is  called  Terrazzo  Mosaic.  The  following  is  from  the  specifications  for 
the  new  Field  Museum,  Chicago,  III.,  D.  H.  Bumham,  architects:  "Filling 
under  terrazso  shall  be  composed  i  part  cement,  2  parts  sand  and  4  parts  brick. 
Before  concrete  filling  commences  to  set  spread  a  H-in  wearing  surface  composed 
of  marble  chips  with  only  enough  neat  Portland  cement  to  firmly  unite  the 
pieces.  Trowel  and  roll,  and  after  the  mortar  has  set,  rub  the  terrazzo  to  a 
smooth,  even  surface  and  wash  clean."  "Terrazzo  floors  in  the  East  cost  from 
so  to  30  cts  per  sq  ft,  contractor's  profit  mduded."} 

*  These  prices  have  advanced  and  the  manufacturers'  lists  must  be  consulted. 
t  See  article  on  Terrazzo  Floors,  by  C.  R.  Marsh,  in  Journal  of  the  Society  of  Construe* 
tors  of  Fedenl  Buildings,  July,  1914. 

t  Quoted  from  The  New  Estimator,  by  William  Arthur,  19x4. 
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ASPHALTUM 

Bitomeii,  Asphaltttm,  Asphalt.  ''Bitumea  is  the  name  used  to  denote  a 
group  of  mineral  substances,  composed  of  different  hydrocarbons,  found  viddy 
diffused  throughout  the  world  in  a  variety  of  forms  which  grade  from  thin  w^^- 
tile  liquids  to  thick  semiff uids  and  solids,  sometimes  in  a  free  or  pure  state,  but 
more  frequently  intermixed  with  or  saturating  different  kinds  of  inoisa&ic  or 
organic  matter.  To  designate  the  condition  under  which  bitumen  is  found. 
different  names  are  employed;  thus  the  liquid  varieties  are  known  as  kapbth4 
and  PETROLEUM,  the  semifluid  or  viscous  as  maliha  or  mineeai.  tar,  and  the 
■olid  or  compact  as  aspealtum  or  asphalt.  "  * 

Asphtltitm  is  found  in  extensive  beds  or  lake-like  deposits  on  both  continent^: 
the  most  notable  of  these  are  the  pitch  lakes  on  the  island  of  Trinidad,  and  at 
Bermundez,  Venezuela.  It  is  also  found  saturating  the  limestone  and  sand- 
atone  formations  in  certain  localities.  Deposits  of  very  nearly  pure  asphaltun 
are  found  in  Utah,  Mexico,  Cuba,  and  various  parts  of  the  United  States. 
Elaterite,  gilsonfte  and  wurtziute  are  varieties  of  very  nearly  pure  a^>ha!- 
tum. 

Asphaltic  Roofing-Materials  are  manufactured  principally  from  Tiinid:id 
asphalt.  These  deposits  have  also  been  the  main  source  of  supply  for  the  la- 
phaltum  used  in  street-paving  in  the  United  States. 

Rock-Asphalt.  The  term  rock-asphalt  is  conunonly  used  to  designate  the 
material  obtained  from  the  bituminous  limestone  deposits  at  Seyssel  and  P>-ri- 
mont,  in  the  vall^  of  the  Rhdne,  France,  in  the  Val-de-Travers,  canton  uc 
Neuch&tel,  Switzerland,  and  at  Ragusa,  on  the  island  of  Sicily.  It  is  eztcnsivdy 
employed  for  paving  purposes  throughout  Europe,  and  is  considered  to  make  x 
much  more  durable  pavement  than  can  be  made  with  asphaltum.  Rock< 
asphalt  13  prepared  for  shipment  in  two  forms:  (x)  compressed  asphalt  bixk-kn 
which  are  used  for  paving  in  much  the  same  way  as  stone  blocks,  and  (2)  M.\ST:r- 
ASPHALT,  which  is  put  up  in  cakes  of  varying  shape,  generally  bearing  the  manu- 
facturer's trade-mark. 

Mastic-Asphalt.  In  the  Eastern  States  mastic-asphalt  is  used  for  floors  ci 
cellars,  stores,  breweries,  malt-hoiises,  hotel-kitchens,  stables,  laundries,  con- 
servatories, public  buildings,  carriage-factories,  sugar-refineries,  mills,  rinka,  rtc^ 
and  for  any  place  where  a  hard,  smooth,  clean,  dry,  fire*proof  and  water-proot, 
odoriess  and  dtkrable  covering  of  a  light  color  is  required,  either  in  the  baaemeot 
or  upper  stories.  It  can  be  laid  over  cement  concrete,  brick,  or  wood,  in  one 
sheet  without  seams;  also  over  cement  concrete  for  roofs  for  fire-proof  buildings. 
For  dwelUng-house  cellars,  especially  on  moist  or  filled  land,  this  material  is 
especially  adapted,  being  water-tight,  non-absorhent,  free  from  mold  or  do^ 
impervious  to  sewer-gases,  and  for  sanitary  purposes,  invaluable.  Mastic- 
asphalt  b  also  valuable  for  damp-courses  over  foundations,  and  for  ooverins 
vaults  and  arches  under  ground. 

Asphalt  Floors  and  Pavements.  For  floors  of  ceHars,  courtyards,  etc, 
laid  on  the  ground,  a  base  of  cement  concrete  3  in  thick  should  first  be  laid;  and 
over  this  a  layer  of  asphalt  from  ^i  in  to  iHia  thick,  according  to  the  use  to 
which  it  is  to  be  put.  For  ordinary  cellar-floors,  the  asphalt  need  not  be  more 
than  H  in  thick;  for  yards  on  which  heavy  teams  are  to  drive,  it  should  be 
iM  in  thick.  In  specifying  asphalt  pavement,  both  the  thickness  of  the  concrete 
and  of  the  asphalt  should  be  given;  it  should  also  be  remembered  that  asphalt 
pavement  does  not  include  the  concrete  FOtTNDATioN  unless  so  specified.    In 

*  Byrne,  Inipecton'  Pocket  Bonk. 
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aying  asphalt  over  planks  or  boards,  a  layer  of  stout,  dry,  but  not  tarred^  sheatb- 
ng-paper  should  first  be  put  down  and  the  asphalt  laid  on  this.  Asphalt  floors 
or  stables  should  be  at  least  x  in  thick.  Architects  and  owners  desiring  to  em- 
>loy  ROCK-ASPHALT  for  any  of  the  above  purposes  should  be  careful  to  secure  the 
genuine  Val-de-Traveas,  Seyssel,  or  Sicilian  rock-asphalt,  as  there  axe 
mitations  which  are  of  but  tittle  value. 

The  Bituminoiw  Sandttonei  of  California  have  been  extensively  used  for 
>aving  streets  In  Western  cities.  They  are  prepared  for  use  as  paving-materials 
}y  crushing  to  powder.  With  this  powder  a  considerable  proportion  of  sand 
>r  gravel  is  generally  mixed  and  the  mixture  heated  until  it  becomes  plastic;  it 
£  then  spread  over  the  roadways  and  compressed  by  rolling. 

lONiaUL   WOOL 

Source!  of  Mineral  Wool.  There  are  at  least  two  kinds  of  mineral  wool 
made  in  this  country.  The  more  common  quality  is  made  by  mixing  certain 
kinds  of  stone  with  the  molten  slag  from  blast-furnaces  and  converting  the 
whole  mass  into  a  fibrous  state.  The  best  slag  for  the  purpose  is  that  which  is 
free  from  iron.  The  appearance  of  the  finished  product  is  much  like  that  of 
wool,  being  soft  and  fibrous,  but  in  no  other  respect  are  the  materials  alike. 
Mineral  wool  made  from  slag  appears  in  a  variety  of  colors,  principally  white, 
but  often  yellow  or  gray,  and  occasionally  quite  dark.  The  color,  however,  is 
said  to  be  no  indication  of  the  quality,  as  all  of  the  peculiar  properties  of  the 
material  are  present  in  equal  proportions  in  any  of  the  shades.  The  other  kind 
of  mineral  wool  is  known  as  rock-wool,  and  is  made  from  granite  rock  raised  to 
3  ooo*  F.  It  is  claimed  that  as  it  is  absolutely  free  from  sulphur,  it  is  the  only 
odorless  wool  manufactured.  It  has  been  approved  by  the  United  States  War 
Department.  It  has  the  same  general  appearance  as  that  made  from  slag,  and 
is  white  in  color. 

Nature  of  Mineral  Wool.  Both  of  these  materials  consist  of  a  mass  of  very 
fine,  pliant,  but  inelastic,  vitreous  fibers  interlacing  in  every  direction  and 
forming  an  innumerable  number  of  minute  air-celb.  Its  great  value  in  the  insu- 
lation and  protection  of  buildings  lies  in  the  number  of  air-cells  which  it  contains, 
its  consequent  non-conduction  of  heat,  and  its  fire-resisting  qualities.  In  wool 
made  from  common  slag,  93%  of  the  volume  consists  of  air  held  in  minute  cells, 
while  in  the  best  grade  the  proportion  of  air  reaches  as  high  as  96%.  This  con- 
fined air  makes  it  one  of  the  best,  if  not  the  best,  of  the  non-conductors  of  heat. 
Aside  from  these  qualities  it  is  very  durable  and  contains  nothing  that  can  decay 
or  become  musty.  Being  itself  incombustible  it  greatly  retards  the  burning  of 
wooden  floors  or  partitions  if  their  inner  spaces  are  filled  with  it. 

Uses  of  Mineral  Wool.  The  greatest  value  of  this  material  is  as  an  insula- 
tor of  heat,  but  it  is  also  a  valuable  non-conductor  of  sound.  It  is  the  general 
opinion,  however,  that  it  can  be  considered  only  as  a  muffler  of  the  sound- 
waves, for  there  seems  to  be  no  practical  way  in  which  it  can  be  used  so  as  to 
separate  entirely  the  floor  and  ceiling.  It  would  be  crushed  by  laying  floor- 
cleats  upon  it.  As  a  muffler  or  filling  between  the  beams,  however,  there  is 
probably  nothing  that  is  superior.  In  the  end,  then,  it  would  seem  that  the 
most  complete  insulation  from  sound,  without  separate  beams,  would  be  obtained 
by  floating  the  flooring  on  some  material  lilce  Cabot's  Quilt  or  on  a  very  thick 
felt,  with  the  spaces  between  the  floor-cleats  filled  with  mineral  wool. 

Manner  of  Applying  Mineral  Wool.  Mineral  wool,  when  used  alone  as 
floor-deadening,  may  be  laid  on  boards  cut  in  between  the  joists,  or  on  top  of 
sheathing-lath  when  that  material  is  used.    The  wool  should  be  at  least  a  in 
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thick.  Again,  mineral  wool  is  pftxticulariy  desirable  for  SSBng  tlie 
the  studs  of  outside  walls  and  partitions  and  tsetween  the  rafters  of  roofs.  I: 
may  be  used  to  great  advantage,  also,  in  partitions  around  bath-rooms  or  wster 
closets,  and  around  water-pipes  when  placed  in  partitions.  In  oatsade  wilh 
and  attic  roofs,  as  a  protection  from  the  heat  of  summer  or  the  cold  of  winter 
it  is  of  the  greatest  value.  By  lathing  the  under  side  of  the  rafters  with  sheath 
ing-lath,  and  spreading  on  top  a  layer  of  2  or  5  in  of  mineral  or  nxk-wooi  ti^ 
comfort  of  the  room  is  greatly  increased.  Flat  roofs  over  inhabited  rooms  mar 
be  covered  with  rough  boards  and  iH-m  cleats  naDed  on  top,  the  spaces  6fif»c 
with  wool,  and  the  roof'sheathing  then  nailed  to  the  deats.  This  noc  oelv 
greatly  increases  the  comfort  of  the  rooms,  but  greatly  retards  the  piogress  ^ : 
fire  from  the  outside.  When  insulating  against  heat,  naik  driven  throosh  the 
insulating  material  do  no  hann.  When  Using  minetal  wool  in  floors  it  should  be 
packed  in  very  closely,  but  not  jammed  so  as  to  break  the  fibers,  which  an 
naturally  vety  brittle.  In  partitions  it  is  packed  between  the  studs  and  btbs^ 
so  as  to  completely  fill  the  spaces,  the  wool  being  put  in  after  the  lathing  has 
reached  a  height  of  2  or  3  ft.  More  laths  are  then  put  on,  the  spaces  filled,  axni 
so  on  to  the  top.  The  wool  should  not  be  dropped  from  any  considerable  heigbl 
as  the  breaking  up  of  the  fibers  destroys  the  insulating  qualities  of  the  nsateml 
In  fact  the  tendency  of  mineral  wool  to  settle  and  consolidate,  if  improperiy  as 
too  loosely  packed,  is  the  only  drawback,  except  cost,  to  its  use  for  insulatk*!. 
The^wool  behind  the  lathing  will  not  prevent  the  plasty  from  keying. 

Cost  of  Mineral  Wool.  Mineral  wool  is  sold  by  the  pound,  and  in  estimat- 
ing the  quantity  of  wool  required,  i  lb  per  sq  ft  of  filling,  i  in  thick,  should  be 
allowed  for  ordinary  wool  and  H  lb  for  selected  wool. 
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ESTIMATING  THE  COST  OF  BUILDINGS  • 

Cost  of  BuHdings  per  Cubic  Foot.  The  method  of  cubic-foot  valites 
has  been  used  more  than  any  other  in  estimating  the  cost  of  any  proposed 
building,  before  the  plans  and  specifications  are  sufficiently  complete  for  taking 
off  the  actual  quantities.  "Comparison  of  unit  costs  is  the  only  scientific 
criterion  by  which  to  judge  the  economic  merit  of  a  structure,  a  machine  or  a 
method  of  doing  work."  t  Two  buildings  in  the  same  dty,  or  district  buHt 
in  the  same  style  and  for  the  same  purpose,  of  the  same  materials,  and  on  the 
same  scale  of  wages  and  prices  of  materials,  should  cost  the  same,  or  very  nearly 
the  same,  per  cubic  foot,  although  one  building  may  be  somewhat  larger  than  the 
other  and  of  diilerent  shape.  It  therefore  follows  that  if  we  know  the  cost  pek 
CUBIC  rooT  of  different  classes  of  buildings,  in  different  localities,  we  can  approx- 
imate quite  closely  the  cost  of  any  proposed  building  by  multiplying  its  cubic 
contents  in  feet  by  the  known  cost  per  cubic  foot  of  a  similar  building  already 
built  in  that  bcality. 

Size  of  Bnildiag  Proportioned  to  Cost  per  Cubic  Foot.  If  the  cost  of 
a  proposed  building  must  be  kept  absolutely  within  a  certain  sum,  the  size  of 
the  building  shouki  be  proportioned  so  that  the  cubic  contents  shall  not  ez* 
ceed  the  quotient  obtained  by  dividing  the  amount  appropriated  by  the  averagb 
cost  pbk  cubic  ioot  of  similar  buikUngs.  Even  then  it  may  be  found,  when 
the  bids  are  opened,  that  they  exceed  the  appropriation;  but  the  excess  is  often 
a  relatively  small  percentage  of  the  total  cost  and  the  necessary  reductions  can 
be  made  without  altering  the  main  features  of  the  building. 

Methods  of  Computfttion.  In  estimating  the  cost  by  the  hbthod  of  cubic 
contents,  it  is  of  course  necessary  that  the  contents  be  computed  on  the  same 
basis,  in  both  the  proposed  building  and  the  one  already  built.  The  cubic 
contents  are  generally  computed  from  the  basement  or  cellar-floor,  to  the  aver- 
age height  of  a  flat  roof,  or,  if  there  u  a  pitched  roof,  the  finished  portion  of  the 
attic  is  included,  or  that  part  which  might  be  finished,  mere  air-spaces  and  open 
porches  not  being  included.  Vaults  and  areas  under  sidewalks,  etc.,  are  gen- 
erally included  as  part  of  the  basement.  All  measurements  are  to  the  outside 
of  the  walls  and  foundations.  The  estimated  cost  may  or  may  not  include  the 
fees  of  the  architect  and  other  experts. 

Other  Methods  of  Estimating  the  Cost  of  Buildings.  The  cost  of  build- 
ings, such  as  hospitals,  theaters,  schools,  churches,  barracks,  large  stables,  etc., 
is  sometimes  estimated  by  the  cost  pek  bed,  sftting,  inmate,  etc.  Estimates 
are  also  based  upon  the  cost  pee  squake  foot  of  gkound  occupied  or  of  all 
the  floor-space,  in  certain  types  of  buildings. 

*The  editor  is  indebted  to  E.  S.  Hand  and  otheis  for  valuable  dau  ntlatlag  to  thb 
subject.  Readers  are  referred  to  the  Handbook  of  Cost  Data  for  Contncton  aod 
Engineexs,  by  H.  P.  Gillette,  The  New  Buikling  Estimator,  by  Williaxn  Arthur,  and  The 
Building  Estimator's  Reference  Book,  by  F.  R.  Walker.  Values  given  are  pre-war 
values  and  may  be  used  for  relative  costs. 

t  H.  P.  Gillette,  in  the  preface  to  his  Handbook  of  Cost  Data  for  Contractoca  and 
Engineers. 
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Dftta  *  on  Cobie-Foot  Values  as  a  Basis  for  ProHmlttafy  BsCiiBatefl 

of  Bqfldinc  Costs 

Notes  on  Modif ]ring  Conditions.    Buildings  of  a  given  type,  such  as  c&ct- 
buildings  and  school-buildings,  when  similar  in  construction  and  finish  and  bi^-i 
under  similar  marlcet-conditions  as  to  cost  of  labor  and  materials,  are  found  t. 
be  nearly  identical  in  cubic-foot  costs.    The  buildings  of  any  such  type  do  :^  ^ 
differ  widely  in  bulk,  and  this  is  always  very  considerable  when  compared  w^ti- 
such  structures  as  dwellings  and  small  business  buildings.    Thb  seems  ouN 
another  way  of  saj^ing  that  similar  causes  produce  similar  ^ects,  but  it  goes  i 
step  farther  by  indicating  that  the  results  here  are  virtually  identical;  so  nea.'f? 
so,  that  the  AVERAGE  cubic-foot  cost  of  a  certain  kind  of  building  can  be  rt^ci 
on  to  produce  an  estimate  within  from  3  to  5%  of  the  actual  cost  of  new  wofk  a 
the  same  kind  and  under  the  same  conditions.    Other  types  of  large  stroctures. 
such  as  public  buildings,  hotels,  churches  and  theaters,  are  less  subject  to  sta&j- 
ardization  because  more  variable  in  equipment  and  finish.    This  is  true  also  oi 
dwellings,  shops  and  other  small  structures  whose  lesser  bulk,  moreover,  renden 
even  less  possible  a  close  prediction  as  to  their  cost.    These  uncertainties  do  th.< 
however,  warrant  the  rejection  of  the  cuBic*FOor<X)ST  hethod  for  preliminarT 
estimating.    They  do  indicate  that  it  b  less  closely  approximate  for  some  types 
than  for  others.    But  the  degree  of  uncertainty  on  even  the  most  varial^ 
types  may  be  minimised  and  should  be  reduced  to  perhaps  10%  under  a  carefd 
system  of  cost-computation.    Such  system  should  cover  a  considerable  numbei 
of  examples,  taking  account  of  all  factors  of  material  influence  upon  cost  in  cadi 
type,  and  must  follow  a  consbtently  uniform  method  of  determining  cubic-foot 
values. 

The  Factors  Which  Influence  Cost  include  the  foUowing. 

(1)  Prevailing  market  prices  of  labor  and  materials. 

(2)  Type  of  construction  employed,  depth  and  kind  of  foundationa  and  exist- 

ence of  special  features  such  as  towers  or  domes. 

(3)  Finish:  external  fadng  and  ornamentation;  internal  snciadng  and  deco- 

ration. 

(4)  Equipment:  (a)  number  and  complexity  of  heating,  limiting,  ventilating. 

sanitary,  elevator  and  other  systems;  (b)  extent  to  which  apparatus 
or  equipment,  such  as  labotatory^evices,  opera-chairs,  bank-<3ounten, 
etc.,  is  provided  for  direct  use  of  occupants  of  btiiiding. 

(5)  Fees  of  architect  and  other  experts. 

(6)  Locality.    Costs  of  structures  of  a  given  type  will  vaiy  with  the  locality 

because  of  differing  standards  of  practice  and  building  laws,  availability 
of  building  materials,  labor,  etc 

(7)  Other  items,  developing  in  the  experience  of  the  architect. 

The  Method  of  Determining  Cubage  may  either  simply  recognize  the 
GSOifETKicAL  VOLUME  of  the  building  or,  better,  may  employ  a  coetficiknt 
OF  VALUE  for  any  part  whose  cost  varies  materially  from  the  average.  The 
latter  method  may  be  preferred  as  albwing  a  closer  calculation  of  variadoes 
from  known  examples.  For  instance,  an  unfinished  cdlar  or  oth^-  story  or  a 
small  light-court  would  cost  less  per  cubic  foot  than  the  remainder  of  the  buikl- 

*  The  data  on  this  page  and  page  16 15  on  cubic-foot  values  are  quoted,  by  permit- 
son,  from  notes  relating  to  this  subject.  OMnpiled  by  Profeaor  Warren  P.  Laird  froo 
the  study  of  a  large  number  of  public  and  private  buildings  erected  in  widely  aepaxated 
districts  of  the  United  States.  For  these  buildings  Professor  Laird  acted  as  the  ptoicr 
sional  adviser  for  the  selection  of  the  architect,  and  in  all  cases  the  estimate  ol  the  cc^t 
of  the  buildings  was  based  strictly  upon  a  total  number  of  cubk  feet  and  a  fixed  unit 
cost  per  cubk  foot. 
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g,  while  a  tower  or  dome  of  finished  basement  containing,  also,  an  expensive 
echanical  plant,  would  cost  more.  Foundations  sometimes  cost  so  much 
at  they  require  figuring  to  their  full  depths  as  though  the  finished  building 
sre  carried  down  to  that  level. 

Cubic-Foot  Costs.  Subject  to  the  foregoing  considerations,  the  following 
ita  on  fire-proof  buildings  were  average  pre-war  values.  These  unit  prices  no 
nger  prevail  as  labor  and  materials  have  in  some  cases  almost  doubled  in  cost 
ice  the  war.  The  values  must  be  increased  from  50  to  100%,  depending  upon 
le  kind  of  building. 

Construction:  steel  and  terra-cotta,  stone  and  brick  facings,  complete  equip- 
ent  and  superior  grade  of  interior  finish: 

TypeofbuBdla,  ^,^ 

Office-buildings 33  to  35 

Public  buildings 40  to  45 

School-buildings 30  to  25 

Construction:  reinforced  concrete;  facing,  common  brick;  equipment,  type 
sual  in  such  structures;  inside  finish,  the  simplest. 

Typ,o(b«Udicg  C«t,^,^ 

Factories  f 14  to  16 

Lofts  t X5  to  x8 

Table  for  Estimttinc  Souglily  the   Approadmste  Cost  of  Some  Small 

Buildings 

Based  on  prices  for  labor  and  materiab  in  igao.  The  cost  of  first-class  fire- 
>roof  buildings  is  greater  in  the  Western  and  Southern  States  than  in  the  Eastern 
>tates,  because  of  the  distance  from  the  great  steel  and  material-centers. 

Fam  and  Country  Property 

Cost  per 

cubk  foot, 

cents 

Dwellings,  frame;  small  box  house,  no  cornice 10 

Dwellings,  frame;  shingle  roof,  small  cornice,  no  sash  weights,  plain.  12  to  14 

Dwellings,  brick;  same  class 16  to  x8 

Dwellings,  frame;   shingle  roof,  good  cornice,  sash  weights,  blinds 

(good  house) 16  to  x8 

Dwellings,  brick;  same  class  (good  house) 20  to  22 

Bams,  frame;  shingle  roof,  not  painted,  plain  finish 4  to   6 

Barns,  frame;  shingle  roof,  painted,  good  foundation 6to   8 

Stores,  frame;  shingle  roof,  painted,  plain  finish X2  tc  x6 

Stores,  brick;  shingle  roof,  painted,  good  cornice,  well  finished x 6  to  20 

Ordinary  frame  churches  and  school  houses;  country 12  to  x  6 

*  These  pre-war  values  must  be  increased  from  50%  to  xoo%,  depending  upon  the  kind 
of  building. 

t  If  such  subcontracts  as  plumbing,  heating,  Ughting-fixtures,  elevators,  etc.,  are  not 
included,  ol  course  these  figures  were  reduced.  See  Cost  of  Reinfbiced-Concrete  BuUd- 
fajgs,  picti6i8. 
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Cos*  per 

cufcic  foU, 

cents 

Brick  churches  and  schoolhouses;  country iS  to  z2 

If  the  roofs  are  slate  or  metal,  add  ^  ct  per  cu  ft.  • 

City  and  ViUage  Property 

Dwellings,  frame;  shingle  roof,  pine  floors  and  finish,  no  bathroom 

or  furnace,  plain  finish  (good  house) 14  to  :6 

Dwellings,  brick;  same  class i8  to  :9 

Dwellings,  frame;   shingle  roof,  hard- wood  floor  in  hall  and  parlor, 

bath,  furnace,  and  fair  plumbing x8  to  so 

Dwellings,  brick;  same  class x8  to  :a 

Dwellings,  frame;  shingle  roof,  hard-wood  in  first  story,  good  plumb- 
ing, furnace,  artistic  design,  some  interior  ornamentation,  wcD 

painted 23  to  26 

Dwellings,  brick;  with  good  plumbing,  bath,  hot  and  cold  water,  pine 
finish,  well  painted,  no  hard-wood  finish 24  to  » 

Ejuunples  of  Actual  Costs  of  Pre-wsr  Buildings  per  Cubic  Foot 

In  order  to  illustrate  the  subject  further,  examples  of  buildings  trcr'M 
before  the  war  are  given.  The  lists  were  furnished  through  the  courtesy  of  Uk 
architects  of  the  buildings.  Such  lists  could  be  indefinitely  extended,  but  tho$f 
submitted  are  deemed  sufficient  to  give  some  idea  of  the  similarities  and  vam- 
tions  of  costs  based  upon  cubagie.  With  the  exception  of  tainforoed-conoete 
buildings,  it  is  probably  true  that  for  twenty  or  twenty-five  years  (1890  to  1915' 
the  cost  of  buildings  increased,  with  some  variations  in  the  rate  of  increase,  s: 
the  rate  of  about  x  %  per  year.  Costs  have  increased  since  the  war  f lom  50  ts 
100%,  depending  upon  the  kind  of  building* 
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BzampIeB  of  the  Actual  Cost  of  Pre-war  Bufldings  per  Cubic  Foot 
These  bufldings  were  draignH  by  Boring  &  TUton 


Approx- 

Cost per 

Name  and  location  of  building 

Date 

Height  and  type 

imate 
cost 

cubic 
fuuL. 
cents 

Memorial  Hall,  Tome  Insti- 

1900 

Three  stories  and  base- 

SXSOOQO 

16 

tute.  Port  Deposit,  Md. 

ment,  fire-proof 

West  Side  Branch  Library, 

X908 

One  story  and  basement. 

85  000 

17 

Cleveland,  Ohio 

non-fire-proof 

Stamford  Grammar  School. 

1908 

Two  stories  and  base* 

50000 

15 

Stamford.  Conn. 

ment.  non-fire-proof 

St.  Agatha's  School,  87th  St. 

1907 

Six  stories  and  basement. 

275  000 

39 

and  West  End  Ave.,  New 

fire-proof 

York  City 

American   Seamen's   Friend 

1909 

Five  stories  and  base- 

300 000 

33 

Society,  Jane  and  West  Sts., 

ment,  fire-proof 

New  York  City 

* 

Eastern      District      Branch 

1906- 

Six    stories    and    base- 

255000 

27 

Y.  M.  C.  A..  Brooklyn.N.  Y. 

1909 

ment,  fire-proof 

Tarrytown  Hospital,  Tarry- 

1910 

Two  stories  and  base- 

65000 

26 

town,  N.  Y. 

ment,  non-fire-proof 

Blair  Hospital,  Huntingdon, 

1909 

Three  stories  and  base- 

90000 

ao 

Pa. 

ment,  fire-proof 

Elisabeth  Library,  Elisabeth, 

191a 

Three  stories  and  base- 

100 000 

35 

N.J. 

ment,  fire-proof 

Springfield  Library,  Spring- 

1908 

Two  stories,  mezzanine 

350000 

35 

field,  Mass. 

and  basement,  fire-proof 

Sioux    City   Library,   Sioux 

1912 

Two  stories  and  base- 

75 000 

2XVi 

City,  Iowa 

ment,  non-fire-proof 

521  Park  Avenue,  New  York 

Z9I3 

Twelve  stories  and  base 

390000 

45 

City 

ment,  fire-proof 

United     States     Immigrant 

1898 

Two  stories  and  base- 

625000 

17W 

Station.  Ellis  Island,  New 

ment,  fire-proof 

V  ork  Harbor.    Blam  build- 

mg 
Hospital  building 

1898 

Three  stories  and  base- 
ment, fire-proof 

Z50000 

28 

Mount   St.   Mary's   College. 

X9I3 

Three  stories  and  base- 

250000 

22 

Plainfield,  N.  J. 

ment,  fire-proof 
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These  bufldings  were  designed  by  Palmer,  HorabosUe  &  J 


Pkrtl 


Name  and  location  of 
building 

Date 

Notes 

Cubic 

contents. 

cubic 

feet 

Appnn* 
imate 
cost  • 

Coet*per 

cut-c 
font.    ! 

Oakland  City  Hall.  Oak- 
land.  Cal. 

Allegheny  County  Sol- 
dien'  Memorial.  Pitts- 
burgh. Pa. 

New  York  State  Educa- 
tion Building,  Albany. 
N.  Y. 

1914 
1911 
191a 

Baaed  on  all  con- 
tracts except  for 
lighting-fixtures 

2999  44a 

2855892 

II  281 691 

Si  400000 

913  7»l 

3  744S>I 

46*11 
32 

Original  contract 
completed.  Dec. 
191a 

3J^J 

1 

These  buildingB  were  designed  by  Robert  D.  Kohn 


1 
Cosfpr- 

Name  and  location  of 

Date 

Height,  character  of  construction 

cubK 

building 

and  finish 

foot. 

oeuls 

Hermitage    Hotel,     New 

1907 

Sise  of  lot.  50  by  100  ft;  height.  150 

56 

York  City. 

ft;    15   bedxxxmis   and    11    baths 

on  each  floor;  basement  and  sut>- 

basement;    power,   electric   light 

and  refrigerating-plants;  complete 

kitchen-equipment;      brick    and 

limestone  exterior;  cement  floors. 

Trades   School  Building. 

1910 

Main  wing,  so  by  100  ft.  two  and  one- 

xo 

half  stories;   shop-wing.  7S  by  105 
ft.  one  story,  brick;   shops,  mill- 
constructed    roof,    cement    floor; 
brick  exterior  throughout;  heatinc- 
plant  in  extension;  common  wood- 
en-floor construction,  tin  roof,  rliw 
rooms  plastered;  cheaply  built. 

Ethical  Culture  Meeting 

1910 

Height,  100  ft;  basement.  assembl3r- 

35 

House. 

room;  main  floor,  auditorium  for 
I  aoo  people;  two  stories  above  audi- 
torium. Sunday  school  and  offices; 
limestone  exterior;  fire-proof  con- 

struction; oak  finish. 

Cost  *  of  Some  Notable  Buildings  in  New  York  City.  Some  of  the  more 
prominent  building  in  the  Borough  of  Manhattan,  City  of  New  York,  are  ic- 
duded  in  the  following  table.  For  all  these  structures  the  costs  per  cubic  foot 
are  given.  By  reason  of  its  height  the  Woolworth  Building  may  be  considered 
the  most  notable  of  the  list.  It  is  not  only  the  highest  building  in  New  Yc^rk 
City  or  the  United  States,  but  in  the  world.  The  cubic  contents  total  nearK 
12  000  000  cu  ft.  Its  foundations  are  carried  to  rock,  which  is  about  120  ferrt 
below  the  street-surface.  The  approximate  weight  of  its  steel  frame  b  23  000 
tons. 

*  See  notes  on  cost  on  page  1614. 
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lOZS  Estimating  the  Cost  of  BuOdings  Part  I 

• 

The  Grand  Central  Station,  as  a  complete  terminal,  is  a  very  cxHnplex  strc-- 
ture,  but  there  is  a  distinct  part  which  contains  the  paasenger-coacourse  and  t^^ 
waiting-rooms,  restaurant  and  other  parts  that  are  considered  necessary  to  cay 
for  the  traffic.    The  cubic  contents  of  this  part  total  about  14  000  000  cm  n 
Other  parts  of  the  building  are  not  considered  in  the  present  reference.     See? 
interesting  facts  as  to  the  main  station,  only,  are: 

Cost,*  about $8 000 

Ground-area  above  street-level,  square  feet 266 

Additional  station-facilities  under  street,  square  feet 80  000 

Floor-area  devoted  to  station-purposes,  square  feet z  z88  000 

Cubic  contents,  about,  cubic  feet 32  857  800 

Steel  used  in  construction,  tons 35  767 

Weight  of  largest  girder  used,  tons jo 

Costs*  of  Pre-war  Reinforced-Concrete  Buildings,  ft  In  judging  the  ci«!C 
of  a  building  by  cubical  content  or  by  areas  or  floors  the  shape  of  the  buik:- 
ing  in  plan  should  be  taken  into  consideration.  A  long,  narrow  building  «i3 
cost  more  per  cubic  or  square  foot  than  one  more  nearly  square  in  plan;  anri  b 
computing  costs  by  the  cubic-foot  or  square-foot  unit  prices  these  ocnditkcs 
as  well  as  the  judgment  and  experience  of  the  architect  or  cr.gineer  wbo  makc^ 
the  estimates  affect  the  accuracy  of  the  results.  The  following  notes  quotrc 
from  data  furnished  by  the  architects  and  engineers  of  the  buildings  naentioocc 
include  useful  information  relating  to  costs  of  some  rein  forced-concrete  buildings 
of  different  types,  erected  in  Philadelphia  and  vicinity  (1906-1915). 

(1)  "A  reinforced-concrete  building  of  the  factory-type,  erected  (1914-15^ 
in  the  City  of  Philadelphia.  It  is  a  concrete  cage,  ^ith  no  brick  veneer,  fou 
stories  in  height,  no  basement,  size,  60  by  159  ft,  stair-shafts  and  elevator- 
shafts  projecting  beyond  the  building;  cubical  contents,  603  000  cu  ft.  The 
cost,  without  equipment,  was  j^i  cts  per  cu  ft.  Drainage  is  hichided  in  this 
price,  but  no  plumbing,  heating,  lighting  or  elevators.  The  total  floor-area  ot 
the  building  ia  40  140  sq  ft  and  the  cost  per  square  foot  is  $1.14^*  This  b  built 
according  to  the  building  laws  of  Philadelphia. 

(2)  "A  mill-constructed  building,  about  the  same  size  as  building  (i), 
recently  erected  in  a  manufacturing  town  forty  miles  from  Fhiladelpfaia.  It  is 
four  stories  in  height  and  has  a  part-basement,  a  wing  30  by  40  ft,  and  a  one- 
story  boiler-room  and  engine-room.  The  total  cubical  contents  are  524  160 
cu  ft,  and  the  cost,  6Vi  cts  per  cu  ft.  The  total  floor-area  is  37  900  sq  ft,  and  the 
cost,  $3.85  H  per  sq  ft.  This  is  without  power,  heat,  or  light.  There  are  a  fev 
plumbing- fixtures  in  this  building. 

"In  comparing  the  costs  of  the  two  buildings,  it  must  be  borne  in  mind  that 
one  is  located  forty  miles  from  Philadelphia,  and  was  not  erected  under  the 
rigid  building  laws  that  are  in  force  there.  It  is  usually  possible  to  erect  t 
building  of  any  type  at  less  expense  outside  of  Philadelphia  than  in  that  dty 
and  this  can  probably  be  said  of  any  dty  where  there  arc  no  state  building  codes. 

(5)  "A  ICILL-CONSTRVCTED  BinLDiNG,  three  stories  in  height,  erected  in  1906 
in  Camden,  N.  J.,  and  having  575  044  cu  ft.  It  cost  7  cents  per  cu  ft.  It  has 
38  912  sq  ft  of  floor-area,  at  a  cost  of  $1.04  per  sq  ft.  This  price  is  without 
power,  heat,  light,  or  elevators,  but  includes  some  plumbing. 

(4)  "The  new  municipal  repair-shop  of  the  City  of  Philadelphia.  This  is  a 
reinforced-concrete  building  with  brick  veneer  of  an  ornamental  type,  and  cost 
9H  cts  per  cu  ft  for  i  080  591  cu  ft  or  I1.74  per  sq  ft  for  57  323  sq  f t  of  total 

*  See  notes  on  costs  on  page  16x4-    Prices  given  must  be  at  least  doubfed  (1930). 
t  Valuable  data  on  this  subject  have  been  furnished  the  Editor  by  BaUingcr  h  Perrot, 
the  architects  and  engineers  of  the  five  reinforced-conciete  buildings  described. 
t  See,  also,  page  1613. 
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•r-area.  This  is  Tvithout  plumbing,  power,  heat,  light,  or  elevators.  The 
Ltively  high  cost  per  square  foot  for  this  building  is  due  to  the  fact  that  the 
ne  run-way  takes  up  a  considerable  portion  of  the  building,  so  that  a  floor 
>initted  where  the  crane  is  placed,  and  the  floor-area  accordingly  reduced. 
5)  "The  new  building  for  the  Autoicobile  Cldb  of  Phikidelplu'a.  This  is 
hree-story  building,  of  reinforced-concrete  cage-construction,  and  contains 
4 1  966  cu  ft,  at  a  cost  of  zoH  cts  per  cu  ft.  The  total  floor-area  is  90  602 
ft,  costing  $1.54  per  sq  ft.  This  is  without  power,  heat,  light,  or  any  equip- 
^nt,  but  includes  plumbing.  The  shape  of  this  building  favors  economy  of 
istruction,  as  it  is  nearly  square  in  plan.*' 

In  summing  up  the  conclusions  arrived  at  in  regard  to  the  average  costs  of 
nforced  buildings,  £.  G.  Perrot  states  *  that  the  cost  can  best  be  considered 
classifying  them  under  three  general  heads: 

( 1 )  Warehouses  and  manufactories.    Cost,  from  8  to  1 1  cts  per  cu  ft. 

(2)  Stores  and  loft-buildings.    Cost,  from  xi  to  17  cts  per  cu  ft. 

(3)  Miscellaneous  buildings,  such  as  school-houses,  hospitals,  etc.  Cost  from 
;  to  20  cts  per  cu  ft. 

Cost  of  Miilt  and  Factories  Built  on  the  Slow-Buming  Principle* 
jr  data  relating  to  total  and  unit  costs  of  buildings  of  this  type,  see  Chapter 
XII,  pages  802  to  8io. 

'ercentsges  of  Cost  of  Items  of  Construction  in  Fire-Proof  Buildings 

The  tablesf  on  the  following  six  pages  show,  on  pages  1620  to  1625,  the 
ivisiON  OF  THE  COSTS  of  flre-proof  buildings  among  the  different  materials  and 
arts  of  the  construction,  the  data  having  been  furnished  the  compiler  by 
rcliitects  and  builders  in  the  cities  mentioned  in  the  tables.  Each  column  of 
alues  in  the  tables  gives  the  data  for  an  individual  building,  except  the  values 
jr  New  York  City,  in  the  second,  third  and  fifth  columns,  which  show  the 
verages  for  a  large  number  of  buildings.  The  tables  on  the  first  four  pages 
nclude  only  buildings  approximating  closely  the  standard  specifications  of  the 
sational  Board  of  Fire  Underwriters.  The  tables  show  that  the  foundations 
md  steel  frames,  the  only  parts  little  damaged  in  confla.^rations,  represent, 
ipproximately,  only  25%  of  the  entire  sound  value  of  a  building.  For  example, 
n  the  tables  on  the  first  four  pages,  the  average  cost  of  all  the  foundations  is 
^'"c,  while  the  average  cost  of  the  steel  frames  is  17.88%.  The  tables  show, 
ilso,  on  pages  1624  and  1625  the  percentages  of  cost  of  the  classified  items  of 
construction  of  eight  buildings  damaged  by  the  Baltimore  conflagration  (1904), 
the  averages  of  these  eight  buildings  being  given  in  the  last  oolimin. 

*See  "Comparative  CosU  of  Reinforced  Concrete  BuOdings,"  by  E.  G.  Penot,  in 
Proceedings  of  the  National  Association  of  Cement  Users,  Vol.  V,  1909.  See,  also,  notes 
on  costs  on  page  x6x4- 

t  The  taUes  on  the  first  four  pages  were  compiled  by  F.  J.  T.  Stewart,  Continental 
Insurance  Company,  and  those  on  the  last  two  pages  by  the  Baltimore  Committee  of 
the  National  Board  of  Fire  Underwriters.  AU  are  reproduced,  by  permission,  from  J.  K. 
Freitag's  Fire  Prevention  and  Fire  Protection.  Those  parts  of  the  Baltimore  tables 
which  gave  the  proportion  of  fire-damage  to  sound  value  of  the  various  items  have  been 
omitted  as  this  article  of  the  Pocket-Book  deals  more  especially  with  original  coats. 
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Estimating  the  Cost  of  Btuldings 


Par. 


Costs  *  of  Different  Kinds  of  Work  per  Cubic  Foot  of  BvfldiAC 

Some  estimates  t  have  been  made  by  F.  W.  Fitzpatrick  showing  the  propop 
tionate  cost  or  the  different  branches  of  work  which  go  to  make  c;*  i 
completed  building.  Believing  that  these  data  will  be  found  useful  in  TfraVr;" 
up  approximate  estimates,  Mr.  Kidder  obtained  permisaon  to  use  them  ic  t>£ 
Pocket-Book.  The  following  figures  represent  the  actual  cost  of  a 
OFFiCE-BtnLDiNG,  6o  by  130  ft  in  plan,  built  in  the  Middle  West^  a 
fire-proof  structure,  with  two  street-frcmts  faced  with  granite  and  restins  oc  x 
pile  foundation. 


Kind  of  work 

Per  cubic 
foot  of 
entire 

building, 
cents 

• 

Kind  of  work 

Per  cubic 
foot  of 

bnildinc.    * 
cents 

1 

Foundations 

2\i 

iiH 

H 

H 
iH 

2 
3W 

Mb 
iH 

Ma 

Heating. 

,H 

Steel  framing 

Plumbing 

H 

Granite  and  all  masonry. . 
Comioe.  roofs  and  sky- 
lighu 

Elevators 

X 

Stairs,   aoenic    stnictunX 
framing,  "  making  ends 
meet,"      lamp-fixtures, 
etc.        What  might  be 
called  a  fair  amount  for 
"  contingencies  "        in 
such  a  building,  includ- 
ing lesser  items  net  men- 
tioned here  but  grouped 
together 

Fire-jiroof  floors 

Partitions,  tile 

All  plastering  and  stucco. . 
Elevator-fronts  and  all  or- 
namental metal  work. . . . 
Marblework 

Hardware 

1 
1 

Joiners'  work , 

Glass 

4*Mm 

Architect's  fee 

xH 

Painting  and  varnishing. . . 
Electric  wirins 

Total 

34^  a 

The  Chicago  post-office  building,  containing  12  000000  cu  ft  and  of  monu- 
mental character  and  finish,  cost,*  in  some  of  its  items,  as  foDows: 


Kind  of  work 

Per  cubic 
foot  of 
entire 

building, 
cents 

Kind  of  work 

Per  cubic   ' 

foot  of 

entire 
building. 

cents 

Foundations 

2H 

i3^i 
H 

Ornamental  metal  work. . . . 
Marble 

2H 

Steel  framing 

5^ 

Granite  and  masonry 

Fireproof  floors 

Plumbing 

u 

Heating 

iH 

Plaster,  plain  and  omap 
mental 

It  will  be  noticed  that  the  relative  cost  of  several  of  these  items  Is  the  same 
AS  in  the  oflBce-building.    The  total  cost  *  of  this  buikiing  was  43  H  cts  per  cu  f L 

*  These  pre-war  figures  must  be  increased  from  50%  to  xoo%. 
t  Published  in  "Fireproof,"  March,  1903. 
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Cost  *  of  Boildings  per  Sqvero  Foot 

ne^Story  Bnfldings  of  Large  Area,  such  as  expoatioa-butldings,  etc., 
'  be  estimated  almost  as  accurately  by  the  square  foot  of  ground  covered  as 
he  cubic  foot  of  building,  as  there  are  few  or  no  interior  partitions,  and  usu- 
no  phiHtrring  or  interior  finish. 

'on  and  Steel  Buildings.  "Roughly  speaking,  the  cost  of  one-stoiy  iron 
steel  buildings,  complete,  is,  for  sheds  and  storage-houses,  from  40  to  60  cts 
sq  ft  of  ground,  and  for  such  buildings  as  machine-shops,  foundries,  and 

tric-light  plants,  that  are  provided  with  traveling  cranes,  the  coat  is  from  60 

o  cts  per  sq  ft  of  ground  coveccd."  f 

Structural  Steel.  For  estimates  of  cost  of  structural  steel  for  buildings, 
pages  1204  to  1207. 

Wooden  and  Brick  Mills  and  Warehouses.  See  Chapter  XXII,  pages 
to  810. 

Szposition-Bttildings.  The  cost  X  of  the  World's  Fair  buildings  (Chicago^ 
3)  per  square  foot  of  ground  covered,  including  sculpture  and  decoration. 
i  as  follows: 

Manufactures  and  liberal  Arts  Building $1  -39 

Transportation  Building i  .08 

Electricity  Building i  .69 

Machinery  Hall 2.12 

Agricultural  Building i  .44 

Administration  Building 9. 18 

Horticultural  Building ^  i  .41 

Mines  and  Mining  Building i  .04 

Fisheries  Building 2 .35 

Forestzy  Building « o.  75 

Cost*  of  Strueturos  for  the  St.  Louis  Bzposition  (1904).  The  foUowing 
ures  were  issued  by  Isaac  S.  Taylor,  at  that  time  Director  of  Works,  of  th» 


Building 


\rt 

Two  Art  Pavilions,  each 

A,rt  Building  Annex 

Government  Building 

Government  Fisheries 

Mines  and  Metallurgy 

Liberal  Arts 

Education  and  Social  Boonomy . . 

Manubctures 

Electricity 

Varied  Industries 

Machinery 

Steam,  Gta  and  Fuel 

Transportation , 

Horticulture 

Agriculture 

Forestry,  Pish  and  Game 


Festival  Hall. 


i 


Dunfinuoos, 

Area, 

ft 

acres 

161X346 

X  42^ 

Z44X433 

3.14  J 

X06X150 

0.41 

300X736 

3.86 

136X136 

0.42 

535X750 

9.06 

525X790 

8.80 

5^5X758 

7.70 

525X1200 

1347 

525X758 

6.67 

525X1  200 

10.28 

525XXOO0 

9.48 

301X326^ 

2  25 

525X1  300 

15  70 

374X782 

S  42 

500X1600 

1862 

300X600 

4.07 

195  in  diam- 

1 

eter,  exclusive 

>     1.09 

of  annex 

) 

•967833.90 
39388.99 

328960.00 
45000.00 
488848.50 
471 820.95 
323950.75 
711  510.00 
408531.57 
704067.96 
509 110.50 
135480.00 
674853  42 
225342.27 
520491.07 
168883.38 

215899.00 


2.23 
2.43 
1.24 

X.20 

o.8x 

1.13 
X.03 

X.X2 
0.97 
1.38 
0.99 
0.77 
05? 
0.94 


•  The«e  pre-war  prices  must  be  increased  from  50%  to  xoo%. 
t  Given  bv  E-  C.  Chankland.  chief  enpneer. 


t  H.  G.  TyreU. 
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Worid's  Fair,  showing  the  area  and  cost  of  the  principal  exhibition-buiti-^ 
The  total  area  of  twenty-two  buildings  was  123.51  acres,  and  the  total  o\ 
16  939  992.26.  The  cost  was  for  the  bare  buildings,  and  did  not  irtH*^^^'  ».-] 
tural  or  other  decorations,  or  the  architects'  compensation. 

Recent  Bzposition  Buildings.    The  cost  of  buildings  of  this  dianri 
erected  since  1904,  shows  a  pretty  general  increase  up  to  19 14,  witb  occas^i 
variations  in  the  rate  of  change,  of  from  i  to  2%  per  year.    Increase  sinoe  .-: 
wjuld  be  from  50  to  xoo%. 

Cost  *  of  United  States  Oovernmeat  Bnildiags.  There  was  pobhslwi:  i 
1903,  by  the  United  States  Treasury  Department,  a  history  of  the  pc  .1 
buildings  of  the  United  States,  giving  their  cost,  and  in  1902,  there  was  p"-^ 
lished  t  a  list  of  287  buildings,  giving  the  cost  per  cubic  foot,  the  is^trrj 
used  for  the  walls  and  the  date  of  erection.  There  was  also  published,  10  u  1 
by  the  Committee  on  Public  Buildings  and  Grounds  of  the  United  States  Ser^i 
a  list  of  ^tes  and  plans  for  public  buildings,  gi\nng  data  of  much  value  in  reir  1 
to  the  cost  of  public  buildings,  their  cubical  contents  and  their  cost  per  n- 
foot,  including  buildings  erected  from  1816  to  1910.  "As  a  rule,  these  build  1.! 
have  cost  more  per  cubic  foot  than  private  buildings,  so  that  their  cost  can  1 
always  be  used  as  a  guide,  except  for  government  buildings."  X 

Unit  Prices  *  per  Cubic  Foot  for  Recent  Oovemment  Bufldinga  of  & 
Same  Type.}    The  data  included  in  the  following  paragraphs  relate  to  fe>'rrJ 
buildings  erected  before  or  in  process  of  construction  in  1914.     The>'  are  'J 
certain  riXEO  types  and  in  different  parts  of  the  United  States.    The  buildr.i 
are  post-office  buildings  and  the  location,  brief  description  of  the  general  a^- 
struction,  ground-area  covered,  cubical  contents  and  comparative  rates  pr' 
cubic  foot  are  given.    The  buildings  are  grouped  under  five  different  types,  u 
the  VARIATIONS  un  COSTS  PER  CUBIC  TOOT  of  Similar  or  identical  buildings  in  es:' 
type,  located  in  different  sections  of  the  country,  are  shown.    Following  tbe« 
five  types  is  a  list  of  buildings  of  various  sizes  and  descriptions  showing  t:- 
variations  in  the  cubic-foot  rates.    The  conclusions  arrived  at  and  sumroarire: 
•c  the  end  of  the  lists,  include  a  table  which  diows  what  was  considered  by  t> 
office  of  the  Supervising  .\rchitcct  to  be  a  fair  difperence  in  cost  op  butidis^ 
OF  THE  same  TYPE  in  different  sections  of  the  United  States.   It  was  conskkit. 
also,  by  that  office,  that  the  method  of  estimating  the  cost  of  buildings  b>  . 
cuBic-POOT  UNIT  PRICE  is  productive  of  very  uncertain  results,  inasmuch  f 
there  are  many  variable  conditions  entering  into  the'  construction  of  builcini^ 
located  in  difTcrcnt  localities.    The  principal  items  affecting  the  cost  of  simiL: 
types  of  buildings  are: 

(i)  Labor;  rates  and  efficiency. 

(2)  Materials;  quality  and  freight-rates. 

(3)  Season;  time  of  year  when  building  is  constructed. 

(4)  Contractors;  finances,  ability,  equipment,  overhead  expmses  snd  marfb 
of  profit  desired. 

*  Pre-war  figures  must  be  increased  from  50%  to  100%. 

t  Published  in  the  Architects*  and  BuiMcn'  Magazine,  Aug.,  190a,  and  in  the  laiard 
Architect,  April,  zgoa. 

X  F.  E.  Kidder,  in  previous  editions  of  the  Pocket-Book. 

f  The  information  relating  to  the  cost  of  recent  government  buildings  of  certain  type 
was  furnished  by  J.  W.  Ginder,  Superintendent  of  the  Computing  Division.  OfBce  .: 
the  Supervising  Architect,  by  permission  of  Mr.  O.  Wenderoth,  the  Supervising  Anir 
tect,  through  whose  courtesy  and  valuable  assistance  the  editor  b  able  to  present  i:t 
data  referred  to.  The  editor  regrets  that  limited  space  prevents  the  reproduction  of  a 
carefully  prepared  and  most  interesting  serifs  of  photogfmpbs  of  tha  plans,  tkvttke^ 
and  sections  of  the  government  buildings,  the  costs  of  which  per  cnbic  foot  ire  beie 
diKussed. 
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(«>    Location;  as  to  supply-centers,  distance  from  railroads,  and  facilities  for 
.ndling  mtaerials. 

VarimtioaB  in  Unit  Cotti  *  of  Identie«l  Buildings  in  Different  Localities 
.  order  to  compare  the  costs  of  identical  buildings,  with  slight  modification 
\\y,  the  following  are  given  as  examples,  to  show  the  variance  in  different 
canities. 

Xype  z.  Post-office  buildings  at  Grenada,  Miss.,  Bennettsville,  S.  C,  Cov- 
igton,  Tenn.,  and  Burlington,  N.  J. 

Description.  Main  building,  two  stories  and  basement;  rear  projection,  one 
tory  and  basement;  non-fire-proof  construction  throughout;  brick  facing;  stone 
rim;  wooden  cornice;  slate-covered  gable  roof,  with  dormers  over  two-stoiy 
>ortion,  and  flat,  composition  roof  over  one^story  portion. 


Area  and  contents 


Ground-area 

Cubical  contents. 


3  825  sq  ft 
138  aio  cu  ft 


Rate  per  cubic  foot  * 


Location 


Grenada,  Miss. ... 
Covington,  Tenn. . 
Bennettsville.  S.  C 
Burlington,  N.  J... 


Non-fire-pnx>f 


$0  33a 
o  31s 
0304 
o  393 


First  floor, 
fire-proof 


•0.327 
0324 
0309 
0.398 


Type  a.  Post-office  buildings  at  Winchester,  Tenn.,  McPhersoo,  Kan.,  and 
Longvicw,  Tex. 

Description.  Main  building,  two  stories;  rear  projection,  one  story;  pAJtly 
excavated  basement;  non-fire-proof  construction  throughout;  brick  facing; 
stone  trim;  wooden  cornice  and  pilasters  at  front  entrance;  slate^overed  gable 
roof  with  dormers  over  two-stoiy  portion,  and  flat,  composition  roof  over  one- 
stofy  portion. 


Area  and  contents 


Ground-<area 

Cubical  contents. 


3  835  sq  ft 
X38  3X0  cu  ft 


Rate  per  cubic  foot  * 


Location 


Winchester,  Tenn. 
McPherson,  Kan. 
Longview,  Tex. . . 


Non-flr^proof 


I0.344 
o  346 
0.33J 


First  floor, 
fire-proof 


10.350 
0  351 
0.337 


J 


•  These  pre-war  figures  roust  be  increased  from  so  to  xoo^c 


/C- 


1630 


Estimating  the  Cost  of  Bmldiogs 


Part  S 


Type  3.    Post-office  baildings  at  Cookeville,  Tenn.,  and  Jackson,  Ky. 

Description.  Three-story-and-basement  building;  stone-faced  to  top  d 
course  over  water-table;  selected,  common^brick  fadng  and  omamental  tczxa- 
cotta  trim;  compositioa  and  slate  roof  and  non-fiie-pcoof  coostiuctioa, 
the  first  floor. 


Area  and  contents 

Ground-area 

4942  SQ  fC 

agojoocu  ft 

Cubical  contents 

Rate  per  cubic  foot  *                                                      , 

CookeviIIe,  Tenn 

Jackson.  Ky 

90.27s 

0.269 

1 

Type  4.  Post-office  buildings  at  Garden  City,  Kan.,  and  Lake  City.  'Slim, 
Odentical  buildings). 

Description.  One-story-and-basement,  brick-faced  building,  with  stone  water- 
table  course  and  trimmings  and  ornamental  terra-cotta  cornice,  arcbitrave  acd 
parapet-coping;  non-£ire-proof  construction,  except  the  first  floor;  coinpo:»itii.<i: 
roof. 


Area  and  contents 

Ground-area 

1 
3  888  sa  ft 

Cubical  contents 

141  4^  cu  ft 

Rate  per  cubic  fo<it  * 

Garden  City,  Kan 

VA\ce  City,  Minn 

I0.40S 
0.341 

Type  s>    Post-office  buildings  at  Abilene,  Kan.,  and  Bellefoataine,  Ohio. 
Description.    One  story  and  basement;    stone  facing;    granite  steps»  etc.; 
tin  roof;  fire-proof  construction,  except  roof. 


Area  and  contents 


Rate  per  cubic  foot  * 


Abilene,  Kan 

Bellefontaine.  Ohio . 


•0359 
0.367 


Buildings  of  Various  Sizes  and  Descriptions.  The  following  list  is  for 
buildings  of  various  sizes  and  descriptions  throughout  the  country  and  sitkows 
the  variance  in  the  cubic-foot  rate. 

*  These  pre-war  figiires  must  be  increased  from  50  to  100^ 
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Post-office  building  at  New  Rochelle,  N.  Y. 

JDescription.  This  buildiog  b  of  an  irregular  plan;  two-story  and  basement; 
renter  pavilion;  sides  and  rear  one-story  and  basement;  clearstory  over  work- 
room; stone  iadng  to  ficst-Boor  level;  brick  facing  above  this  point,  with  terra- 
cotta trim  and  cornice;  composition  roof;  fire-proof  construction. 


Ground-area 

7  512  sq  ft 
258  900  cu  ft 
•0.259 

Cubical  contents 

Rate  per  cubic  foot  • 

Post-office  building  at  Mobile,  Ala. 

Description.  Front  portion,  two  stories,  and  rear  portion,  one  story  over 
'Workroom.  Only  a  small  portion  of  basement  excavated  for  heating-plant. 
Main  building  faced  with  limestone  and  rear  second  story  portion  with  orna- 
mental terra^cotta.  Fire-proof  construction;  long  and  short  spans,  and  con- 
cxetc  joists  with  terra-cot ta  fillers;  coH)er  deck  and  Spanish- tile  roofs. 


Ground-area 

18  054  sq  ft 
670  476  cu  ft 
I0.34X 

Cubical  contents 

Rate  per  cubic  foot  • . , 

Post-office  building  at  Muskogee,  Okla. 

Description.  A  four-story-and-baaement  building.  Granite  to  the  first- 
floor  line^  stone-faced  above  (except  in  interior  court,  which  b  brick);  terra- 
cotta cresting  at  roof;  copper  roofing  and  fire-proof  construction  throughout. 
Both  standard  types  of  concrete  and  terra-ootta  floor-construction.  Monu- 
mental in  design.  Corinthian  colonnade  at  entrance.  Eight  heavy  bronze 
lamp-standards.  Six  flights  of  marble  stairs.  Entire  lobby  of  marble,  and 
very  ornamental  plaster-work  in  lobby  and  court-room. 


\.  yfOU  TlQ^ftFBft  .............•.««•>■■•••.••>>•■•■ 

ao400flq  ft 
X  sa6  612  cu  ft 

to.  43 

Cubical  content! 

Rate  Dw  cubic  foot  *................•....... 

Post-office  building  at  New  Bedford,  Mass. 

Description.  One  story,  basement  and  mcszanine  with  clearstory  over 
central  portion;  granite  facing,  except  dearstocy,  which  is  faced  with  terra- 
cotta; main  roof  of  composition;  clearstory  roof  of  copper;  fire-proof  con- 
struction. 


Gfound>arca , 

27  750  »q  ft 
X  080  690  cu  ft 
$0,323 

Cubical  contents 

Rftte  Dcr  cubic  foot  • 

Post-office  building  at  Newark,  Ohio. 

Description.  Two-story,  basement  and  unfinished  attic.  The  workroom  ex- 
tends through  two  stories.  Offices  in  second  stoiy  over  balance  of  building. 
Fire-proof  construction  throughout.  Terra-ootta  floors,  ceilings,  roofs,  parti- 
tions, furring,  etc.  Exterior  faced  with  pink  granite  to  the  first-floor  level  and 
with  white  marble  above,  including  cornice,  parapet,  etc.  Flat  tin  roof;  bronze 
grilles  at  first  and  second-story  windows  on  front  of  building.  Cast-iron  grilles 
at  first-story  and  basement- windows  on  sides  and  rear;  bronxe-faced  post- 
office  screens,  desks,  revolving  doors,  vestibules*  etc.,  and  drawn-bronze  covered 
sashes,  window-frames,  doors*  etc.,  in  lobby.  Caen-stone  cornice  and  coffered 
ceiling  in  lobby.    Bronze  and  marble  stairs  to  second  story. 

*  These  pre-war  figures  must  be  increased  from  50  to  100%. 
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Ground-area 

6  9x2  sq  ft 
369  640  cu  ft 
•0.487 

Cubical  contents 

Rate  per  cubic  foot  * 

Post-office  building  at  Minot,  N.  D. 

Description.  Three-story-and-basement  building;  fire-proof,  except  n>.4 
which  is  plank  on  steel  beams;  stone  facing  to  second-story  window-sills;  bnj 
facing  above,  with  stone  cornice,  parapet-coping,  etc 


Gxound-area •. 

6  700  sq  ft 
437  300  cu  ft 
to.3JB 

Cubical  contents 

Rate  per  eubic  foot  • 

Post-office  building  at  McAlester,  Okla. 

Description.  Three  stories  and  basement;  fire-proof,  eicept  roof;  ten- 
cotta  floors,  etc.;  suspended  ceitings;  stone  facing  to  second-floor  level;  hzKi. 
facing  above,  with  stone  trim;  cornice  and  balustrade;  tin  roof. 


Ground-area 

Cubical  contents 

Rate  per  cubic  foot  * 


74SJSQ  Ft 
394  7«5cuft 
$o.j8 


Post-office  building  at  North  Tonawanda,  N.  Y. 

Description.  The  building  has  two  stories  and  basement;  granite  to  tk 
first-floor  line;  brick-faced  above  with  stone  trimming  and  slate  roof;  fire-pro- : 
construction  to  and  including  the  second  floor. 


Ground-aDGa . , 

5  475  sq  ft 
2763aocttft 
$0,269 

Cubical  contents 

Rate  per  cubic  foot  • 

Condusioiis  Regarding  Variations  in  Unit  Costs.  In  the  fove^dbx 
unit  costs,  the  approach-wokk,  such  as  walks,  platforms,  terraces,  etc,  b  jl- 
cluded.  This,  in  some  cases,  is  quite  expensive,  and  is  generally  from  5  to  xo'": 
of  the  entire  cost  of  the  building.  In  federal  buildings^  there  are  many  requin^ 
ments  not  met  with  in  the  ordinary  mercantile  buildings,  and  the  pennane^t 
character  of  the  buikiing  necessitates  all  materials,  workmanship  and  ccwstnic- 
tion  to  be  of  the  very  best  in  eaeh  case.  This  is  guaranteed  by  iron-clad  speu- 
fications,  long-time  guarantees  for  several  items  of  the  work,  and  pcnonaJ 
government  inspection.  The  office  of  the  supervising  architect  has  deter- 
mined that  the  relative  increase  in  cost  of  buildings  throughout  the  country 
over  the  cost  in  the  Missisappi  Valley  district  was  about  as  follows,  taking  tbe 
Mississippi  Valley  district,  as  a  base,  at  xoo%,  and  the  labor  and  market-cot- 
ditions  which  prevailed  in  October,  19x4. 


Mississippi  Valley  district 

New  England  (except  Maine) 

Maine 

Southern  States  

Northwest  Mountain  district. 
Southwest  Mountain  district. 
Pacific  Coast 


Percent 


xoo 
no 

IIS 
too 
130 

ISO 

xas 


*  These  pre-war  figures  must  be  increased  from  50  to  xoo%. 
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In  tbe  groapiug  ol  districts,  the  Mississippi  Vall^  district  is  intended  to 
:over  the  Middle  States  as  far  east  as  Ohio  and  Pennsylvania,  and  the  states^ 
Senerally,  bordering  on  the  western  bank  of  the  Mississippi  River.  Tliis  b 
found  to  be  a  part  of  the  country  in  which  the  lowest  prices  have  been  ob- 
tained. The  other  districts  represent  the  apprjximate  greater  cost  for  buildings 
[>ver  that  in  the  Mississippi  Valley  or  Middle  States,  and  is  intended  to  repre- 
sent the  DiFFBRENCS  IN  COST  AT  ANY  TIME;  but  is  Hot  intended  to  represent 
the  dtifereace  in  cost  at  different  periods. 

Illttstration  of  Variation  in  Cost  *  of  Buildings  of  Identical  Area  and 
Contents.  The  following  notes  are  taken  from  photographs  of  drawings  and 
from  data  accompanying  them.f  The  drawings  were  for  a  Post-Office  build- 
ing at  Menomonie,  Wis.  This  building  contains  4  770  sq  ft  of  ground-area, 
ind  the  cubical  contents  are  147  570  cu  ft.  The  contract  was  awarded  (1913) ' 
for  $45  380,  or  at  the  rate  of  $3,308  per  cu  ft.  It  is  a  one-story-and-basement 
building,  faced  with  brick,  with  stone  water-table,  brick  parapet  and  tin  and 
:omposition  roof.  The  first  floor,  only,  is  fire-proof.  Proposals  were  opened 
[1914)  for  a  Post-Office  building  at  Uvalde,  Tex.  This  building,  except  for 
jome  slight  modifications,  is  as  nearly  like  the  Menomonie  building  as  it  is 
p)ossible  to  make  it  without  using  the  same  drawings.  The  ground-area  of  the 
Qvalde  building  is  4  673  sq  ft  and  the  cubical  contents,  151  875  cu  ft.  The  work 
!n  connection  with  the  approaches  is  practically  the  same  as  that  at  Menomonie. 
[f  these  buildings  had  i>een  erected  in  the  saoie.  town,  it  does  not  appear  that 
there  would  have  been  any  difTefence  in.  the  costs,  but  the  lowest  proposal 
received  for  the  Uvalde  building  was  $5.6.40%  .or  at  the  rate  of  $0,371  per  cu  ft. 
\  comparison  of.  the.amQUOt^Jpr.tb^^^  twQ  buildings  further  illustrates  the 
unreliabiiity  of  any  universal  application  of  the  cubic-foot  rate  in  determining 
the  costs  of  buildings,  and  also  shows  that  the  difference  in  cost  of  construction 
>f  buildings  in  different  sections  of  the  country  varies  considerably. 

Cost  per  Cubic  t'oot  of  Some  Important  Federal  Buildings.  The  follow 
ing  tabulations  contain  additional  unit  costs  and  other  data  for  public  buildings. 

Cost  *  per  Cubic  Foot  of  Some  Important  Federal  Buildings- 


Location  and  btiilding 


L 


New  York,  N.  Y.,  Custom-House  (completed  xgoS) 

Cleveland.  Ohio,  Post-Office,  Custom-House  and  Court-House 

San  Francijco,  Cal.,  New  Post-Office  and  Court-House  (completed 

1906) 

Denver,  Col.,  new  Mint  (completed  1905) 

San  Prandaco.  Cal..  Subtreasury  Building  (estimated) 

Baltimore,  Md.,  new  Custom-House  (completed  1908) 

Washington,  D.  C,  Senate  Office-Building 

Salt  Lake  City,  Uuh,  Post-Office  (completed  1905) 

Indianapolis,  Ind.,  new  Post-Office  (completed  1906) 

Philadelphia,  Pa.,  new  N^int  (completed  1901) 

Washington,  D.  C.,  National  Museum  Building 

Washington,  D.  C,  Agricultural  Buildings  (portions  completed) 

Washington,  D.  C,  House  Office-Building 


Cost  per 

cubic  foot. 

cents  * 


74 
68 

66 

65 
60 

55 
50 
47 
46 
45 
43 
40 

36 


*  These  pre-war  figures  must  be  increased  from  50  to  100%. 

t  These  photographs  of  plans,  elevations  and  sections,  together  with  many  others,  and 
accompanying  explanations  and  data,  were  fumbhed  the  editor  by  J.  W.  Cinder,  Super- 
intendent of  the  Computing  Division,  Office  of  the  Supervising  Architect,  by  pernusaion 
of  Mr.  O.  Wenderoth,  the  Supervising  Architect  (1914),  and  have  been  of  great  assistance 
in  the  presentation  of  notes  on  the  costs  of  buildings. 
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Pit 


Oott  *  per  Ciibie  Foot  aad  per  Sgoare  Foobof  Somm  New  PnUic 


Location 

Facing 

Cost 

Contents, 
cuft 

Area, 

Cost 

sqft 

Co  ft        Sqfe 

Bangor,  Me 

Granite 

Marble 

Stone 

Limestone 

Brick 

Limestone 

Granite 

•871297 

288  aoo 

132702 
95200 

81  532 
116  689 
295  051 

793720 
576000 
377668 
256210 
256210 
448300 

1080  000 

15600 

&>.  -aas  1  Sit  t: 

Augusta,  Ga 

II  000  '     0  -  «ao  •'     j6  x. 

South  Chicago,  III 

Long  Branch.  N.  J 

Plymouth,  Mass 

Ptqua,  Ohio 

II  000 
6470 
6470 
99ft4 

21732 

0.350         I^  X 
0.373        14  « 
0.318        »> 

0.360          II  7C 

New  Bedford,  Mass. . . 

0.309         13.5- 

Depreciation  of  Buildince  % 

Discounts  from  Yslttes  of  New  Buildings.  The  figures  given  on  the  ;-. 
ceding  pages  are  for  new  buildings.  To  ascertain  their  value  at  any  time  <-'- 
sequent  to  their  erection,  a  discount  from  the  value  when  new  should  be  true: 
as  follows: 

Per  peat  per  ytar 

Brick,  occupied  by  owner z     to  zl« 

Brick,  occupied  by  tenant iH  to  i^i 

Frame,  occuiMed  by  owner 3     to  2^% 

Frame,  occupied  by  tenant aH  to  j 

If  built  of  long-leaf  yellow  pi&e»  or  of  spruce  from  the  New  Eog^land  Stat£% 
add  from  20  to  30%,  or  if  of  short-leaf  yellow  pine,  add  from  40  to  50%  to  the* 
values.  If  of  redwood  or  cedar  from  the  Pacific  Coast,  use  about  ooe-hx 
these  estimates,  which  are  for  white  pine  or  white  pine  with  oak  framing-tiinbecv 
These  figures  for  depredation  are  to  include  buildings  in  which  ordinary  repairs 
have  been  made.  If  extraordinary  repairs  have  been  made,  the  dlscooat  sboiiti 
not  be  so  heavy.  Good  judgment  must  be  used  in  estimating  the  amount  ci 
depreciation  in  buildings. 

The  Depreciation  of  MQl-Buildings.  The  annual  depredation  of  a  mlB- 
building  of  slow-burning  construction  varies  from  i  to  iV4%»  while  the  de- 
predation of  a  reinforced-concrcte  factory-building  is  relatively  much  fess, 
since  it  is  confined  entirely  to  such  details  as  windows,  doors,  roofing,  etc 

The  Wear  and  Tear  of  Building  Materials.  At  the  tenth  annual  meetir.? 
of  the  Fire  Underwriters'  Association  of  the  Northwest,  held  at  Chicago  b 
September,  1879,  Mr.  A.  W.  Spalding  read  a  paper  on  the  wear  and  tear  d 
building  materials  and  tabulated  the  results  of  his  investigations  in  the  foDov- 

ing  form: 


*  These  pre-war  figures  must  be  increased  from  50  to  100%. 

t  Repzxxiuced,  by  permission,  from  the  Journal  of  the  Society  of  Coostnicton  of 
Federal  Buildings,  September,  1914,  through  the  courtesy  of  C.  R.  Marsh,  Editor  of 
Publications  of  the  Society  of  Constructors  of  Federal  Doildiiifcs.  This  Journal,  pub&hed 
monthly,  contains  data  of  much  interest  to  architects  and  builders. 

X  From  Tiffany's  Estimate  of  Depreciation,  used  by  the  United  States  GovemmeaL 
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Material  in  btiilding 


Brick 

Plastering 

Painting,  outside. . . 
PaintinSt  inside. . . . 

Shingles 

Cornices 

Weather-boarding. . 

Sheathing 

Flooring 

DoorSt  complete. . . . 
Windows,  complete. 
Stairs  and  newels . . . 

Bases 

Inside  blinds 

Building  hardware. 
Piazzas  and  porches 

Outside  blinds 

Sills  *nd  first-floor 

joists 

Dimension-lumber . 


Frame 
dwelling 


Brick 

dwelling 

(shingle  rooO 


Aver-, 

age 

life 


years 


30 

s 

7 

x6 
40 
30 
SO 
ao 
30 
30 

30 
40 

30 

ao 
ao 
i6 

3S 
SO 


Depre- 
ciation 

per 
annum 

/O 


5 

20 

Z4 
6 

aW 
3H 

a 

5 

3M 
3^ 

2H 

3'A 
5 
5 
6 

4 
a 


Aver- 
age 

life 

years 


7S 

30 

7 

7 

x6 
40 

SO 
ao 
30 
30 
30 
40 
30 
ao 
ao 
z6 

40 
7S 


Depre- 
ciation 


annum 

Of 

/o 


3W 
14 
14 

6 

2H 

a 
5 

3Vi 

3H 

3H 

aH 

3H 

S 

5 

6 

aVi 


Frame  store 


Aver- 
age 

life 


years 


•  •  •  • 

i6 
5 
5 

i6 

30 
30 
40 
13 
2S 
2$ 

ao 
30 
30 
13 
ao 
i6 

2S 

40 


Depre- 
ciation 
per 

annum 
o* 

70 


6 

ao 

20 

6 

3^ 

3V4 

aj-i 

8 

4 

4 

5 

3M 

3H 

8 

S 
6 

4 
ah 


Brick  store 
(shingle  rooQ 


Aver- 
age 
life 


yean 


66 

30 

6 

6 

x6 

40 

*    •    a    • 

SO 
13 
30 
30 
ao 
30 
30 

13 
ao 
16 

30 
66 


Depre- 
ciation 
per 

annum 
c 

70 


3W 
Z6 
16 

6 

ah 

a 

8 

3H 

3h 

S 

3h 

3H 

8 

S 
6 

3h 


These  figures  represent 
three  competent  builders 
seven  dties  and  towns  of 


the  averages  deduced  from  the  replies  made  by  eighty- 
unconnected  with  fire-insurance  companies  in  twenty- 
the  eleven  Western  States. 


THE  QUANTITY  SYSTEM  ♦ 

Ezplanation  of  the  System.  The  quantity  system  is  not,  as  some  persons 
have  supposed,  merely  the  taking  of!  of  a  list  of  items  by  one  person  probably 
with  uncertain  accuracy,  for  some  other  person's  use.  It  means  the  careful 
measurement  by  a  disinterested  expert  specially  trained  in  this  kind  of  work, 
that  is,  a  quantity  surveyor.  This  specialht  proceeds  in  a  manner  quite 
different  from  that  of  the  average  contractor.  He  follows  a  certain  recognized 
order  and  system  in  taking  off  quantities,  abstracting  and  billing,  with  a  view 
to  eliminating  errors.  He  uses  certain  uniform  standards  of  measurements  and 
expressions  well  understood  by  bidders.  His  checking  and  rechecking  methods 
to  ensure  accuracy  must  be  studied  to  be  appreciated  by  those  to  whom  the 
quantity  system  is  unknown.  A  record  is  kept  of  every  item,  however  small, 
having  a  money-value.  These  items  are  da^fied  and  arranged,  each  imder 
its  proper  trade  or  department,  in  methodical  order.    Guess-work  methods 

•  The  quantity  "system"  which  is  not  merely  a  survey  of  items,  has  been  systematically 
advocated  since  1891  by  G.  Alexander  Wright.  A.I.A.,  354  Pine  Street,  San  Francisco, 
who  is  the  founds  of  the  movement  to  ad^t  the  Quantity  System  to  American  building 
practice.  It  has  attracted  much  attention  among  contractors,  architects,  and  engineers. 
In  coune  of  time  this  system  of  estimating  must  be  adopted,  as  it  stands  for  a  square 
deal  between  owner  and  contractor.  The  movement  in  aid  of  this  work  b  purely  a 
voluntary  one.  an  honest  effort  to  bring  about  better  methods. 
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are  unknown  to  the  quantity  surveyor,  while  his  accoracy  and  aucufimi  to 
small  details  is  worthy  of  comment.    Every  bidder  figures  from  a  copy  c:  -l 
surveyor's  quantities  furnished  to  each  one,  with  (if  desired)  the   plaxis  :l- 
specifications.    The  surveyor  who  does  this  walk  is  a  professional  naaA  suru- 
to  the  engineer  or  the  architect.    He  shoidd,  in  fact,  have,  and  be  usoali^  r- 
had,  experience  in  these  professions,  and  in  addition,  a  practical 
acquired  in  the  field  in  actual  contact  with  and  superintendence  of 
work. 

Method  of  Frocedore.    Such  a  surveyor,  in  taking  off  quantities  from  zi 
architect's  or  engineer's  drawings,  readily  detects  any  discrepancies  due  to  h^-=* 
preparadon  or  other  cause.    The  attention  of  the  architect  or  engineer  is  czJl 
to  such  matters  by  the  quantity  surveyor,  as  he  goes  on  with  his  woHl,     IV 
tected  in  this  way,  all  uncertainties  are  at  once  corrected  and  adjosted.  « 
that  by  the  time  the  drawings  and  specifications  reach  contractofs»  evayO'-si. 
has  been  made  plain  and  accurate  and  the  possibility  of  error  in  qnantir  i.- 
can  therefore  be  disregarded.    The  resulting  document,  the  Bnx  of  qvaxh^lu 
is  then  either  printed  or  otherwise  reproduced,  and  a  facsimile  copy  sappttr 
free  of  cost  to  each  bidder  who  inserts  his  \mit  price  opposite  each  it< 
in  an  hour  or  two  foots  up  the  money-cost  in  dollars  and  cents, 
all  that  a  contractor  should  be  expected  to  do  (for  nothing).    The  bilx  c? 
QUANTITIES  contains  eversrthing  the  contractor  is  called  upon  to  perform  c^ 
lumish,  in  order  to  complete  his  contract.    In  short,  the  bid  becomes  a  pro- 
posal to  do  a  certain  nxEO  quantity  of  work,  no  more  and  no  less.     This  thee 
briefly,  b  the  main  underlying  principle  of  the  quantity  system:    a  dr rir  kg 
quantity  of  work  for  a  definite  price,  and  the  elimination  of  evecy  coDdifinn 
which  now  compels  bidders  to  take  chances. 

The  Present  Unsatisfactory  Conditions.  Most  architects  are  famih^' 
with  the  wasteful,  unsatisfactory  methods  followed  to-day.  They  injure  Kii 
parties  to  a  contract  because  of  biddlers'  mistakes  in  figuring,  accuracy  hcin^ 
so  often  sacrificed  for  speed.  While  wonderful  strides  in  methods  of  constru.- 
tion  have  been  made,  no  attention  has  been  given  to  standasdizinc  icethci^ 
of  measuring  builders'  work,  and  so  both  owner  and  contractor  suffer.  .\3>  i 
result  of  the  movement  in  aid  of  better  methods  (initiated  in  San  Francis., 
in  1 891)  more  conservatism,  and  a  closer  adherence  to  business  principles  ::jt 
being  preferred  in  place  of  gambling  methods  of  estimating.  Architects  or 
engineers  who  now  permit  an  unduly  low  bidder  to  take  a  contract  are  oourticf 
trouble  every  time. 

Use  of  the  Quantity  System  in  Other  Countries.  The  principle  of  pay- 
ment by  measurement  is  based  upon  equity  and  square  dealing.  On  hagt  woA 
it  is  used  in  England,  Ireland,  Scotland,  France,  (jermany,  Australia,  and 
South  Africa,  and  to  some  extent  in  the  United  States  and  Canada.  It  is  a 
significant  fact,  that  in  no  instance  in  which  this  measurement  aystem  hu 
been  once  established,  has  it  ever  been  abandoned  for  the  former  baphazanl 
methods. 

AdYsntages  Claimed  for  the  Ousntity  System.  The  foflowing  aze  the 
advantages  claimed  for  the  system: 

(i)  An  immense  saving  of  time  and  money  now  wasted  by  bidders;  aB 
4oing  the  same  thing,  going  over  the  same  ground,  and  each  arriving  at  a 
different  result. 

(2)  Safer  bids,  as  the  work  to  be  performed  is  cleariy  written  out  in  the 
oill  of  quantities,  which  can  be  the  essence  of  the  contract. 
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(3)  No  expense  to  the  bidder;  the  owner  pays  for  the  quantities  knofwin^ly, 
The  owners  pay  now,  but  this  fact  is  not  brought  to  their  attention,  and  it 
does  not  occur  to  them.  The  percentage  added  to  a  bidder's  net  cost  is  not 
all  profit,  a  certain  portion  being  absorbed  in  overhead  charges,  including  cost 
of  estimating,  which,  of  course,  is  ultimately  borne  by  owners. 

(4)  Saving  of  disputes  arising  from  ambiguities,  overaights,  and  even  errors, 
all  causing  extra  claims  more  or  less  just,  but  usually  vexatious,  and  sometimes 
embarrassing. 

(5)  Better  opportunities  for  the  competent  bidder,  as  the  bidders  all  work 
up  and  price  from  the  same  basis. 

(6)  Better  work  and  greater  harmony.  If  no  part  of  the  work  is  omitted 
there  is  less  reason  to  skin  the  work,  a  proceeding  which  produces  friction,  or 
worse. 

(7)  Misunderstandings  are  reduced.  The  bill  of  quantities  states  clearly 
what  is  intended,  and  is  a  sort  of  clearing-house  for  the  drawings  and  specifica- 
tions. 

(8)  Neither  party  can  obtain  an  advantage  over  the  other  on  quantity  or 
description  of  work. 

(9)  No  dilutes  with  subbidders,  it  being  clearly  stated  what  each  trade  is 
to  furnish. 

(xo)  Contractors  have  no  figuring  of  quantities  to  do  and  can  therefore 
devote  more  time  to  buildings  in  hand  and  save  profits  now  lost  for  want  of 
their  personal  supervisicm. 

(t  i)  Fewer  inferior  contractors  as  lowest  bidders. 

(la)  Fewer  extras,  which  are  usually  a  trouble  to  all  concerned. 

(13)  The  architect  or  engineer  has  the  assistance  by  collaboration  of  the 
professional  quantity  surveyor,  who  is  available,  also,  for  preliminary  figures. 
This  advance-information,  now  so  often  furnished  by  a  prospective  bidde., 
creates  undesirable  obligations. 

(14)  No  change  or  reorganizing  of  architects'  offices  is  entailed.  Much 
detail-work  now  involved  in  receiving  bids  could  be  taken  care  of  in  the 
quantity  surveyor's  office. 

(15)  The  drawings  and  specifications  having  been  previously  made  as  com- 
plete as  possible,  subsequent  inconvenience  to  contractors  and  foremen  on  the 
job,  and  inquiries  at  the  architects'  offices  for  explanations  beoome  unneces- 
sary. The  Bxu.  or  quamtities  gives  detailed  information  which  cannot  be  well 
given  by  drawings. 

Adaptation  to  American  Praetlee.  In  the  United  States  any  such  uni- 
versal system  must  conform  to  American  needs  and  sentiment,  and  be  a  prac- 
tical system.  For  many  reasons  it  would  be  unpractical  to  follow  the  English 
practice.  The  principles  it  stands  for  can,  however,  be  accepted  and  applied 
anywhere  with  great  advantage. 

DIMENSIONS  AND   DATA  USEFUL  IN  THE   PREPABA- 

TiaN  QF  ABCHITECTS'  DRAWINGS  AND 

SPECIFICATIONS* 

DimentloiM  for  Furniture.  For  the  convenience  of  draughtsmen  when 
designing  furniture  or  providing  space  for  a  special  article  the  following  dimen- 
sions are  given:  t 

*  See,  abo.  the  additlooal  tables  with  more  detailed  and  classified  lists, 
t  Many  of  these  dimeouons  were  first  contributed  to  the  American  Architect  of  No* 
vember  xo.  1894,  by  Alvin  C.  Nye. 
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Chain  and  Seats.  The  avenge  figures  taken  ftom  a  variety  of  9ood  chairs 
are:  Height  of  the  seat  above  the  floor,  x8  in;  depth  of  the  aeat,  19  in;  the  top 
of  the  back  above  the  floor,  38  in.  Usually  the  seat  increases  in  depth  as  it 
decreases  in  height,  while  the  back  is  higher  and  slopes  more.  Twenty  indbe» 
inside  is  a  comfortable  depth  for  a  seat  of  moderate  size.  Chair-arms  are  about 
9  in  above  the  seaL  The  slope  of  the  back  should  not  be  more  than  one-fiftli 
the  depth  of  the  seat.    A  lounge  is  6  ft  long  and  about  30  in  wide. 

Tablea  vary  in  shape  and  size  almost  as  much  as  chairs.  Writing-tables  sod 
dining-tables  are  made  3  ft  5  in  high,  and  the  type  of  sideboard  called  a  casvivg- 
TABLE  is  made  3  ft  high  to  the  principal  shelf;  but  tables  for  genenl  use  are  2  ft 
6  in  high.  Dining-tables  are  made  from  3  ft  6  in  to  4  ft  wide  and  to  extend 
from  12  ft  to  16  ft  by  means  of  slides  within  the  frame.  This  frame  should  not 
be  so  deep  as  to  interfere  with  the  knees  of  any  one  sitting  at  the  table;  that  K 
there  must  be  about  2  ft  clear  space  between  it  and  the  floor.  The  f?n»H^^  site 
practicable  for  the  knee-holes  of  desks  and  libraxy-tables  is  a  ft  high  by  i  ft  8  in 
wide,  the  width  to  be  increased  as  much  as  possible. 

Bedsteads  are  classed  as  single,  three-quarters,  and  double.  A  sc^ 
bed  is  from  3  to  4  ft  wide  inside;  a  three-quarter  bed,  from  4  ft  to  4  ft  6  in. 
a  double  bed,  5  ft.  Bedsteads  are  from  6  ft  6  in  to  6  ft  8  in  long  inside.  Fc^t- 
boards  are  from  2  ft  6  in  to  3  ft  6  in  and  headboards  from  5  ft  to  6  ft  6  in  higfa 
Single  beds  for  dormitories  are  often  made  only  2  ft  8  in  wide. 

Bureaus  vary  in  shape  and  size  to  such  an  extent  that  it  is  almost  impossibk 
to  say  that  any  dimension  is  fixed.  Convenient  sizes  are:  body,  3  ft  5  in  wide, 
I  ft  6  in  deep  and  a  ft  6  in  high;  or  4  ft  wide,  x  ft  8  in  deep  and  3  ft  high. 

Commodes  are  i  ft  6  in  square  on  the  top  and  2  ft  6  in  high. 

Chiffonien  are  about  3  ft  wide,  i  ft  8  in  deep  and  4  ft  4  in  high. 

Chenl-Glasses  are  made,  if  large,  6  ft  4  in  high  and  3  ft  2  in  wide.  If  smaJB, 
5  ft  high  and  i  ft  8  in  wide.    If  mectium,  5  ft  6  in  high  and  2  ft  wide. 

Wash-stands  of  large  sizes  are  3  ft  long,  i  ft  6  in  wide  and  2  ft  7  in  higb.  SnuT. 
Tiizes  are  from  2  ft  4  in  to  2  ft  8  in  long. 

Wardrobes  may  be  8  ft  high,  2  ft  deep  and  4;  ft  6  in  wide;  or  6  ft  9  in  hipK 
I  ft  s  in  deep  and  3  ft  wide. 

Sideboards  may  be  from  4  to  6  ft  long  and  from  20  in  to  2  ft  a  in  deep. 

Uprii^t  Pianos  vary  from  4  ft  zo  in  to  5  ft  6  in  in  length,  from  4  to  4  ft  9  is 
in  height  and  are  aboot  a  ft  4  in  deep  over  all. 

Miniature  and  Babj-Orand  Pianos  vary  from  5  ft  10  in  to  6  ft  in  length,  and 
are  about  4  ft  10  in  in  width. 

Parlor-Grand  Pianos  vary  from  5H  ft  to  6  ft  10  in  in  length,  and  are  aboot 
4  ft  10  in  in  width. 

Concert-Grand  Pianos  are  about  8  ft  10  in  in  length  and  5  ft  in  width. 

Billiard-Tables  (Collender),  4  by  8  ft,  4  ft  a  hi  by  9  ft  and  5  by  10  ft.  Siie 
of  room  Inquired  13  by  17  ft,  14  by  18  ft  and  15  by  20  ft,  respectively. 

Clatsifled  Tablet  *  of  Ftimittfre-Dlmendona.  The  following  more  d^ 
tailed  and  classified  tables  of  average  dimensions  of  furniture  are  added  to  tho^ 
already  given  and  are  taken  from  recent  data  furnished  by  manufactuRrs  of 

*  These  additional  tables  were  compiled  by  E.  S.  Hand,  and  much  of  this  data  in  tit 
several  editions  of  the  Pocket-Book  has  been  taken,  by  perminion,  from  the  vahiabk 
treatise  on  Furaiturs  Designing  and  Draughting,  by  A.  C.  Nye. 
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jmiture.  While  some  of  these  measurements  vary  slightly  from  the  dimen- 
ions  given  in  the  preceding  paragraphs  they  represent  average  dimensions  of 
urniture  as  made  at  the  present  time. 

Dimentioiu  of  Tables 


Kind  of  table 


Bedroom-table . , 
Bedroom-table. , 

Bijou-table 

Carving-table. . 
Dressing-table. . 
Extension  table . 
Extension  table . 
Library-table... 
Library-table... 
Library-table... 
Library-table... 


Tea-table. 


Length 

1 

Width 

Height 

31 

22 

29 

X8 

x8 

30 

30 

22 

30 

42 

20 

36 

36 

20 

30 

66 

66 

30 

54 

54 

30 

51 

41 

30 

43 

»7 

29 

54 

34 

29 

6o 

36 

29 

13 

13 

20 

x8 

x8 

24 

23 

17 

29 

30 

23 

i8 

Remarks 


Commode 


Round 
Square 
Oval 


Round 
Square 
Upper  shelf 
Lower  shelf 


All  dimensions  are  in  inches.    Heights  are  from  the  floor. 

Dimension*  of  Chairs 


Kind  of  chair 


Bedroom-chair 

Baby's  high  chair  *.. 

Cheek-chair  t 

Chip-chair 

Chip<hair 

Dining-chair 

Dining-chair 

Dining-chair 

Dining-chair 

Easy  chair 

Easy  chair  t 

Hcpplewhite  chair. . . 

Parlor-chair  J 

Parlor-chair  f 

Parlor-chair  f 

Parlor-chair  | 

Piano-bench 

ReceptionK:hair  It 

Rocking-chair 

Roundabout  chair . . 

Rubens  chair 

Slipper-chair 


Height 


i8 

20 

17 
17 

i8 

20 
20 

19 
x8 

17 
17 
l8 

i6H 
14 
i8 
x8 

20 

17 
x6 
i8 

2oH 

12 


Seat-width, 


Front 


x6 
14 
29 

22 
22 
24 

19 
19 

20 
33 
27 
21 V^ 

24 
21 

26)^4 
20 

40 

21 
23H 

i8 

17W 

i8 


Back 


13 

12 
25 

X7W 

17 
22 

17 
17 
IS 
28 

25 
17 
X9^i 

2X 

22W 

13 
19 

20H 

x8 

I7H 
IS 


Depth, 
outside 


17 
13H 

27^i 
17 

nH 
22 

19 

x8 
IS 

24 1 
27  Vi 
17 
16H 
x8lJ 

26^i 

19 

IS 

21 

I9H 
18 

15 
17 


Back 


Height 


34 

37 

44 

39 

38 

45 

43 

3»H 

36 

43 

41 

345-4 

36 

29 

37 
36 

30 

41 

29H 

40 

28 


Slope 


Arms, 

height 

from 

floor 


5 
6H 

2 
4 


3H 

3 

27 

4H 

iii 

"26>i 

2 

ivi 

2 

4 

3 


2 
2 
O 
O 

3 


21 
26 
27 

25^4 

25 

23 


24 

28^ 


*  Foot  rest  la  in  above  floor,    t  Oventuffed.  X  French  cane  leat  and  back. 

{  Wooden  arm  and  back.  U  Upholstered  seat.    II  Depth  inside. 

AU  dimensions  are  in  inches.    Heights  are  from  the  floor.    The  slope  oC  the  back  is 
lied  at  the  sest>level  to  a  pe*^)endicular  through  the  highest  point  of  the  back. 
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Dim< 


of  Softs 


Kiad  of  sofa 


Small 

Extra  large... 
Ordinary  sofa 

Lounge 

Lounge 


Height 


i8 
i6 
15 
17 
17 


Seat-width 


Front 


43 
78 
54 
68 

57 


Back 


40 
76 

51 
68 

57 


Depth, 
outside 


31 

36 

24 
28 

29 


Back 
Height     Slope       a^^ 


3iH 

34 
3S 
23 


3 


r 


24 
3* 


All  dimensions  arc  in  inches.    Heights  are  from  the  floor.    The  slope  of  the  hack  4 
measured  at  the  seat-level  to  a  perpendicular  through  the  highest  pcunt  of  the  back. 

Dimensiofui  of  Case- Work 


Kind  of  case-work 

Body 

1 

Remarks 

Width 

Depth 

Height 

Bureau 

45 
51 
48 

54 
6o 
6o 

39 
36 
25 
16 

84 
36 

20H 

23 
33 

30 

33 

32 

30 
30 

"ie" 

32 
19 
24 

36V2 

37^4 

36^4 

42 

42 

44 

48 

51 

65 

31 

30 

69 

96 

Bureau 

Bureau 

Bureau 

Bookkeeper's  desk 

Bookkeeper's  desk 

ChifTonier 

Deck.  II  in;  slop^.  22  .z 

Chiffonier 

Cheval-glass 

Commode 

Sjdeboard 

Wardrobe 

Wardrobe 

All  dimensions  are  in  inches.    Heights  are  from  the  floor.    The  slope  of  the  back  is  xdcj 
ured  at  the  seat-level  to  a  perpendicular  through  the  highest  point  of  the  back. 


Dimensions  of  Bedsteads 


Kind  of  bed 

Inside 

Heights 

Height, 
Width,      boctora 

L,ength 

Width 

Foot 

Head 

side  rail      ctf  side 

rail 

Sinslc  bed 

78 
78 
78 
78 

42 
42 

S8H 

56 

40 

41 
42 

36 

63 
60 
63 

67 

». ._ 

9^i            94 

Single  bed 

Double  bed 

10  10 

11  loU      ' 

Double  bed 

13                9'.      ' 

All  dimensions  are  in  inches.    Heights  are  from  the  floor. 

Dimensions  of  Pbimbing-Fiztures.  Enameled-Ifon  Batli-TabB.  Standard 
sizes  for  roll-rim  baths  with  sloping  ends  are:  nominal  lengths,  4  ft,  4^  ft,  5  ft. 
SH  ft  and  6  ft;  width  over  all,  from  30  to  34  in.  Specially  narrow  tubs  are  made 
from  35  to  29  in  wide.  The  actual  length  over  rim  is  usually  i  or  a  in  more 
than  the  nominal  length,  and  2  in  will  include  an  ordinary  overflow-pipe. 
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•ah^flaaias.  Crockery  baains,  to  go  with  marble  slabs,  are  made  round 
-nd  oval.  Round  bowls  are  made  lo,  I2»  13,  14  and  16  in  in  diam,  measured 
rom  the  outside  of  the  rim.  Oval  bowls,  14  by  17  in,  15  by  19  in  and  x6  by  21 
n.      The  12  and  14-in  round,  and  15  by  xg-in  oval,  are  commonly  used. 

Bdarble  Basin-Slabfl  may  be  20  by  ^4  in.  20  by  30  in,  22  by  28  in,  or  24  by  30  in, 
^He  last  being  a  very  common  size.  They  can  be  made  any  size,  to  order.  They 
dHould  be  I H  in  thick,  countersunk  on  top^  and  should  have  molded  edges  where 
ex];x>sed. 

Comer-Slaba  are  commonly  made  sx  by  21  in  and  24  by  24  in.  Marble  backs 
are  usually  8  or  xo  in  high,  and  sometimes  X2  in. 

Snameled-Iron  Waah-Baaixia  or  Lavatoriea  made  in  one  piece:  common  sizes 
are  x6  by  20  in,  xi  by  x4-in  basin;  18  by  21-in,  11  by  15  in  basin;  18  by  24  in, 
I  2  by  15-in  basin;  back,  xoH  in  high.  The  smallest-sized  wash-basin  is  13  in 
wide  at  the  back. 

Comer-Baains,  i2Vi  by  xsH  in,  x2-in  round  basin;  15  by  15  in,  ix  by  X4-in 
l>a.sin;  16  by  x6  in,  xi  by  14-in  basm;  19  by  x9  in,  xx  by  15-in  basin.  The  stand- 
ard height  of  wash-basins  is  2  ft  6  in  from  the  floor. 

Foot-Baths,  enameled  iron,  roll-rim,  are  22Vi  by  X9  in;  width,  including 
fittings,  I  ft  XI  in;  height  x;  in;  depth  inade,  ix  in. 

Seat-Bafha,  enameled  iron,  average  about  32  in  long  over  fittings,  and  27  in 
ivide. 

Water-Cloaets.  The  dimensions  of  water-closet  bowls  vary  considerably, 
the  following  being  about  an  average:  width  of  bowl  over  all,  13  in;  depth  from 
M^all  to  front  of  seat,  23  in;  height  from  floor  to  seat,  17  in;  width  of  seat,  from 
15  to  16  in.  Closets  with  low-down  tanks  measure  about  28  in  from  front  of 
seat  to  walL  The  distance  from  center  of  outlet-opening  to  the  walls,  or  the 
KOUGUiNG-iN  dimensions,  are  given  in  manufacturers'  catalogues,  as  they  vary 
with  different  closets.  The  smallest  space  permissible  for  water-closet  compart- 
ments, where  doors  open  out,  is  2  ft  4  in  by  4  ft.  If  the  doors  open  in,  the  com- 
partment should  be  3  by  5  ft. 

Clotet-Ranges,  used  in  schools  and  factories,  are  made  24,  27  and  30  in, 
center  to  center  of  partitions.  For  graded  schools,  24  in  is  ample,  and  for 
factories,  27  in.  The  range  usually  occupies  a  space  28  in  in  depth,  if  set  against 
a  wall. 

Urhial-StallB  should  be  from  24  to  27  in,  center  to  center  of  partitions;  depth 
of  partitions,  20  or  22  in;  of  ends,  2  ft;  of  bottom  slab,  2  ft;  height  of  partitions, 
from  4  ft  6  in  to  5  ft  6  in. 

Kitchen-Sinks  of  cast  iron  are  made  in  a  great  variety  of  sizes,  those  most 
conunonly  used  being  16  by  24  in,  x 8  by  30  in,  x 8  by  36  in,  20  by  30  in  and  20  by 
36;  24  by  50  in  is  the  largest  size  for  enameled  sinks.  The  depth  inside,  for 
the  sises  given,  b  6  in.  Plain  cast-iron  sinks  are  made  as  large  as  32  by  56  in,  or 
28  by  78  in.    Steel  sinks  are  made  in  all  of  the  above  sizes  up  to  20  by  40  in. 

Porcelain  Sinks.  Conunon  sizes  of  porcelain  sinks  are  20  by  30  in,  23  by  36  in 
and  24  by  42  in. 

Cast-iron  Slop-Sinks,  common  sizes,  are  16  by  16  in,  16  by  20  in,  18  by  22  in 
and  20  by  24  in;   12  in  deep. 

Copper  Pantry-Siakt.    Common  sizes  are  12  by  x  8  in,  14  by  20  in  and  16  by 

24  in. 

Laundry-Tuba  of  slate  or  soapstone  are  commonly  made  2  ft  wide  over  all, 
and  x6  in  deep.    Lengths  over  all,  two-part  tubs,  4  ft  and  4  ft  6  in;  three- 
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part  tubs,  6  ft,  6  ft6  in  and  f  ft.  Earthen  and  porcelain  tuba  come  sepaniet 
and  are  connected  as  required.  The  dimensions  of  each  tub  are  2.  ft  or  2  i 
7H  in  in  length,  a  ft  xH  in  in  width  and  15  in  in  depth,  inside.  The  kprl 
required  for  two  a-ft  tubs  is 4  ft  i  in;  for  three  tubs,  6  ft  2  in;  and  for  four  tL.i 
8  ft  3  in.  Wolff's  roU-rim  enameled-iron  vrash-tubs  are  55  in  over  ally  fur  :«i 
tubs,  and  82  in  for  three  tubs. 

Rance-Boilfln  are  i  a  in  diameter  for  30-gal,  14  in  for  40-gal,  16  in  Cor  •: 

gal  and  63 -gal,  22  in  for  loo-gal  and  lao-gal  boilers. 

Dimensiona  of  Carriages.    Corered  Bnggf  (Ooddard).    Leogth  over  ^< 

14  ft;  width,  5  ft;  height,  7  ft  4  in.    Will  turn  in  space  from  14  to  30  ft  aqoare, 
according  to  skill. 

Coupi.    Length  over  all,  18  ft;  width,  6  ft;  height,  6  ft  6  in. 

Buggy  (Piaao-Boz).    Length  over  all,  14  ft;  width,  4  ft  10  in. 

Landau.    Length  over  all,  19  ft  6  in;  width,  6  ft  3  in;  heigbt,  6  ft  3  in;  \esi*^:. 
of  pole,  8  ft  o  in. 

Stanhope  Gig,  Two  Wheeb.    Length  o\'er  all,  10  ft  6  in;   widtb,  5  ft  ^  i- 

height,  7  ft  6  in. 

Victoria.    Length,  without  pole,  9  ft  6  in;  length  of  pole,  8  ft;  width  cn^ 
all,  5  ft  4  in. 

Light  Brougham.    Length,  without  pole  or  shaft,  9  to  it  ft;  width  over  a'- 

5  ft  4  in;  height,  6  ft  4  in. 

AutomobQes.    Length,  from  11  to  19  (average  16)  ft;  width,  6  ft;  heigiit.  7  ft 

Dimensions  and  Weight  of  Pire-Engines.  From  measurements  of  dif - 
ent  fire-engines  belonging  to  the  city  of  Boston,  it  was  found  that  the  greater; 
length,  including  pole,  was  22  ft  6  in.  The  widths  varied  from  5  ft  to  5  ft  11  i-- 
the  average  height  being  8  ft  8  in.  The  average  weight  (computed  from  :* 
engines),  8  000  lb;  the  greatest  weight,  9  420  lb  and  the  least,  4  780  lb. 

Dimensions  and  Weight  of  Hose-Carriages.  Extreme  length  with  hor^^ . 
19  ft  6  in,  without  horse,  17  ft  6  in;  width,  from  5  ft  9  in  to  7  ft;  height,  from  i^-  ' 
8  in  to  7  ft;  average  weight  (computed  from  ix  carriages),  2  943  lb;  gFeatc-t 
weight,  3  500;  least  weight,  2  120. 

Dimensions  and  Weight  of  Ladder-Wagons.  Length  of  trucks  33  f:: 
total  length,  with  ladders  on,  45  ft;  width,  6  ft  2  in;  average  weight  (tora- 
puted  from  12  wagons),  6  660  lb;  greatest  weight,  8  800;  least,  4  350. 

Dimensions  of  Locomotives  and  Cars.  The  dimensions  of  1ocomoti\c^ 
and  freight-cars  vary  considerably,  but  the  following  will  cover  those  in  Ci»r> 
xnon  use: 

Locomotives.  From  15  ft  4  in  to  15  ft  xo  in  to  top  of  stack  from  top  of  tm.-, 
extreme  width  of  cab,  10  ft  2  in.  Doors  to  admit  locomotives  should  be  fro^ 
12  to  X3  ft  wide  and  x8  ft  high. 

Furniture-Can  are  X4  ft  x  in,  from  top  of  track  to  top  of  brake-staff;  floor. 
3  ft  8  in  from  track;  extreme  width,  9  ft  xo  in. 

Stock-Cars,  X3  ft  5  in,  from  top  of  track  to  top  of  brake-staff;  floor,  4  ft  fr.c: 
track;  extreme  width,  9  ft  8  in. 

Refrigerator-Can,  X4  ft  6  in,  from  top  of  track  to  top  of  brake-staff;  floor.  4  f: 
from  track;  extreme  width,  q  f t  7  in. 

Ordinary  Freight-Can  are  about  13  ft  high  to  top  of  brake-staff  and  9  ft  4  in 
in  extreme  width.  The  height  of  floor  of  freight-can  varies  from  3  ft  8  in  to  4 
ft  above  top  of  track  for  standakd-gauge,  and  from  3ftto3ft6infQr  N.^a- 
ROW-GAUGE  cars.    Standard -gauge,  4  ft  8>4  in. 
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vary  from  14  to  16  ft  in  height  and  from  10  to  xz  ft  in 
width.  Doors  to  admit  cars  should  give  at  least  12  in  clearance  on  each  side, 
and  2  ft  overhead. 

Street  Trolle7^:an  ate  about  8  ft  6  in  wide  for  the  car  proper,  and  the  steps 
project  about  8  in.  Height  from  track  to  top  of  coach,  xi  ft  6  in;  the  troiley- 
stand  is  X 8  in  higher.  The  length  varies,  up  to  43  ft.  Trucks  for  a  4x  ft  6  in 
car  are  about  24  ft  apart.  Wheel-bases,  4  ft  center  to  center.  Radius  of  short- 
est curve  in  Denver,  Colo.,  35  ft  to  midway  between  rails. 

The  Oaoge  of  a  railroad  track  is  the  distance  between  the  ixmer  sides  of  the 
heads  of  the  two  rails.    The  staivdard  gauge  is  4  ft  8H  in. 

Capacity  of  Freight-Cars.  Car-Loads.  The  capacity  of  freight-cars,  and 
the  minimtmi  car-loads,  vary  so  greatly  that  no  accurate  general  information 
can  be  given.  For  heavy  freight,  25  tons  is  an  average  load;  for  light  freight, 
from  12  to  15  tons;  for  household  goods,  10  tons  is  about  the  minimum;  for 
lixne,  15  tons  is  about  a  minimum  load;  for  cement,  30  tons.  The  minimwm 
car-load,  to  obtain  car-k>ad  rates,  varies  with  different  roads,  and  also  with  the 
rate  made;  a  k>w  rate  is  usually  made  on  the  basis  of  a  big  load.  Thirty  tons 
is  a  good  load  for  heavy  freight,  and  40  tons  is  about  the  maximum,  except  for 
special  cars. 

Miscellaiieous  Dimensions.  Horse-Stalls.  Width,  from  3  ft  10  in  to  4  ft 
or  else  5  ft  or  o\'er;  length,  9  ft.  The  width  should  never  be  between  4  ft  and 
5  ft.  as  a  horse  is  liable  to  cast  himself. 

Dimeaaioas  of  Standard  BowUng-Alleys.*  For  one  pair  of  alleys:  Room 
necessary,  Ss  ft  over  all;  xx  ft  6  in  wide,  60  ft  from  foul-line  to  head  pin,  3  ft 
for  pins  to  back  of  alley.  4  ft  for  pin-pit,  8  in  deep  in  front,  6  in  in  back;  alleys, 
of  maple  flooring,  should  extend  on  and  beyond  the  foul-line  12  ft,  and  then 
4  ft  more,  making  a  i6-ft  approach  to  the  foul-line  for  the  player  to  run  to  deliver 
the  ball.  For  one  alley:  Same  length,  83  ft;  width,  6  ft  3Vi  in;  closer  dimen- 
sions; beds  43  in,  gutters  9  in,  division-pieces  2%  in,  ball-return  9^  in. 

In  la 

One  alley:  Ball-return 9^  Oke  »Ant  or  alleys:  BaU-retum  9H 

First-division  piece 2H  First-division  piece aH 

Gutter 9  Gutter 9 

Bed 43  Bed 43 

Gutter 9  Gutter 9 

Second-division  piece 2H  Second-division  piece iH 

6  ft  3«  in  -     7SV4  6  ft  jKin  -  7SVi 

To  the  75H  m  of  the  pair  of  alleys,  should  be  added 

Gutter 9 

Bed 43 

Gutter 9 

Third-division  piece 2H 

138 

Additional  room  should  be  provided  for  the  bowlers  and  spectators  as  these 
dimensions  are  for  the  llleys  only. 

Dimensions  of  Drawings  for  Patents  (United  States).    10  by  15  in,  with 
border-line  i  in  inside  all  around. 

*  Dimeasiona  furnished  by  The  Bninswick-Bslke-Collender  Company,  New  York  City. 
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Dfaaensioiis  of  m.  Baird.  Diameter  o£  head,  17  in;  diameter  at  buns.  19  '^ 
length,  28  in;  volume,  7  680  cu  in. 

Miacellaneottfl  Memoranda.  Weight  of  Men  and  Women.  The  avertir; 
weight  per  person  of  twenty  thousand  men  and  women  weighed  at  Boston,  Mz^ 
in  1864,  was,  men,  141  >i  lb;  women,  124H  lb. 

Wooden  Flacpolea.  For  a  flagpole,  extending  from  30  to  60  ft  above  t  _- 
roof,  the  following  proportions  give  satisfactory  results:  The  diameter  at  i— 
roof  should  be  \^  the  height  above  the  roof,  and  the  top  diameter  one-b^:  t.  r 
lower.  To  proQie  the  pole,  divide  the  height  into  quarters;  make  the  dtamctr 
at  the  first  quarter  above  the  roof,  fifteen-sixteenths  of  the  lower  diaxsct^^ 
at  the  second  quarter,  seven-eighths,  and  at  the  third  quarter,  three^uart^r- 
the  lower  diameter.* 

Steel  Flagpoles.!    The  Department  of  Education,  City  of  New  York,  h  i 
abandoned  the  use  of  wooden  flagpoles  and  is  using  steel  flagpoles.     For  ^ 
ordinary  building,  60  ft  in  height  above  the  curb,  a  pole  43^  ft  in  height  is  u<e:. 
which  is  sufficient  for  the  tackle  of  a  large  or  post-flag,  for  the  reason  that  t<k^- 
parapets  are  very  low.    Each  pole  is  required  to  be  fitted  complete  with  a  ca?c- 
iron,  galvanized,  revolving  truck,  mounted  on  crucible-steel  pins,  the  cap  be- 
neath it,  also,  being  of  galvanized  iron.    The  truck  is  fitted  with  two  4^i-:i 
bronze  sheaves  on  Tobin-bronze  pins,  surmounted  with  an  S-in  20-oz  copper 
ball,  acid-cleaned  and  painted  with  four  coats  of  the  best  English  weather-pro.: 
sizing,  and  covered  with  XXXX  leaf-gold.    One  or  more  field-joints  are  (cr- 
mitted  in  the  length  of  the  pole,  which  are  determined  according  to  stand  -i 
details,  the  bands  being  secured  to  the  male  tube,  and  both  edges  of  the  inr-.r 
band  and  the  shoe  being  machinc-bcvcled  to  insure  a  perfect  fit.     The  fen:^ie 
tube  is  drilled  and  secured  to  the  male  shoe  with  tap-screws  of  sufficient  streirti 
to  carr>'  the  upper  section  of  the  pole,  and  the  ends  of  the  screws  are  xxp*f*. 
The  exposed  ends  of  the  female  tube  are  chamfered  and  caulked  tight.     A  >:i. 
collar  or  band,  to  receive  the  copper  flashing,  is  secured  to  the  pole  and  bracci 
just  above  the  roof-lines. 

Dimensiona  of  Schoolrooms,  Boston  School8.t  The  sizes  of  the  rooms  'u 
the  Boston  school-houses,  as  adopted  by  the  school  board,  are,  for  grammar- 
schools,  28  by  32  ft  in  plan  by  13  ft  6  in  in  height;  for  primary  schools,  34  '■  y 
32  by  12  ft.  This  accommodates  56  scholars  per  room,  in  each  grade,  allowing 
a  16  cu  ft  per  scholar  in  the  grammar  schools,  and  165  cu  ft  in  the  primary  grade. 
A  width  of  27  ft  is  very  satisfactory  for  schoolrooms,  and  is  commonly  adopted 
because  it  permits  of  the  use  of  28-ft  joists,  without  waste. 

Heights  of  Blackboards  in  Schoolrooms.!  The  heights  from  floor  to  t>}p 
of  chalk-rail  should  be  about  as  follows: 

For  third  and  fourth  grades,     chalk-rail 2  ft  i  in  from  floor 

For  fifth  grade,  chalk-rail 2  ft  a Vi  in  from  floor 

For  sixth  grade,  chalk-rail 2  ft  4  in  from  floor 

For  seventh  and  eighth  grades,  chalk-rail 2  ft  6  in  from  floor 

Slate  blackboards  are  made  3  ft  6  in,  4  ft  and  4  ft  6  in  high,  4  ft  being  a  very 
conmion  and  satisfactory  height. 

*  The  Building  Trades  Pocketbook. 

t  From  data  compiled  by  E.  S.  Hand  from  notes  furnished  by  C.  B.  J.  Snyder,  Super* 
intendent  of  School  Buildings,  New  York  City. 
t  F.  £.  Kidder,  in  previous  editiooa. 
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Sizes  of  Seats  and  Desks  for  Schools  and  Academies  * 
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21 

2              2 

4to   s 
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19 

2              0 

Desks  for  two  scholars  are  3  ft  10  in  long,  and  for  a  single  scholar,  2  ft  long. 
Aisles  'are  from  a  ft  to  a  ft  4  in  wide,  according  to  age  of  scholars  and  size  of  room. 

Additional  Dataf  on  School-Houses 

Sizes  of  Rooms.  The  Department  of  Education,  New  York  City,  has  adopted, 
For  the  dimensions  of  the  schoolrooms,  the  German  standard  of  22  by  30  ft  in 
plan  by  14  ft  in  height,  with  unilateral  lighting.  These  dimensions  are  used  for 
all  grades  of  elementary  schools,  the  sittings  being  on  the  basis  of  x5  sq  ft  of 
floor-space  per  pupil.  Good  light  cannot  be  had  on  desks  which  are  placed  at  a 
greater  distance  from  the  windows  than  one  and  one-half  times  the  height  of  the 
top  of  the  upper  sash  from  the  floor. 

Sizes  of  Seats  and  Desks  for  Blementsry  and  High  Schools 
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Space}  occupied 

Number  of 
desk 

Age  of  scholar 

Height  t  of  seat 
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.30 
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13 

24 

29Vi 
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7to  8 

X2 

23 

27 
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6  to   7 

IX 

22 

27 

7 

1 

Sto   6 

10 

ao^i 

26 

Blackboards.  For  hrst  and  second-year  scholars  the  chalk-rail  is  placed  2  ft 
fron.  the  floor,  and  the  boards  are  4  ft  high.    This  allows  the  smaller  children 

*  F.  E.  Kidder,  in  previous  editions. 

t  From  data  compiled  by  E.  S.  Hand  from  notes  furnished  by  C.  B.  J.  Snyder,  Super- 
intendent of  School  Buildings,  New  York  City. 

X  Heights  are  measured  as  follows:  From  the  floor  to  the  top  of  ink-well  strips  of 
desks,  and  from  floor  to  top  of  front  edge  of  seats,  and  should  not  vary  more  than  H  in 
from  the  heights  given  in  this  table. 

Aisles  have  a  minimum  width  of  x8  in  lor  the  lower  grades  and  aa  in  for  the  upper 
grades. 

fi  If  chairs  are  used,  this  distance  must  be  increased  from  x li  to  a  in. 
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to  use  the  lower  portion.  The  upper  part  of  the  surface  is  at  a  height  convenient 
for  the  use  of  the  teacher,  there  being  much  display-work,  employed  in  the  lower 
grades.  For  scholars  in  grades  from  the  third  to  the  eighth  year,  inchxsive.  and 
for  high  schools  the  chalk-rail  is  placed  aH  ft  from  the  floor  and  the  boards  are 
3  ft  6  in  in  height. 

Doon  and  Stairways.  Wardrobes  should  be  entered  from  the  dasrooms 
only.  Classroom-doors  should  open  into  the  rooms,  so  as  to  afiford  the  teacher 
control  in  case  of  panic.  All  exit-doors  should  open  out.  All  stairways  should 
be  shut  off  from  corridors  by  means  of  self-closing  doors,  which,  together  with 
the  stairways  and  the  enclosures,  should  be  of  fire-proof  materials.  Stairways 
should  be  of  sufficient  number  to  permit  of  the  building  being  vacated  witbia 
three  minutes  from  the  time  a  signal  is  given.  This  can  be  cfifected  by  allowing 
a  linear  width  of  4  ft  for  the  first  50  persons  and  12  in  additional  for  each  100 
persons  in  excess  thereof.  No  stairway  is  to  be  less  than  4  ft  nor  more  than 
5  ft  in  width.  Exits  should  be  planned  so  as  to  provide  15  lin  ft  for  the  first  500 
persons  and  6  in  additional  for  each  100  persons  in  excess  thereof.  No  stairway 
should  have  more  than  15  steps  in  any  one  flight,  changes  in  direction  beiog 
etfected  by  a  square  platform  and  no  winders  being  used.  No  stair-door  or 
exit-door  should  open  out  over  a  step.  Platforms  are  to  be  provided  for  such 
doors  and  are  to  extend  at  least  z  ft  beyond  the  edge  of  the  door  when  standicig 
open. 

Stairs.*  The  rise  of  a  stair  is  the  height  from  the  top  of  one  step  to  the  top 
of  the  next.  The  total  rise  is  the  height  from  floor  to  floor.  The  run  is  the 
horizontal  distance  from  the  face  of  one  riser  to  the  face  of  the  next.  Risers 
are  the  upright  boards  or  other  materials  forming  the  faces  of  the  steps,  and 
the  TREADS  are  the  horizontal  pieces  or  surfaces  on  which  the  feet  tread. 
Treads  are  usually  from  iM  to  i^4  in  wider  than  the  run,  on  account  of  the 
KosiNG.  The  height  of  an  individual  riser  or  the  rise  of  any  stairs  is  found 
by  dividing  the  total  rise  by  the  number  of  risers.  The  run  of  the  stairs 
may  be  fixed  at  will  unless  the  space  is  cramped,  but  to  secure  a  comfortable 
stair  the  run  must  bear  a  certain  relation  to  the  rise. 

Rules  for  Dimensions  of  Treads  and  Risers.  For  ordinary  use  a  rise  of  from 
7  to  7V^  in  makes  a  very  comfortable  flijiht  of  stairs.  For  schools  and  for 
stairs  used  by  children  the  rise  should  not  exceed  6  in.  Stairs  having  a  rise 
greater  than  jH  in  are  steep.  The  width  of  the  run  should  be  determined  by 
the  height  of  the  rise;  the  less  the  rise  the  greater  should  be  the  run,  and  rice 
versa.    Several  rules  have  been  given  for  proportioning  the  run  to  the  rise: 

(i)  The  sum  of  the  rise  and  run  should  be  equal  to  from  17  to  17 Vi  in. 

(2)  The  sum  of  two  risers  and  a  tread  should  not  be  less  than  34  nor  more 
than  25  in. 

(3)  The  product  of  the  rise  and  run  should  not  be  less  than  70  nor  more 
than  75. 

These  rules  apply  only  to  stairs  with  nosings.  Stone  stairs  without  nosings 
should  have  at  least  12-in  treads  for  adults.     (See  Tables,  pages  164&-7.) 

Height  of  Hand-Rail.  In  dwellings,  hotels,  apartments,  etc.,  the  height  of 
the  rail  should  be  about  2  ft  6  in  above  the  tread,  on  a  line  with  the  face  of  the 
riser.  For  grand  staircases  the  height  may  be  reduced  to  3  ft  4  in.  On  steep 
stairs  the  height  should  be  from  a  ft  7  in  to  a  ft  9  in.  The  rail  should  also  be 
raised  over  winders.  On  landings,  the  height  of  the  rail  should  be  equal  to  the 
beight  of  the  stair-rail,  measured  at  the  center  of  the  tread,  the  usual  height  in 
residences  being  from  2  ft  8  in  to  a  ft  lonn. 

*  This  subject  is  quite  fully  treated  in  Building  G>iistruction  and  Superinteadsnct; 
Part  II,  Carpenters*  Work,  by  F.  E.  Kidder. 
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Saih-Cords.^    Until  a  few  years  ago,  linen  or  cotton  cord  only  was  used  for 
connecting  weights  with  the  sashes  of  double-hung  windows,  and  cord  is  still 
more  extensively  used  than  either  ribbons  or  chains.    For  windows  of  ordinary 
size  a  good  brand  of  cord  will  wear  for  a  long  time,  and  this  material  will  prob- 
ably never  be  entirely  displaced  by  metal.    "Tests  made  at  the  Massachusetts 
Institute  of  Technology  show  that  cords  wear  much  longer  than  chains,  though 
they  have  less  tensile  strength.    Cords  should  be  smooth  and  round,  so  that  each 
strand  bears  its  part  of  the  stress,  and  well  glazed,  so  that  they  have  a  smooth 
surface  and  consequently  less  wear  from  friction  with  the  wheel  of  the  pulley.  ** 
It  has  been  found  that  cord  can  be  braided  too  hard  for  durability,  yet  if  it  is 
braided  so  as  to  be  very  flexible  it  may  be  so  soft  that  it  will  stretch  and  cause 
great  anno3rance  by  permitting  the  weight  to  hit  the  bottom  of  the  weight-box. 
The  architect,  however,  should  always  specify  the  particular  brand  and  size 
of  cord  to  be  used,  and  also  the  diameter  of  the  pulley.    Among  the  leading 
brands  of  sash-cord  at  present  are  the  Samson  Spot,t  and  the  Silver  Lake  A.t 
These  brands  arc  superior  to  the  ordinary  braided  cords,  which  are  made  from 
inferior  yams  to  meet  the  jobbers'  requirements  for  price.    In  addition  to  other 
most  excellent  qualities,  the  Samson  cord  offers  an  additional  advantage  that 
architects  will  appreciate;  it  has  a  colored  strand  woven  through  it,  which  shows 
in  spots  on  the  surface  and  thus  enables  one  to  tell  at  a  glance  that  no  other  cord 
has  been  substituted.    The  Silver  Lake  A  sash-cord  has  the  name  Silver  Lake  \ 
branded  on  every  foot  of  cord;  but  unless  the  letter  A  accompanies  the  name  a 
second  grade  of  cord  is  denoted.    The  marking  of  the  cord  by  color,  or  any 
otlier  device,  does  not  alter  the  quality  of  the  cord.    Special  marks  may  be 
applied  to  inferior  cords  as  well  as  to  the  best.    The  following  numbers  should 
be  specified  for  the  different  weights  of  sash- weights: 


Relative  Sizes  of  Sash-<^ords,  Weights  and  PttUeys 


Size-fiumber 

Diameter  in  inches 

Feet  per  pound 
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For  hanging  sashes  weighing  over  40  lb,  only  the  largest  size  of  Samson  o** 
Silver  Lake  A  cord,  or  some  form  of  sash-chain  or  sash-ribbon,  should  be  used, 
and  the  pulleys  should  be  selected  to  fit  the  cord  or  chain.  A  guarantee  that  the 
cord  will  last  at  least  twenty  years  may  be  had  from  cither  of  the  manufacturers 
mentioned  above.  The  Samson  wire-center  sash-cord  has  recently  been  put  on 
the  market.  This  is  really  a  metal  sash-cord  protected  by  a  braided-cotton  sur- 
face which  acts  as  a  noiseless  cushion.  It  is  claimed  that  it  harmonizes  with  the 
window-finish  and  that  it  has  greater  durability  than  other  sash-cords  or  metal 
devices.  (See  record  of  tests  made  at  Massachusetts  Institute  of  Technology, 
page  1651.)  The  standard  color  is  that  of  dark  mahogany,  but  this  cord  is 
mode  to  order  for  large  buildings  in  other  colors  to  match  the  finish. 

*  The  lollowing  notes,  relating  to  Sash-Cords,  Sash-Chains.  Sash-Ribbons,  Sash- 
Weights  and  Sash-Balances,  are  condensed  and  revised  from  articles  by  Profeaior  Thomas 
Nolan,  in  Kidder's  Building  Construction  and  Superintendence,  Part  II,  Carpenters' 
Work. 

t  Manufactured  by  the  Samson  Cordage  Worics,  Boston.  Mass. 

X  Manufactured  by  the  Silver  Lake  Company,  Boston,  Mass. 
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Saah-Cbains.  Of  aeveral  styles  of  8aBh<iuuns  on  the  market,  the  style  raa&t 
largely  used  is  the  flat^link  chain.*  This  chain  is  made  either  of  steel,  or  ol  Ixtvaze 
composed  of  95%  copper  and  5%  of  tin.  For  su^)enduig  very  heavy  sashes, 
doors  and  gates,  a  cable-chain  has  been  extensively  used.  Star  f  sash-diaio  is 
made  of  broaze>metal.  The  manufacturers  of  the  Noms  sash-pulley  daim  that 
a  riveted  chain  that  has  joints  only  one  way  is  almost  sure  to  break  when  evea 
slightly  twisted,  and  that  it  b  better  to  use  two  chains  of  the  link-pattern  run- 
ning aide  by  side  over  the  same  pulley.  The  strongest  sash-chains  are  d  steel 
made  rust-proof  by  the  hot-galvaniadng  process,  and  clectnxopperplated  t:> 
give  a  bronze  finish;  and  of  a  bronze^mixture  which  looks  like  copper,  but  b 
tougher  and  harder.  One  firm  X  claims  that  its  galvaniced-sted  sash-chain  is 
from  II  to  45%  stronger  than  any  bronze  or  copper  sash-chain  and  that  it  will 
resist  fire  for  a  much  longer  period.  The  tensile  strength  of  their  chain  varies 
from  47S  to  850  lb,  according  to  the  weight  used. 

Sash-Ribbons.  These  are  now  also  extensively  used  hi  hanging  the  sashes  cf 
the  better  class  of  buildings.  The  ribbons  are  made  of  steel  and  aluxninuci- 
bronze  or  of  some  mixture  of  aluminum,  and  in  ^ft,  M,  H>  H  and  H-in  widths. 
They  are  claimed  to  be  practically  indestructible,  but  according  to  one  series  of 
tests  it  would  appear  that  in  some  cases  they  do  not  wear  as  long  as  sash-CDrds 
or  sash-chains.  Some  people  object  that  the  ribbons  snap  against  the  puUcy- 
stiles,  when  the  sash  is  raised  or  lowered,  and  thus  make  considerable  noise. 
The  H-in  ribbon  may  be  used  for  a  sash  weighing  up  to  100  lb  and  requiricj; 
50-Ib  weights.  For  a  window  6  ft  10  in  high  and  3  ft  wide,  glazed  with  plate  gla>«. 
the  ribbons  with  attachments  cost  about  75  cts.  Sash-ribbons  are  now  manu- 
factured by  a  number  of  firms  who  also  make  the  necessary  attachm«it5  fvT 
weight  and  sash.  For  the  best  working  of  windows  hung  with  ribbons,  pulk>-s 
•f  the  following  sizes  should  be  used: 


For  sashes  weighing  not  over  40  lb.  2  in 
For  sashes  weighing  not  over  60  lb,  2U  in 
For  sashes  weighing  not  over  xoo  lb,  2H  in 
For  sashes  weighing  not  over  150  lb,  3  in 
For  sashes  weighing  not  over  250  lb.  3H  in 
For  sashes  weighing  not  over  300  lb.  4  in 
For  sashes  weighing  not  over  350  lb,  4H  in 


Comparative  Strength  of  Sash-Cords  and  Chains.  The  comparative  strength 
and  durability  of  sash-cords  and  chains  have  been  determined  by  careful  tests, 
but  there  is  a  great  variation  in  both  cases,  due  partly  to  variation  in  matc^ 
rial,  but  principally  to  the  relative  sizes  of  the  chain  and  puUcy  or  cord  and 
pulley.  The  cords  or  chains  may  be  too  light  for  the  weights  used,  or  the 
pulleys  too  small  in  diameter  to  carry  the  cord  without  undue  bending.  Tbe 
pulleys  may  also  have  too  narrow  a  groove  or  an  uneven  groove  with  sharp 
edges  which  cut  the  cords.  The  larger  the  diameter  of  the  pulley,  the  longer 
the  wear. 

Tests  §  on  Wire-Center  Sash-Cord  and  Bronze  Saah-Chaias.  The  oord 
tested  was  size  No.  8,  H-in  diam,  Samson  solid  braided  cotton  cord  with  steel- 

*  One  type  of  this  kind  of  sash«€hain  is  manufactured  by  the  Bridgepoft  Cbam  Com- 
pany, Bridgeport,  Conn. 

t  Manufactured  by  tbe  U.  T.  Hungerford  Brass  &  Copper  Company,  New  Yock  City. 

X  The  Oneida  Community,  Ltd.,  Oneida,  N.  Y. 

fi  Made  at  the  MassacfausetU  Institute  of  Technology,  ICay,  19x4,  by  Pwfaaios  £.  P. 
Miller. 
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"wire  cable  csenter,  H«  in  in  diam.  The  chains  tested  were  of  two  dififerent 
xn&kes  of  bronse,  size  No.  2,  purchased  in  the  open  market  as  typical  bronze 
sash-chains,  each  recommended  by  a  reputable  dealer  as  the  proper  chain  for 
use  with  a  as-lb  window-weight.  The  tests  for  the  better  of  tl^  two  chains  are 
those  given.  Durability-tests  were  made  by  raising  and  lowering  a  35-lb 
^Mreight  over  a  3-in  pulk^,  each  movement  corresponding  to  once  opening  and 
shutting  a  window.  The  cord  was  tested  over  the  regular  round  grooved 
puUey  ordinarily  used  for  cords,  and  the  chains  were  tested  over  the  combina- 
tion grooved  pulley  usually  furnished  for  sash-chains.  For  the  fire-tests  the 
cords  or  chains  were  hung  through  an  asbestos  box  in  which  a  Bunsen  flame 
under  pressure  was  applied  to  all  alike,  the  temperature  being  about  2  soo**  F. 
A  35-lb  weight  was  attached  in  each  case  to  keep  the  cord  or  chain  under  the 
same  tension.  The  wire-center  cord  took  about  twice  as  k>ng  to  bum  through 
and  wore  about  seventeen  times  as  long  as  the  bronze  chain. 


Tests  on  Wire-Center  Sash-Cord  and  Bronze  Sash-Chain 


DurabQity-tests 

Fire- tests 

Number  of  lifts  before  breaking 

Length  of  time  before  parting 

Bronze  chain 

Samson  wire- 
center  cord 

Bronze  chain, 
sec 

Samson  wire- 
center  cord, 

sec 

34  944 
37486 
37381 
33948 
40356 
31334 
40790 
37874 

Average  35  377 

659893 

593559 
633330 

594  114 
63x386 

577154 
504033 
637796 

Average  603  633 

43.5 

40 

39 
33 

78.S 
75  5 
77 
75 

\ 

......•.••.»••...• 

Average  3^.4 

Average  76. 5 

Weights  of  Sftshefl  and  Olass.  In  figuring  the  weights  of  windows,  the 
weight  of  the  glass  may  be  taken  at  3\i  lb  per  sq  ft  for  plate  glass,  i^  lb  for 
double-strength  glass  and  i  lb  for  single-strength  glass.  For  the  weight  of  the 
wooden  sash,  add  together  the  height  and  width,  in  feet,  of  each  sash,  and  mul- 
tiply by  3.T  for  3H-in  sash,  by  iH  for  i94-in  sash  and  by  iM  for  iH-in  sash. 
These  values  are  sufiiciently  accurate  for  determining  the  size  of  sash-cords 
and  pulleys,  but  the  weights  should  be  determined  by  weighing  each  sash  after 
it  is  glazed,  as  the  weight  of  the  glass  varies  considerably. 

Iron.  Sash- Weights.  The  weights  ordinarily  used  for  balancing  windows  are 
made  oif  cast  iron,  in  the  form  of  solid  cylinders  from  iH  to  sH  in  in  diameter,  and 
from  7H  to  31  in  long,  with  an  eye  cast  in  the  upper  end  of  each.  The  lengths 
vary  with  the  weights,  which  are  from  3  to  35  lb.  Flat  weights,  which  usually 
are  called  for  in  the  Philadelphia  and  some  other  markets,  are  from  6  to  34H  in 
long,  from  2  to  30  lb  in  weight,  and  from  iH  by  iH  to  iH  by  2H  in  in  cross- 
section.  In  ordering  sash-weights  the  number  of  pounds  of  each  weight,  and 
the  sections  and  lengths  of  the  boxes  in  which  the  weights  will  work,  should  be 
given.  Ordinary  weights  have  very  rough  eyes  for  the  sash-cords.  There  are 
a  few  manufacturers  in  the  East  who  make  weights  with  a  patent  eye  that  will 
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not  cut  the  cord.    A  sectional  sash-weight*  made  with  a  well-desisncd  boolL^ 
device  which  has  given  satisfaction,  is  said  to  be  one  of  the  best  on  the  naraz 
Usually  from  three  to  six  sections  are  required  on  each  aide  to  balaxioe  a  s^^ 
properly.    If  the  hooking-device  fails  near  the  top  the  upper  sash  canziot  bi 
closed  and  if  at  the  bottom  the  window  cannot  be  opened.     It  is  then  necess^'' 
to  open  the  weight-box  and  rehang  the  sections  before  the  wiodow  can  be  ape 
ated.    In  theory,  sectional  weights  are  ideal;   in  practice,  however,  tJbcy  ar- 
not  considered  as  satisfactory  as  solid  weights.    The  Brown  t  sectional  wei^rb:- 
are  made  2^  by  2H  in  and  in  weights  of  6,  7,  8,  9  and  10  lb.     They  are  m^c- 
of  both  cast-iron  and  lead.    It  frequently  occurs  after  a  contract  is  let,  that  t::- 
glass  is  changed  from  double-thick  to  plate  or  prism  glass.    This  means  incrc^: 
weight;  but  the  length  of  the  sash-weight  cannot  be  increased  and  it,  theref'trf 
becomes  necessary  to  increase  the  area  of  its  cro»-section.     If  the  weight- b*T 
is  detailed  to  take  the  regular  round  sash-weight,  its  general  coastructioD  v.- 
be  such  that  it  will  take  a  a-in  round  sash-weight,  but  not  a  2-in  square  sa.?::- 
weight.    This  difficulty  can  be  avoided  by  a  little  thought  at  the  start.     Ai 
added  depth  of  H  in  in  the  weight-box  permits  the  use  of  a  Fectan^ular  cast-irjc 
sash-weight.    The  Sanborn  sectional  sash-weight  t  is  intended  for  use  in  larre 
buildings  of  heavy  construction.    Because  of  the  lack  of  uniformity  in  tht 
weight  of  plate  glass  the  required  weights  of  sash-weights  cannot  be  accurately 
determined  previous  to  the  hanging  of  the  sashes.     By  the  use  of  a  sectio-ui. 
sash- weight,  combinations  of  units  can  be  made  up  to  suit  the  requiremerit^ 
The  units  are  made  square  or  rectangular  in  section  in  order  to  secure  a  m^- 
imum  weight  with  a  minimum  length.    An  opening  of  12  in  in  the  side  of  the 
pocket  is  sufficient  for  hanging  the  largest  unit.    These  units  are  manufactur(^i 
in  standard  sizes  to  meet  the  general  conditions  found  in  the  building  trades. 

Lead  Sash- Weights.  It  often  happens  that  for  wide  and  low  windows  th; 
weights  if  of  iron  would  be  so  long  that  they  would  touch  the  bottom  01  tht* 
pocket  before  the  bottom  sash  was  fully  raised.  In  such  cases  lead  weights  are 
usually  resorted  to,  lead  being  80%  heavier  than  cast  iron.  By  casting  th-f 
weights  square  in  section,  whether  of  iron  or  lead,  a  consid^able  saving  can  ht* 
made  in  the  lengths.  One  sash-weight  manufacturer!  makes  a  specialty  u 
compressed-lead  sash-weights,  with  wrought  and  maJlraible-iron  fastenin.c^. 
centered  so  that  the  weights  hang  perfectly  plumb;  and  when  lead  weights  are 
necessiiry  the  architect  will  do  well  to  specify  the  weights  made  by  this  com- 
pany. These  weights  are  made  under  hydraulic  pressure,  by  which  grenicT 
smoothness,  solidity  and  density  of  metal  is  secured  than  is  possible  by  trc 
casting-process.  A  wrought-iron  rod  is  run  through  the  center,  to  which  are 
securely  attached  the  malleable- iron  fittings.  In  hanging  the  sashes  the  weights 
for  the  upper  sash  should  be  about  H  lb  heavier  than  the  sash,  and  for  the  lower 
sash,  h  lb  lighter. 

Sash-Balances.  Within  a  comparatively  few  years  several  devices  have 
been  patented  for  balancing  sashes  by  means  of  springs  instead  of  weights,  but 
the  author  believes  that  only  one  type,  known  as  the  sash-balance,  has  proved 
a  practical  success.  The  sash-balance  consists  of  a  drum  on  which  the  ribh.ia 
is  wound,  and  which  contains  a  coiled-steel  clock-spring,  immersed  in  oil;  the 
spring  sustains  the  weight  of  the  sash.  The  common  type  very  much  resembles 
in  outward  appearance  the  ordinary  sash-pulley,  and  is  applied  in  practically 
the  same  way;  the  ribbons,  which  are  made  usually  of  aluminum-bronze,  are 

*  Manufactured  by  E.  E.  Brown  &  Company,  Phfladelphia,  Pa. 

t  Manufactured  by  E.  E.  Brown  &  Company,  Phfladelphia,  Pa. 

i  Manufactured  by  the  Lklgerwood  Manufacturing  Company,  New  Yock  City. 

S  Raymond  Lead  Works,  Chicago,  HL 
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attached  to  the  sashes  ia  the  same  manner  as  cords  when  weights  are  used. 
While  ihe  sash-balance  in  its  best  form  works  very  satisfactorily,  it  will  probably 
never  eatirdy  supplant  the  weight  and  axle-pulley  for  ordin«,r3'  windows.  There 
are  many  windows,  however,  for  which  sufficient  pocket-room  for  weights  cannot 
be  obtained  without  spoiling  the  effect  desired  or  narrowing  the  glass,  as  in  some 
bay  windows,  or  where  it  is  undesirable  to  break  the  frame  into  the  brick  jamb. 
In  such  cases  the  sash-balance  is  almost  invaluable.  For  hanging  the  glass 
doors  of  show-cases,  sash-balances  are  usually  preferable  to  weights.  Sash- 
balances  are  made  in  both  side  and  top-patterns,  but  the  former  are  recommended 
wherever  there  is  room  at  the  side  of  the  frame  for  the  depth  of  mortise  required. 
For  windows  of  the  sizes  usually  found  in  residences,  the  depth  of  the  sash- 
balance  measured  from  the  face  of  the  pulley-stile  will  vary  from  3  to  4  in; 
this  can  be  provided  for  usually  by  cutting  a  hole,  if  necessary,  in  the  masonry 
or  studding  back  of  the  frame.  As  sash-balances  require  only  a  plank  frame, 
the  consequent  reduction  in  the  cost  ot  the  frame  offsets  the  extra  cost  of  the 
balance.  In  remodeling  old  buildings  which  have  plank  frames  without  weights, 
sash-balances  are  found  to  be  a  great  convenience,  since  they  can  easily  be  in- 
serted in  the  old  frames.  An  advantage  which  all  spring-balances  possess  is 
that  they  act  most  strongly  when  the  sash  is  down,  and  so  enable  one  to  raise 
a  binding  window  more  readily  than  if  it  were  hung  with  weights;  while  when 
the  sash  is  up  the  springs  barely  suffice  to  hold  it  in  position,  and  do  not  offer 
resistance  to  drawing  it  down.  Of  the  various  sash-balances  on  the  market,  the 
Pullman  *  and  the  Caldwell  f  are  the  most  extensively  used,  and  are  undoubtedly 
reliable.  The  Pullman  Unit  sash-balance  has  been  on  the  market  many  years 
and  has  proved  satisfactory.  These  balances  are  now  made  with  uniform-size 
face-plates  for  the  various  weights  of  sash  with  which  they  are  to  be  used,  and 
thus  make  it  possible  to  have  all  mortises  for  the  balances  cut  at  the  mill,  as  is 
now  done  for  the  regular  cord-pulleys.  The  Caldwell  sash-balance,  both  top 
and  side- types,  is  much  used  by  the  United  States  Post  Office  and  Navy  Depart- 
ments. It  is  used  also  by  the  leading  car-builders.  The  springs  are  madd  of 
high-grade  cold-rolled  tempered-stecl  wire,  a  material  similar  to  that  used  for 
clock-springs.  The  manufacturers  guarantee  these  sash-balances  for  from  ten 
to  fifteen  years. 

Seating-Space  in  Churches  and  Theaters.  The  minimum  spacing  for 
pews,  back  to  back,  is  30  in;  This  spacing  is  fairly  comfortable  for  occupants, 
but  is  a  little  cramped  for  persons  passing  by  others  into  or  out  of  the  pews. 
A  spacing  of  32  in  is  to  be  preferred,  and  if  there  is  abundance  of  room,  the  spac- 
ing may  be  made  33  in.  Anything  over  33  in  is  a  waste  of  room.  A  space  of 
18  in  in  the  length  of  the  pew  is  considered  a  sitting,  t 

Opera  or  Theater-Chsdn  are  made  19,  20,  21  and  22  in  wide,  center  to  center 
of  arms,  and  in  arranging  them  in  rows  where  the  aisles  converge,  the  ends  are 
brought  to  a  line  on  the  aisles  by  using  a  few  chairs  that  are  either  narrower  or 
wider  than  the  standard  width.  For  churches,  a  standard  width  of  20  in  is 
the  least  that  is  desirable.  For  theaters,  21  or  22-in  chairs  are  commonly  used 
in  the  parquet,  20  or  21 -in  in  the  dress-circle,  and  20  and  19-in  in  balcony  and 
gallery,  although  there  is  no  accepted  rule  in  this  respect.  On  account  of  the 
seat-lifting,  opera  or  theater-chairs  may  be  comfortably  spaced  31  in,  back  to 
back,  and  this  is  the  usual  spacing  in  halls  and  churches.  In  theaters  the 
chairs  are  usually  set  on  steps.  In  the  upper  gallery  these  steps  should  not  be 
more  than  30  in  wide;  in  the  balcony  they  are  usually  made  either  30  or  31  in 

*  Manufactured  by  the  Pullman  Manufacturing  Company.  Rochester,  N.  Y. 
t  Manufactured  by  the  Caldwell  Manufacturing  Company,  Rochester.  N.  Y. 
%  For  Himensions  of  pew>bodics  tee  page  48  of  Churches  and  Chapels,  by  F.  £.  Kidder. 
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wide,  and  in  the  parquet,  31  or  32  in  wide.    As  a  rule  the  highrr-priced  het 
are  more  commodious  than  the  lower-priced. 

Estiinating  Saalinc  Capacity.  The  actual  seating  capacity  of  theaters 
audience-rooms  can  be  determined  only  by  dravnng  the  seats  to  axi  accural 
scale,  on  the  floor-plan,  and  then  counting  the  number  of  chairs,  or  umas^j^-^ 
the  linear  feet  of  pews. 

Approximate  Seating  Capacity.  For  approximate  purposes  the  seating  rap.-: 
ity  or  required  size  of  room  may  be  determined  by  aUowing  frcxn  7  to  8  >:  ' 
to  each  seat,  or  sitting,  when  on  a  curve,  and  from  6  to  7  sq  ft  to  each  satti': 
when  in  straight  rows,  the  smaller  number  being  used  only  for  large  rf>xr^ 
This  allows  for  aisles  and  pulpit-platform.  For  small  concert-halls  and  narr  * 
rectangular  rooms,  6  sq  ft  per  sitting  will  usually  be  sufficient  allowance,  ;»-.- 
vided  only  that  the  actual  floor-space  utilized  for  seats  and  aisles  is  considerci 


Seating  Capacity  of  Seyeral  of  the  Older  Cathediala,  Churches,  Theaters 

and  Opera-Hottses  * 

European  Cathedrals  and  Churches 
Estimating  that  one  person  occupies  an  area  of  19.7  inches  square  f 


St.  Peter's,  Rome 

Milan  Cathedral 

'  St.  Paul's,  Rome 

St.  Paul's,  London 

St.  Petronio's,  Bologna 

Florence  Cathedral 

Antwerp  Cathedral 

St.  Sophia's.  Constantinople. 
St.  John  Lateran,  Rome 


54  000 

37000 

33000 

35600 

24400 

24300   i 

34000   1 

23000 

22900 

Notre  Dame,  Paris 

"^  Pisa  Cathedral 

St.  Stephen's,  Vienna . . . . 
St.  Dominic's.  Bologna. . . 

St.  Peter's.  Bologna 

Cathedral  o{  Sienna 

St.  Mark's,  Venice 

Spurgeon's      Tabernacle. 
London 


21  OCT. 

ijox 
12  4:^ 
I2  0oe 
II  4X 
II  000 
7000 

7  00c 


European  Theaters  and  Opera^Houses 


Carlo  Felice,  Genoa , 

Opera^House,  Munich 

Alexander,  St.  Petersburg. 

San  Carlo,  Naples 

Imperial.  St.  Petersburg*. . 

La  Scala,  Milan 

Academy  of  Paris 


2560 

3370 

2  333 

2240 

3  160 

2  113 

3093 

Drury  Lane,  London  — 
Covent  Garden.  London. 

Opera  House,  Berlin 

Adelphi.  London 

Lancaster.  London 

Globe,  London 


I  yi^ 
300c 
163E6 
3  jc» 
IgSO 
X  lOO 


Some  Early  American  Theaters  and  Opera-Houses.  outside  of  New  York 


The  Auditorium,  Chicago. . . 
Academy   of    Music,    Phila- 
delphia  

Boston  Theater,  Boston 


4  200 

3124 

3000 


Castle  Sqtiare  Theater,      }     1  6oc  10 
Boston S\      I  800 

Gaiety  Theater,  Boston. . .  }      "^^ 

Grand    Oper»>Home,    Cin- 
cinnati   


1736 


*  The  table  following  this  one  gives  the  seating  capacfties  of  theatets  in  use  ta  19x4  is 
some  of  the  boroughs  oi  New  York  City.  The  above  table  of  seating  capacities  of  sooic 
of  the  earlier  churches  and  theaters  is  retained  for  purposes  of  comparison.  So  many 
important  structures  of  these  tjrpes  have  been  erected  in  recent  years  in  the  tanttr  cities  of 
the  world,  or  are  now  in  process  of  erection,  that  it  has  been  fonnd  impossible  to  tnske 
any  li«t  that  would  be  and  would  remain,  for  any  length  of  time,  comi^rfete. 

t  See  note  on  page  1655. 


Seating  Capacity  of  New  York  Theaters 


1655 


SMtiiig  CapftdtT  oi  N«w  T«fk  ThMtoiv  (1914) 


Boroughs  of  Blanhattan  and  the  Bronx 


Name 


Academy  of  Music 

Vlhambra 

\Tnerican 

\xnerican.  Roof 

Astor 

Belasco 

Berkley  Lyceum 

Bijou 

Broadway 

Bronx , 

Carnegie  Hall 

Carnegie  Lyceum 

Casino 

Century 

Century,  Roof 

Circle 

City 

Clinton  Street  (Odeon) 

George  M.  Cohan 

Colonial 

Columbia 

,   Comedy 

Criterion 

Daly's 

Delancy  Street 

Foxes  (Dewey) 

86thStrset 

Eltinge 

Empire 

Family 

Fifth  Avenue  (Proctor's) . . . 

14th  Street 

48th  Street  (Brady's) 

Fulton 


Seating 

capacity 

3653 

1389 

x6«3 

1 134 

1 137 

9&4 

416 

Bt4 

X776 

1764 

263$ 

640 

1465 

3078 

1 150 

1684 

2289 

904 

X073 

XS4I 

X31S 

«96 

916 

074 

342 

310 

436 

89s 

X099 

687 

xao4 

1255 

969 

662 


Name 


Gaiety 

Garden 

Garrick 

Gtobe 

Oitham 

Grand 

Grand  Opera-House 

Greeley  Square  (Loew's) . . . 

Harlem  C^ino 

Harlem  Opera-House 

Harris 

'  Herald  Square 

Hippodrome 

Hudson 

Hurtigand  Seamon's  (Music- 
Hall) 

Illington 

Irving  Place 

Keith's  Union  Square 

Kessler's  and  Avenue 

Kessler's  and  Avenue,  Roof 
.^Cnickerbocker 

Lafayette 

Liberty 

Lincoln  Square 

Lipzin 

Little 

Longacre 

Loew's  Fifth  Avenue 

Loew's  7th  Avenue 

Loew's  National 

Lyceum 

Lyric 

Madison  Square  Garden. . . 


Seating 
capacity 


806 
X  090 

844 
X  X94 
X626 
x888 

2093 

X906 

• 

1393 

847 

X  x6o 

5200 

X077 

X093 

• 

X079 
X060 
X803 
734 
X3SI 
104a 
X  aix 

XS47 
I  030 

399 

• 

964 
X626 

2333 

957 

145a 


*  Data  not  funwhod. 


Note  Retarding  Unit  Area  for  Seating  Capacity.  The  unit  area  given  in  the 
table  on  page  1654  appears  in  the  fonner  editions  of  this  book  and  seems  to  be 
too  small.  The  original  authority  for  the  data  cannot  be  determined.  A  more 
reasonable  minimum  area  would  be  about  23^12  inches  square,  or  about  x8  by  30 
in,  or  540  sq  in,  or  about  3.8  sq  ft.     Editor. 
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Sefttinc  Capacity  of  New  York  Theaten  (1914)  (CoatiBaed) 

Boroughs  of  Manhattan  and  the  Bronx 


Name 


Madison  Sq  Garden,  Roof... 

Manhattan  Opera- House 

Maxine  Elliott 

Metropolis 

Metropolitan  Opera-House. . . 

McKinley  Square 

Miner's  Bowery 

Miner's  Bronx  (Acme) 

Miner's  8th  Avenue , 

Minsky , 

Moulin  Rouge 

Murray  Hill 

Mount  Morris 

Nemo 

New  Amsterdam 

New  Amsterdam,  Roof 

New  York  Theater,  Roof. . . 

Olympic 

ii6th  Street 

Odeon  145th  Street 

Park 

People's 

Philipps 

Plaxa 

Playhouse 


Seating 

capacity 

700 

3300 

904 

I  ISO 

3305 

1500 

X16S 

1798 

X  X78 

x866 

l6xs 

1334 

• 

94X 

1618 

610 

1337 

745 

X743 

904 

1513 

X693 

• 

XS44 

879 

Name 


Proctor's  23rd  Street 

Proctor's  58th  Street 

Proctor's  xjtsth  Street 

Prospect 

Rfpublic 

Richmond 

Riverside 

Savoy 

Star 

St.  Nicholas 

Thalia 

Third  Avenue  (Keeney*s> . . . 

39th  Street 

Tremont 

Victoria , 

VictOTia.  Roof 

Wadsworth 

WaUack's 

Washington 

Weber's 

West  End 

Weber  and  Field  Music-HaU. 

Winter  Garden 

Yorkville 


capfr- 


I  StLZ 

167- 

1  tj&j 

I4T'f 
coc 

665 

857 

2  iS^ 

m 
I  33c 

I  ITJ 

677 

X  30C 

140: 

9?6 

151: 
Sec 

X  8i5 

ISJS 

X  -t^i 
X  x«^i 


Data  not  furnished. 


Borough  of  Brooklyn 


Academy  of  Music. . 

Amphion 

Bijou 

Broadway 

Bushwick 

Casino 

Columbia 

Comedy 

Crescent 

DeKalb 

Empire 

Fifth  Avenue 

Folly 

Pulton 

Gayety 

Gotham 

Grand  Opera-House. 
Greenpoint 


2  200 

XS89 

X562 

I  969 

2228 

1503 

1673 

1X23 

x6io 

223i 

1740 

X063 

X84O 

1493 

X455 

958 

X5IS 

1776 

Jones 

Liberty 

Linden 

Lyceum 

Ljrric 

Majestic 

Myrtle 

New  Montauk. 
Novelty 


86c 

999 

956 

X891 

807 

1333 
I  op 
Olympic I     1530 


Orpheum 

Oxford 

Payton's 

Prospect  Hall . 

Royal 

Shubert's 

Star 


I  811 

7C4 

14S2 

48S 

933 
1779 
1517 
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Dimensions  of  Some  Theaters  and  Opera-Hooses  ** 

'IThe  following  are  the  dimensioas,  in  feet,  of  some  of  the  earlier  theaters  in  thb  country 
Ad  ia  Europe. 


Name  and  location 


Alexander.  St.  Petersburg. . 
,  Berlin 


La  Scala,  Milan 

San  Carlo,  Naples 

Grand,  Bordeaux 

Salle  Lepeletier,  Paris 

Covent  Garden,  London. . . 

Drury  Lane,  London 

Boston.  Boston 

Academy  of  Music.   New 

York 

j    Academy  of  Music,  Phila- 
delphia  

Globe,  Boston 

Museum,  Boston 

Metropolitan  Opera-House, 

New  York! 

The  Auditorium,  Chicago. . 

Empire.  New  York 

Knickerbocker,  New  York . 

Garrick.  New  York 

Fifth  Avenue,  New  York.. 

I    American.  New  York 

Proctor's  Pleasure  Palace, 

New  York , 

Hudson,  New  York , 

Grand  Opera-House.  Cin- 
cinnati  , 

Castle  Square,  BostonH .... 
Gaiety,  Boston 


Auditorium 


JA 


58 
51 
71 
74 
47 
66 

SI 
56 


6j 

66 

6o 
68 


69 

70-}4 
56^1 


I 


76 
78 
95 
73 
S6 
76 
66 

64 
71 

87 

78 
65 
6i 


66 

79 
52 


74^1  lAVi^ 

'       i 

74W  74^i, 

67^ii  67 

I 

67     I  69 

79>^'  85J6; 

77  8o?4 


58 
47 
64 
93 
57 
66 


58 


74 


47?it 


7ot 


Prosceniunor 

opening 


•  pa 

5C 


56 
41 
49 
sa 
37 
43 
32 
32 
46 

48 

48 
30 
31 

54 

34 
35 

27 

39 

34 
32 

36 
40 


X 


so 

34 
34 


39 

34 
30 

34 
34 


Stage 


BE 


75 
92 
86 
66 
80 
78 
86 
48 
87 

83 

90 
6a 
68 

100 
no 

67 

40 

7m 

80 

77?^ 

70 
67H 

67 
68 
60 


I 


84 

76 
78 
74 

69 
82 

55 
80 
68 

71 

72 
38 
46 

73 

70 

30 

65^ 

28!6l 

35 

43H 

40 

30^ 

41 

4SH 

42 


"5 

X 


•  ■  •  • 


88 
95 
6S 


734 
70 


70 


Notes  on  Theater-Dimentioiis.t^  "The  utmost  di<itance  from  the  front  of 
the  stage  to  the  rear  ought  not  to  exceed  75  ft,  or  the  limit  the  voice  is  capable 
of  expanding  in  a  lateral  direction. " 

"  Measured  from  the  curtain-line,  the  San  Carlo  Theater  in  Naples  b  73  ft;  the 

*  From  the  curtain  or  back  line  of  proscenium  opening, 
t  Measured  from  stage  to  center  of  ceiling. 
I  To  the  "gridiron"  or  rigging-loft. 

I  As  remodeled  in  1893. 

II  Can  be  enlarged  to  4O  by  40  ft. 

ij  The  i>lan  of  this  theater  is  in  the  shape  of  a  horseshoe. 

**  See  footnote  with  table  of  Seating  Capacities  of  Churches,  Theaters,  etc.,  page  1654, 
in  regard  to  data  relating  to^ecently  constructed  buildings  of  these  types, 
tt  From  The  Plaapiog  and  CoDStructioo  of  American  Theaters,  by  Wm.  H.  Birkmir^ 


^ 
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theater  at  Bologna,  74  ft.    Of  the  London  theaters,  the  Adelphi  is  74  ft,  Co^r-- 

Garden  80  ft,  the  Gaiety  53  ft  6  in,  Lancaster  58  ft  4  in,  Maryleboae  74  ft «:: 

the  Globe  47  ft  6  in." 

I   The  width  of  the  ideal  theater,  between  inside  walls,  should  be  from  70  t.i 

75  ft,  and  "the  ceiling  should  be  from  55  to  6s,  or  even  70  ft  above  the  su^ 

levtf." 

"The  depth  of  the  parquet-floor  at  the  orchestra-rail  is  governed  by  :- 
stage-level,  and  is  generally  from  3  ft  6  in  to  4  ft  3  in  below  the  stage.  A  def : 
of  3  ft  9  in  is  a  good  hdght,  as  it  fixes  the  eye  of  the  spectator  5  in  above  t: 
stage-level." 

"The  height  of  the  stage,  that  is,  from  the  floor  to  the  bottom  of  the  'gridzTjz 
or  rigging-loft,  should  be  2  or  3  ft  over  twice  the  height  of  proscenium-openir:; 
in  order  that  the  fire-curtain  may  be  raised  the  full  height  of  the  openicj 
There  should  be  a  height  of  7  ft  above  the  gridiron  to  enable  the  fly-men  to  ady^K 
their  ropes  with  facility. 

Proportioning  Outtars  and  Condnctors  to  the  Roof-Surface.    The  sir 

of  gutters  and  down-spouts  and  their  distance  apart  for  roofs  of  mill-buildiEc- 
with  a  H  pitch  and  of  different  spans  are  shown  in  the  following  table:  * 


One-half  roo(-span.  in  feet 

Size  of  gutter,  in  inches 

Sise  of  downrBpouts.  in  inches . . 
Spacing  of  down-spouts,  in  feet . 


10 

ao 

30 

40 

SO 

60 

70 

Sc 

5 

5 

6 

6 

7 

7 

8 

i 

3 

3 

4 

4 

5 

5 

6 

6 

50 

SO 

SO 

SO 

40 

40 

40 

45 

The  specifications  of  the  American  Bridge  Company  provide  as  follows  {</: 
the  size  of  gutters  and  conductors:  t 


Span  of  rool 

Gutters 

Coaductora 

Up  to  so  ft 
Prom  50   to  70  ft 
Prom  70   to  100  ft 

6  in 

7  in 

8  in 

4  in  every  40  ft  ^ — 

5  in  .every  40  ft 
S  in  every  40  ft 

Hanging  gutters  should  ha\  e  a  slope  of  about  i  in  in  every  16  ft. 

"The  Produce  Exchange  Building  in  New  York  City,  with  a  roof-area  cf 
three-fourths  of  an  acre,  roughly  speaking,  has  twelve  leaders,  each  about  5  in 
in  diameter.    The  roof,  which  is  paved  with  fiie4>rick,  is  graded  with  slopes  d 
perhaps  one  in  fifty  toward  the  points  at  which  the  leader-openings  are  placed, 
most  of  these  draining-surfaces  being  about  40  by  70  ft  each.    The  provtsiGa 
here  made  is  equivalent  to  about  x  sq  in  of  leader-opening  to  140  sq  f t  of  roo(< 
surface.    On  the  Sloane  Building,  at  19th  Street  and  Broadway,  New  York 
City,  with  a  roof-area  of  x8  000  or  30  000  sq  ft,  sloping  one  in  twenty-five,  there 
are  two  leaders,  each  about  6  in  in  diameter,  and  a  third  rectangular  leader, 
4  by  6  in  in  cross-section.    This  gives  an  allowance  of  240  sq  ft  of  surface  to  the 
square  inch  of  leader-opening,  while  on  the  Massachusetts  Hospital  Life  Insur- 
ance Company's  Building  and  the  Hemenway  Building,  in  Boston,  the  proportioa 
is  only  from  60  to  70  sq  ft  to  the  square  inch  of  opening."  X 

•  H.  G.  Tyrrell. 

t  M.  S.  KetchuQ. 

%  Dwigbt  Potter  in  The  Technology  Quartc4r« 
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ELEYATOft-SEBVICE  IN  BUILDINGS* 

General  Considerations.  An  effideot  elevator-service  may  be  obtained  by 
tnachines  of  any  one  of  several  types,  the  choice  of  the  one  decided  upon  for  any 
building  depending  upon  varying  conditions.  The  following  is  a  general  classi- 
&cation  of  elevators  (see,  alsOi  page  1668): 

1.   Hydraulic  elevators: 

(i)  Vertical,  geared  hydraulic  type, 
(a)  Horizontal,  geared  hydraulic  type. 

(3)  Direct-Uft  plunger-type. 

(4)  Inverted  (high  pressure)  plunger-type. 
a.   fUectric  elevators: 

(i)  Drum-type. 

(2)  Worm-gear  traction-type. 

(3)  Helical-gear  type. 

(4)  Gearless,  traction-tsrpe. 

(a)  Direct-drive  (one-to-one)  type. 
(6)  Two-to-one  type. 

In  addition  to  these,  there  are  also  the  belt-dwvbn  t3rpe  of  elevators,  and  the 
HANT>-FOWER  clcvators.  The  belt-driven  t3rpe  may  be  either  single-belt  or 
i>otrBLE-BELT  driven,  the  former  being  used  with  a  reversible  motor  and  the 
latter  where  driving-power  is  taken  from  a  line-shaft.  In  view  of  varying  and 
sometimes  conflicting  claims  of  competing  manufacturers,  the  architect's  de- 
cision must  be  governed  by  impartial  engineering  judgment  rendered  after  a 
careful  study  of  the  problem  in  each  case. 

Geared  Versus  Gearless  Types  of  Elevators.  (See,  also,  page  1669.) 
There  has  been  much  discussion  regarding  the  merits  and  demerits  of  geared 
and  gearless  machines  for  elevators  and  the  efficiency  and  future  of  each. 
Manufacturers  of  gearless  traction-machines  have  claimed  that  the  use  of  the 
helical  gear,  for  example,  for  elevator-machines,  being  a  relatively  recent  devel- 
opment, has  not  extended  over  a  sufficient  length  of  time  to  permit  of  extensive 
or  definite  data;  that  they  are  used  for  different  and  less  severe  service  than 
that  for  which  the  geariess  traction-machines  are  employed;  and  that  they  can- 
not rival  the  gearless  traction-machines  from  the  standpoint  of  efficiency.  On 
the  other  hand,  the  manufacturers  of  helical-gear  elevator-machines  claim  that 
gears  have  been  in  successful  use  for  many  years,  the  substitution  of  helical 
gears  for  worm-gears  being  the  only  difference  made  in  the  application  to  their 
type  of  elevators;  that  the  helical-gear  elevators  installed  in  some  of  the  highest 
office-buildings  are  doing  as  much  work  as  any  gearless  traction-machines;  and 
that  the  mechanical  efficiency  of  the  helical-gear  machines  is  only  a  little  below 
that  of  the  gearless  traction,  the  electrical  efficiency  under  local  or  ordinary 
running  conditions,  greater,  and  the  car-mile  consumption  in  kilowatt-hours,  less. 

Questions  of  Cost  and  Efficiency  of  Elevators.  The  principal  demerit 
of  elevator-machines  of  the  gearless  type  is  their  relatively  high  first  cost,  al- 
though even  that  is  much  lower  than  the  initial  cost  of  elevators  of  the  plunger- 
type.  The  use  of  any  gear,  whether  of  the  helical,  worm  or  spur-type,  is,  in  the 
opinion  of  many  engineers,  to  be  recommended  only  for  the  purpose  of  obtaining 

*  The  matter  rdating  to  elevators  and  elevator-service  is  condensed  and  adapted  by 
permission,  from  data  jfurnislied  by  various  engineers  and  manufacturers,  and  piapeni 
by  the  Otis  Elevator  Company,  New  York  City;  The  H.  J.  Reedy  Company,  Cinciimati, 
Ohio;  R.  P.  Bolton  of  The  R.  P.  Bolton  Company,  Consulting  Engineers,  New  York, 
and  author  of  "  Elevator  Service";  C.  E.  Knox,  Consulting  Engineer,  New  York;  M.  W. 
Ebrlich,  Consulting  Engineer,  New  York;  and  others. 
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a  higher-speed  motor,  becanse  a  higher-speed  motor  costs  less  than  a  1ov-*j^jl 
motor.  The  helical  gear  is  generally  considered  a  more  efficient  tjnpc  of  ir^ 
than  the  worm-gear  and  has  a  deserved  place  in  the  development  of  the  cl< 
tor-industry.  The  helical-geared  traction-elevators  will  undoubtedly  I 
tensively  used,  for  the  reason  that,  even  if  they  are  not  considered  by 
engineers  to  be  as  good  in  some  details  as  machines  of  the  gearless, 
type,  they  are  less  expensive.  It  is  undoubtedly  true,  however,  that  the  ir.tr 
duction  of  any  gear  means  some  loss  in  power,  and  it  is  daimed  that  tests  s&  ^ 
that  low-speed  motors  can  be  designed  which  are  in  every  way  as  efficient  i 
high-speed  motors.  The  data  and  statements  in  the  following  paragraphs  rcL: 
ing  to  elevator-service  in  buildings  are  presented  as  useful  aids  to  architects,  sr 
include  some  opinions  and  conclusions  which  are  to  be  accepted  or  modi&ed  * 
the  light  of  constant  additions  to  engineering  knowledge. 

A.   General  Conditions  Affecting  the  Requirements  of  Sp«dficatioas 

for  Elevator-Serrice  * 

Electric  Verstts  Hydraulic  EleTators.  The  question  of  the  type  oC  efe\-i 
tors,  whether  electric  or  hydraulic,  is  best  determined  by  the  local  conditkxs.  i^ 
the  special  conditions  which  exist  in  every  plant.  The  relation  <^  the  elevjit^' 
equipment  to  the  entire  mechanical  equipment  should  be  carefully  oonsadertc 
and  should  be  decided  only  after  mature  deliberation  and  consuItaticMi  v;.i 
unprejudiced  engineers  and  elevator-manufacturers.  At  the  present  time  I  xq  i . 
about  90%  of  the  elevators  being  installed  are  electric,  and  this  include^  ^ 
types  of  buildings  from  the  small  one  with  but  one  elevator  to  the  taU  sky 
scrapers  of  the  big  cities.  The  electric  equipment  reconmiends  itself,  for  wh^ 
it  has  all  of  the  safety-features  of  the  hydraulic  equipment,  it  is  a  more  fiesta 
system,  is  more  adaptable  to  all  kinds  of  conditions,  and  requires  much  less  «^r£ 
The  question  of  space  is  a  particularly  important  consideration  in  office-buiJdin^ 
Furthermore,  the  control-system  is  more  automatic,  the  acceleration  and  retardt- 
tion  of  the  car  can  be  made  more  rapid,  and  the  stops  more  accura.te;  the  eJ^ 
ciency,  also,  is  higher  and  in  most  cases  the  cost  of  operation  lower.  (Se^  dv 
paragraph  on  Comparison  of  Merits  of  Electric,  Traction  and  Hydraulic,  Plus^- 
Elevators,  page  1670.) 

Location  of  Hoistways  and  Machinery-Room.    The  location  of  the  hike 
ways  is  rather  a  matter  for  the  good  judgment  of  the  architect.     In  the  lar^tr: 
equipment  all  elevators  serving  one  portion  of  the  building  and  for  the  surx 
character  of  service,  should  be  placed  in  one  bank  and  not  distributed  or  sepa- 
rated.   Thus,  all  express-elevators  should  be  together  and  in  one  bank,  as  sho-li 
also,  the  locals.    The  hoistways  should  be  so  placed  that  the  cntranoG,  in  il! 
stories,  are  on  the  same  side  of  the  car.    In  some  of  the  larger  cities,  two  ei- 
trances  for  a  passenger-car  are  not  permitted,  unless  the  doors  can  be  controlled 
by  the  attendant  without  leaving  the  operating-deWce.    The  machiner>'-r»>»c: 
should  be  well  ventilated,  light  and  clean  as  possible,  in  order  that  the  machine;} 
may  be  given  proper  attention.    This  room  should  also  be  large  enough  to  maic 
the  machines  readily  accessible  for  repairs  and  inspection.    Where  the  machin^r^ 
have  heavy  parts,  which  it  may  be  necessary  to  remove  from  time  to  time  for 
repairs,  it  is  advisable  to  locate  a  trolley-beam  with  hand-hoist  above  them  to 
facilitate  the  handling  of  these  parts. 

*  The  Otis  Elevator  Company,  New  York,  has  been  of  assbtancc  in  furnishing  mud 
of  the  engineering  data  of  Section  A,  of  this  article  on  elevators.  Among  other  detaSs 
it  considers  especially  those  conditions  which  should  be  considered  and  made  deSaate 
by  the  architect  preliminary  to  the  preparation  of  the  elevator-spectficatioiis.  Tbe 
paragraphs  of  Section  A  should  be  read  in  connection  with  those  of  Section  B.  page  1667. 
and  the  data  compared. 
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Iftunber  and  Sizes  of  EleTators.  (See.  also,  pages  1673  and  1675.)  The 
lumber  and  aixes  of  elevators  are  governed  by  the  following  considerations:  (i) 
he  character  of  the  building,  (3)  the  height  of  the  building,  (3)  the  rentable 
irea,  (4)  the  time-intervals  between  the  departures  of  cars,  (5)  the  number  of 
tories  to  be  served,  (6)  the  average  number  and  length  of  stops  per  trip,  (7) 
he  speed  of  the  elevators  and  (8)  the  type  of  elevators  used.  Xu  iron-clad 
ules  can  be  given  for  all  types  of  buildings,  but  the  larger  office- buildings, 
oft -buildings  or  light-manufacturing  buildings  have  been  sufficiently  regular 
n  design  to  warrant  s^me  general  rules,  based  upon  experience;  even  in  these 
nses,  however,  the  governing  conditions  vary  with  the  size  of  the  building. 
)ne  of  the  most  essential  requirements  for  a  satisfactory  plant  is  quick  ser- 
riCE  and  in  first-class  office-buildings  the  intervals  between  cars  should  not 
exceed  30  seconds.  The  number  of  stories  to  be  served  by  a  car  should  be  a 
:onsideration.  For  example,  in  a  fifteen-story  building,  assuming  that  stops  are 
nade  at  80%  of  the  stories  for  one  passenger  each,  and  albwing  2  sq  f t  for  each 
>assenger,  and  4  sq  ft  for  the  operator,  the  car  should  have  an  inside  area  of 
ibout  28  sq  ft.  In  order  to  facilitate  unloading  and  thus  increase  the  efficiency 
>f  the  system,  it  is  desirable  to  have  the  width  of  the  car  greater  than  the  depth, 
[n  the  above  case,  a  car  with  outside  dimensions  of  about  6  ft  wid?  by  5  ft  deep 
vould  give  the  best  results,  showing  a  difference  of  from  15  to  20^/c  between  thd 
lepth  and  width.  In  specifying  the  equipment,  it  is  better  to  call  for  several 
noderate-sized  cars  and  a  high  speed,  than  for  a  few  large  cars  of  slower  speccf 
iiid  larger  capacities.  Thus,  three  cars,  each  carrying  one-third  of  all  the  passen* 
;crs,  are  better  than  two  cars,  each  carrying  one-half,  as  the  service  is  increased 
>y  making  the  period  between  cars  less.  As  the  elevator-service  largely  deter- 
nixies  the  success  of  a  building,  it  is  of  vital  importance  that  a  sufficient  numbar 
>f  elevators  be  installed  to  handle  the  regular  traffic,  as  well  as  emergency-con- 
litions  in  case  of  a  shut-down.  To  illustrate  what  is  considered  the  prcpir 
proportion  of  passenger-elevators  for  buildixigs  of  various  heights,  the  following 
:ahle  is  given,  based  upon  a  rentable  area  of  8  000  sq  ft  per  story  and  125  sq  ft 
->cr  person.  This  table  shows  the  various  combinations  for  elevators  with  a 
>peed  of  from  400  to  500  ft  and  of  600  ft  per  min  for  buildings  of  from  10  to 
^o  stories  above  the  gr  jund. 

Table  Showing  Number  of  Blevatoni  Required 


Number 
of  stories 

Express 

600  ft  per 
min 

Local 

600  ft 

per  min 

Express 

600  ft  per 

min 

Local 

500  ft 

per  min 

Express 

500  ft  per 

min 

Local 

400  ft 
per  min 

10 

4 
5 
6 

7 

I  to  XX 
5 

All  locals 

8 

I  to  12 

5 

X  toi5 

6 

5 
5 
7 
8 

X  to  10 
5 

5 
6 

7 

8 

500  ft    \ 

per  min  , 

I  to  XX    1 

'•     5       f 

12 

IS 
18 

x8 

20 

Express  to  xx 
5 

j 

Express  to  xo 
5 

Express  to  ix 
5 

20 
25 

Express  to  12 

5 
Bxpren  to  15 

6 

Express  to  ix 

S 

Express  to  14 

6 

X  to  XX 

5 

X  to  14 
6 

Express  to  X3 

6 
Express  to  X5 

7 

X  tOX2 

6 
I  to  15 

7 
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Buildings  equipped  with  both  local  and  express^service  should  have  the  s.— 
number  of  elevators  for  'each  class  of  service.    In  the  case  of  the  twest}  - 
story  building  for  600  ft-per-min  speed,  it  is  to  be  noted  that  the  local  dcnr 
are  shown  serving  from  the  first  to  fifteenth  story,  whereas  the  expcvss-efe^-if 
serve  from  the  fifteenth  to  the  twenty-fifth  story.    The  expreso  elevators  c. 
not  serve  as  many  stories  as  the  locab  on  account  of  the  extra  time  oonsms'"*- 
the  run  to  the  first  express-landing.    With  the  distribution  as  shown,  the  ser-. 
for  all  stories  is  about  equal,  and  both  express-elevators  and  local  ekva-..  - 
operate  on  about  the  same  schedule.    In  the  fourth  and  fifth  cohnon}    .' 
shown  what  is  considered  the  best  arrangement  with  the  ezpres»ele^-&i  - 
operating  at  a  600  and  the  locals  at  a  500  ft-per-min  speed.     Upon  ampLri- 
with  the  second  and  third  columns,  it  will  be  noted  that  the  expsrs»<Atr2,i   -■ 
are  to  serve  one  additional  story.    This  is  due  to  the  difiFerence  in  ^>eed  bet«-r-^ 
the  express-elevators  and  local  elevators  and  is  done  so  that  the  schedale  s-: 
still  remain  the  same  for  both.    (See,  also,  paragraph  on  the  Local  and  Expccr- 
Round-Trip  Time,  page  1675.) 

Loads  and  Speeds.    The  sizes  of  the  machines  or  hoistins-apparati!«  2-t 
determined  by  the  loads  and  speeds.    The  loads  for  passenger-cars  sbcJ^  *  - 
figured  on  a  basis  of  75  lb  per  sq  ft  of  inside  area  of  platform.     The  ^>eed  i-  - 
very  important  factor,  as  the  foregoing  indicates.    This  is  usually  limited  r 
local  ordinances,  and  in  New  York  City,  cars  stopping  at  all  stories  are  not  r-  - 
mitted  to  exceed  a  speed  of  500  ft  per  min.    For  express-service,  in  that  poni  ' 
of  the  shaft  where  no  stop  is  made,  a  speed  of  700  ft  per  min  is  allowed.    T:  .- 
NO-STOP  DISTANCE  must  be  at  least  80  ft  or  more.    The  best  companies  for  e.. 
vator-insurance  will  not  permit  electric-drum  elevators  for  a  spefd  much  c-.i- 
400  ft  per  min,  whereas  the  gearless,  traction-drive  type  and  the  hydraulic  t>T-^- 
are  approved  up  to  the  limits,  as  noted  above.    In  hydraulic  plants  it  is  neces-?^'. 
to  specify  the  number  of  round  trips  per  hour  for  the  entire  elex'ator-equipmr'  r. 
This  is  required  in  order  to  determine  an  adequate  pumping-plant. 

Hoistways.    The  hoistways  should  be  finished  to  plumb-line  dimension^,  v 
that  the  car  running  on  guide-rails  set  to  plumb-line  will  at  all  points  have  trf 
same  clearance.     Supports  should  be  provided  adjacent  to  the  hoist w^ay  for  ifc- 
overhead  beams  at  a  distance,  if  possible,  of  at  least  4  ft  from  the  top  of  c:ir- 
frame  when  the  platform  is  flush  with  the  top  landing.    This  distance  sbo.. . 
be  increased  where  possible  so  that  the  car  will  have  ample  clearance,  th^^ 
preventing  accidents  due  to  striking  the  overhead  work,  in  case  it  should  r-n 
past  the  top  landing.    The  minimum  clearances  between  the  top  of  the  cv'- 
frame  and  the  overhead  apparatus  arc  usually  limited  by  the  local  building  reir-- 
lations,  and  these  should  be  consulted.    In  the  case  of  the  elevators  operate.; 
at  a  speed  greater  than  350  ft  per  min,  the  distance  given  above  would  proKilv 
have  to  be  increased  in  order  to  comply  with  these  r^ulations.    A  pit  should  :-; 
provided  at  the  bottom  of  the  shaft.    This  should  be  at  least  3  ft  deep,  and  ^* 
is  the  case  with  the  overhead  clearances,  the  depth  b  usually  regulated  by  th.' 
building  regulations,  in  accordance  with  the  speed  of  the  elevator.    WhertMr 
possible,  the  hoistways  should  be  so  planned  that  the  main  guide-rails  may  Ne 
placed  at  the  sides  of  the  car.    Supports  should  be  provided  at  all  the  floors  ix 
these  rails,  and  where  the  distance  between  floors  is  greater  than  12  ft,  intr- 
mediate  supports  should  be  provided.    The  distance  from  the  supports  for  tt« 
overhead  beams,  to  the  penthouse  or  skylight-roof,  varies  with  the  type  of  L> 
stallation,  but  can  be  accurately  obtained  from  the  elevatoromanufacturer. 

Protection  of  Counterweights.  In  New  York  City  the  Bureau  of  Buildin.^ 
requires  that  where  the  counterweights  run  in  the  same  shaft  as  the  car,  tbty 
must  be  protected  with  a  substantial  screen  of  iron  from  the  top  of  the  nil  to  > 
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•int  15  ft  below,  except  where  the  plunger-type  or  traction-type  elevator  b 

Building  Laws  GoranUng  Slevator-Installatioxi.  The  Bureau  of  Build- 
Ss,  Borough  of  Manhattan,  New  York  City,  issued  regulations  *  governing 
le  construction,  inspection  and  operation  of  all  types  of  elevators,  and  the 
>eciai  attention  of  all  architects  b  cidled  to  them,  as  they  are  not  only  obligatory 
lerc,  but  are  excellent  guides  to  practice  at  all  times.  The  foregoing  paragraphs 
re  intended  to  give  an  idea  of  what  the  architect  must  consider  and  provide 
i  a  building  for  the  reception  of  the  elevator-apparatus,  and  what  he  must 
etermine  in  order  to  enable  the  manufacturer  to  intelligently  design  and  lay 
ut  his  machinery. 

Standard  Designs  and  Special  Apparatus.  The  specifying  of  apparatus 
f  special  construction  is,  as  a  rule,  not  to  be  recommended.  Standard  designs 
hauld  be  used  as  much  as  possible,  as  (i)  they  are  more  apt  to  be  well  designed, 
ested  and  built,  (2)  they  are  undoubtedly  less  expensive,  both  in  initial  cost 
ind  maintenance  and  (3)  repair-parts  may  be  more  easily  and  quickly  obtained 
ind  at  less  cost. 

Specifications  for  Elevator-Installation.  The  specifications  should  include 
lata  included  in  the  following  classification. 

(x)  Kinds  of  service  and  number  of  elevators  of  each  service. 

(2)  Maximum  load  wanted. 

(3)  Maximum  $f>eed. 

(4)  Load  with  maximum  speed. 

(5)  Maximum  number  of  round  trips  per  hour  for  each  elevator. 

(6)  Method  of  control.    For  electric  elevators,  car-switch  control  should 

be  used  for  passenger-service  and  for  all  elevators  for  a  speed  over 
150  ft  per  min. 

(7)  Size  of  hoistways  and  area  of  car-platforms. 

(8)  Travel  of  car-platform  in  feet,  number  of  car-landings,  and  number  of 

openings  at  each  landing. 

(9)  System  used.    If  electric,  direct  or  alternating  current,  the  voltage  and, 

also,  the  phase  of  cycles  for  alternating  current  should  be  given.  If 
hydraulic,  the  steam-pressure  or  electric  current  characteristics  for 
the  pump-motors  or  the  water-pressure,  if  the  purchaser  provides  the 
pumps,  tanks  or  other  source  of  water-pressure  supply. 

(10)  A  sketch-elevation  showing  landingSr  supports  for  overhead  beams,  space 

for  the  overhead  sheaves,  and  runbysat  top  and  bottom;  a  sketch-plan 
showing  size  and  shape  of  hoistways,  entrances,  position  of  car  and 
counterweight,  guide-rails,  and  location  of  space  available  for  machines, 
pumps,  tanks,  etc.,  with  reference  to  hoistways. 

(11)  Car  and  counterweight  guide-rails,  whether  of  wood  or  steel. 

(12)  Supports  for  fastening  the  rails,  character  of  these  supports,  and  where 

and  how  located. 

(13)  Value  of  finished  car  or  cage,  that  is,  the  specified  amount  to  be  allowed 

for  each,  the  design  being  subject  to  the  approval  of  the  architect. 

(14)  Number  and  size  of  ropes,  if  not  left  to  the  judgment  of  the  elevator- 

contractor.  The  largest  sheaves  possible  should  always  be  required, 
as  this  factor  determines  largely  the  life  of  the  ropes. 

(15)  System  of  signals,  that  is,  (a)  annunciators  in  the  cars  with  push-buttons 

at  the  landings,  (b)  trp  and  down  signals  in  the  cars,  with  xjv  and  down 
buttons  at  the  landings,  so  arranged  that  a  car  going  up  receives  only 

*  Published  in  the  Record  and  GnidB.  Jubr  f9th»  191X. 
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XTP  signals,  and  a  car  going  down  receives  only  dowh  signals  each 
signal  being  automatically  reset  by  the  first  car  stopping  at  the  stvry 
from  which  the  signal  is  given.  This  system  adds  greatly  to  the 
efficiency  of  a  battery  of  elevators,  as  it  avoids  the  confusion  of  m<»e 
than  one  car  answering  a  signal,  or  a  car  going  in  one  direction  stopping; 
for  a  passenger  going  in  the  opposite  direction.  The  number  ot 
stories  at  which  each  car  is  to  land  should  always  be  spedded. 
(id)  Indicators.  Whether  at  the  ground-floor  only,  for  the  information  ol 
the  starter  regarding  the  position  of  the  cars,  or  at  all  floors.  Indi- 
cators are  unnecessary  with  the  automatic  signals  last  described,  except 
at  the  ground-floor,  as  there  is  at  each  floor  an  xtp  and  down  signal  to 
show  the  first  available  car  in  either  direction. 

(17)  Source  of  power.    It  should  be  speci&ed  whether  the  connections  will  be 

brought  to  the  elevator-apparatus  by  the  purchaser  or  by  the  eie- 
vator-contractor.  If  by  the  latter,  a  sl:etch  should  be  made  lowing 
the  distance,  and  for  the  electric  system  the  specifications  should  state 
whether  the  wiring  is  to  be  open,  that  is,  on  cleats,  in  moldings,  or  in 
conduits;  the  sizes  of  wire,  and  the  switches,  cut-outs,  etc.  For  an 
hydraulic  system,  the  size  of  pipe  for  steam-supply  should  be  given. 
The  sizes  of  water-piping  should  be  left  to  the  elevator-contractor  and 
he  should  be  held  responsible  for  them.  Also,  in  the  case  of  an  hy- 
draulic system  operating  from  street-mains,  the  specifications  should 
state  by  whom  the  piping  is  to  be  done  and  who  is  to  furnish  the  water- 
meter. 

(18)  Pumps  and  tanks  in  hydraulic  plants.    These  should  be  furnished  by  the 

contractor.  The  specifications  should  state  whether  the  capacity  b 
to  be  just  ample  to  do  the  work,  or  whether  there  is  to  be  a  reserve- 
capacity,  with  reserve-units,  to  provide  against  interference  with  the 
service  in  case  of  accident  to  a  pump  or  tank,  or  for  future  elevator?; 
but  the  sizes  and  design  should  be  left  to  the  judgment  of  a  responsible 
elevator-contractor. 

(19)  Foundations  for  the  machine,  whether  they  are  to  be  provided  by  the 

purchaser  or  by  the  contractor. 

(20)  Miscellaneous.    Gratings  underneath  the  overhead  work,  pitpkans,  paint- 

ing in  addition  to  the  standard  factory-finish  and  all  items  not  men- 
tioned above  are  generally  furnished  by  the  purchaser  under  separate 
contracts,  but  this  should  be  clearly  set  forth  in  the  elevator-specib- 
cations. 

Safety-Deyices  for  EleratorB.  (See,  also,  page  1672.)  The  question  of 
safety-devices  cannot  be  too  carefully  considered  for  all  elevators,  and  for 
passenger-elevators  in  particular  only  the  best  and  most  thoroughly  tested 
apparatus  should  be  installed.  Each  car  should  be  equipped  with  the  me- 
chanical device  designed  to  grip  the  rails  and  stop  the  car  in  case  it  exceeds  a 
predetermined  maximum  descending-speed,  either  from  breaking  of  tl^  cables 
or  from  any  other  causes.  This  safety-device  should  be  mounted  upon  the 
car-frame  beneath  the  platform,  and  should  be  operated  by  means  of  a  speed- 
governor  located  overhead.  For  speeds  above  150  ft  per  min,  this  gripping  of 
the  rails  should  be  done  gradually.  In  New  York  City  the  instantaneous  stop- 
ping is  not  allowed  above  a  speed  of  100  ft  per  min.  A  switch  for  emergenc\'- 
use  should  be  placed  in  the  car  of  electric  elevators.  The  opening  of  thN 
switch  should  stop  the  car  immediately  and  independently  of  the  regular  oper- 
ating-device. All  electric  elevator-machines  should  be  equipped  with  an  electric 
brake.    This  brake  should  be  automatically  applied  when  the  car  stops  or  when 
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e  current-supply  is  interrupted.  The  brake  should  be  released  electrically  and 
plied  by  means  of  spring-pressure.  Automatic  limits  should  be  placed  at 
e  top  and  bottom  of  the  hoistway,  to  automatically  slow  down  and  stop  tha 
r  at  the  limits  of  travel,  independently  of  the  operator. 
Gearless  Tnction-Eleyatort.*  Among  the  more  recent  developments  of 
e  elevator  industry  is  the  electric,  geariess,  traction-devator  (Figs.  1  and  2). 
*ee,  also.  Fig.  6.)  The  designing  of  an  efficient  slow- 
leed  motor  made  it  practical  to  build  a  traction-machine 
ith  the  driving-sheave  mounted  directly  upon  the  arma« 

ture-shaf  t,  thus  eliminating  the  use  of 
gears  to  reduce  to  the  desired  car- 
speed.    This  gearless  machine  is  used 
for  speeds  from  250  ft  per  min  and 
above.    The  manufacturers  of   this 
type  of  machine  claim  that  it  is  the 
outcome  of  a  general  tendency  toward 
simplicity  in  design  with  efficiency  in 
operation.    The  machines  are  gener- 
ally located  over  the  hatchway.    The 
car  is  supported  by  cables  which  lead 
from  the  car  directly  over  the  driving- 
sheave,   with   overhead    installation, 
then  partially  around  the  auxiliary 
idler  or  leading-sheave  and  again  over 
the  driving-sheave   to   the  counter- 
weight.   With   this    arrangement    a 
complete  turn  around   the  driving- 
sheave  and   the  idler-sheave   is  ob- 
tained, giving  sufficient  tractive  effort 
to  drive  the  car.    The  machine  being 
placed  overhead,  the  cables  can  lead 
directly    to    the   car   and    counter- 
weights; and  as  this  allows  the  cables 
to  bend  in    the  same  direction,  it   is  claimed  by  the  manufacturers  that 
it  is  an  advantage  and  that  the  life  of  the  cables  is  appreciably  lengthened. 
Special  hitches  are  used  for  connections  to  the   car   and   counterweight   to 
counteract  the  twisting  effort  due  to  the  reaving  of  the  cables.     As  soon 
us  either  the  car  or  counterweight  is  obstructed,  the  tension  in  the  cables  is 
decreased  and  consequently  the  tractive  effort  reduced.    This  arrangement, 
it  is  claimed,  brings  either  the  car  or  counterweight  to  rest  and  prevents 
runoiog  by  the  limits  of  travel,  and  into  the  overhead  beams,  should  either 
member  land  on  the  buffers  at  the  bottom  of  the  shaft.    Underneath  both  car 
and  counterweight  are  placed  oil-buffers  designed  to  bring  the  car  or  counter- 
weight to  rest  at  the  limits  of  travel,  from  full  speed.    At  the  top  and  bottom 
of  the  hatchway  the  car  is  stopped  automatically  by  a  scries  of  electric  switches. 
The  operation  of  these  switches  is  so  timed  that  the  car  is  brought  to  a  smooth 
and  gradual  stop.    The  slow-speed  shunt-motor,  with  its  control,  makes  a  flex- 
ible system.    The  acceleration  and  retardation  may  be  arranged  to  suit  the 
particular  service-requirements.    For  speeds  bdow  450  ft  per  min,  it  is  the  prac- 
tice to  obtain  the  slow  speed  by  passing  the  cables  around  sheaves  mounted  in 

*  For  full  and  valuable  data  relating  to  the  relative  advantages  of  the  belical-gear 
elevators  as  compared  with  those  of  the  tractioo-typc,  see  papers  published  by  the  H.  j. 
Reedy  Compaay,  Cincinnati,  Ohk>,  and  otbeis  advocating  the  geared  macbinca.    Editor. 
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the  cioss-head  of  the  car  and  of  the  ootinterweight,  and  anchorioff  the  ends  of 
the  cables  at  the  top  of  the  hoUtway.  These  sheaves,  with  their  ball  bearing 
are  specially  made  to  withstand  the  heavy  service  to  whkh  they  are  subjecte<i 
In  addition  to  the  above  details,  elevators  of  this  t3rpe  should  be  provided  viti 
all  of  the  regular  safety-devices  used  with  passenger-elevators. 

Electric  Elevatora  with  Push-Botton  Control.  One  of  the  most  insect--- 
and  serviceable  developments  in  the  elevator-industry  is  that  of  the  aatoouii: 
electric  elevator  with  push-button  control.  In  New  York  City  this  t}??  •< 
elevator  is  permitted  only  in  residences,  but  in  other  cities  it  is  used  in  apin 
ments,  hospitals,  and  other  places  where  the  service  is  very  light  and  intermitted*, 
and  it  is  desired  to  dispense  with  an  attendant.  In  the  design  of  these  elevat'ir 
it  has  been  the  aim  to  provide  ail  safety-devices  and  appliances  to  naake  the  r. 
atallation  absolutely  safe,  so  that  the  elevators  may  be  operated  even  by  a  ch?c 
alone,  without  danger.  In  each  story  is  located  a  button,  simiUr  in  appeanr.? 
to  the  ordinary  signal-button,  and  the  passenger,  by  pressing  this,  may  call  tS 
car,  if  it  b  unoccupied  or  not  in  use,  to  any  story.  The  car  comes  to  the  5tor 
at  which  it  is  required,  and  stops  automatically.  When  it  comes  to  rest  in  thi5 
story,  the  entrance-door  to  the  hoistway  is  automatically  unlocked,  and  it  _' 
then  possible  for  the  passenger  to  open  the  door  and  the  car-gate,  and  enter  ibe 
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Fif  3.    Standard  Hatchway  and  Car- 
platform.    Side-guides 


Ftg.  4.    Standard  Hatchway  and  Car- 
pUttform.    Comer-guides 


car.  The  hoistway-gates  and  the  car-gate  are  so  arranged  that  the  machise  i 
inoperative  until  both  are  tightly  closed.  The  hoist  way-doors  can  be  opcnd 
from  a  hall,  only  when  the  car  is  at  the  landing  of  that  particular  hall.  In  tL 
car  is  a  bank  of  buttons  corresponding  to  the  various  stories  served,  and  a'"-- 
a  stop-button  or  emergency-button.  After  entering  the  car,  and  closing  th? 
hatchway-door  and  the  car-gate,  the  passenger  can  push  the  button  in  t'K 
car  corresponding  to  the  story  to  which  he  desires  to  go.  The  car  will  procwi 
to  the  designated  story  and  stop  automatically.  Should  the  passenger  desire. 
for  any  reason,  to  stop  the  car  at  any  point  of  its  travel,  he  can  do  so  by  pushia? 
the  stop  or  emergency-button.  The  car  is  in  the  complete  control  of  the  pa< 
senger,  as,  after  the  initial  operation  of  calling  or  sending  it  to  a  tanding.  i*' 
further  operation  cannot  be  interfered  with  until  after  both  the  hatchway-doir 
and  the  car-gate  are  opened  and  closed.  This  means  that  no  other  person  cm 
call  the  car  until  after  the  passenger  has  reached  the  desired  landing,  left  the 
car,  and  closed  the  gate  and  door.  In  some  equipments  for  elevators  of  thb  type* 
the  device  for  releasing  the  door-lock  is  prevented  from  operating  while  the  car 
is  in  motion.    This  is  a  very  desiEable  safety-feature  as  otherwise  each  k>d 
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is  temporarily  released  as  the  car  passes  up  or  down  the  hoistway,  and  a  person 
on  a  landing  can  open  the  door  during  the  momentary  period  that  it  is  unlocked. 
I  n  some  cases  the  gate  on  the  car  is  omitted;  but  this  is  a  very  dangerous  prac- 
tice and  should  not  be  permitted.  Elevators  of  this  type  are  designed  for  oper- 
ation with  direct  current  or  alternating  current,  and  single  or  multiphase 
circuits.  Single  phase  should  be  avoided,  if  possible,  and  before  deciding  upon 
tills  type  of  current,  the  consent  of  the  electric  power  company  should  be  ob- 
tained for  placing  upon  their  lines  a  motor  with  the  heavy  inrush  of  current 
required  at  starting. 

Standard  Relations  of  Hatchway,  Platform  and  Car-Sizes.  (See,  also, 
page  1675.)  In  Figs.  3  and  4  are  ^own  some  typical  elevator  layouts  for 
electric  installations,  with  side  and  comer-posts  and  steel  construction.  (See, 
also.  Fig.  7.)  The  clearances  shown  are  for  elevators  traveling  at  a  speed  of 
450  ft  per  min  or  more,  and  may  be  reduced  about  iV^  in  for  elevators  of  slower 
speed.  Some  of  the  minimum  dimensions  given  with  Figs.  3  and  4  vary  slightly 
from  those  given  with  Fig.  7  and  in  Table  D,  page  1676,  but  agree  in  the  essen^ 
tial  requirements. 

B.  Electric,  Passenger-Elevator  Systems* 

Elevator-Development.  The  object  in  view  in  presenting  this  material  is 
not  to  discuss  all  the  details  of  elevator-construction  or  the  mechanical  features, 
but  to  outline  the  results  of  a  study  in  connection  with  the  economic  division  of 
pKissenger-elevators  and  an  efficient  elevator-service  for  the  traffic  of  the  modern 
commercial  or  distinct  type  of  office>building.  The  requirement  of  such  build* 
ings  is  a  very  ample  and  adequate  elevator-service,  not  only  because  the  mon- 
etary value  of  the  building  may  otherwise  be  affected,  but  in  time  of  necessity, 
as  during  a  fire  or  other  panic,  the  occupants  must  be  readily  brought  to  safety. 
During  the  early  development  of  the  sky-scraper  the  necessity  for  a  proper 
elevator-service  was  partly  overlooked,  and  perhaps  not  altogether  realized,  for 
some  of  the  older  buildings  suffer  from  a  lack  of  traveling-facilities,  resulting 
in  an  inconvenience  to  the  many  occupants.  The  tenants  of  the  upper  stories 
are  therefore  obliged  to  wait  on  the  up  trip  of  the  elevator,  and  the  people  occu- 
pying the  lower  portion  of  the  building  are  left  behind  on  the  down  trip. 

The  Extensive  Use  of  Elevators.  To  fully  indicate  the  extensive  use  to 
which  the  elevator  has  been  adopted  for  passenger  traffic  in  large  cities,  the  in- 
stance of  the  Borough  of  Manhattan  of  New  York  City  is  ^ven.  There  were 
in  19 14  about  10  000  machines  in  service,  twice  the  number  that  were  in  oper- 
ation in  1904,  and  these  were  divided  among  the  different  classes  of  buildings 
approximately  as  follows: 

5  000  elevators  in  office-buildings  over  10  stories  high. 
I  500  elevators  in  office-buildings  under  10  stories  high. 

500  elevators  in  loft-bulldings. 

700  elevators  in  residences. 

800  elevators  in  apartment-houses. 

500  elevators  in  department  and  other  stores. 
1 000  elevators  in  hotels,  dubs,  institutions,  etc. 

*  The  matter  in  Section  B  of  this  article  on  Elevaton  is,  by  permission,  condensed 
and  adapted  from  daU  contained  in  papers  by  M.  W.  Efartich,  coosulting  engineer.  The 
papers  first  appeared  in  the  April,  May  and  Jane,  x9X4t  issues  of  Electrical  Engineering, 
and  afterwards  were  published  in  condensed  form  in  Lefax,  by  the  Standard  Corpora- 
tion of  Pliiladelphia.  Section  B  includes  a  brief  outline  of  elevator-development,  some 
economic  considerations  and  some  installation-data,  and  the  paragraphs  of  this  Section 
•bould  be  read  in  connection  with  those  of  Section  A,  page  isftot  and  tlMdata  coospaF^ 
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Fig.  i.    Some  TVpea  ind  Varktia  of  Etevainn 

to  the  mode  of  drive  or  operation  and  the  transmission  of  power,  thereby  shoiriai 
an  apparent  variety  of  elevalon.  The  machioe  of  the  hydraulic  type  may  bt 
of  the  ve[tical-cyLin3er  pattern  or  ot  the  pluoger-type,  while  the  electriaJ  m^u- 
ratua  may  be  of  the  drum,  worm-gear  or  gearlen  tnrtioD-type.  Same  o*  i** 
types  and  varieties  are  illustrated  in  Fig.  6.  (See,  also,  Flgk.  I  and  3,  pace  i66s. 
and  general  ctassili cation  on  page  iGjg.) 

A  Short  HiatoriMl  Account  of  the  DerelopmeDt  of  tb«  Commeniit 
PaaamiCH-BleTatoi  bringa  one  bade  a  littia  mure  than  half  a  century  to  Ibt 
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itroduction  of  the  first  8TEam>elevator.  This  form  of  drive  was  soon  replaced 
•y  the  WATsa-BALANCE  type  of  hydraulic  elevator,  which,  even  though  a  faster 
aachine,  proved  to  be,  in  operatipn,  quite  dangerous.  For  a  number  of  years 
his  type  ei^oyed  the  distinction  of  being  the  only  high-speed  apparatus  until 
he  advent  of  the  vektical-cylinder  hydrauuc  elevator,  about  twenty 
rears  later.  Running-speeds  as  high  as  400  ft  per  min  were  readily  attained, . 
ind  on  account  of  the  ease  in  handling  and  the  safety  in  operation,  these  ele- 
vators soon  gained  favor  and  were  the  only  types  of  machines  installed  in  the 
:hen  tall  buildings.  The  electric  drum-machine  made  its  first  appearance  in 
Sew  York  during  the  year  1889,  and  owing  to  the  merits  of  this  new  system, 
the  electric  machine  soon  established  itself  as  a  successful  competitor  with  the 
hydraulic  type.  The  only  obstacle  remaining  was  to  overcome  the  slower 
speed,  and  this  brought  out  the  Sprague  long-screw  electric  elevator. 
Elevators  of  this  type  proved  quite  costly  to  maintain  and  operate,  but  on 
account  of  their  possibilities  of  speed  and  high  rise,  were  installed  in  several 
tall  structures.  These  different  types  of  elevators  helped  considerably  in  the 
development  of  the  sky-scraper  buildings,  and  as  further  building  projects 
brought  on  an  extension  in  height,  a  hitherto  unknown  condition  of  passenger- 
elevator  service  had  to  be  met.  About  the  year  1900  the  direct-acting 
PLi^'GER  hydrauuc  ELEVATOR  was  introduced  to  fulfil  this  increasing  demand 
of  continued  high  rise  with  high  speed.  The  inherent  safety  in  operation  and 
the  relatively  high  economy  allowed  for  no  doubt  as  to  the  possibilities  of  the 
PLUNGER,  but  after  several  years,  experience  pointed  out  that  the  advantages 
of  the  hydraulic  plunger-elevator  were  somewhat  limited  In  certain  directions, 
and  only  under  conditions  of  a  rise  not  exceeding  150  ft  could  the  character- 
istics of  the  safe  and  economical  plunger-elevator  be  maintained. 

Traction  and  Geared  EleTatora.  (See,  also,  page  1659.)  Recent  experi- 
ments conducted  to  perfect  an  electric  elevator  that  would  meet  the  growing 
requirements  of  heavy  passenger  traffic  in  the  newest  form  of  tall  office-build- 
ings have  resulted  in  the  production  of  what  is  now  commercially  known  as  the 
0!«E-TO-ONE,  or  CEARLESS  TRACTION-ELEVATOR.  Among  the  earUest  New  York 
installations  of  this  type  of  electric  elevator  may  be  named  those  in  the  Singer 
Building  and  Tower,  and  later  those  in  the  Metropolitan  Building  and  Tower, 
while  the  latest  developments  include  the  Woolworth  and  the  Equitable  Build- 
ings. The  ai^xuratus  used  in  the  Municipal  Building  is  one  in  which  the 
machines  are  an  adaptation  of  the  usual  double-worm-and-gear  drive  between 
a  relatively  high-speed  motor  and  a  cable-drum,  a  double  set  of  intermeshing 
spur-gears  bdng  employed  between  the  two  gear-shafts.  In  summarizing,  it 
might  be  well  to  mention  that  the  commercial  or  useful  life  of  an  elevator  and 
its  combined  mechanisms  seldom  exceeds  fifteen  years,  and  that  where  remod- 
eling has  been  resorted  to,  the  electric  drum  and  worm-gear  traction  have 
usually  been  substituted  for  the  hydraulic  type  in  buildings  not  exceeding 
from  twelve  to  sixteen  stories  in  height;  and  that  in  higher  structures  the 
gearless  traction-elevator  or  its  modification  in  the  form  of  an  electric  two- 
to-one  traction-elevator  has  been  resorted  to. 

Safety  of  Electric  and  Hydraulic  EleTatora.  (See  page  1664.)  It  is 
true,  however,  that  both  the  electric  and  hydraulic  types  of  elevators  have 
been  perfected  to  a  state  of  high  efficiency,  and  they  may,  therefore,  be  used 
with  entire  safety.  Of  the  hydraulic  types  it  may  be  said  that  the  plunger- 
elevators  are  inherently  safer  than  those  which  are  suspended,  or  than  even  the 
more  modem  electric  traction-elevators;  but  it  cannot  be  denied  that  the  many 
refinemcnta  and  improved  appliances  attached  to  elevators  of  the  various  electric 
types  have  made  the  latter  at  reliable  as  hydraulic  machines  designed  according 


1670 


Elevator-Service  in  Buildings 


Pan 


to  best  practice.    It  is  claimed  that  the  electric  tnction-elevator  is  relatJT' 
free  from  the  element  of  danger  because  of  the  improved  methods  of  pcirr- 
transmission  and  the  peculiar  form  of  winding  used  for  the  drive. 

Comparison  of  Merits  of  Electric,  Traction,  and  Hydraulic  Plvn^e: 
Elevators.    In  narrowing  down  the  question  as  to  the  merits  of  the  e:i.ect>  : 

•TRACTION-ELEVATOR  and  of  the  HYDRAULIC  I*LUNGER-ELEVATOR    for    paSSer.c  " 

service  in  tall  office-buildings  of  to-day,  it  might  be  well  to  note  that  the  :f^-' 
elevator-installations,   almost  without  exception,   have  favored    the   eiertn 
Not  only  is  the  cost  of  installing  the  traction-machine  from  25  to  35 /r.  less  thi 
that  of  the  plunger-type,  but  the  room  occupied  by  the  driving-nnachiner* 
reduced  to  a  minimum,  and,  as  a  matter  of  fact,  may  be  placed  at  the  head  ir : 
directly  over  the  elevator-shaft.    If  no  local  supply  of  electricity  is  availabk-   - 
the  premises,  the  public  source  may  be  resorted  to.    The  difficuhy  with  \r:t 
plunger-elevator  for  high-rise,  high-speed  work  lies  in  the  requirement  for  rr  .  - 
ing  the  mass  of  water  and  the  massive  plunger  proper,  and  as  this  immcnv 
weight  cannot  be  readily  and  smoothly  stopped,  the  result  b  a  slugsi^ihnes-  - 
starting  and  stopping.    At  any  rate,  it  remains  an  open  question  as  to  whether 
the  economic  values  attached  to  modem  buildings  would  favor  the  instailatf;  - 
of  the  plunger-elevator,  with  its  accompanying  pumping-plant,   which  necv- 
sarily  occupies  considerable  floor-space.    The  choice,  therefore,  would  tend  to 
favor  the  high-rise,  high-speed  electric  traction-elevator  for  pEassenjerr- 
service.     (See,  also,  paragraph  on  Electric  Versus  Hy'draulic  Elevators,  pare 
1660.) 


Table  A.    RelaCiTe  0]>erati]ic-Coati  of  Blerators 
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Ofi&ce-building 


Per  cent  of  rentals |  8.5 
Cents  per  car-mile .  135 
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Relative  Operating-Costs  of  Elevators.    The  figures  given  In  Table  A 
may  prove  of  interest  in  pointing  out  the  relatively  higher  operating-costs  of  the 
different  electric  types  over  the  vertical-cyunder  hydrauuc  and  plunces- 
elevators.    The  values  given  represent  only  the  cost  of  labor,  power,  repair> 
and  supplies.    By  a  cloce  perusal  of  the  amounts  listed,  it  will  be  confirmed 
that  the  economies  of  the  plunger  cannot  be  utilized  beneficially  in  tall  office- 
buildings;  on  account  of  the  mechanical  difficulties,  and  in  other  types  of  smaller 
buildings,  allowing  for  a  low  rise,  the  installation  cost  becomes  exorbitant.    If 
the  relatively  high  first  cost  of  this  type  of  machine  were  taken  into  considera- 
tion, with  an  addition  for  the  extra  cost  in  building-construction  necessaiy  for 
the  space  occupied  by  the  pump  and  tank-equipment*  the  total  expenditure  on 
the  whole  would  show  no  great  favor  either  way.    In  explainiog  the  values 
given  in  Table  A,  it  should  be  understood  that  the  figures  are  computed  00  i 
basis  of  actual  records  of  several  buildings  that  have  been  broucbt  to  the  writer's 
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ot:ice.  The  general  method  of  comparing  records  in  business  buildings  is  to 
3m  pare  the  costs  with  the  total  annual  income  or  rental.  The  total  oper- 
tinf^-costs  include  the  expense  in  the  mechanical,  electrical  and  buildix^g 
c-[>artments,  covering  all  costs  of  labor  and  material  for  the  maintenance  of  the 
iSerent  divisions  of  service.  Therefore  the  annual  cost  of  operating  an  ele- 
at^or-system  is  given  as  a  percentage  of  the  gross  rentals  received,  and  is 
Li.rt.her  stated  as  a  percentage  of  the  total  operating-expenditure  of  the  build- 
nss  under  consideration.  The  average  cost  in  cents  per  car-mile  traversed  is 
Iso  given,  together  with  the  average  annual  cost  in  dollars  to  pay  for  the 
ab»or  of  operating  and  repairing^  the  necessazy  power,  and  the  material  and 
•\:ipplies  required  per  single  elevator. 

Sconomic  Considerations.  The  efficient  operation  of  an  elevator-^stem 
Iocs  not  rest  altogether  on  the  economic  division  and  disposition  of  the  cars,  as 
lie  human  element  becomes  one  of  the  main  factors.  It  is  self-evident,  there- 
ore,  that  the  ser\ice  of  an  elevator  is  limited  not  only  by  the  different  classes  of 
passengers  entering,  riding  and  leaving. the  conveyance,  but  by  the  experience 
>f  the  hallman  or  starter  and  his  ability  to  understand  the  demands  of  the 
traffic  and  the  personal  peculiarities  of  the  elevator-operators. 

Time-Schedules.  It  is  now  conunon  practice  to  dispatch  the  various  mar 
chines  of  an  elevator-system  on  a  predetermined  time-schedule,  thus  avoiding 
to  a  great  extent  any  confusion  or  overcrowding  that  would  otherwise  arise. 
It  has  been  well  established  that  the  travel  of  elevators  under  consecutive-trip 
schedule-operation  allows  for  a  highly  efficient  service,  not  only  in  the  handling 
of  the  traffic,  but  in  the  demand  for  power,  which  is  thereby  reduced  to  a  min- 
imum. • 


■ 

llWflllllillJii 


Time  in  Seoonda.  Up-Tiip  Time  la  8ttcoiMls.JDown-Xri9 

(a)  Operation  of  one  car 


Scale  of  Tbne  Ui  Seoomls  per  Round  Trip 
(  b)  Operation  of  a  tank  of  elevators 
Fig.  8.    Recorded  Corrent-consumption  of  Gearlcss  Inaction-elevators 

Power-Diagrams.  The  Power-diagrams  (Fig.  6)  point  to  the  effect  of  a 
poor  and  a  proper  service  under  different  conditions.  The  upper  curve  (a)  was 
taken  under  test-conditions  and  represents  the  operation  of  one  elevator.  The 
load  in  the  single  car  is  approximately  equal  to  the  designed  machine-balance, 
both  on  the  up  and  down  trips,  and  the  number  of  stops  corresponds  to  the 
average  per  car  per  mile  imder  actual  service  in  office-buildings.  This  diagram 
is  given  mainly  to  allow  for  a  proper  understanding  of  the  combined  curve  (b), 
showing  the  actual  round-trip  operation  of  a  bank  of  elevators  in  one  of  the  New 
York  sky-scraper  buildings  at  an  early-morning  hour.  The  full  or  solid-line 
curve  shows  an  escemve  power-demand  due  to  an  inconsistent  scbbduik,  the 
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cars  having  been  dispatched  by  a  starter  who  may  be  identified  as  X,  while  th 
dotted  or  broken-line  curve  shows  the  more  expert  handling  under  the  coosecuti.^ 
trips  by  starter  K,  the  same  operators  running  the  cars  in  each  case. 

Safety-Appliances.  (See,  also,  page  1664.)  To  minimize  the  masy  aco- 
dents  in  elevator-practice,  a  sajety-lock  is  recommended,  so  attached  that  it 
will  not  permit  the  elevator  to  leave  a  landing  until  the  gate  has  been  lockr'. 
Accidents  are  seldom,  if  ever,  due  to  the  faulty  beha\'ior  of  the  elevator  pfopt?. 
but  sometimes  the  breaking  of  suspension-ropes,  as  recorded  by  a  relatively  fc? 
cases,  will  result  in  a  serious  accident.  The  most  frequent  cause  of  accidectr 
connected  with  the  operation  of  elevators,  is  that  due  directly  to  the  n«d^ 
gehce  of  the  operator  in  handling  the  doors  or  elevator-gates,  and  this  may  br 
avoided  by  the  installation  of  the  safety-locks  above  recommended.  So  in 
as  has  been  practically  demonstrated,  many  of  the  safety-appliances  on  thi 
older  installations  designed  to  stop  a  falling  elevator  have  usually  failed  to  att 
but  the  improved  wedge-type  of  jaw-sapety,  actuated  by  a  speei>-goveilno? 
and  attached  to  the  more  recent  installations,  usually  acts  when  the  ele\-it>if 
exceeds  its  normal  running-speed.  This  generally  occurs  when  the  designed  or 
safe-distance  limit  has  been  passed,  and  the  jar  occasioned  by  the  final  stop{»DC 
of  the  car  is  not  altogether  a  pleasant  experience.  The  serious  injuries  4zd 
fatalities  due  to  the  falling  of  an  elevator  are  proportionately  small  when  co-s- 
pared with  the  entire  list,  and  amount  to  about  20%  of  the  total,  whereas  th^ 
loss  of  life  caused  by  open  and  unlocked  gates  in  elevator-practice  tudiy 
accounts  for  the  remaining  80%.  The  only  safety-device,  therefore,  that  nuy 
be  called  useful,  as  it  eliminates  the  personal  element,  is  a  safetv-lock.  Of 
the  several  automatic  devices  now  available  for  this  provision  of  safety,  all  <k- 
serve  merit;  and  while  some  are  purely  mechanical,  others  are  actuated  dec- 
trically,  and  only  by  the  installation  of  such  automatic  locks  will  unnecessuy 
elevator-accidents  be  avoided. 

Signal-Systems.  A  signal-system  is  essential  to  an  efficient  service.  Acts- 
matic  electric-light  indicators  at  the  different  landings,  with  a  mechaniol 
indicator  on  the  ground-floor  or  street-landing,  will  be  found  highly  effidot 
even  though  not  the  simplest.  Briefly  described,  the  system  is  composed  of  t 
dynamotor  supplying  current  for  the  magnets  push-buttons  and  lamps.  A* 
each  landing  one  or  more  sets  of  push-buttons  are  arranged  for  both  the  rp  ssc 
DOWN  signal,  and  over  each  elevator-gate  two  lamps  of  different  color»  one  0^ 
another,  to  indicate  the  direction  of  car-travel;  and  each  elevator-car  b  ak- 
provided  with  a  signal-lamp  and  a  transfer-switch  or  push-button.  A  mcchafr 
ical  indicator  on  the  main  landing  informs  the  starter  as  to  the  location  of  tk 
different  elevators,  and  thereby  aids  him  in  exercising  full  discretion  as  to  wte: 
to  dispatch  the  next  car.  The  general  system  operates  in  a  manner  appfuxi- 
mately  as  follows:  When  a  push-button  is  pressed  for  either  direction  in  »rv 
story,  it  actuates  a  magnet  corresponding  to  that  story,  which  in  turn  sgas}^ 
to  the  operator  in  any  approaching  car,  thereby  indicating  a  waiting  passeair^- 
and,  according  to  the  movement  of  the  elevator,  further  contact  is  made  with 
the  outside  signal-lamps  at  that  story  showing  to  the  waiting  person  the  or 
approaching  that  floor.  In  a  properly  proportioned  elevator-sjrstem  the  tnsir 
fer-switch  is  seldom  used,  but  in  buildings  in  which  the  travel  becomes  overtawi 
during  the  rush-hours,  and  when  an  approaching  car  is  filled  to  its  capadt}. 
the  operator  may  press  the  transfer-button  and  thereby  signal  the  car  foQowicf 

Traffic-Capacity  of  Elevators.  The  TRAPnc-CAPACiTY  of  an  elevator,  or 
its  passenger  accommodations  must  necessarily  be  of  such  pioportieiis  ts  t^ 
handle  the  travel  of  the  tenants  of  the  building  and  also  of  th^  visitois  and  i&* 
sure  a  proper  working  schedule.    From  a  study  of  existing  systems  in  which  tbe 
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devator-iervice  is  oonsidered  adequate,  it  Is  fouxKi  that  the  questions  of  bdild- 
iMC-occtnrtikNCT  as  related  to  ByiLDiNO-ASEA.and  elevator  tsafpic-capacity 
may  be  combined  into  a  consideration  of  a  proper  unit  axka  for  the  elevator. 
In  resa^  to  the  determination  of  the  maximum  travfic-capacity  of  a  passenger- 
elevator,  experience  shows  that  an  average  weight  of  140  lb  may  be  allowed  for 
each  passenger,  and  as  each  size  of  car  has  its  corresponding  load  at  the  rated 
speed,  the  total  load  divided  by  140  gives  the  maximum  number  of  passengers  an 
elevator  can  acoonunodate  at  its  designed  speed.  In  another  simple  computa- 
tion for  this  result,  an  allowance  of  a  sq  ft  of  car  is  made  for  each  passenger.  The 
znaxiinum  ca]>adty  of  an  elevator  may  be  of  interest  in  computing  the  time  re- 
quired to  empty  a  building  in  case  of  emergen<y;  but  when  a  car  of  proper  unit 
area  is  installed,  this  condition  is  taken  care  of.  Tests  have  shown  that  the 
averaob  passenger  tsafpic  of  an  elevator-system  bears  a  definite  relation  ta 
the  tenancy  of  the  building,  and  to  the  maximum  travel,  the  result  being  that 
expressed  in  Formula  (6). 

ITmnber  of  Elevators.  (See,  also,  page  166 1.)  Modem  practice  tends  to 
show  that  the  number  of  elevators  required  for  any  office-building  is  really 
governed  by  the  physical  aspects  and  conditions  of  that  building.  Wherever  it 
is  not  practicable  to  use  &  car  of  large  area,  the  number  required  will  certainly 
be  in  excess  of  that  necessary  when  large  cars  are  used.  It  is  not  advisable, 
therefore,  to  base  any  conclusions  on  the  number  of  cars  to  adequately  satisfy 
a  certain  condition,  unless  the  unit  area  of  the  car  is  considereid« 

I^ocal  and  Ezpress-Bleyators.  Another  important  consideration  is  the 
div^ision  so  common  in  high-class  office-buildings,  namely,  the  proper  service  of 
ixx:al  and  EXPRESs-elevators. 

FormislAS  for  Elevator-Service.    The  formulas  given  below  are  well  sub- , 
stantiated,  and  give  economical  service-conditions  based  on  existing  systems  in 
the  larger  cities  of  the  United  States.     By  these  formulas  the  number  of  eleva- 
tors required,  the  division  of  service,  and  their  operation  may  be  determined. 

E  ^A/2^000  (i) 

/-«/2+2  (2) 

Te  -  (25/5  +  5/100)  n  and  Tl  -  (25/1  -f-  //lo)  n  (3) 

Me  ^2  n/j  Te  and  Ml  "2  n/j  Tl  (4) 

O— iis»/ioor<  and  C/- iis»/ioo77  (5) 

pe  -  zoo/Te  and  ^  -  ioo/Tl  (6) 

The  notations  in  the  formulas  are: 

E  •■  number  of  elevators  required 

A  "  square  feet  of  gross  building-area  served 

/  •-  story  at  which  express-run  terminates 

n  "  total  number  of  stories  served 

s  "  speed  of  elevator,  in  feet  per  minute 
Tl «  local  round-trip  time,  in  minutes 
Te  "  express  round-trip  time,  in  minutes 
Ml ""  mUes  traveled  per  hour  by  local 
Me  "■  miles  traveled  per  hour  by  express 
CI  >■  current  consumed  per  hour  by  local,  in  kilowatt-hours 
Ce  —  current  consumed  per  hour  by  express,  in  kilowatt-hours 
pi »  passengers  carried  per  hour  by  local,  one  way,  up  or  down 
p€  •»  passengers  carried  per  hour  by  express,  one  way,  up  or  down 

The  figures  in  Table  B  represent  the  average  load  and  speed-combinations 
for  various  heights  of  buildings,  together  with  the  usual  area  of  the  elevator- 
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CAR  coQsisteat  with  the  standard  sises  manufactured*  and  should  be  ued  £•  i 
basis  for  selecting  the  proper  unit  areas  in  connection  with  Fommla  <i).  le 
many  factors  entering  into  the  operation  of  an  elevator  would  affect  the  cutre^'j 
consumption  to  a  considerable  extent,  as  may  be  seen  in  Fig.  6^  pcieviaiisty  fi 
plained.  But  Formula  (5)  agrees  with  modern  service  under  avcxa^e 
conditions. 


TaUe  B.    Vnit  Area,  Load  and  Spead-Comhiaatii 


Number 
of  stories 

Car-area, 
sqft 

Load, 
lb 

Speed, 
ftper  min 

8toZ3 

Z4t0  22 

23  to  30 

as 

30 
40 

I  TOO 
2000 
3000 

asoto35o 
350  to  600 

400  to  600 

Table  C.    Bevater-iMtaliatioa  Datt 
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Number  of  elevators  required 

Number 
of  stories 

Gross  area, 
sqft 

Total 

car-^rea, 

sqft 
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5 
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9 

xo 
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xo 

XI 
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40 
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15 
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15 

** 
13 
t6 

30 

33 

Number 
of  stories 

8 

9 

10 

IX 

12 

Round  trip  time  in  minutes 

/.or 

Tl  at  350  ft 
per  min 

Tl  at  500  ft 
per  min 

r^atsooft 
per  min 

re  at  600  ft 
per  min 

express-nir. 
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xo 
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a. 4 
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2.x 
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InstalUtioii-Datft.    In  order  to  facilitate  the  ready  understanding  of  the 
various  formulas  given,  Table  C,  embodying  the  computations,  is  presented. 
The  various  headings  included  are  numbered  in  respective  order  from  z  to  12, 
so  that  an  explanation  of  the  items  considered  will  not  be  confusing.    Under 
column  I  is  listed  the  heights  of  buildings,  with  the  assumed  floor-areas,  extend- 
ing the  full  height  of  the  structure,  given  in  column  a.    In  column  3  are  listed 
the  actual  square  feet  of  car-^area  now  provided  in  many  buildings  of  similar 
floor-space  and  with  an  adequate  service.    This  is  intended  as  a  guide  where 
the  considerations  in  planning  the  building  have  included  a  means  of  accom- 
modating the  standard-sized  elevators  most  suitable  for  that  building  and  where 
serious  attention  has  been  given  to  the  disposition  of  the  cars.    But,  on  the 
other  hand,  the  values  listed  may  also  be  used  to  advantage  in  proportioning 
the  number  of  elevators  required  under  any  conditions,  and  where  the  physi- 
cal aspect  of  the  building  does  not  allow  for  an  economic  disposition  of  the 
elevators.    Any  conservative  unit  area  best  suited  to  the  conditions  may  then 
be  allotted  for  each  car,  and  the  number  of  elevators  then  determined.     Col- 
umns 4,  5  and  6  give  the  numbers  of  cars  for  various  standard  unit  areas,  while 
the  values  in  column  7  are  computed  by  Formula  (i). 

The  Local  and  Ezpresa  Round-Trip  Time  for  different  running-speeds 
is  given  in  columns  8,  9,  10  and  i  x  of  Table  C,  and  the  value  for  /  as  given 
in  Formula  (2)  is  given  in  column  12.  It  will  be  noticed  that  in  columns  8 
and  9  the  time  occupied  in  traversing  the  heights  of  buildings  exceeding  eighteen 
stories  is  slightly  more  than  would  actually  prove  economical.  It  might  be  well, 
therefore,  to  point  out.that  the  speeds  of  local  elevators  for  high  buildings  might 
be  increased  to  advantage;  but  whether  the  service  is  local  or  express,  it  is  not 
advisable  to  exceed  a  speed-rate  of  600  ft  per  min.  In  order  to  rectify  this  con- 
dition, under  the  speeds  considered,  the  number  of  express-elevators  must  then 
be  more  than  half  the  total  niunber  in  the  system,  and  a  subdivision  of  express- 
service  proper  is  also  necessary.  (See,  also,  Table  Showing  Number  of  Eleva- 
tors Required  and  notes  following,  page  166 1.) 

Sizes  of  Hatchways  and  Car^Platforms.  (See,  also,  page  z66z.)  The 
sizes  of  elevator-car  platforms  and  hatchways  of  unit  areas  heretofore  con« 
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Fig.  7.    Typical  Layouts  for  Elevator-hatchways  and  Car-pbtfocms 

sidered  are  shown  in  the  following  diagrams  (Fig.  7)  illustrating  three  typical 
forms  of  modem  instaUations  with  steel  guide-rails.  (See,  also,  Tigs.  3  and  4.) 
The  gate  or  door-opening  may  be  either  right-hand  or  left-hand,  as  best  sttited 
to  planning,  structural,  or  other  conditions.  The  clear  inside  dimensfons  of  the 
necessary  hatchway  are  given,  and  also  the  clearances  required  between  this  and 
the  car.  Some  of  the  minimum  dimensions  given  with  Fig.  7  and  in  Table  D 
vaiy  slightly  from  those  given  with  Figs.  3  and  4,  page  z666,  but  agree  in  the 
essential  requirements. 
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Dimensions 

1 
Area  of  car-platfonn 

as  sq  ft 
ft        in 

30  sq  f t          40  sq  ft 
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IF  ■"inside  width  of  car 
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7        4 
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HJT- hatch-width,  car  A 

car  B 

7         7              8        1 

car  C 

76              81' 

HD">hatch-dei>th.  car  A 

5        7 
S        3 
5        8 

6       7 
6       3     1 

6       8 

car  B 

carC 

00 

4  J 

N 

A 

/ 

y 

ff/-^ 

mLL 

/ 

/ 

f 

/ 

80 

/ /f 

7 

WW 

/ 

/ 

/ 

/ 

i^J 

// 

/ 

// 

f< 

^ 

/ 

/ 

/ 

CO 

/ 

/, 

// 

r 

f  / 

f     < 

L^ 

f 

/ 

/ 

*w 

/I 

// 

// 

7 

/ 

/ 

7 

J 

y 

u 

% 
O0O 

// 

7, 

// 

// 

[/ 

/ 

/ 

7 

f^SS^ 

/ 

P4 

i 

&<  so 

/ 

/J 

7// 

n 

A 

A 

/ 

< 

f 

/ 

// 

/W 

'A 

/ 

/ 

/ 

/ 

^ 

// 

I 

^ 

u 

/ 

f 

A 

/ 

/ 

A 

1 

/// 

'  t 

y1 

{./ 

v 

/ 

/ 

A 

r^"' 

//// 

m 

'/, 

/ 

/ 

/' 

1 
> 

y 

^^ 

5^ 

fiO 

/l;^ 

'// 

y, 

^ 

/ 

y 

/ 

y 

i>^ 

oil 

/P 

7/ 

z 

/ 

A 

1 

'^ 

y 

* 

$0 

ra 

■/// 

^ 

/ 

/ 

^ 

^ 

^ 

^ 

^>' 

^ 

V, 

7. 

/ 

^ 

y 

^ 

^ 

^ 

]^ri^ 

i 

^ 

0 

^ 

-^ 

.^ 

r^ 

■^ 

10 

0     IS 

0   :a( 

N) 

aG 

0 

4l 

10 

« 

X) 

(M 

M 

Speed  of  Machine.  Feet  pec  Minute 
Fig.  8.    Motor-«izes  for  Electric  Elevatocs 


Mail-Chutes 


1677 


Size  of  Motor.  It  is  often  helpful  to  be  informed  as  to  the  size  of  motor  re- 
Quired  for  an  installation,  and  the  diagram  (Fig.  8)  may  be  used  for  this  purpose. 
For  sake  of  illustration  in  the  use  of  the  diagram,  a  speed  of  400  ft  per  min  is 
assumed,  with  a  combined  load  of  2  500  lb.  Following  the  line  marked  with  an 
arrow  from  the  speed  of  400  ft,  the  point  of  intersection  is  then  at  2  500  lb.  From 
this  point  foUow  the  line  as  indicated  tj  the  scale  of  motor-sizes,  and  the  result 
is  about  40  horae-power. 


TaUo  E. 

Current-Coniomption 

Motor-sixe 

Starting- 
current 

Running- 
current 

20  horse-power 
40  horse-power 
60  horse-power 

102  amperes 
202  amperes 
292  amperes 

74  amperes 
147  amperes 
2x3  amperes 

Current-Coiisitmption.  Table  £  gives  the  cuKRENT-coNSUMPnoN  of  motor- 
sizes  common  in  elevator-practice.  The  figures  are  for  direct-current  motors 
operating  at  930  volts  and  are  based  on  the  results  of  tests. 

Electric  Feeders.  To  aid  in  the  selection  of  well-proportioned  electric 
FEEDERS  for  elevator-motors,  Table  F  is  given.  The  figures  are  for  230-volt, 
direct-current  machines. 

Table  F.    Wire  and  Conduit-Sizes  for  Electric  Elevators,  2- Wire,  230-Volt, 

Direct-Current  Systems 


Motor- 
h.p. 

Wire 

Max- 
imum 
run  or 
distance 

for  2% 

drop, 

ft 

Conduit 

Site  of  each 
wire 

Under- 
writers 
carrying 
capacity, 
amperes 

Tiade 
size  for 
2  wires 

Inside 
diam- 
eter, 
in 

Outside 
diam- 
eter, 
in 

IS 
20 

as 

30 
35 

40 
45 
SO 
55 
60 

No.            3 

No.            X 

No.            0 

No.           00 

No.         000 

No.       0000 

No.       0000 

300  000      cm.* 

300000     cm.* 

400  000     cm.* 

80 
100 

"S 

ISO 

175 

225 
225 
275 
275 
325 

154 
174 
x86 
198 
212 
226 
226 
248 
248 
272 

iVi 

2 
2 
2 
2 

2H 

aH 
3 

X.38 
X.61 
X.61 
2.06 
2.06 
2.06 
2.06 
2.46 
2.46 
3.06 

x.66 
X.90 
1.90 
2.37 
2.37 
2.37 
2.37 
a.87 
a.87 
3.50 

*  Circular  mils. 


MAIL-CHUTES 

General  Descriptioii.  This  system  of  mailing  letters  by  means  of  a  specially 
constructed  chute  connected  with  the  receiving-box  at  the  bottom,  has  come 
into  such  general  use  in  public  buildings,  office-buildings,  apartment-houses 
and  hotels,  thai  the  restrictions  affecting  the  same  and  what  is  required  in  the 
way  of  prepaniL'on  should  be  known  to  architects.  The  system  is  installed  by 
the  patentees,  under  regulations  of  the  Post-Office  Department  soveming  its 
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Matl-Chates 


Pait ; 


ooBStructioD  aad  location,  and  lor  this  reason  it  is  wdl  to  consult  the  makfr^* 
before  permanently  locating  the  apparatus  on  the  plans.  It  may  be  placed  c 
any  building  of  more  than  one  story,  used  by  the  public,  where  there  ^  &  f^^ 
delivery  and  collection-service,  in  the  discretion  of  the  local  postmaster,  sdLjtz 
to  whose  approval  the  contracts  are  made. 

The  Chute  and  ReceiYing-Boz«  The  chute  is  required  to  be  made  with  i 
removable  front  and  a  continuous,  rigid,  vertical  support  is  absolutely  necessarr 
It  must  be  of  metal,  its  front  must  be  of  plate  glass,  and  it  murt  bear  the  insis:^ 
prescribed  by  the  department;  and  the  whole  apparatus,  when  erected  aiKl  li- 
Government  lock  put  on  the  box,  passes  under  the  exduave  care  and  ouot:.. 
of  the  Post-Offioe  Department,  and  the  chutes  become  a  part  of  the  recei'.ir.; 
boxes.  These  boxes  may  be  of  various  patterns  and  highly  ornamented  and  itt 
furnished  by  the  makers  in  connection  with  the  chutes.  The  work  of  preparlsc 
a  rigid  support  for  the  chute  and  cutting  and  finishing  the  openings  in  the  d*>  "^ 
is  of  the  utmost  importance,  and  details  showing  the  usual  arTaja^cments  are 
always  given. 

Preparatory  Work.    The  requirements  for  what  the  manufacturers  ca. 
FREPA&AIORY  WORK  include  a  flat,  vertical,  oontinnous  surface  not  kss  than 
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Fig.  1.    Wooden  Support  for  Mail-cbute 
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Fig.  3.    Steel  Support  for  Mail-cbute 
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Fig.  8.    Altenute  Steel  Support  for  MaO- 
chute 


Fig.  4.  Prepaimtory 
Work  Compiete  for 
Man-chute 


zo^  in  wide,  extending  from  the  floor  of  the  ground-story  to  a  point  4  f^  6  ai 
above  the  finished  floor  in  the  top  story,  and  an  opening  in  each  floor  directly 
in  front  of  and  centered  upon  this  surface.  These  openings  are  neatly  finishrd 
and  their  size  and  shape  determined  by  setting  in  them  thimbles  of  iron  vhkb 

*  The  Cutkr  Mail  Chute  Company*  Rocboter,  N.  ¥• 
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sire    furnished  and  delivered  by  the  patentees,  as  part  of  their  contract.     In 
ordinary  installations  a  casing  of  wood,  suitably  molded  and  finished  to  match 
tlie  trim  of  the  building,  answers  every  purpose.    Such  a  casing  is  shown  in  plan, 
Fi^.  1,  with  the  opening  finished  by  the  iron  thimble.    In  buildings,  or  some- 
times in  a  few  stories,  where  a  more  elaborate  finish  is  desired,  marble  is  sub- 
stituted for  wood,  the  form  and  construction  of  the  casing  being  adapted  to  the 
material,  but  of  course  without  disturbing  the  size  and  form  of  the  front  surface. 
Steel  angles  are  used  where  the  use  of  wood  b  objected  to,  or  where  it  is  necessary 
to  run  the  chute  in  front  of  an  elevator-screen,  or  in  other  locations  where  a  solid 
'wall  is  not  available  to  support  the  casing.    Steel  square-root  angles,  2  by  2  by 
J'i  in  in  section,  are  generally  used,  and  set  as  in  Fig.  2,  but  sometimes,  where 
it  13  desirable  to  fill  up  the  space  between  them  and  the  elevator-screen,  they  are 
reversed,  as  in  Fig.  3.    The  angles  are  usually  bolted  to  the  beams,  and  in  any 
case  must  be  straightened  so  that  they  are  without  twists  or  kinks,  and  the  sur- 
face which  receives  the  mail-chute  plumb  and  flush  in  all  stories.    Fig.  4  gives 
a  general  view  of  the  mail-chute  casings  and  floor-openings  ready  to  receive  the 
chutes  themselves.    This  work  of  preparing  the  building,  except  the  cutting  or 
leaving  ready  the  necessary  openings  in  the  floors,  is  now  usually  included  in  the 
mail-chute  contract,  as  it  has  been  found  for  many  reasons  undesirable  to  sepa- 
rate it.    The  necessary  oj^enings  in  floors,  and  all  patching  around  such  open- 
ings, should  be  included  in  the  mason's  or  other  proper  specifications. 

Sssential  Points  to  be  remembered  are  (x)  that  no  bends  or  oflsets  can  be 
made,  a  vertical  fall  being  absolutely  essential,  and  (2)  that  the  entire  apparatus 
must  be  exposed  to  view  and  must  'be  accessible,  that  is,  it  is  not  permitted  to 
extend  the  work  behind  an  elevator-screen  or  partition  or  through  any  part  of 
the  building  except  a  public  corridor. 

REFBIGiatATORS  * 

Geaoril  Requirements.  The  following  information  is  given  as  a  guide  to 
architects  in  providing  for  refrigerators  in  large  residences,  hotels,  clubs,  hospitab 
and  other  institutions.  Consultation  with  a  reliable  refrigerator-buUder,  how- 
ever, b  always  desirable  before  deciding  upon  spaces  to  be  occupied  by  refriger- 
ators, refrigerating-rooms,  etc.,  as  a  satisfactory  refrigerator  cannot  be  adapted 
to  a  badly  proportioned  space.  (See,  also,  Design  of  Refrigerators,  under 
Mechanical  Refrigeration,  page  xfigx.) 

Residence-Refrigerators.    Care  should  be  taken  to  select  a  refrigerator 
which  is  simple  in  operation  and  easily  cleansed,  as  modern  sanitary  science  has 
traced  much  illness  to  faulty  refrigeration.    Thorough  insulation  is  an  important 
feature  in  a  refrigerator,  as  upon  thb  depends  economy  in  the  use  of  ice  and  the 
securing  and  maintaining  of  the  low  temperature  necessary  to  the  proper  preser- 
vation of  food.    Fig.  1  shows  a  kitchen-refrigerator  for  use  of  families  of  ordi- 
nary size.    The  ice-compartment  is  located  in  the  middle  division.    The  depth 
should  not  be  more  than  3  ft  nor  less  than  2  ft,  and  the  height  may  vary  frony 
4  ft  6  in  to  7  ft.    The  length  of  the  front  largely  determines  the  capacity  and 
should  range  from  about  4  to  7  ft.    Fig.  1  shows,  also,  a  most  satisfactory  method 
of  accomplbhing  the  outside-icing  feature  which  consists  of  a  double  outside 
icing-door  complete,  with  frame  and  jamb.    Thb  is  provided  by  the  refrigerator- 
builder  to  fit  the  rough  opening  furnished  by  the  owner  in  the  outside  wall  of 

*  Valuable  data  and  the  drawings  rehting  to  this  sabject  were  furnished  the  author  and 
editor  by  The  Jtwett  Refrigerator  Company,  Buffalo,  N.  Y.  Practical  data  were  furaished, 
also,  by  The  Brunswick-Balke-CoUender  Company,  New  York  City.  There  are  numer- 
ous other  reliable  firms  whose  refrigerator-work  has  the  highest  reputatioo. 
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the  building.    With  this  methcxi  a  minimum  outside  opening  is  required  ' 
furnish  a  maximum  inside  opening  for  ice.    The  drain-pipes  shoukl  be  as  r^  ~ 
and  straight  as  possible  and  shouId.be  readily  detachable  for  cleansing  P'.- 
poses.     The  drain  should  be  properly  trapped  in  the  floor  of  the  refriserator  u.  . 
carried  through  the  floor  of  the  building,  discharging  over  the  plumber's  op^- 

connection   as    shown    in    '±r 
elevation  of  Fig.  1. 

Fig.  2  shows  a  rcf  rigerat*  *r  f- 
use  in  a  butler's  pantry  »  a<-': 
economy  of  space  is  importir  t 
The    ice-compartment     is 
galvanized    steel     tlirough.  : 
and    is    removable     for     c  r- 
veniencc  in  fdling  as  it  slic 
on    roller-bearing    r  u  n  w  a  y  ^ . 
When  the  ice-comF>artnicni  is 
replaced  in  position   the  oit- 
side  door  closes  over  it.     The 
adjoining    storage-cx>nifarT- 
ment  is  generally  fitted  with 
one    removable    shelf,     belc^ 
which    is    a    bottle-rack    !.»- 
horizontally  placed  bottles  zt'i 
a  space  for  standing    bottles 
The  depth  should  be  about  2 
ft  and  the  height  3   ft  8  in. 
under  counter-top.    The  Icn^h 
of   the   front  determines  ikc 
capacity,  but  it  should  never 
be  less  than  3  ft.     For  a  douLk 
refrigerator  with  a  centra!  iuc- 
compartment  and  storage-com- 
partments at  cither  side,  5  ft  is 
a  convenient  length.     The  ex- 
terior   finish    and     hardware 
should    correspond    with    the 
adjacent    trim.      The    most 
s.initary  and  attractive  interior 
finish  for  storage«Mnpart- 
ments  consists  of  white  plate  glass  for  the  walls  and  ceilings  and  tile  for  the 
flooring.    The  usual  complement  of  refrigerators  for  use  in  ordinary  families 
ronsist*^  of  one  adjacent  to  the  kitchen  and  one  in  the  butler's  pantiy.    For 
la^rge  families  the  number  could  be  the  same  with  the  capacity  greater. 

Refrigerators  for  Hotels,  Clubs,  Etc.    Mechavical  refrigeiatton  has 

largely  superseded  ice  as  a  cooling-agent  where  the  refrigerator-equi|Mnent  con- 
sists of  several  units,  as  in  hotels,  clubs  and  institutions.  (See.  also.  Mechan- 
ical Refrigeration,  page  169 1.)  The  arrangement  of  refrigerators  is  similar  to 
that  employed  where  ice  is  used,  as  the  refrigerating-coils  are  often  contained  in 
compartments  corresponding  to  ice-compartments;  the  alternative  method  is 
to  place  the  coils  against  walls  of  storage-compartments.  Refrigerating-coik 
are  generally  of  i  M-in  pipe,  the  length  of  coil  depending  upon  the  temperature 
required.     Fig.  3  shows  a  practical  layout  for  the  working-department  of  1 

*  The  Jewett  Refrigerator  Compftoy. 
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'ood-sized  dub,  and  illustrates  the  proper  complement  of  mechanically  cooled 
ef  rigerators,  together  with  adjacent  operating-equipment.    No.  x,  a  store-room 
ef  liberator,  has  the  front  arranged  in  one  full-height  door  and  is  fitted  with  three 
iers  of  shelves  throughout.    No.  a,  a  meat-refrigerator,  is  also  accessible  through 
k   full-height  door  ahd  is  fitted  with  shelves  and  meat-racks.    No.  3,  a  broiler 
i.nd    fish-refrigerator,  has  the   front 
i.x-ranged   in   two  doors,   each  door 
op>eniEig  onto  a  series  of  six  galvanized 
sheet-st^  pans  sliding  on  self-sus- 
taining  roller-bearing  runways.    No. 
.4.,    a    serving-pantry   refrigerator,    is 
subdivided  by  an  insulated  partition 
into  three  separate  and  distinct  com- 
partments, those  at  the  left  and  right 
being    each   accessible   through   two 
doors,  while  the  middle  compartment 
is  accessible  through  one  door,  below 
iwhich  is   a   series  of   four   drawers 
sliding  on  sdf-sustaining  roller-bearing 
runways.    The  doors  open  onto  re- 
movable shdves  throughout.    No.  5, 
an  ice-cream  refrigerator,  occupies  a 
position  in  the  serving-pantry  counter 
and  has  the  top  arranged  in  one  lift- 
off cover.    Its  interior  fittings  consist 
of  three  20-quart  porcdain-lined  ice- 
cream jars  and  one  glac6-frame  for 
fancy  forms  of  ice-cream.    No.  6,  a 
pastry-refrigerator,  has  the  front  ar- 
ranged in  four  doors,  two  upper  doors 
opening  onto  removable  shelving,  and 
two   lower    doors   onto   pastry-pans 
sliding  on  angle-iron  runways.    No. 
7,  a  bar-refrigerator,  is  subdivided  by 
an  insulated  partition  into  two  sepa- 
rate and  distinct  compartments,  each 

accessible  through  four  doors.  The  upper  doors  open  onto  three  tiers  of 
removable  shdves  for  standing  bottles*  while  the  lower  doors  open  onto  five 
tiers  of  racks  arranged  specially  for  horizontal  bottles.  The  equipment 
described  above  will  also  satisfactorily  cover  the  requirements  of  a  moderate-sized 
hotel. 

Refrigerators  for  Hospitals.  The  usual  complement  of  refrigerators  for 
small  hospitals  consists  of  one  large  storage-refrigerator,  one  refrigerator  for 
the  chef's  use  in  or  near  the  kitchen,  one  for  milk  and  butter  and  one  iron-lined 
chest  for  broken  ice.  For  large  hospitals  the  same  number  with  increased  ca- 
pacity and  with  the  addition  of  small  diet-kitchen  refrigerators,  and  possibly  a 
mortuary-refrigerator  for  two  or  three  bodies,  will  meet  the  requirements. 

Th«  Height  of  Large  Refrigeraton  for  hotels,  clubs  and  institutions,  to  be 
entered  through  full-height  doors,  should  be  from  10  to  12  ft,  if  equipped  with 
overhead  ice  or  coil-compartments;  with  side  ice-compartments  or  coils  placed 
against  walls^  the  height  should  be  7  ft  6  in  or  8  ft.    The  smaller  refrigerators^ 
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Fig.  2.*    Refrigerator  for  Butler's  Pantzy 


*  The  Jewett  RefrigeratorCompany 
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FIf.  3.*    Ptu  ol  Rtfiiienlon  lor  lutt  CbiMnat 

*  The  Jcwett  RddfcnM  ■"""TUT 
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^v^coaible  through  half-h^sfat  doon,  hinged  coven,  draners,  etc^  should  be 
x:>laced  dd  aj-in  uaitary  cement  pbtfonn  finished  with  cove  to  floor  ol  building. 
'  A.'  liese  refiigeratcm  should  not  be  higher  than  6  ft  6  in  unless  providtd  with  over- 
Isead  ice  or  coil-coinpartmeats.  in 
■which  case  the  height  should  be  from 
S   to  9  ft. 

lAsnlatioa.  (Sw,  siso,  The  Value 
<ar  Gcxxi  Insulation,  page  1690.) 
Xiefrigerators  in  modcrri  hotels,  club^ 
institutions,  etc.,  are  insulated  with 
Government-standard  corltboard,  the 
large  refrigerators  being  constructed 
of  4-incorl(  throughout,  in  two  courses 
of  a  in  thickness,  and  with  all  joints 
broken.  Cork  is  applied  to  adjacent 
Trails  of  a  building  with  Portlsnd 
cement,  M  in  thick,  and  this  cement 
is  used,  also,  in  applying  the  inner 
course  of  cork  to  the  outer  course  in 
walls,  partitions  and  ceilings.  All 
cork  in  the  flooring  ii  asphalted 
-watei-tighl.  Interior  finish  may  be 
of  Portland  cement  throughout  or  o[ 
galvanized  sheets  on  walls  and  ceil- 
ings and  of  Tortland  cement  on  floors. 
Or  the  walls  and  ceilings  may  be  of 
fused-OD  porcelain  or  white  pla  I  e  glass, 
and  the  floors  o(  tile,  all  depending 
upon  the  grade  and  character  of  tbe 
building  to  be  equipped.  The  in- 
sulation of  smaller  refrigeratois  con- 
sists of  (1)  an  exterior  course  of  %-\n 
tongued  and  grooved  lumber,  (i)  two 
courses  of  water-proof  tnsulating- 
paper  and  (j)  a  3-in  thickness  of 
sheet  cork  in  two  I^4-in  courses,  all 
jtrints  being  bioken.  To  this  nuula- 
tion  is  applied  the  interior  liaing. 

Hortnary-Relrlinator*.  Mor- 
tuary-refrigerators should  be  cooled 
by  mechanical  refrigeration,  tbe  coib 
being  placed  longitudinally  on  both 
sides  of  the  mortuary-trays.  Fig.  4 
illustrates  a  monuaiy-refrigerator  for 
three  bodies.  This  may  be  used  as  a 
unit  in  designing  mortuary-refrigera- 
tors of  litget  capscity,  or  the  height 

may   be  reduced    to    j    ft    and    the  psg  4 .    Mortuarj-refrigrtatot 

bodies  placed  in  two  instead  of  three 

horizontal  tiers.     Mortuacy-refrigeratoTs  sometimes  have  both  fronts  finished 
and  equipped  with  dooti  so  that  bodies  ate  accesaible  for  identification  or 
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MECHANICAL   BEFRIGEKAXION  * 

A  Brief  Description  of  Mefhods  in  Common  Use  for  "Producing  mat 
Applying  Refrigeration,  with  Special  Reference  to  Small  Plants 

A  British  Thermal  Unit,  (Btu).  is  the  quantity  of  heat  required  to  rai^ 
the  temperature  of  i  lb  of  water  i"  F.  Heat  used  in  this  way,  that  is,  to  rai-r 
the  temperature  of  water  or  other  substance,  b  said  to  be  present  in  that  su:> 
stance  as  sensible  heat,  or,  in  other  words,  heat,  the  presence  of  which  wt  c^.: 
feel,  or  sense. 

The  Heat  of  Liquefaction,  or  so-called  latent  heat  of  LIQUz:rACTl':•^ 
of  a  mass  of  ice,  is  the  amount  of  heat  it  will  absorb  in  melting.  One  pound  J 
ice  at  js**  F.  will  absorb  144  Btu  in  melting  to  water  at  32**  F.  Heat  cxmiiru 
into  a  cake  of  ice  is  thus  absorbed  in  melting  the  ice  and  becomes  what  is  kcow:i 
as  latent  heat,  or  heat  absorbed  without  any  rise  in  temperature.  If  the  iof 
is  at  a  lower  temperature  than  32°  F.,  or  if  the  water  resulting  from  the  meltiiij; 
rises  above  32*"  F.,  additional  heat  will  be  absorbed  as  sensible  beat. 

The  Specific  Heat  of  a  substance  is  the  ratio  of  the  quantity  of  beat  required 
to  raise  the  temperature  of  a  certain  weight  of  the  substance  one  degree  t  < 
that  required  to  raise  the  same  weight  of  water  from  62*  to  63**  F. 

The  Heat  of  Vaporization  of  water  or  of  any  other  liquid  is  the  amount  -  f 
heat  it  will  absorb  in  vaporizing,  in  evaporating  from  a  liquid  to  a  gas,  or  wil^ 
give  out  in  returning  from  the  gaseous  to  the  liquid  state. 

Transfer  of  Heat  occurs  in  three  ways:  (i)  by  convection,  (2)  by  radiation 
and  (3)  by  conduction.  For  instance,  if  particles  of  air  in  a  refrigerator  ^- 
jacent  to  a  source  of  heat  become  warmed  they  circulate  and  dbtribute  the  heat 
by  convection  through  the  refrigerator-box.  Heat  will  pass  from  a  warm  sub- 
stance, as  from  the  filament  of  an  incandescent  lamp,  out  into  the  box  by 
radiation.    Heat  will  enter  the  box  through  the  walls  by  conductiox. 

Heat-Transmiasion.  When  the  temperatures  on  opposite  sides  of  any  sur- 
face, as  for  instance,  a  wall,  are  unequal,  heat  will  piss  by  conduction  tfaroucH 
the  material  from  the  warmer  to  the  cooler  side.  The  rate  of  this  movement  is 
the  rate  or  heat-transmission  and  is  stated  in  terras  of  the  quantity  of  kcu.t 
called  (Btu)  which  will  pass  through  i  sq  ft  of  surface  in  24  hours,  per  degree 
temperature-difference  between  the  two  sides  of  the  wall. 

Some  Advantac^es  Claimed  for  Mechanical  RefrigeratiMi. 

(i)  Lower  temperatures  can  be  obtained  with  refrigerating-machincs  than 
with  ice. 

(2)  The  inconvenience  of  handling  ice  is  avoided. 

(3)  There  is  no  accumulation  of  slime  in  the  refrigerators  as  from  the 

melting  of  even  the  best  ice. 

(4)  Refrigerators  cooled  mechanically  are  dryer  than  ice-ooolcd   boxes 

because  the  moisture  is  frozen  out  of  the  air  and  deposited  on  the 
cooling  surfaces. 

(5)  There  is  generally  a  better  air-circulation,  resulting  in  a  more  uniform 

temperature  and  dryer  atmosphere  throughout  the  compartment 

(6)  With  proper  design  of  refrigerator  and  refrigerating-madiine  any  de- 

sired temperature  can  be  obtained. 

(7)  Refrigeration  produced  mechanically  is  often  cheaper  than  refrigeratioB 

produced  by  melting  ice.     (See  page  1695.) 

*  Compiled  and  adapted,  by  permission,  from  data  included  in  a  paper  by  R.  F. 
See,  also.  Refrigerators,  p^cs  1679  to  1683. 
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Opermtion  of  Refriger ating-M achines.  In  almost  all  methods  of  produ  dng 
:old,  advantage  is  taken  of  the  fact  that  when  a  liquid  evaporates  it  usually  cools 
both  itself  and  its  surroundings,  and  changes  into  a  gas  or  vapor.  There  are 
several  liquids  which  are  easily  made  to  evaporate  and  produce  this  cooling 
effect,  and  were  it  not  for  their  cost,  refrigeration  could  be  very  simply  produced 
by  supplying  a  steady  stream  of  the  liquid  and  allowing  the  vapor  or  gas  evapo- 
rated to  escape  into  the  atmosphere.  A  refrigerating-machine  is  practically  an 
appaxutus  for  saving  this  gas  which  has  evaporated  and  returning  it  to  its  liquid 
form  to  be  used  over  again.  In  this  process  of  recovery  and  condensation  the 
sas  gives  out  the  heat  which  it  has  previously  absorbed  in  evaporating.  This 
heat  is  carried  away  by  flowing  water,  which,  in  absorbing  the  heat,  rises  in 
temperature. 

Types  of  Refrigorating-Machines.  In  the  (i)  compression-type  of  re- 
f  rigerating-machines  the  recovery  of  the  gas  is  effected  by  drawing  it  away  from 
the  point  where  it  has  been  evaporated  and  pumping  it  under  increased  pressure 
into  a  chamber  where  it  gives  out  its  heat  to  the  water-cooled  walls  of  the 
chamber  and  returns  to  the  liquid  state  ready  to  be  lued  over  again.  In  the 
(2)  ABSORPTION-TYPE  of  refrigerating-machines  ammonia  is  generally  used  and 
the  recovery  of  the  gas  is  effected  by  bringing  it  into  contact  with  water  with 
w^hich  it  unites  chemically.  The  solution  thus  formed  is  pumped  into  another 
chamber,  and  heat  is  applied  to  drive  off  the  ammonia-gas  which  is  then  condensed 
under  high  pressure.  It  is  now  ready  to  be  reevaporated  and  reproduce  its  cool- 
ing effect.  In  all  cases  of  large  units,  and  in  all  cases  of  either  large  or  small 
units  where  exhaust-steam  is  available  in  sufficient  quantities,  absorption  re- 
frigerating-machines are  very  economical. 

liquids  Used  in  Refrlgerating-Macliinefl.  A  number  of  liquids  have  been 
used  in  refrigerating-machines,  the  ones  commonly  employed  being  (i)  au^ 
MONiA,  (2)  CARBON  DIOXIDE  and  (3)  SULPHUR  DIOXIDE.  Various  practical 
considerations  determine  which  is  to  be  used  in  any  particular  design  of  machine. 
With  (i)  AMMONIA  the  advantage  is  the  lower  working  pressures,  from  15  to 
300  lb  per  sq  in,  which  are  easy  to  deal  mth.  An  advantage  over  carbon  dioxide 
is  that  leaks  are  very  easily  located.  Ammonia-fumes,  however,  are  offensivo 
and  sometimes  dangerous  in  case  of  a  break.  With  (2)  carbon  dioxide  the 
advantage  is  in  its  inoffensive  odor.  Its  disadvantages  are  the  high  pressure  at 
which  it  works,  from  300  to  i  aoo  lb  per  sq  in,  the  relative  difficulty  of  holding 
these  pressures  and  of  finding  small  leaks,  owing  to  its  slight  odor  and  chemical 
inactivity.  With  (3)  sulphur  dioxide  the  advantage  is  its  comparatively  low 
working  pressure,  which  is  not  above  75  lb  per  sq  in.  Its  great  disadvantage  is 
that  with  moisture  it  forms  an  acid  which  rapidly  corrodes  the  apparatus.  At 
one  time  this  disadvantage  was  fatal,  since  with  the  old-type  machines,  air  and 
moisture  were  constantly  being  drawn  into  the  sjrstem  more  or  less  rapidly  and 
mixed  with  the  sulphur  dioxide.  This  difficulty  has  recently  been  overcome  in 
some  modem  t3rpes  of  machines  *  in  which  the  refrigerant  is  hermetically  sealed 
in  the  machine  and  chemical  action,  therefore,  prevented. 

Ratinff  of  Refrigeradng-Macbines.  A  i-TON  refrigerating-machike  is  a 
machine  which,  if  operated  for  24  hours,  will  absorb  the  amount  of  heat  which 
I  ton  of  ice  would  absorb  in  melting.  If  the  machine  is  operated  a  shorter  time 
per  day,  a  less  amount  of  heat  will  of  course  be  absorbed,  and  in  order  to  main- 
tain the  temperature  during  the  period  when  the  machine  is  not  running,  some 

*The  Audiffren  Refrigerating-Machine,  a  small  machine  intended  for  domestic  uses 
and  manufactured  by  Johns-Manville,  Inc.,  New  York.  There  are  many  other  reliable 
Arms  making  refrigerating-machines  of  other  distinct  types,  and  the  architect  should 
look  carefully  into  the  merits  and  claims  of  each  when  called  upon  to  specify  them. 
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means  must  be  adopted  for  storing  cold.  (See  paragraph  beloir.) 
machines  are  sometimes  rated  in  terms  of  ice-3caking  capacity,  that  is,  ia  l<-^  i 
of  the  amount  of  ice  the  machine  wiU  make  in  24  hours.  This  is  alwio^'s  les^  t^:  1 
the  refrigerating  capacity  because  some  refrigerating  effect  is  requiivd  ta  o  *  i 
the  water  down  to  32°  F.  before  the  freesing  can  begin,  and  the  kae  is  tse^ 
cooled  several  degrees  below  3  2**  F.,  which  requixtes  a  still  greater  capacity.  Tb.  - : 
is  also  some  flow  of  heat  into  the  apparatus.  These  elements  vary  consider^: 
so  that  from  some  points  of  view  ice*making  capacity  might  be  oonsklensc  ^ 
unsatisfactory  method  of  rating  some  lefrigerating-machines. 

Appiyfaig  the  Cold.  According  to  one  classification  there  are  throe  00012:  - 
83rstems  of  applying  the  cold.  These  are,  (x)  the  direct-expaksiox  ststi  : 
(2)  the  BRINE-SYSTEM  and  (3)  the  cold-air  system. 

(i)  In  the  DiRECT-BXPANSiON  SYSTEM  the  refrigerant  is  evaporated  in  c^L 
of  pipe  placed  directly  in  the  room  to  be  cooled. 

(2)  In  the  BRINE-SYSTEM  the  refrigerant  is  used  to  cool  brine,  whsch  is  thr . 
circulated  through  coib  of  pipe  in  the  room  to  be  cooled. 

(3)  In  the  COLD-AIR  system  a  current  of  air  is  chilled  by  pasning  it  oyct  cu^:- 
of  pipe  cooled  directly  by  the  evaporating  refrigerant,  or-  by  brine,  or  ^'< 
passing  it  through  a  spray  of  cold  brine;  and  this  chilled  air  is  then  passed  Ht  > 
the  room  and  circulated  back  to  the  oooling-coils,  the  whole  opeiatioa  bei:.z 
repeated  indefinitely. 

All  of  these  systems  have  their  advantages  and  disadvantages.  While  tv 
brine-system  is  a  little  more  expensive  to  operate  in  large  plants,  the  temper- 
ature is  more  easily  controlled  than  with  the  direct-expansion  system,  and  >-> 
practice  in  snoall  plants  it  is  found  as  economical  in  operation  in  spite  ci  it^ 
theoretical  disadvantage.  Furthermore,  in  case  of  any  breakdown  in  the  n^- 
chine,  the  temperature  can  be  held  for  a  time  by  circulating  the  brine  until :: 
becomes  too  warm  to  be  of  use,  whereas  with  direct  expansion  the  temperature 
,  will  begin  to  rise  immediately  upon  the  stopping  of  the  machine.  The  cold-iir 
^stem  ia  not  as  applicable  where  any  drying  of  the  goods  stored  would  be  harm- 
ful and  there  is  some  risk  of  carrying  fire  in  the  air-passages.  It  is  much  usee, 
nevertheless,  for  such  service  as  chocolate-dipping  rooms^  ioe-cieam  hairietiiryj; 
fur-storagesy  etc. 

Stocage  of  Cold.     When  temperatures  are  to  be  maintained  while  the  refri?- 
erating-machine  is  shut  down,  cold  must  be  stoked.    In  the  brine^ystcm  thi> 
is  effected  by  cooling  a  comparatively  large  body  of  brine  which  wams  tkmiy 
as  it  is  circulated.    Where  the  brine-drcolating  pump  as  well  as  the  machine 
must  be  stopped,  so-called  prkssoke-tanks  may  be  placed  in  the  piping;- 
system  in  the  room  being  cooled;  the  mass  of  brine  in  these  tanks  absorbs  tlie 
heat  and  helps  to  maintain  an  approximately  even  temperature.    Where  the 
direct-expansion  system  is  used,  a  part  of  the  cooling-coils  may  be  immersed  ia 
a  tank  of  brine  placed  in  the  room  and  the  remainder  of  the  coils  arranged  for 
the  direct  cooling  of  the  room.    In  some  places  the  spaces  available  wiU  not 
permit  the  use  of  brine-storage  tanks.    In  cases  of  this  kind  smaller  tanks  may 
be  used  and  filled  with  water,  or  a  weak  brine  iriiich  will  freeae  at  a  tompem- 
ture  a  little  below  32°  F.    Since  i  lb  of  ice  in  melting  will  absorb  144  Btu  axwi 
I  lb  of  brine  rising  in  temperature,  say  20°,  will  absorb  only  from  14  to  16  Btu. 
the  saving  of  space  is  apparent.    It  must  be  absolutely  certain  that  tbe  refrig- 
erant reaches  the  tank  first  at  the  bottom  and  that  the  air  to  be  cooled  reaches 
it  first  at  the  top  so  that  the  ice  in  forming  shall  not  bulge  or  burst  the  tank 
If  the  congealing  mass  were  to  freeze  from  the  top  down  the  tank  irooU  be 
strained  and  finally  leak,  because  of  the  expansion  of  the  ice  in  freezing.    An- 
other faa  to  be  considered  is  that  where  water,  only,  is  frozen,  a  resulting  high 
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;eniperature  may  be  obtained  in  the  refrigerator,  since  the  brine  must  be 
varmer  than  the  ice  in  order  to  melt  it,  and  the  refrigerator  just  that  much 
Krarmer,  or  warmer  than  an  ice-cooled  box.  In  calculating  the  proper  sizes  of 
:anks  for  storing  brine,  it  should  be  remembered  that,  usually,  the  period  during 
which  the  machine  is  shut  down  coincides  with  the  period  during  which  the 
demand  for  refrigeration  in  the  box  is  the  least.  The  amount  of  heat  to  be 
].bsorbed  is  usually  only  that  entering  through  the  insulation,  as  the  doors  are 
shut  and  no  food  b  put  in  or  removed. 

Description  of  Refrigerating-Machines.  As  explained  in  the  preceding 
paragraphs  refrigerating-machines  may  be  divided  generally  into  two  classes, 
(i)  the  C09CPRESSI0N-TYPE  and  (2)  the  absorption-type. 

(i)  The  Compression-Type  of  Refrigerattng-Machines  may  be  subdivided  as 
follows: 

(a)  The  open  type  of  machine,  which  is  made  both  vertical  and  horizontal, 
and  both  single  and  double-acting,  that  is,  compressing  the  gas  at  one  end  or 
at  both  ends  of  the  cylinder,  {b)  The  partially  enclosed  tjrpe  of  machine,  in 
which  all  the  moving  parts  of  the  compressor  proper  are  enclosed  within  the  frame 
of  the  compressor,  except  the  fly-wheel  and  the  main  shaft  which  enters  the 
frame  of  the  machine  through  a  stuffing-box.  Such  valves,  also,  as  are  required 
in  the  system  are  exposed,  (c)  The  wholly  enclosed  type  of  machine,*  in  which 
all  of  the  working  parts  are  enclosed  in  a  hermetically  sealed  container. 

(a)  One  advantage  of  the  open  type  of  machine  is  that  any  lack  of  adjustment 
due  to  wear  can  be  readily  corrected;  so  that,  with  proper  attention,  it  gives 
excellent  results.  For  large  installations  this  is  considered  by  many  to  be  a 
most  efficient  type  of  machine. 

ib)  The  enclosed  tjrpe  of  machine  resulted  from  the  effort  to  reduce  the  amount 
of  attention  required  by  the  open  machine,  to  cheapen  its  construcfion  and  to 
reduce  the  possibility  of  trouble  from  inexpert  tampering.  An  objection  to 
machines  of  this  type  is  that  when  adjustments  have  to  be  made  the  working 
parts  are  relatively  inaccessible. 

(c)  With  the  wholly  enclosed  type  of  machine  it  b  claimed  that  the  loss  of 
the  refrigerant  is  prevented  by  the  hermetical  sealing  of  the  apparatus,  and  that 
the  working  parts,  being  completely  enclosed,  are  protected  from  deterioration 
due  to  out^de  causes  or  tampering. 

(a)  The  AbsorptkMi-Typ*  of  Refriffeiatiag-Machines  are  of  two  kinds,  differ* 
ing  principally  in  the  proportioning  of  the  parts.  In  the  one  machine  high-pres* 
sure  steam  b  used;  in  the  other  the  proportions  are  such  that  low-pressure 
or  exhaust-steam  may  be  used.  Where  exhaust-steam  b  available  machines 
of  this  type  are  found  to  be  very  economical,  and  this  is  true,  also,  for  all  large 
units  whether  or  not  exhaust-steam  is  used.  Full  descriptions  of  these  machines 
with  detailed  plans  and  layouts  may  be  obtained  from  the  various  manufacturers. 

Calcnlations  for  the  Capacity  of  a  Refrigerating-Machine.  Heat  enters 
the  refrigerated  compartments,  (x)  through  the  walls,  (a)  with  warm  goods,  (3) 
by  the  interchange  of  the  outside  air  when  doors  are  opened  and  by  air-leaks, 
since  the  cooled  air  b  the  heavier  and  immediately  flows  out  when  a  door  is 
opened,  (4)  from  lights  or  from  the  heat  of  the  bodies  of  workers,  and  (5) 
from  any  change  of  state  occurring  in  the  goods,  such  as  freezing,  fermenting, 
etc.  In  large  rooms  these  various  sources  of  heat  should  be  analyzed  sepa- 
rately. In  small  refrigerators,  as  in  hotels,  kitchens,  dwellings,  etc.,  a  rough 
rule,  quite  as  accurate  as  a  more  elaborate  analjrsis,  allows  a  certain  number  of 
Btu  per  cubic  foot  of  refrigerated  space  per  24  hours.    Thb  amount  varies 

?  Rebned  toon  page  x68s. 
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with  the  character  and  location  of  the  box,  the  nature  of  its  insulation*  the  tot^ 
peratures  desired  and  so  on.  It  will  be  seen  that  the  insulation,  while  of  grc^i 
importance,  is  not  by  any  means  the  only  important  factor  in  this  class  • : 
boxes.  For  domestic  refrigerators  in  which  a  temperature  of  from  35  to  50'  F. 
is  maintained,  300  Btu  per  cu  ft  of  refrigerator  per  24  hours  should  be  afloved. 
For  boxes  in  hotel  or  restaurant-kitchens,  600  Btu,  or  even  900  Btu  in  ex- 
treme cases  and  where  low  temperatures  are  required,  should  be  allowed,  f^jt 
butchers'  coolers  or  large  storage-boxes  in  hotels,  etc.,  from  200  to  250  Btu  per 
cu  ft  per  24  hours  should  be  allowed.  A  check  on  the  above  figures  for  tL- 
large  type  of  box  is  the  following:  *  "When  the  exact  conditions  under  whi  : 
cold-storage  rooms  are  to  be  operated  are  known,  namely,  the  size  and  shape  ■ . 
the  rooms,  the  quality  of  the  insulation,  the  kind  and  quantity  of  goods  to  v 
handled  per  day  and  the  temperatures  at  which  they  are  received  and  at  whiui: 
they  are  to  be  held,  the  amount  of  refrigeration  required  can  be  estimated  ver. 
closely  by  the  following  rule:  (i)  Calculate  the  exact  area  of  exposed  sarf:^  e 
in  the  walls,  floor  and  ceiling  of  the  room  in  square  feet,  multiply  the  total  cum- 
ber of  square  feet  by  the  number  given  in  the  table  for  the  required  tempera- 
ture and  divide  the  product  by  288  000.  (2)  Multiply  the  amount  of  gcm^-.l^. 
in  pounds,  to  be  stored  per  day  by  the  number  of  degrees  of  heat  to  be  extractrd 
by  the  specific  heat  of  the  goods,  and  divide  by  288  000.  This  will  give  ih< 
amount  of  refrigeration,  in  tons  per  day,  necessary  to  maintain  the  tempera- 
ture required  for  the  goods.  (3)  Add  these  two  amounts  tt^ether.  The  tou! 
will  be  the  amount  of  refrigeration,  in  tons  per  day,  required  to  maintain  the 
temperature  required  for  the  goods  and  for  the  room.  (4)  If  the  goods  an: 
to  be  frozen,  the  latent  heat  of  freezing  should  be  added  to  the  number  J 
Btu  to  be  extracted." 


For  rooms  containing  less  than  i  000  cu  ft 

If  maintained  at   0"  P.  multiply  the  exposed  surface  by 

1775 

If  maintained  at   5*  P.  multiply  the  exposed  surface  by 

710 

If  maintained  at  xo"  P.  multiply  the  exposed  surCace  by 

53S 

If  maintained  at  20°  F.  multiply  the  exposed  surface  by 

3SS 

If  maintained  at  32"  F.  multiply  the  exposed  suriaoe  by 

26s 

If  maintained  at  36**  F*  multiply  the  exposed  surface  by 

180 

For  rooms  containing  from  i  000  to  xo  000  cu  ft 

If  maintained  at  0*  P.  multiply  the  exposed  surface  by  i 

t25D 

If  maintained  at   5'  F>  multiply  the  exposed  surface  by 

600 

If  maintained  at  10"  F.  multiply  the  exposed  surface  by 

300 

If  maintained  at  20"  P.  multiply  the  exposed  surface  by 

190 

If  maintained  at  32"  F.  multiply  the  exposed  surface  by 

160 

If  maintained  at  36*  P.  multiply  the  exposed  surface  by 

125 

For  xooms  containing  more  than  xo  000  cu  ft 

If  maintained  at   0'  F.  multiply  the  exposed  surface  by  i 

[  xoo 

If  maintained  at   s*  P.  multiply  the  exposed  surface  by 

550 

If  maintained  at  lo**  P.  multiply  the  exposed  surface  by 

rjs 

If  maintained  at  20"  P.  multiply  the  exposed  surface  by 

ito 

If  maintained  at  32*  F.  multiply  the  exposed  surface  by 

140 

If  maintained  at  36*  P.  multiply  the  exposed  surface  by 

IXO 

*  Taken  from  Levey's  Re/rigeratkHi  Memoranda,  page  41. 
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With  small  machines  it  is  necessary  to  allow  a  greater  capacity  of  machine 
for  a  given  size  of  box  than  with  large  machines,  since,  with  the  latter,  one  can 
always  throw  a  large  part  of  the  machine-capacity  to  any  given  box  where 
special  need  may  exist;  whereas  to  do  this  with  the  small  machine  would  almost 
certainly  rob  some  other  box,  if  indeed  there  happened  to  be  another  box.  It  is 
never  possible  to  determine  with  mathematiod  certainty  exactly  how  much 
refrigeration  is  required  for  a  given  case.  It  is  besC  to  allow  for  this  fact  and 
to  be  sure  the  machine  is  amply  large.  Where  an  existing  ice-cooled  box  is  to 
be  cooled  mechanically  one  check  upon  the  size  of  the  machine  required  is  the 
amount  of  ice  used.  This  checic  is  more  apt  than  any  other,  however,  to  lead 
to  erroneous  conclusions  unless  the  figures  are  properly  analyzed. 

Another  Method  of  Determining  the  Capacity  of  a  Refrigendng-Machine. 
The  following  is  a  method  that  gives  good  results,  except  that  allowance  may  be 
made  in  the  larger  boxes  and  where  brine-storage  tanks  are  provided  in  the  box 
for  the  steadying  cfiFect  of  the  mass  of  cold  brine: 

(i)  The  ice-consumption  for  the  hottest  month  of  the  year  should  be  deter- 
mined.   This  will  give  the  average  ice-consumption  for  that  month. 

(2)  The  average  temperature  that  is  maintained  in  the  box  with  ice  should 
then  be  accurately  determinsd.  This  will  usually  be  from  55  to  65°  F.  It  will 
commonly  be  stated  to  be  anywhere  from  40  to  45**  F.,  but  these  temperatures 
are  seldom  obtained.  Even  if  they  are,  with  a  full  ice-chamber  and  the  box 
closed  for  long  periods  the  average  will  be  above  these  figures.  Unless,  there- 
fore, there  is  positive  assurance  to  the  contrary,  from  55  to  60^  F.  should  be 
considered  the  average  temperatures. 

(3)  A  calculation  should  then  be  made  of  the  heat-inflow  through  the  insula- 
tion, with  a  temperature  of  55°  F.  in  the  box  and  with  the  average  summer 
temperature  outside.  The  difference  between  the  heat-inflow  through  the 
insulation  and  the  total  heat  actually  absorbed  by  the  melting  of  the  ice  is  the 
amount  entering  the  box  from  other  sources  than  through  the  insulation.  This 
access  of  heat  ordinarily  occurs  during  the  hours  of  daytime  only,  that  is,  when 
the  box  is  being  opened,  since  at  night  the  box  will  remain  closed.  A  machine 
of  sufficient  capacity  to  produce  the  temperature  actually  obtained  with  ice 
must,  therefore,  be  of  larger  rated  capacity  than  that  indicated  by  the  actual 
ice-consumption;  and  how  much  larger  it  should  be  can  be  determined  by  this 
method. 

(4)  A  further  fact  which  it  is  claimed  should  be  taken  into  account  in  deter- 
mining the  proper  size  of  a  machine  is  that  temperatures  obtainable  with  ice 
are  often  unsatisfactory.  If  they  were  always  satisfactory  one  reason  for  put- 
ting in  cooling-machinery  would  be  done  away  with.  Where  55°  F.  is  obtained 
with  ice,  from  35  to  45"  F.  will  be  required  with  mechanical  cooling  and  the 
machine-size  must  be  further  increased  in  the  ratio  of  the  temperature-differ- 
ences between  average  summer  temperatures  and  35°  F.,  and  average  sununer 
tempenturcs  and  55*  F. 

(5)  The  cooling-machine  if  installed  in  accordance  with  these  figures  would 
handle  average-weather  conditions  but  would  not  be  adequate  for  extreme 
hot-weather  conditions,  the  most  important  conditions  to  be  met  by  cooling- 
machinery.  It  is  necessary,  therefore,  to  further  increase  the  size  of  the  machine 
in  the  ratio  of  the  difference  in  temperature  between  maximum  summer  tem- 
perature and  35**  F.,  and  average  summer  temperature  and  35°  F. 

(6)  A  further  allowance  should  be  considered,  namely,  the  fact  that  in  many 
cases,  for  one  reason  or  another,  it  is  not  possible,  or  else  not  desirable,  to  oper- 
ate the  machine  except  during  certain  periods  of  the  day,  and  the  machine-size 
must  be  increased  as  much  as  may  be  required  to  take  care  of  these  conditions. 
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(7)  If  the  machine  is  not  placed  directly  at  the  box  to  be  cooled,  aOovaice 
must  be  made  for  the  heat-inflow  into  the  insulated  brine-mains.  The  amount 
of  heat  entering  from  this  source  is  often  of  considerable  importance,  partko- 
larly  with  small  machines.  The  table  below  gives  heat  transmi^ons  for  cork 
pipe-covering  and  some  other  materials. 

Water  and  Milk-Cooling.  Mechanical  refrigeration  as  applied  to  coolisg 
water  and  milk  differs  in  one  respect  from  other  classes  of  refrigerating-wort 
A  relatively  intense  quantity  of  cooling  effect  is  called  for  in  a  brief  interval 
of  time.  For  instance,  in  a  drinking-water  system  the  heaviest  requiremenca 
may  come  at  the  noon-hour.  In  a  bakery,  also,  the  demand  for  chilled  valEf 
will  be  intermittent,  a  large  quantity  of  water  being  required  for  the  dougb- 
mixing.  In  dairy-work  the  milk  must  be  cooled  very  rapidly  to  check  the 
development  of  bacteria  which  grow  with  incredible  rapidity  within  the  tem- 
perature-range of  from  z  xo  to  50°  F.  To  install  a  large  enough  refrigeratisg- 
machine  to  produce  the  required  cooling  effect  as  it  is  needed  would  in  roust 
cases  call  for  a  very  large  machine.  This  is  overcome  by  using  a  smalkf 
machine  and  allowing  it  to  operate  for  a  longer  time,  say  throughout  the 
day,  storing  the  refrigerating  effect  produced  by  cooling  a  large  body  of  brine. 
or  melting  the  ice  as  rapidly  as  may  be  required.  For  instance,  if  50  caii5 
of  milk,  of  40  qts  each,  are  to  be  cooled  from  a  temperature  of  from,  say,  75 
to  35**  F.,  in  i  hour,  the  refrigeration  required  will  be  50  cans  times  40  qts  times 
2  lb  per  qt  times  (75°  F.  —  35°  F.),  which  equals  320000  Btu.  Milk  is  treated 
in  the  calculation  as  having  the  same  specific  heat  as  water,  since  water  form5 
so  large  a  i)crcentage  of  its  total  weight.  This  amount  of  refrigeration  pri>- 
duced  by  a  machine  running  12  hours  per  day  would  require  the  machine  to 
absorb  320000  Btu  divided  by  12,  or  26  000  Btu  per  hour.  The  quantity  c<f 
brine  necessary  to  store  the  cooling  effect  may  be  calculated  closely  eoouj;h  k-: 
practical  purposes  by  using  the  following  approximate  figures.  The  specltv 
heat  of  brine  is  0.75.  The  weight  of  the  brine  is  9  lb  per  gallon.  The  pcrmU 
sible  temperature-range  of  the  brine  depends  upon  the  conditions  and  may  b^ 
from,  say,  30  to  15"  F.,  or  lower.  In  other  words,  the  temperature  to  which 
the  brine  can  be  permitted  to  rise  is  limited  to  the  temperature  it  must  produce 
in  the  room  or  in  the  substance  being  cooled,  and  the  temperature  to  wbkh 
the  brine  can  be  cooled  in  storing  cold  is  limited  by  the  decrease  in  economy  (.<l 
the  refrigerating-machine  at  the  low  temperatures. 

The  Value  of  Good  Insulation.  (See,  also,  Insulation,  page  X6S3.)  Tin 
importance  of  good  insulation  caxmot  be  too  strongly  emphasized.  A  cdJ- 
storage  room  or  refrigerator  and  its  contents  may  be  cooled  by  ice  or  mechani- 
cal means,  but  unless  the  walls  are  adequately  insulated,  the  demand  caused 
by  the  inflow  of  heat  through  the  poor  insulation  may  be  more  than  the  ice- 
supply  or  refrigerating-machine  can  meet  to  maintain  the  required  temperd- 
ture.  The  almost  universal  standard  of  insulation  for  cold-storage  rooms  is  i 
4-in  thickness  of  pure-cork  sheet.  The  following  table  shows  the  heat  trans- 
mitted through  X  in  in  thickness  of  each  of  the  substances,  per  square  foot  oi 
exposed  suriace  per  degree  difference  in  temperature  per  24  hours. 


Pure-oork  sheets 6.4  Btu 

Haix^felt 7.3  Btu 

Impregnated  cork  boards 8.5  Btu 

Rock-wool  blocks 8.0  Btu 

Waterproofing  lith-blocka 8.5  Btu 

Spruce,  clear  and  dry 16.0  Btu 

White  oak a6.o  Btu 
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Design  ni  Refrigentton.  Diipoaitioa  of  Coolte*8«fBCM.  (See,  also, 
iubjcct  of  Refrigerators,  page  1679-)  No  attempt  need  be  made  to  describe  all 
>f  the  many  arrangements  of  refrigerated  compartments  that  are  to  be  fomid  in 
lervice.  The  intention  is  to  point  out  some  of  the  more  important  things  to 
>e  considered  in  determining  upon  the  design  of  a  box.  It  is  desirable  in  a 
ef  rigerator  to  produce  not  only  a  low  temperature,  but  a  relatively  dry  atmo»- 
>bere. 

Cooling-Siirface  and  Temperature.  Securing  the  low  temperature  is  merely 
L  question  of  supplying  sufficient  cooling-surface  to  produce  the  desired  results 
vith  the  temperature  available  in  the  refrigerant.  The  amount  of  surface 
equired  is  influenced  by  the  arrangement  of  the  box,  that  is,  whether  or  not 
he  air  passes  freely  or  sluggishly  over  the  surface,  whether  the  cooling-surface 
s  placed  on  the  ceiling  or  walls  of  the  compartment  or  in  a  loft  and,  if  the  latter 
irrangement  is  used,  whether  or  not  the  air-passages  are  of  proper  sise  and  the 
rirctilation  between  the  loft  and  the  compartment  sufficient. 

I>ryneM  <rf  Atmoeiihere  and  Temperature.  To  secure  a  box  of  satisfactory 
Iryness  it  is  necessary  to  have  a  relatively  low  temperature  in  the  refrigerant. 
rhe  air  which  passes  over  the  cooling-surfaces  is  practically  in  a  saturated  con- 
lition  when  it  leaves  them.  If  it  is  to  be  dry  at  the  temperature  required  in 
:he  box,  it  must  have  been,  necessarily,  cooled  well  below  the  box-temperature. 
Kor  instance,  in  a  box,  the  temperature  of  which  is  maintained  at  35^  F.,  the 
^rine  should  be  run  at  a  temperature  of  from  about  20°  to  25**  F.  It  is  further 
iesirable  to  so  locate  the  cooling-surface  that  frost  in  melting  will  pass  out  of 
the  box  quickly  and  not  remain  to  be  reabsorbed  by  the  air  in  the  box. 

Arrangements  of  CooUng-Sttiiaces.  There  are  several  common  arrangements 
3f  cooling-surfaces  in  refrigerators.  Sometimes  the  coils  are  arranged  overhead, 
but  directly  in  the  compartment  to  be  cooled.  This  is  one  of  the  efficient  ways 
in  which  a  cooling-surface  can  be  arranged,  so  far  as  the  cooling  effect  alone  is 
concerned.  It  is  not,  in  general,  a  good  arrangement,  however,  since  frost 
melting  from  the  coils  drips  on  the  goods.  In  another  arrangement  the  cooling- 
surfaces  are  on  the  wall.  This  is  preferable  to  the  ceiling-arrangement,  as  far 
as  the  dripping  is  concerned.  The  objection  to  it  is  that  goods  placed  close  to 
the  walls  are  apt  to  be  overchilled,  while  goods  nearer  the  center  of  the  com^ 
partment  are  not  cooled  quickly  enough.  It  also  wastes  floor-space,  because 
packing  goods  close  to  the  coils  is  not  practicable  on  account  of  possible  over- 
chilling  and  alsD  on  account  of  the  liability  of  retarding  the  air-circulation.  The 
wall-arrangement  for  cooling-surfaces  is,  nevertheless,  often  the  most  practica- 
ble method.  Another  method  involves  a  modified  form  of  wall-coil  arrangement 
in  which  a  brine-storage  tank  is  used  to  assist  in  maintaining  the  temperature 
when  the  machine  is  shut  down.  A  further  modification  is  often  introduced, 
in  which  a  partition  or  baffle-plate  b  used  in  front  of  the  coils.  The  best  types 
of  box-arrangement  are  those  in  which  the  cooling-surface  is  separated  from  the 
storage-space  and  is.  so  arranged  as  to  secure  an  active  circulation  of  the  air 
over  the  coils  and  through  the  compartments.  In  all  of  these  plans  the  one 
requirement  calling  for  the  greatest  care  is  that  the  air-passages  shall  be  as 
direct  as  possible  and  of  ample  size.  The  force  causing  the  air  to  circulate, 
namely,  the  difference  in  weight  due  to  differences  in  temperature  and  density 
between  the  column  of  air  in  the  coil<ompartment  and  that  in  the  storage^ 
compartment,  is  so  extremely  small  that  any  slight  interference  is  a  serious 
matter.  An  extra  turn  in  the  passage  or  a  slight  reduction  in  the  sixe  of  the 
passage  will  produce  a  marked  effect.  A  good  rule  to  follow  is  to  make  the 
passage  as  huge  as  it  can  be  made  without  allowing  any  drip  to  reach  the 
storage-compartment.    This  will  work  out  in  many  cases  to  show  a  ratio  of 
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I  to  8  or  9  between  the  area  of  the  passage  and  the  floor*aiea  of  the  compan- 
ment;  but  even  i  to  6  is  just  that  much  better  if  it  can  be  secured.  The  matter 
of  proportioning  the  size  of  the  air-passages  is  of  much  less  importance  whert 
the  air  is  drcuiated  by  fans.  Forced  circulation  is  not  usual,  however.  exc«(<t 
in  large  storage-refrigerators,  and  no  attempt  will  be  made  here  to  coosKkr  A. 
One  precaution  that  must  be  taken  in  arranging  the  cooling-surface,  especially 
in  small  and  frequently  opened  boxes,  is  the  avoidance  of  any  undue  coding  of 
Walls  or  ceilings  that  are  exposed  to  currents  of  warm  air  when  the  door  .^ 
opened.  Moisture  from  the  incoming  air  deposits  on  these  surfaces  and  caufars 
the  offensive  so-called  sweating  of  the  box.  This  is  most  often  seen  on  the 
storage-compartment  side  of  uninsulated  coil-compartment  floors  or  paititiuc^. 
and  also  occurs  on  walls  or  ceilings  where  the  cooling-pipes  are  set  veiy  ck>5e  :• 
these  surfaces.  The  obvious  and  effective  cure  is  to  insulate  the  partiticii 
between  coil-compartments  and  storage<ompartments  and  keep  cooling-sur- 
faces well  away  from  walls  or  ceilings,  from  3  to  8  in,  depending  upon  the  teci- 
perature  of  the  brine. 

Incidental  Notes  on  Refrigerators.  Drawers.  In  restaurant-kitchess 
and  elsewhere  it  is  sometimes  convenient  to  have  a  box  fitted  with  a  number 
of  refrigerated  drawers.  The  heat-leakage  through  the  many  joints,  throu^s 
slides  which  are  invariably  only  partially  closed,  and  through  the  poor  iosuU- 
tion  of  the  drawers,  is  very  great.  Where  it  is  at  all  possible  to  do  so,  it  :5 
best  to  arrange  an  insulated  door  covering  the  entire  drawer-qnce. 

Anterooms.  In  storage-rooms  of  medium  to  large  size  the  air-interchan|:e 
due  to  opening  doors  is  reduced  to  a  minimum  by  arranging  an  anterocxn  ( r 
entry  wMch,  after  it  is  entered,  has  its  outer  door  closed  before  the  door  to  tht 
storage-room  proper  is  opened.  Where  two  rooms  are  side  by  side,  it  is  oita 
possible  to  reduce  the  interchange  of  air  by  treating  the  one  loom  as  an  ante- 
room of  the  other,  having  but  one  door  to  the  outside  air. 

Doors.  Special  note  should  be  made  as  to  the  design  of  doors  for  reCrignatrd 
looms  or  boxes.  There  is  a  common  idea  that  a  refrigerator-door  should  be 
beveled.  As  a  matter  of  fact  no  more  certain  means  of  ensuring  air-leakafc 
could  be  devised.  A  perfectly  fitted  beveled  door,  hung  accuratdy  in  piicK. 
cculd  perhaps  be  made  tight  in  the  beginning.  This  door  in  service  at  oc^.' 
begins  to  sag,  since  a  refrigerator-door  is  always  heavy.  It  immediatd>'  be- 
comes impossible  to  force  it  to  a  tight  seat  and  continuous  leakage  of  air  bcgic- 
A  refrigerator-compartment  door  is  most  readily  made  tight  by  having  a  d^: 
surface  on  the  door  come  up  against  a  corresponding  surface  on  the  frame,  vit: 
a  soft  gasket  of  some  kind  between  them.  There  are  several  well  made  rr- 
f rigerator-doors  on  the  market  at  prices  low  enough  to  make  it  doubtful  econony 
to  attempt  the  home-made  article. 

Arrangement  of  Brine-Maint.  In  laying  out  mains  to  carry  brine  from  tbe 
refrigerating-machine  to  the  refrigerator,  there  are  a  few  simple  points  to  be 
cared  for.  For  the  convenience  of  the  pipe~covering  man,  the  flow  and  rctura 
lines  should  be  placed  far  enough  apart  so  that  he  can  get  his  covering  oot^ 
each  pipe  without  cutting  it  to  pieces,  or  else  they  should  come  dose  together 
so  as  to  be  covered  together.  A  common  difficulty  experienced  in  brine-sjv 
tems  of  refrigeration,  where  the  cooUng-coils  in  several  compartments  are  ied 
from  the  same  main,  is  that  when  the  adjustment  of  the  valve  controlling  the 
flow  of  brine  through  one  coil  is  changed,  it  upsets  the  adjustment  of  the  wbule 
system.  This  is  due  to  too  small  mains  or  too  small  a  pump^  or  both.  A 
similar  action  is  observed  when  the  opening  of  a  faucet  on  a  ifrater-ptpe  diecks 
the  flow  from  other  open  faucets  on  the  line.    The  ideal  crott-aectioa  area  ol 
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he  brine-mains  is  as  nearly  as  possible  equal  to  the  combined  cross-section 
rea  of  the  coils  which  they  serve  at  any  one  time.  Even  with  this  proportion, 
owever,  it  is  not  possible  to  absolutely  ensure  that  the  lower  coils  will  not  rob 
he  upper  ones,  or  even  drain  them  completely  in  some  systems  of  piping.  A 
lost  effective,  even  if  somewhat  expensive  method  of  overcoming  this  diffi- 
ulty,  is  by  the  addition  of  a  third  main.  In  this  arrangement  it  is  not  possible 
)r  one  coil  to  rob  another  to  the  point  of  draining  it. 

CalcnlatioiiB  for  the  Necessary  Amount  of  Cooling-Surfaces.     No 

tard  and  fast  rule  can  be  given  regarding  the  proper  amount  of  cooling-surface 
>r  compartments  of  various  sizes,  since  the  design  and  arrangement  of  the 
ooling-surface  and  the  freedom  with  which  the  air  circulates  over  it  greatly 
fifect  the  amount  required.  As  a  general  guide,  however,  and  where  the  con- 
itions  are  such  as  to  permit  a  good  circulation  of  the  air,  the  following  formula 
rill  give  good  results.  It  will  be  imderstood,  of  course,  that  the  refrigeration 
squired  in  the  given  room  has  been  determined  as  previously  indicated. 
The  cooling-surface  required,  in  square  feet,  per  ton  of  refrigeration  equals 
7oo/(r~  /)  in  which  T  is  the  temperature  desired  in  the  compartment,  and  / 
be  average  temperature  of  the  brine. 


Appvoved  Cold-Storage  Tempeiatorea 


Articles  stored 


Beef 

Lamb  and  mutton 

Hogs 

Veal 

Mvats.  in  pickle  or  brine 

Butter,  must  be  kept  separate  from  other  Booda 

Eggs 

Cheese 

Lard 

Poultry,  to  freeze 

Poultry,  when  froxen 

Game,  to  ixcta^ 

Game,  when  frozen 

Pish,  retail  fish-coanters  should  be  cooled  with  ioe  rather  than 

mechanically 

Oysters 

Beer 

Wines 

Cider 

FruiU 

Vegetables 

Canned  goods 

Flour  and  meal 

Furs 

Brine  for  ice-cream  freezing 

Ice-cream,  air-hardening 

Ice-cream,  serving-temperature 


Degrees 

Fahrenheit 

36  to  40 

32  to  36 

a9to3J 

34  to  36 

35  to  40 

ot0  38 

39to3J 

32  to  34 

38  to  40 

5  to  10 

25  to  28 

Stoic 

25  to  28 

25  to  28 

33  to  45 

33  to  42 

40  to  45 

30  to  40 

33  to  36 

34  to  40 

38  to  40 

40 

25  to  32 

5  to  10 

5 
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Ice^Making.  If  the  following  facts  of  physics  are  kept  in  mind  in  consider- 
ig  methods  of  making  ice  the  results  obtainable  may  be  understood  or  pre- 
ictcd: 
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(i)  Chemically  pure  water  will  freeze  solid  and  clear. 

(2)  Water  containing  impurities  in  solution  tends  in  f reeain^  to  fonae  t^- 1 

impurities  out  of  solution.    The  slower  the  process  of  freezin?  -i 
more  completely  is  the  purification  effected. 

(3)  Ice  forming  in  stili  water  sends  out  long  slender  crystals  wfaicfa  incT".  1 

in  number  and   size,  forming  a  meshwork  that  gradually  becoc^  i 
solid  mass. 

(4)  Agitation  of  water  during  freedng  aids  in  the  separation  of  imperii' i 

and  therefore  in  forming  solid,  clear  ice. 

(5)  Practically  all  natural  waters  contain  more  or  less  organic  or  iaonci   : 

material  in  solution  and  invariably  contain  air  in  solution.    T*-  - 
substances  are,  therefore,  frozen  out  of  solution  and  tend  to  cause  *j 
ice  formed  to  be  opaque,  the  lighter  substances  tending  to  rise  z: . 
collect  near  the  surface,  and  the  heavier  ones  tending  to  sink. 

(6)  The  rate  of  freezing  of  ice  decreases  as  the  thickness  alremd3"  fiKrs-: 

increases,  so  that  the  time  required  to  freeze  increases  as  the  sq^' 
of  the  thickness  to  be  froaen.  In  the  formation  o€  natural  ice  :* 
freezing  is  from  the  top  down  and  impurities  frozen  out  of  soiutioii  i^ 
This  and  the  motion  of  the  water,  especially  in  quiet  running  strcj^r- 
tends  to  make  naturally  frozen  ice  transparent.  American  manure 
turers  of  ice  have  always  tried  to  duplicate  this  deamess. 

Methods  of  Ice-Making.    The  method  first  adopted  in  this  country  was  t!- 
one  in  which  distilled  water  was  used.    From  a  sanitary  point  of  view  su 
ice  would  be  theoretically  ideal.    Practical  difficulties  make  it  alt»i^>^  imp^ 
aible  to  secure  pure  ice  in  this  way.    Some  of  these  difficulties  are: 

(i)  Removal  of  oil  from  the  distilled  water,  this  oil  being  fucked  up  as  *i! 
steam  passes  through  the  cylinder  of  the  engine.    It  is  difficul:  : 
remove  organic  oil  which  is  present  in  the  lubricant. 
*  (2)  Assurance  that  the  filters  ate  in  proper  shape,  an  assurance  often  im^  - 
sible  to  obtain  since  this  apparatus  is  ordinarily  used  the  season  thro  j^:. 
without  overhauling. 

(3)  Possibility  of  contamination  in  the  storage-tank  where  the  rfi^illH  wz:£r 

is  held  and  usually  precooled  to  as  near  33"  F.  as  possible,  bcf*  ^e 
passing  to  the  freezing-cans,  thus  saving  time  in  the. freezing  pcoo^ 
in  the  tank. 

(4)  Possible  contamination  from  handling  the  cans  and  the  wooden  oo^~cr? 

over  them.  These  covers  form  the  top  of  the  freezing-tank  in  win.  t 
the  cans  of  water  are  inunersed  in  cold  brine  for  freezing  and  ar? 
tramped  over  by  the  ice-harvester  with  the  consequent  possflbitity  ^ 
dirt  getting  into  the  cans. 

A  second  system  of  ice-making  in  common  use  in  this  country  is  the  plate 
6YSTEif.  In  this  process  the  ice  is  formed  on  vertical  steel  plates.  XaturaJ 
or  raw  water  is  used  and  the  bath  is  agitated  by  various  methods.  Tbe  rr- 
suiting  ice  is  very  clear  and  dense.  In  this  system  when  the  ice  is  fonned  to 
the  desired  thickness,  usually  about  12  in,  it  is  loosened  from  the  freesa^- 
plate  by  various  thawing-arrangements  in  different  forms  of  the  app8ratu< 
The  ice-plates,  often  9  by  16  ft  by  12  in  in  thickness,  are  lifted  from  the  tarik^ 
by  overhead  cranes  and  carried  to  a  table  where  they  are  cut  to  commerv-L' 
sizes.  While  the  plate  process  is  usually  very  slow  on  account  of  the  Ua 
that  the  freezing  is  from  one  side  only,  it  is  largely  used  and  lends  itsdf  to  grcit 
economy  in  steam-consumption,  whereas  in  the  old-style  distilled-water  ice- 
making  plant  the  amount  of  steam  required  to  make  the  ice  was  more  than  aa 
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K:ozioimc«I  engine  would  use  and  it  was  not  possible  to  obtain  fuel-ecoQomy. 
i>ne  modified  fonn  of  this  system^  now  coming  into  considerable  favor,  is 
Lzranged  so  that  stationary  cans  are  filled  with  raw  water  and  kept  agitated 
\>y  compressed  air  bubbling  up  through  it.  When  the  freezing  has  progressed 
somewhat  the  remaining  water  is  drawn  off  and  replaced  by  fresh  water,  thus 
removing  the  greater  part  of  the  impurities  that  have  been  frozen  out  of  solu- 
tion. Various  other  modifications  of  these  two  systems  of  ice-making  have  been 
and  are  being  developed.  All  of  them  depend,  however,  upon  the  series  of 
physical  facts  stated  in  the  preceding  paragraphs,  and  the  results  may  be 
analyzed  by  reference  to  them. 

Relative  Bconomy  of  Produdng  Refrigeration  Mechanically  and  by 
Ice.     (i)  In  determining  the  cost  of  refrigeration  by  ice,  account  must 
be  taken  not  only  of  the  cost  of  the  ice  but  of  melting,  of  the  uncertain  ice- 
harvest,  of  the  amount  of  ice  left  over  at  the  end  of  the  season  and  of  that 
frozen  together  in  the  storage  and,  therefore,  practically  useless.    Regarding 
the  melting,  it  may  run  anywhere  up  to  50%  of  the  total  ice-harvest.    The 
quantity  left  over  at  the  end  of  the  season  is,  of  course,  so  variable  that  it  is 
impossible  to  estimate  it,  this  being  purely  a  matter  of  chance.    In  many 
cases,  however,  it  is  a  veiy  large  item.    The  loss  by  the  ice  freezing  together 
in  the  storage  can  be  reduced  to  a  very  small  amount  where  the  ice  is  properly 
packed  with  distance-strips  between  the  ice-cakes.    Proper  packing  is  much 
more  readily  carried  out,  however,  where  artificial  ice  is  stored  than  where 
natural  ice  is  held,  and  a  mechanically  cooled  ice-storage  is  less  subject  to  this 
difficulty,  since  the  temperature  is,  of  course,  constantly  held  below  the  melting- 
point  of  ice.    (2)  The  total  cost  of  refrigeration  proditceo  mechanically 
includes  the  cost  of  power,  water,  oil,  refrigerant   (usually  ammonia),  labor 
and  attendance,  and  interest  and  depreciation  on  the  investment.    The  figures 
on  these  items  vary  between  wide  limits.    The  following  figures,  however,  will 
be  of  interest.    Care  should  be  taken  in  drawing  conclusions  from  them  as  to 
cost  in  pro^iectlve  installations.    These  figures  are  from  the  annual  cost  of  an 
ice-manufacturing  company  having  a  capacity  of  i  500  tons  per  day  in  plants 
ranging  in  size  from  50  to  100  tons  per  day  each. 

Coal 40  cts  per  ton  of  ice  produced. 

Labor 50  cts  per  ton  of  ice  produced. 

Ammonia 10  cts  per  ton  of  ice  produced. 

Water 5  cts  per  ton  of  ice  produced. 

Waste,  power,  oil,  etc 10  cts  per  ton  of  ice  produced. 

Total $1.15  per  ton  of  ice  produced. 

TOWEB-CLOCKS* 

Rule  for  Diameter  of  Dials.  "To  look  wdl  and  show  plainly,  dials  should 
be  I  ft  in  diameter  for  every  10  ft  of  elevation  and  should  set  out  flush  with  or 
close  to  the  line  of  the  building  or  tower."  t 

Dimenaiona  of  Some  Large  Clock-Facea.  Colgate's  Factory,  Jersey 
City,  N.  J.  The  diameter  of  the  dial  is  40  ft.  The  minute-hand  is  20  ft  long 
and  3  ft  II  m  in  extreme  width,  and  the  hour-hand  is  15  ft  long  and  5  ft  10  in 
in  extreme  width.  The  minute-hand  weighs  640  lb  and  the  hour-hand  500  lb. 
This  b  the  largest  dock  in  the  workl. 

*  For  a  deicripCion  of  the  requirements  of  Intfination  of  tower-clocks,  see  page  zj4 
of  "Churches  and  Chapels,"  by  F.  £.  Kidder. 
^  t  Seth  Thomas  Ckxk  Compaoy,  Tbosnaston,  Coon. 
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Bromo-Seltzer  Building,  Baltimorep  Md.    The  dials  are  24  ft  in  diamet?- 
The  minute-hand  is  12  ft  7  in  and  the  hour-hand  9  ft  8  in  from  tip  to  tip.    Tz: 
minute-hand  weighs  175  lb,  the  hour-hand  145  lb. 

Daniels-Fisher  Building,  Denver,  Colo.  The  dials  are  15  ft  6  in  in  diazBctr- 
The  minute-hand  is  7  ft  10  in  and  the  hour-hand  5  ft  7  in  long. 

Maryland  Casualty  Building,  Baltimore,  Md.  The  dials  are  17  ft  m  dk=.- 
eter.    The  minute-hand  is  8  ft  4  in  and  the  hour-hand  5  ft  1 1  in  loixg. 

Elgin  Watch  Company's  Factory,  Elgin,  111.  The  dials  arc  14  ft  6  in  in  dus- 
eter.    The  minute-hand  is  7  ft  4  in  and  the  hour-hand  5  ft  4  in  long. 

Tower-clock,  Station  of  the  Central  Railroad  of  New  Jersey,  at   Conuni;r> 
paw,  N.  J.    The  diameter  of  the  angle  dial  is  14  ft  3  in;  the  minute^iacd  : 
7  ft  long  and  weighs  40  lb;  the  hour-hand  is  5  ft  long  and  weighs  aS  lb.    Tl.^ 
motive  power  is  furnished  by  a  weight  of  700  lb,  hung  from  a  H-in  steel  cahk 

Four-dial  clock.  Produce  Exchange  Building,  New  York.  The  diametfr  .; 
each  dial  is  12  ft  6  in. 

Four-dial  clock,  Chronicle  Tower,*  San  Francisco,  Cal.  The  dfamrtfr  of  e^  :. 
dial  b  z6  ft  6  in;  length  of  minute-hands,  8  ft;  length  of  hour-handss,  5  ft  6  ii. 
The  mechanism  of  the  clock  is  6  ft  x  in  high  and  weighs  3  000  lb. 

Pneumatic  clock.  City  Hall  and  Court-House,  Minneapolis,  Minn.  The  dbii 
are  23  ft  4  in  in  diameter. 

LIBBABT  BOOK-STACKS 

The  StAck-Work  in  General.  The  stack-room  of  a  library  is  usuaOy  c* 
off  by  fire-proof  doors  from  the  rest  of  the  building.  The  customary  pnct::.- 
among  architects  is  to  make  the  stack- work  a  separate  contract  and  ha\T  t!v 
general  contractor  turn  the  stack-room  over  to  the  stack-contractor  with  nr 
ished  floors,  walls  and  ceilings.  The  stacks,  made  entirely  of  incombustiS*? 
materials,  are  then  built  as  an  independent  structure. 

Book-Ranges.  The  book-ranges  are  usually  double-faced  and  axe  placri 
in  parallel  rows  with  aisles  between.  The  minimum  aisle-width  is  about  :  n 
4  in.  Radial  ranges  waste  space  and  are  costly.  Single-faced  ranges  a-v 
relatively  more  expensive  than  double-faced  ranges. 

Tiers.  All  stacks  are  divided  in  their  height  into  tiers  by  dec^-floon  b 
order  that  all  shelves  may  be  easily  reached.  The  regular  tier-height  is  7  i: 
or  7  ft  6  in. 

Deck-Floors.  Deck-floors  are  composed  of  slabs  of  H-in  roiii^  pla:? 
glass  or  iH-in  white  marble,  supported  on  steel  framework.  A  long,  narro* 
opening  or  deck-slit  is  left  between  the  edge  of  each  deck-floor  and  the  face  ^i 
each  range  to  allow  proper  ventilation  of  the  stack-tiers.  The  net  thicknefc 
from  top  of  deck  to  bottom  of  steel  framework  is  from  3U  to  sH  in  for  ordinarv 
spans.    The  deck-floors  are  carried  by  the  shelf -supports. 

Vertical  Communication.    Continuous  flights  of  stairs  of  simple  desi^ 

and  construction  are  placed  at  central  points.  Books  are  moved  up  and  don 
by  means  of  dumb-waiters  operated  by  hand,  for  short  runs»  or  by  electh: 
power  controlled  by  push-buttons. 

Shelf-Supports.  The  shelf-supports  are  made  in  various  waya»  ^SSaiof 
with  each  manufacturer.  In  the  best  construction  they  extend  the  full  «id:b 
of  the  shelves  so  as  to  hold  up  the  shelves  and  books  without  the  use  of  any 
projecting  brackets.  They  are  made  of  suflicient  strength  to  carry  the  cota- 
bxned  loads  of  bookSi  deck-floors  and  superimpoaed  stack-tiers.    Tbcy  ahoBld 

*  Destroyed  in  the  earthquake  and  fite. 
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ovide  for  a  uniforbi  sheir-a4jiistment  at  intervals  of  about  i  in.  Compact- 
ss  is  important.  Open-work  sheU-tupports  piomote  proper  lighting  and 
ntilation. 

Shelves.  In  each  t!<*r  of  regular  height  there  are  usually  six  rows  of  adjust- 
>lc  shelves  and  one  row  oC  fixed  shelves.  Shelves  are  generally  8  or  lo  in  wide 
id  3  ft  long.  Other  sizes  are  supplied  if  necessazy.  The  adjustable  shelves 
e  made  of  solid  plates  of  sheet  steel  or  of  parallel  bars  with  spaces  between. 
he  fixed  shelves  are  placed  about  a  in  above  each  floor-level.  They  are  made 
:  solid  plates  of  steel  to  form  dust-stops,  fire-stops  and  water-stops  between  the 
ers. 

Finish.  The  adjustable  shelves  are  always  completely  finished  with  baked 
lamel  before  delivery.  The  fixed  parts,  also,  of  the  stack<onstruction  may 
e  finished  at  the  shop  with  baked  enamel,  or  preferably  with  air-drying  enamel, 
f  ter  erection  at  the  building,  so  as  to  permit  repair. 

Lighting.  Electric-light  wires  are  carried  in  metal  conduits  supported  by 
he  steel  framework  of  the  deck-floors.  Lights  of  i6  candle-power  are  spaced 
bout  6  ft  apart  in  range-aisles  and  X2  ft  apart  in  main  aisles. 

Heating.  Indirect  radiation  is  best  for  books.  The  lower  tiers,  only,  of  a 
tack  should  be  heated,  to  prevent  the  upper  tiers  from  becoming  too  warm. 

Ventilation.  Laxge  stacks  are  usually  ventilated  artificially  to  prevent  the 
tntry  of  dust  and  outside  air  through  open  windows.  In  the  Library  of  Con- 
fess, in  Washington,  D.C.,  fresh,  filtered  and  tempered  air  is  forced  in  at  the 
x)ttom  tier,  finds  its  way  up  through  the  stack  by  means  of  the  deck-slits  and 
s  drawn  out  at  the  top  tier. 

Weights.  The  shelves  and  shelf-supports  *  weigh  from  7  to  lo  lb  per  cu  ft 
>f  book-range.  Books  weigh  about  ao  or  35  lb  per  cu  ft  of  book-range.  The 
itecl  deck-floor  framing  weighs  from  4  to  6  lb  per  sq  ft  of  gross  area  of  deck- 
loor.  Marble  floor-slabs,  1V4  in  thick,  weigh  about  ao  lb  per  sq  ft,  and  94- in 
*ough,  plate-glass  slabs,  about  10  lb  per  sq  ft  of  net  area. 

Book-Capacities.  Book-capacities  per  linear  foot  of  shelf  may  be  figured  on 
the  following  basis:  law-books,  5  volumes;  reference  books,  6  volumes;  scien* 
lific  books,  7  volumes;  general  literature,  from  8  to  10  volumes.  The  average 
in  the  Library  of  Congress  is  Shit  volumes  per  linear  foot.  An  ordinary  stack- 
tier,  7  shelves  high  with  double-faced  ranges  x6  in  deep  (or  8-in  shelves)  and 
aisles  32  in  wide,  with  a  reasonable  allowance  made  for  cross-aisles,  stairways, 
etc,  will  contain  about  a 2  volumes  per  sq  ft  of  gross  area. 

Cost.  The  cost  in  the  L'^nited  States  of  library-stacks  of  standard  construe*' 
tion  varies  from  50  cts  to  $1  or  more  per  linear  foot  of  shelving.  Economy  is 
secured  by  following  established  standards  while  special  designs  increase  the  cost. 

CLASSICAL   MOLDINGS 

Moldings  are  so  called  because  they  are  of  the  same  shape  throughout  the!> 
length  as  though  the  whole  had  been  cast  in  the  same  mold  or  form.  The  regu^ 
lar  moldings,  as  found  in  remains  of  classic  architecture,  are  eight  in  number, 
as  shown  in  the  accompanying  illustration,  and  are  known  by  the  following 
names:  The  last  two  are  commonly  called,  also,  ogee  uoldings.  Some  of  these 
terms  are  derived  thus:  fillet,  from  the  French  word  riL,  a  thread;  astragal, 
from  ASiRAGALOS,  a  bone  of  the  heel,  or  the  curvature  of  the  heel;  bead,  because 
this  mokUng,  when  properly  carved,  resembles  a  string  of  beads;  torus,  or  tore, 

*  As  made  by  Snead  &  Co..  Jersey  City,  N.  J. 
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BniiHi.  tncUlM  w  Bwdi. 


ObtcMs,  «*«,  or  h«|]0v. 


the  Greek  for  rope,  which  it  resetables  when  on  the  base  of  a  coluinii;  scam, 
from  SKOTIA,  darkness,  because  of  the  strong  shadow  cast  in  its  hcdlow,  and  whk* 
is  increased  by  the  projection  of  the  torus  above  it;  ovolo,  from  ovum,  ao  cs. 
which  thb  member  resembles  when  carved,  as  in  the  Ionic  capital;  catettck 

^_____^^  from  CAVUS,  hoUow;  cymatzi?!!,  ficE 

"-T^^io^     A,^^  KUMAION.  a  wave. 

Characteristics  of  Moldings. 
None  of  these  moldings  is  pecufiar  u 
any  one  of  the  orders  oi  arcfaitectiaf : 
and  although  each  has  its  aLppropriatr 
use,  it  is  by  no  means  confined  to  any 
certain  position  in  an  assembla^  ^' 
moldings.  The  use  of  the  fillet  i^ 
also  of  the  astragal  and  torus,  whl. 
resemble  ropes,  is  to  bind  the  paits^ 
The  ovolo  and  cyma-rcversa  are  stroi^ 
at  their  upper  extremities,  and  ^r? 
therefore  used  to  support  iMX>jectiE- 
parts  above  them.  The  cyma-recta  and  cavetto,  being  weak  at  their  uppr* 
extremities,  are  not  used  as  supporters,  but  are  placed  uppermost  to  cover  ar  i 
shelter  the  upper  parts.  The  scotia  is  introduced  in  the  base  of  a  cbiumi: : 
separate  the  upper  and  lower  torus,  and  to  product  a  i^easing  variety  3sc 
relief.  The  form  of  the  bead  and  that  of  the  torus  are  the  same;  the  reasL-s 
for  giving  distinct  names  to  them  is  that  the  torus,  in  every  order,  is  alw^i^- 
considerably  larger  than  the  bead  and  is  placed  among  the  base-mokfivN 
whereas  the  bead  is  never  placed  there,  but  on  the  capital  or  entablatiirr- 
The  torus,  also,  is  seldom  carved,  whereas  the  bead  is;  and  while  the  ton.', 
among  the  Greeks,  was  frequently  elliptical  in  its  form,  the  bead  retains  r^ 
circular  shape.  While  the  scotia  is  the  reverse  of  the  torus,  the  cavetto  is  tbr 
reverse  of  the  ovolo,  and  the  cyma-recta  and  cyma-reversa  are  combiaatiot> 
of  the  ovolo  and  cavetto. 


rr 
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THE  CLASSICAL   ORDERS* 

Origin  of  the  Orders.  "In  the  classical  styles  several  varieties  of  coJusa 
and  entablature  are  in  use.  These  are  called  the  orders.  Each  order  comprt^t^ 
a  COLUMN  with  a  base,  shaft  and  capital,  with  or  without  a  pedestal,  with  l'.i 
BASE,  DIE  and  CAP,  and  b  crowned  by  an  entablature,  consisting  of  akc^itr.\\i 
FRIEZE  and  CORNICE.  The  entablature  is  generally  about  one-fourth  as  high  c^ 
the  column,  and  the  pedestal  one-third,  more  or  less.  Among  the  Gredcs  tbt 
forms  used  by  the  Doric  race,  which  inhabited  Greece  itself  and  had  ccdo&ie^  e 
Sicily  and  Italy,  were  much  unlike  those  of  the  Ionic  race,  which  inhabited  t^- 
westem  coast  of  Asia  Minor,  and  whose  art  was  greatly  influenced  by  tha:  i 
Assyria  and  Persia.  Besides  the  Ionic  and  Doric  styles,  the  Romans  de\i#i 
a  third,  which  employed  brackets,  called  modillions,  in  the  cornice,  and  w.i 
much  more  elaborate  than  either  of  them;  this  they  called  the  Coriktbi^^' 
They  used  also  a  simple  Doric  called  the  Tuscan,  and  a  cross  between  tb: 
Corinthian  and  Ionic  called  the  composite.    These  are  the  five  orders.    T^ 

•  The  paragraphs  in  quotation-marks  are  taken  from  The  American  VijOKiIa  by  P?^ 
fessor  W.  R.  Ware,  by  permission  of  the  owners  of  the  copyright,  the  IntcmatioBil  T«rrt- 
boolc  Company,  Scranton.  Pa.,  proprietors  of  the  Intematioaal  Conespoodeace  Schoi^ 
The  engravings  were  made  especially  for  this  book,  and  correHMod  with  the 
drawings  prepared  by  Giacomo  Baroszi  da  Vtgnola. 
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ancient  ezamplea  vaiy  much  among  themselves  and  differ  in  different  places, 
and  in  modem  times  still  further  varieties  are  found  in  Italy,  Spain,  France, 
Germany  and  England.  The  best  known  and  most  admired  forms  for  the  orders 
are  those  worked  out  by  Glaoomo  Baiooai  da  Vignola  in  the  sixteenth  century 
from  the  study  of  ancient 
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czamples.' 

The  Tuscan  Order. 

"The  distinguishing 
characteristic  of  the  Tus- 
can oaoER  (Fig.  1)  is 
simplicity.  Any  forms 
of  pedestal,  column  and 
entablature  that  show 
but  few  moldings,  and 
those  plain,  are  con- 
sidered to  be  Tuscan." 

The  Doric  Order. 
"The  distinguishing 
characteristics  of  the 
Doric  order  are  fea- 
tures in  the  rsiEZE  and 
in  the  bed-mold  above 
it  called  triglyphs  and 
tfUTULES,  which  are  sup- 
posed to  be  derived  from 
the  ends  of  beams  and 
rafters  in  a  primitive 
wooden  construction 
with  large  beams.  Un- 
der each  triglyph,  and 
beneath  the  tjesia  which 
crowns  the  architrave,  is 
a  little  fillet  called  the 
REGULA.  Under  the 
regula  are  six  long  drops, 
called  GUTTiE,  which  are 
sometimes  conical,  some- 
times pyramidal.  There 
are  also  either  eighteen 
or  thirty-six  short  cylin- 
drical gutt»  under  the 
soffit  of  each  mutule. 
The  gutts  are  supposed 
to  represent  the  heads  of 
wooden  pins,  or  treenails. 
Two  different  Doric  cor- 
nices are  in  use,  the  mutulary  with  bracket  and  the  denticulated  with  dentils, 
the  principal  difference  being  in  the  bed-mold.  "  The  order  shown  in  Fig.  2 
has  the  denticulated  cornice. 

The  Ionic  Order.  "The  prototypes  of  the  Ionic  order  (Fig.  3)  are  to  be 
found  in  Persia,  Assyria,  and  Asia  Minor.  It  is  characterized  by  bands  in  the 
architrave  and  dentils  in  the  bed-mold,  both  of  which  are  held  to  represent 
small  sticks  hud  together  to  form  a  beam  or  a  roof.    But  the  most  conspicuous 


Dimcnaioiu  mn  in  2&(b3  of  Diameter. 
Fig.  1.    The  Tuscan  Order 
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and  distinctive  (oiture  is  the  kiolls  which  deixMitc  tbe  ci 

These  have  no  structunl  significance,  and  an  paiely  deo 

from  Assym  and  Egjriit.    Originally  the  Ionic  order  had  d 

ECBiHtTs  in  tbe  ca|Htal.    Tbeac  woe  boirowod  from  the  Doric  otder,  an4  e 


Hi.  3.    Tlie  Dotfc  Older 


like  manner,  the  dentils  and  hands  in  the  Doric  were  borrowed  from  the  look. 
The  Ionic  frieic  was  introduced  in  order  to  afford  a  place  (or  sculptun^  and  ra 
cailed  by  the  Greeka  Ihe  loorBOBocs,  or  figvire- bearer.  The  tyjucal  loMC  KUi 
Is  considered  to  consist  mainly  of  a  scona,  ai  in  hhdc  Greek  example*,  li  a 
fommon,  however,  to  use  insle»d  what  is  called  the  Attic  b 
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SCOTIA  and  two  riLlJ.T3  between  two  Urge  lOBCSES,  mounted  on  a  pldtth.  tie 

whole  half  a  diameter  high.     The  plinth  occuiaea  Ihc  lower  third,  oi  ooe-sirU 

of  a  diameter.     Vignola  adopted  for  his  Ionic  order  a  rnodihcatioa  of  the  .\r; 

base,  substituting  for  the  ain^e  large  scotia  two  amall  an«,  Kparaud  by    << 

or  IwD  beads  and  Bllels,  and  omitting  the  lower  torus."     This  is  the  ha*e  itt.ir: 

in  Fig.  3.     "The  Ionic  frieze  is  plain,  except  lor  the  sctdptnre  upon  it.     U 

sometimes  has  a  curved  outline,  as  if  re«dy  to  be  carved,  and  is  Iben  said  t?  ^ 

rviviMATSD.  from  pulvinar,  a  bolstw,  which  it  much  resembles,     Tlte  SH  >..T 

of  Ihe  column  is  omamenled  with  twenty-four  n.CTt!iCS,  semicircular  io  setti  -.. 

which  are  separated  not  by  an  abhis.  but  by  a  fiu^et  of  about  one-fourtb  thr: 

width.    This  JOakes  the  flulin^s  only  about  two-Ihirds  as  wide  as  the  lAnc 

channels.   or    about   ooe-ninth   oi  i 

\       j        ',  diameter,  instead  of  one-siitli." 

\  ;  To  Deacribe   the  Ionic   TohiU. 

There  are  several  methods  of  d^'l-f 

,  this,  the  simplest  being  by  mean:  f 

centers  found  as  shown  by  thediarTj= 

in  Fig.  i.     First  locale  tbe  ceocn  a' 

the   EVE    li  D    verticaUy    below    r', 

point    A,   Fig.  3.     Then    describe  i 

drrle  with  a  diameter  equal  to  'n  P 

to  form  ihe  eye.     Inside  of  this  drLir 

Inscribe  a  square  at  4s  deKres  to  ^ 

horizontal:   then  draw  the  axes   t-j 

and  1-4.  and  divide  each  of  these  in: 

I   ;  :  BX  equal  parts.     Then  with  tbe  fr  lt: 

I   ;  '  I  as  a  center,  and  a  radius  eilrDii:-<: 

•   '  to  A-,  Fig.  3.  draw  a  quaitO'-circIc  lu 

Fig.  <.    The  Iodic  Vohile  line  i-i  produced,  with  i  as  a  ccnirr. 

conthiue  the  curve  until  it  inlerstti^ 

i-i  produced,  and  so  on.    The  centers  for  the  outer  curve  of  the  volute  are  a 

the  points  i,  >,  3,4,  5.  6.  etc.     For  Ihe  centers  lor  tbe  inner  curve,  Han  with  i 

point  one-third  the  way  from  1  to  5,  then  a  point  one-thiixl  the  way  ban  i  to  ^ 

The  Corinthian  Order.  "The  three  distinguishing  cbarscterndcs  of  1^ 
CosiNTHiAN  OKOEB  (Fig.  5)  are  a  tall,  bell-shaped  capital,  a  series  of  snu:; 
brackets  called  uodiluons,  which  support  the  cornice  instead  of  mctules,  h 
addition  to  the  nCNrtLS,  and  a  general  richness  ol  detail  which  is  enhanced  b. 
Ihe  use  of  the  acanthus  leat  in  both  capitals  and  modillions.  Here,  ajain.  t^: 
Attic  base  is  commonly  used,  but  sometimes,  especially  in  Urge  column!,  i 
base  is  used  which  resembles  Vignola's  Ionic  base,  except  that  it  has  two  beai>: 
between  the  scorus  instead  of  one,  and  also  a  lower  tobcs.  The  shatt  li 
fluted  like  the  Ionic  shaft,  with  twenty-four  seraictrculu  nirttNoS,  but  tbev 
are  sometimes  tilled  with  a  convex  molding  or  cablx  to  a  third  of  thaw  height 
Almost  all  tbe  buildings  erected  by  the  Romans  Bnploy  Ibe  Coiinthian  onlei  " 

Tll«  Compoilte  Order.  "The  comwrTE  obder  is  a  heavier  Cotinthiia. 
just  as  Ihe  Tuscan  is  a  simpliGed  Doric.  The  chief  proportions  are  tlie  nme  ai 
in  the  CorinlhUn  order,  but  the  detaiU  are  fewer  and  larger.  It  owes  its  name 
to  the  CAPITAL,  in  which  the  two  lower  nnri  ol  leaves  and  tbe  CAtTUCOLi  iri 
Ibe  same  as  in  the  Corinthian.  But  tbe  caullcoU  carry  only  a  stunted  LEAT-Bm, 
and  the  upper  row  ol  leaves  and  the  sixteen  vollies  are  replaccd-by  Ihe  larje 
ECBiHDs,  ECBOLis  and  ASTBAGAl.  of  B  Complete  Ionic  cspilaJ.  VigniU's  cam- 
■usile  entabUlure  diSers  fiooi  hi*  Ionic  chiefly  io  the  shape  and  toe  of  the 
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DENTILS.    They  ftte  Uuger,  and  are  more  nearly  square  in  elevmtiofi, 

fifth  of  a  diameter  high  and  one-sixth  ?dde,  the  iNTERDEfrau.  bein^ 


Fig.  0.    An  Egyptian  Order.     Diameter  Divided 
into  Sixty  Parts 


and  they  are  set  one-fouzth  I 
a  diameter  apart,  oa  ceturi 
The  composite  capital  is  er 
ployed  in  the  Arch  of  Tirj>  j 
Rome,  and  elsewhere,  wiiz  i 
Corinthian  entablature.  arA  r  i 
BLOCK  coayiCE  occurs  in  t br  ^  < 
called  FaoNTisPiECE  of  Ntr, 
as  well  as  in  the  tenaj^e  .! 
Athens,  m  connection  with  .i 
Corinthian  capital.** 

Egyptian  Style.*     The  ar: 
tecture  of  the  andent  E^ptL 
is  characterized  by  boldotss 
outline,  solidity,  and  grand':  - 
The  principal   features   of  i'- 
Egyptian  style  of  architects- 
are:   uniformity  of  plan,  nf^- 
deviating  from   right  lines  z- 
angles;  thick  walls,  havinc  v 
outer  surface  slightly  de\-ii*-: 
inwardly  from  the  perpendkn .  - 
the  whole  building  low;  roof  s^' 
composed  of  stones  remchicjr  - 
one  piiece   from    pier    to   pr: 
these  being  supported  by  ezr 
mous   colunms,    \*ecy    stout 
propoftinn  to  their  hei^;  ib 
shaft  sometimes  polygonal,  ba\- 
ing  no  base,  but   with  a  gr?:t 
variety  of  handsome  capitu> 
the  foliage  of  these  being  of  t'r 
palm,  lotus  and   other  leav^t^ 
ENT.4BLATURES    having    simph 
an  ARCHITRAVE,  CTowned  iritfc  ^ 
huge  CAVETTO  ornamented  m± 
sculpture;  and  the  intescolch- 
NIATION   very    narrow,   usua% 
i^i  diameters  and   seldom  ex- 
ceeding  2M.    A  great  dissirJ- 
larity  exists  in  the  proportioda. 


forms  and  general  features  of  Egyptian  colunms.    For  practical  use  the  coloos 
shown  in  Fig.  6  may  be  taken  as  a  standard  of  the  Egyptian  style. 


LIGHTNING-CONDUCTOKS 

Rules  for  the  Breetion  of  Lightning-Condoctort.  The  following  niks 
for  the  erection  of  lightning-conductors  were  issued  in  16S2 1^  the  Dcpartmexit  ct 
Explosives  of  the  English  Home  Office  to  the  occupiers  of  all  factories  and  nugs- 


*  FkOB  The  Ansncsa  House  Caipcnter.  by  R.  G.  Hatfield. 
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ics  for  €xplofive9»  and  to  those  local  and  police  authorities  upon  whom  de- 
lves the  inspection  of  stores  of  explosives: 

Cx)  liatarial  of  Rod.  Copper,  weighing  not  less  than  6  oz  per  ft  run,  the 
sctrical  conductivity  of  which  is  not  less  than  90%  of  that  of  pure  copper, 
tber  in  the  form  of  rod,  tape,  or  rope  of  stout  wires,  no  individual  wire  being 
55  than  No.  la,  Birmingham  Wire-Gauge  (0.109  in)  the  English  standard 
ire-gauge.  Iron  may  be  used,  but  should  not  weigh  less  than  lyi  lb  per  foot 
run. 

(3)  Joints.  Every  joint,  besides  being  well  cleaned  and  screwed,  scarfed, 
r  riveted,  should  be  thorough^  soldeicd. 

(3)  Fom  ot  PoiaiB.  The  point  of  the  upper  terminal  *  of  the  conductor 
loukl  not  have  an  angle  sharper  than  90".  A  foot  bdow  the  extreme  point  a 
:>pper  ring  should  be  screwed  and  soldered  on  to  the  upper  terminal,  in  which 
Jig  should  be  fixed  three  or  four  sharp  copper  points,  each  about  6  in  long, 
t  is  desirable  that  these  points  should  be  so  platinized,  gilded,  or  nickel-plated 
s  to  resist  oxidation. 

(4)  Namber  and  Height  of  Upper  Temlaals.  The  number  of  conductors  or 
ipper  terminals  required  will  depend  upon  the  size  of  the  building,  the  material 
I  which  it  is  constructed,  and  the  comparative  height  above  ground  of  the 
evcral  parts.  No  general  rule  can  be  given  for  this,  except  that  it  may  be 
Asumed  that  the  space  protected  by  the  conductor  is,  as  a  rule,  a  cone,  the 
adius  of  whose  base  is  equal  to  the  height  of  the  conductor  from  the  ground. 

(5)  Curratiire.  The  rod  should  not  be  bent  abruptly  around  sharp  comers. 
:n  no  case  should  the  length  of  a  curve  be  more  than  half  as  long  again  as  its 
:hord.  A  hole  should  be  drilled  in  string-courses  or  other  projecting  masonry, 
vben  possible,  to  allow  the  rod  to  pass  freely  through  it. 

(6)  bMnlatorB.  The  conductor  should  not  be  kept  from  the  building  by 
;lass  or  other  insulators,  but  attached  to  it  by  fastenings  of  the  same  metal  as 
:hat  of  the  conductor  itself. 

<7)  Fixing.  Conductors  should  preferentially  be  taken  down  the  side  of 
the  building  which  is  most  exposed  to  rain.  They  shouki  be  held  firmly,  but 
the  holdfasts  should  not  be  driven  in  so  tightly  as  to  pinch  the  conductor  or 
prevent  contraction  and  expansion  due  to  change  of  temperature. 

(8)  Other  Metalwoik.  All  metallic  spouts,  gutters,  iron  doors,  and  other 
tnasses  of  metal  about  the  building  should  be  electrically  connected  with  the 
zonductor. 

(9)  Baith-ConnectioB.  It  is  most  desirable  that,  whenever  possible,  the 
lower  extremity  of  the  conductor  should  be  buried  in  permanently  damp  soil. 
Hence,  proximity  to  rain-water  pipes  and  to  drains  or  other  water  is  desirable. 
It  is  a  very  good  plan  to  bifurcate  the  conductor  close  below  the  surface  of  the 
ground,  and  to  adopt  two  of  the  following  methods  for  securing  the  escape  of 
the  lightning  into  the  earth:  (a)  A  strip  of  copper  tape  may  be  led  from  the 
bottom  of  the  rod  to  a  gas  or  water-main  (not  merely  to  a  leaden  pipe),  if  such 
exist  near  enough,  and  be  soldered  to  it;  (6)  a  tape  may  be  soldereo  to  a  sheet 
of  copper,  3  by  3  ft  by  Ma  in  thick,  buried  in  permanently  wet  earth  and  sur- 
rounded by  cinders  or  coke;  (f)  many  yards  of  copper  tape  may  be  laid  in  a 
trench  filled  with  coke,  having  not  leas  than  x8  sq  ft  of  copper  exposed. 

(10)  Protection  from  Theft,  etc.  In  places  where  there  is  any  likelihood  of 
the  copper  being  stolen  or  injured,  it  should  be  protected  by  being  enclose^ 

*  The  upper  terminal  is  that  portkm  of  the  conductor  which  is  between  the  top  of  the 
edifice  sad  the  point  of  the  conductor. 
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in  an  iron  saa-pipe^  veadiiog  to  ft  (if  there  ia  romn)  above  ground  and 
distance  into  the  ground. 

(IX)  Paiiiliag.  Iron  conductora,  galvaniaed  or  not,  should  be  r*****?^  It 's 
optional  with  copper  ones. 

(za)  Inapecdon.  When  the  conductor  is  finally  fixed  it  ahoold  in  aS  casn 
be  examined  and  tested  by  a  qualified  person,  and  this  should  be  dooe  in  tl^ 
case  of  new  buildings  after  all  work  on  them  is  finished.  Periodical  cxamiaa- 
tion  and  testing,  should  opportunities  offer,  are  also  very  desirable,  espedaf.y 
when  iron  earth^onnections  are  employed. 

Ligfatning-Protection  for  High  Cbimneys.  The  foUowmg  is  a  deao^ 
tion  of  the  aystem  of  li^tning-protecticA  for  the  radial4Hick  dunaney-stadL 
350  ft  in  height,  for  the  plant  of  the  St.  Joaeph  Lead  Company,  Hercnlaneus. 
Mo. 

Conductor.  The  conductor  used  is  of  commercially  pure  copper.  No.  11. 
Brown  &  Sharpe  gauge,  in  the  form  of  a  cable,  consisting  of  twenty-eifbi 
wires,  seven  strands,  four  ?nres  to  the  strand,  and  H  iu  in  diameter.  230  55: 
circular  mils.  The  vertical  conductora  are  of  continuous  lengths  from  the  n? 
of  the  chimney  to  and  into  the  ground.  A  drciut-conductor  is  ptaased  5  r 
bdow  the  top  of  the  chimney  and  connected  to  each  down-oonductar  by  a.  xi-kt 
two-way  splice. 

Pointa.  The  air-terminals  are  eight  in  number  equally  spaced  around  tbf 
top  of  the  chimney,  and  consist  of  solid,  copper  bars  i  in  in  diam  and  10  ft  b 
length,  the  upper  12  in  tapering  to  a  point  and  covered  with  a  12^  finmM»  ,.; 
genuine  platinum.  Air-terminals  extend  5  ft  above  the  top  of  the  stack  aad 
the  lower  end  of  each  copper  bar  b  set  in  a  heavy  copper  T  coupler,  which  as 
nects  the  same  into  the  circuit-conductor.  Each  rod  is  held  in  place  by  bean 
anchor-fasteners,  bolted  from  the  inside  of  the  stack.  These  aacftioca  are  en- 
cased ia  copper  tubes  set  in  the  solid  masonry. 

Grounding.  At  a  point  below  the  ground-level  and  at  the  dnmney-Esr, 
the  conductor  is  carried  in  a  downward  course  from  the  chimney,  in  a  iirsxi 
bedded  in  charcoal,  to  a  point  5  ft  outside  the  foundation-Une.  An  additiocL 
conductor  is  spliced  into  the  main  cable  at  this  point,  fonnins  ft  Y  v::: 
branches  terminating  15  ft  apart.  Two  well-holes  are  bored  to  a  depth  of  ap- 
proximately 20  ft  into  permanent  moisture.  The  end  of  each  Y  condiK:t»^  > 
electrically  soldered  into  perforated,  copper  reservoirs  4M  in  in  diam  and  2^  i' 
in  length,  and  filled  with  pea-size  charcoal.  The  effect  of  the  reservoir  is  * 
give  the  required  amount  of  surface-contact  with  the  earth  and  to  insure  per 
manent  moisture  through  the  charcoal  by  capillary  attraction.  Each  t&i^ 
conductor  is  thus  grounded  in  two  places  instead  of  in  one  place. 

Lead  Covering.  To  preserve  the  conductor  system  against  decompoad.'-! 
in  ozone,  in  which  sulphuric  or  other  acid  gases  may  exist,  all  of  the  oooductcf 
aystem  at  the  top,  and  to  a  point  7$  ft  below  the  top  of  the  chinmey  b  coverri 
with  lead  H  in  in  thickness.  Exception  is  made  to  the  platinum-cx>vered  xi^z 
top  of  each  rod,  which  requires  no  lead  covering.  Where  splices  are  made  &ri 
anchor-fasteners  set,  the  whole  is  covered  with  lead  sleeves  or  hoods  thoiou^> 
wiped  and  hermetically  sealed.  Connections  of  point-bar  T*s  etc^  are  - 
soldered,  lead-covered  and  sealed.  Practical  experience  seems  to  show  th.' 
all  lightning-conductor  systems  on  chimneys  should  be  lead-covered  uU 
hermetically  sealed  to  a  point,  approximately  25  ft  downward  from  the  top^  t.> 
protect  the  copper  against  decomposition,  not  necessarily  as  thick  as  00  tis« 
chimney,  but,  say,  Ha  in,  the  thirknraa  being  determined  by  the  ause  and  usife 
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the  stack.  It  has  been  found  that  in  from  thx«e  to  five  years  there  is  a  de- 
led honeycombing  oi  the  copper,  through  the  action  of  the  sulphtcric  and 
tier  acid  gases.  It  has  often  been  necessary  to  replace  points,  sections  of  cabiew 
z.p  entirely  eaten  away  from  thb  cause. 


INTEBPHONES.     AUTOMATIC  TELEPHONES  FOB 
INTEBCOBOfUNICATINO  SramCE 

Descriptioii.  The  interphone  system  is  an  a{q;>lication  of  the  telephone  for 
iterior  use.  It  is  an  automatic,  intercommunicating  system,  reqtiiring  neither 
ritchboard  nor  operator,  and  bdng  self-contained  within  the  walls  of  the  estab- 
shxnent  for  whose  benefit  it  has  been  installed. 

AdTAntagaa.  In  brief,  the  advantages  of  such  a  qratem  are  these:  (x)  the 
lerc  pressinir  of  a  button  gives  a  person  telephone-connection  with  any  dcaired 
arty,  without  the  loss  of  time  involved  in  first  calling  up  a  third  party;  (s)  re- 
ourse  to  directory  or  information  bureau  is  made  unnecessary  through  Uie  use 
f  labels,  properly  inscribed,  on  the  face  of  the  inq|pmient;  (3)  no  maintenance- 
xpense  is  involved,  and  the  system,  consequently,  is  as  inexpensive  to  operate 
s  an  electric  door-bell;  (4)  the  wiring-arrangement  is  such  that  the  system  ma> 
>e  provided  for  when  the  original  plans  for  a  new  building  are  being  drawn  up, 
nd  in  this  respect  it  does  not  differ  much  from  a  system  of  electric  lights  or 
>liimbing. 

Tha  Uta  of  Intorplioiios  in  residences,  schools,  lacMpitals*  factdvies.  mill% 
>ffices»  stores  and  dubs  is  oonstantb^  increasing.  The  same  general  features 
ipply  to  all  of  these  typea  of  installations,  and  in  practically  every  case  it  is 
:he  simplicity  of  the  system  that  especially  recommends  it  for  service.  The 
interphone  usually  fits  in  where  formerly  call-beUs,  speaking-tubes^  messenger 
service  and  other  inadequate  methods  were  the  rule«  The  interphone  field  of 
service  b  in  the  establishment  whose  needs  call  for  from  four  to  thirty-two 
telephone-etations.  When  there  are  more  than  thirty^two  the  installation  of  a 
private  telephone-cTchange,  with  a  switchboard,  is  better  practice. 

Types  of  Iiiterphonea.  There  are  several  tsrpes  of  Interphones  for  varying 
degrees  of  service. 

(x)  The  most  familiar  instrument  is  a  wall-interphone,  of  the  NON-?LUSa 
TYPE.  The  telephone  is  of  metal,  with  connecting  buttons,  labels,  bells,  mouth- 
piece, hook  and  receiver,  all  mounted  on  its  face.  This  instrument  is  to  be  at- 
tached directly  to  the  wall. 

(2)  The  FLUSH  TYPE  resembles  the  first-mentioned  tjrpe  in  every  particular 
but  the  one  implied  in  its  title.  The  instrument  is  mounted  into  the  wall,  with 
its  face  flush  with  the  rest  of  the  waU-surface.  These  two  instruments  are  most 
popular  for  installation  in  dub-hallways,  in  stores  and  factories,  in  residences^ 
and  in  all  places  where  wall-telephones  would  ordinarily  be  used.  Busy  offices 
and  stores  often  employ  variations  of  types  (i)  and  (2)  and  use  a  desk-set,  a 
separate  instrument  taking  care  of  the  omnfcting  buttons  and  Labels,  or  a  hand- 
set. 

(3)  The  DBSK-STAMD  telephone  is  of  the  type  often  used  for  local  and  long- 
distance service.  Connected  with  it  is  a  metal  box  containing  the  rows  of 
buttons  and  labels^  each  labd  being  opposite  the  button  through  which  is  se- 
cured connection  with  the  corresponding  station.  The  telephone  in  this  case 
stands  on  the  desk,  and  the  key-box  is  conveniently  dose  at  hand*  either  on  the 
desk  or  oa  the  waU. 
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(4)  Some  prefer  lor  this  aervice  the  hand-sbt,  with  the  receiver  aod  tms^ 
nutter  in  one  piece.  This  is  a  convenient,  oompact  instrument,  well  hued  U-i 
use  in  an  office. 

(5)  From  two  to  six  instruments  of  still  another  type  make  up  a  pabtv-iin: 
XNTEiiPHONE  SYSTEU.  Here  there  are  no  connecting  buttons,  the  principle  iz 
volved  being  the  same  as  that  of  the  elementary,  farmers*  tine.  This  m^e:;  1 
convenient  private-line  ^stem  for  a  small  residence,  and  is  M^ipropdaXc  for  ^ 
house-to-garagft  circuit. 

Variationt  fr^m  Standard  Types.  There  are  systems  with  variatkms  frc- 
the  standard  types.  Many  schools  are  using  a  combination  of  interpbcwes 
type  (i)  or  (2)  with  (5).  In  the  principal's  office  is  an  instrument  of  ^t* 
(i)  or  (2)  with  a  connecting  button  for  each  outside  station,  while  tlie  cl:LMr 
room-telephones  are  all  of  type  (5).  With  this  system  the  principal  can  .: 
any  time  call  up  any  teacher;  but  a  teacher  can  call  up  another  dassroti'S 
only  through  the  medium  of  this  mastkr-station,  which  ads  as  a  sort  of  ex- 
change. The  advantages  of  this  anangement  for  a  school  are  oftmoos.  I2  i 
hospital  the  instruments  are  usually  placed  outside  of  the  more  imporu:^ 
operating>rooms  and  wards  and  in  the  offices  and  reception-rooms. 

Wiling  and  Batteries,  ill  wiring  is  enclosed  in  cables.  Energy  is  obtair^:! 
nom  dry  cells.  The  only  maintenance-expense  connected  with  an  interphtse 
system  is  the  occaaonal  renewal  of  these  batteries. 

VACUUM-CLEANING 

General  Descriptioa.  Vacuum-deaners  are  appliances  wUcfa  bnve  cdt£ 
into  use  during  recent  years  and  which  are  for  the  purpose  of  removing  drt 
and  dust  from  rooms  of  buildings,  cars*  steamships,  etc.,  or  from  fuxnit  jrr 
carpets,  curtains,  or  other  interior  fittings.  The  dust  and  dirt  are  removed  :.> 
suction  and  the  apparatus  consists  of  an  air-pump  which  is  arranged  to  driw 
the  air  and  the  dirt  or  dust  contained  in  it  through  pipe  and  nozzle.  Tc:« 
nozzle  is  drawn  or  passed  over  the  surfaces  which  are  to  be  cleaned.  Scncv< 
of  muslin  or  other  appropriate  doth  are  used  to  separate  by  filtration  the  djs: 
and  dirt  which  are  borne  along  with  the  stream  of  air;  and  in  some  types  J 
apparatus  this  process  is  assisted  by  what  are  called  baffle-pUtes  which  are  addri 
to  make  the  heavier  particles  of  dust  drop  by  their  own  weight  to  the  lower 
part  of  the  receptacle  placed  to  receive  them.  About  the  year  1890  comprc<sci 
air  was  used  for  the  first  time  in  railroad<ar8  for  purposes  of  deaning  and  du<- 
removal.  There  were  serious  objections  to  this  method  of  cleaning,  howe^^r, 
as  it  was  found  that  the  jets  of  compressed  air  blew  out  the  dust  and  dirt  in  sue"; 
a  way  that  it  was  difficult  to  arrange  for  their  collection  and  retention;  ths 
principle  of  suction  was  consequently  introduced  to  overcome  these  difficulties. 

T3rpSB  of  Vacttom-Clesnsrs.  The  machines  belonging  to  the  earliest  tyjr-* 
usually  consist  of  a  pump,  the  motor^pMwer  of  which  is  either  a  gas>e&gine  or  j:: 
dectric  motor,  the  machines  being  portable.  They  can  be  moved  about  frur:: 
one  building  to  another  as  occasion  demands.  Cleaners  of  the  next  tsrpe  intr.> 
duced  involve  an  installation  in  the  basement  or  lower  part  of  a  buflding  asd  i 
fixed  and  permanent  position.  From  the  central  plant  pipes  are  run  to  varicics 
rooms  and  apartments  and  are  fitted  in  such  rooms  or  apartments  or  in  adjatcLt 
halls  or  corridors,  with  valves  to  which  are  attached  the  hose  with  the  deaoituc- 
appliances  at  the  end.  In  some  cases  this  vacuum-arrangement  is  combbd 
with  another  for  washing  floors,  the  secondary  system  induding  a  second  set  ci 
pipes  from  a  tank  filled  with  soap  and  water.  Compressed  air  is  employed  to 
epray  the  latter  over  the  floor,  and  both  dirt  and  water  are  fina^y  remo^Td 
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ough  pipes  to  the  street-sewers.  A  portable  tank  is  used  for  the  soap  and 
ker.  Vacuum-cleaners  of  a  third  type  consist  of  small  machines  which  take 
;  place  of  the  brooms  and  dusters  or  are  used  in  connection  with  them.  They 
r  now  very  generally  used  and  may  be  driven  by  an  electric  motor,  by  foot,  or 
hand.  These  last-mentioned,  smaller,  portable  cleaners  are  used  for  many 
ler  purposes  than  the  ordinary  cleaning  of  rooms  and  furniture. 

I>et«ils  and  Specifications  for  Vacmim-Cleaning  Installations.  Com- 
rte  plans  and  specifications  for  the  installation  of  a  vacuum-cleaning  plant  for 
building  may  be  obtained  from  any  of  the  numerous  manufacturers  making 
ch  apparatus  and  taking  contracts  to  put  it  in  place.  There  are  several  t3rpes 
machines  and  systems  of  installation  and  detailed  descriptions  would  exceed 
e  limits  of  space  in  this  handbook. 

WATEBPEOOFING  FOE  FOUNDATIONS* 

The  Waterproofing  of  Snbstraetitre  Work  Is,  comparatively  speaking,  a 
odem  branch  of  engineering.  It  is  only  within  recent  years  that  it  hsA  become 
>cessary  to  construct  deep  basements  for  buildings.  In  the  past,  the  more 
nportant  structures,  such  as  cathedrals,  capitols,  state-buildings  and  the  like, 
ere  usually  built  upon  high  ground,  and  water  was  prevented  from  entering 
le  basements  of  such  buildings  by  means  of  drainage.  Waterproofing,  as  we 
ow  know  it,  was  generally  unnecessary,  ^th  the  advent  of  the  so-called  sky- 
zrapers,  however,  requiring  large  mechanical  plants,  deep  basements  became 
n  actual  necessity,  and  as  these  basements  are  usually  carried  below  ground- 
rater  level,  and  in  many  instances  below  tide-level,  the  question  became  one  of 
itmost  importance.  Like  almost  every  detail  of  a  modem  buikling,  water- 
iroofing  is  a  specialty.  Each  building  presents  its  own  problems,  and  the  safest 
>lan  is  to  leave  the  solution  of  these  problems  to  some  one  expert  in  the  knowledge 
»f  waterproofing  who  has  made  it  a  9pedal  study  and  knows  how  best  to  over- 
:ome  the  existing  difficulties.  It  may  be  laid  down  as  an  invariable  rule  that, 
vhere  conditions  are  at  all  serious»  the  owner  or  the  general  contractor  ¥riD 
lave  money  in  the  long  run  if  he  employs  the  services  of  an  expert  waterproofer 
to  place  his  waterproofing-seal,  regardless  of  the  method  he  wishes  to  use. 

Pressure-Resistance  Versus  Waterproofing.  In  waterproofing  large  base- 
ments where  actual  pressure  exists,  it  is  a  question  for  the  engineer  to  dedde 
whether  it  is  more  economical  to  attempt  to  secure  ah  absolute  FRSSSuaz-jOB 
or  a  WATEK-reooF  job  In  connection  with  a  dramage  system.  As  a  general 
rule,  it  may  be  stated  that  where  a  building  is  generating  its  own  power,  it  is 
more  economical  to  use  a  drahiage  system  with  an  open  sump  than  to  construct 
a  pressure-cellar,  the  cost  of  pumping  being  much  less  than  the  interest  charges 
on  the  cost  of  a  floor-slab  sufficiently  strong  to  withstand  the  pcenure. 

Waterproofing  Concrete  Foundations.  The  three  following  subdivisions 
of  this  subject,  discussing  the  causes  of  permeability  of  concrete,  the  addition  of 
substances  to  render  it  more  water-proof,  and  the  treatment  of  its  surfaces  to 
make  it  less  permeable,  embody  the  concluaons  of  Committee  D-8  of  the  Amer-< 
ican  Society  for  Testing  Materials.t  This  committee,  since  its  organization  in 
1905  has,  through  laboratory-tests  and  experiments,  together  with  examinations 
of  work  during  construction  and  after  completion,  as  well  as  the  study  of  liter-  • 
ature  on  the  subject,  sought  to  secure  sufficient  information  to  enable  it  to  for- 

*F«  fMudatiaas  ia  genenl,  sM  Chapttr  IL 

tThis  article,  to  the  middle d  page  ms,  k  the  substance  of  a  Report  submitted  to 
the  Anerican  Society  for  Testing  Materials  at  iU  meeting,  June  24-28.  19x5.  This 
society  has  (1920)  ao  Standard  Speclficatioos  for  Waterproofing,  but  publldied  in  Z9xl 
<our  Teatative  Specificatkms  on  this  subject. 
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Bulate  definite  methods  for  aecuring  water-proof  conczete  stractiir€&.     The  v^- 
•f  the  committee  was  comi^cated  by  reasoo  of  the  facts  that  there  seemed  u- .' 
so  little  ooDoordance  between  results  of  tests  obtained  under  laboratory-<^<«^ 
tioQs  and  in  the  field  and  that  it  was  necessary  to  extend  its  investigatkfis  ^ . 
a  period  of  years  in  order  to  determine  the  permanency  of  the  action  noted.    Ti 
committeereported  that  while  it  had  not  been  able  to  arrive  at  sufficiently  <ki^  _ 
conclusions  to  enable  it  to  formulate  specifications  for  the  "*^H"g  of  codct:  . 
structures  water>proof  or  for  materials  to  be  used  in  such  work,  it  had  rt^.h-: 
certain  general  conclusions  which  might  be  of  assistance  to  the  oonstructcr 
securing  the  desired  result  of  impermeable  concrete.    Early  in  the  investigai 
the  work  was  found  to  subdivide  naturally  into  three  branches,  and  the  c  : 
elusions  reached  will  be  grouped  in  order  imder  these  subdivision^  whkh  are 

(i)  The  determination  of  causes  of  the  permeability  of  concrete  as  uscJ!^ 
made  from  mixtures  of  Portland  cement,  sand  and  stone^  or  other  coarse  a^*^ 
gate,  in  proportions  of  from  i  of  cement,  2  of  sand  and  4  of  atone,  to  i  * 
cement,  3  of  sand  and  6  of  ttone,  and  the  best  methods  of  avoidiBg  thne 


(a)  The  rendering  of  concrete  more  water-proof  by  adding  to  ordinary  mj 
tures  of  cement,  sand  and  stone,  other  substances  which,  cither  by  their  t  J- 
filting  or  repellent  action,  would  tend  to  make  the  concrete  less  permeftbie. 

(3)  The  treatment  of  eiposed  surfaces  after  the  concrete  or  mortar  has  bet: 
put  in  place  and  hardened  more  or  less,  either  by  penetrative,  void-£IliD$  t? 
icpettent  liquids,  making  the  concrete  itself  less  permeable;  or  by  eztraccx  ..- 
jirotective  ooatinga^  preventing  water  from  having  access  to  the  concrete. 

Considering  these  several  subdivisions  separately  and  in  the  order  named,  ib 
committee  arrives  at  the  following  conclusions: 

(x)  Causes  of  Permaabifity  of  Concrete.  In  the  laboratovy  and  under  tc<- 
€on(fitions  where  properly  graded  and  siaed  coarse  and  fine  aggzesatcs  ^^ 
used,  in  mixtures  ranging  from  i  of  cement,  2  of  sand  and  4  of  stone,  to  t  d  c^ 
ment,  3  of  sand  and  6  of  stone,  impermeable  concrete  can  invariably  be  pr«> 
duced.  Even  with  sand  of  poor  granulometric  composition,  witli  mixtiires  ::f 
rich  as  I  of  cement,  2  of  sand  and  4  of  stone,  permeaUe  otncxete  is  sehioaL  it 
ever,  found  and  is  a  rare  occurrence  with  mixtures  of  i  of  cement,  s  of  ^xst 
and  6  of  stone.  But  the  fact  remaini^  newtheless,  that  the  revcEse  often  u^ 
tains  in  actual  construction,  permeable  concretes  being  enoountered  even  wi*^ 
mixtures  of  i  of  cement,'  2  of  sand  and  4  of  stone  and  are  of  frequent  occurTer.t 
where  the  quantity  of  the  aggregate  u  increased.  This  the  committee  attributes 
to: 

(a)  Defective  workmanship,  resulting  from  improper  prcyortionmg,  lack  d 
thorough  mixing,  separation  of  the  coarse  aggregate  from  the  fine  aggregate  ac<. 
cement  in  transporting  and  placing  the  mixed  concrete,  lack  of  density  throusi 
insufficient  tamping  or  spading,  improper  bonding  of  work-joints,  etc 

(b)  The  use  of  imperfectly  sued  and  graded  aggregates. 

(c)  The  use  of  excessive  water,  causing  shrinkage-cracks  and  formation  d 
hutance^eams. 

(d)  The  lack  of  proper  provision  to  take  care  of  expan^n  and  oontracti^ 
causing  subsequent  cracking. 

Theoretically,  none  of  these  conditions  should  prevail  in  pr(^>erly  desgned  ir  J 
supervised  work,  and  they  are  avoided  in  the  laboratory  and  in  the  field,  ondc: 
test-conditions,  where  sp^  of  construction  and  cost  are  negUgible  items,  instc^i 
of  being  governing  features  as  they  must  be  in  actual  oonstriKtion.  Proper.) 
graded  sands  and  coarse  aggregates  aie  rarely,  if  ever,  found  in  nature  in  snficient 
quantities  to  be  available  for  large  construction,  and  the  effect  of  poor^  graded 
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pn^gates  !n  produdng  permeable  concrete  ts  aggnvated  by  pyor  and  Inefficient 
eld-worlc.  Even  if  the  added  expense  of  screenlnif  and  remixing  the  agfie- 
ates  could  be  afforded,  so  as  to  secure  proper  granulometric  composition  to 
tve  the  density  required  to  make  untreated  concretes  impermeable,  it  is  seem- 
ig\y  often  a  commercial  impossibility  on  large  construction  to  obtain  work- 
lansixip  even  approximating  that  fotmd  in  laboratory-work. 

(a)  Addition  of  Foreign  Sabataaeea  to  Cement  Before  or  Dufiag  ICitare.  The 
ommittee  finds  that  in  consequence  of  the  conditions  outlined  above,  sub- 
tances  calculated  to  make  the  concrete  more  impermeable,  either  incorporated 
a  the  cement  or  added  to  the  concrete  during  mixing,  are  often  used.  Thi* 
las  resulted  in  the  development  and  placing  on  the  market  of  numerous  patented 
»r  proprietary  waterproofing-compounds,  the  composition  of  which  is  more  or 
ess  of  a  trade-secret.  While  it  has  been  Impossible  for  the  committee  to  test  all 
»f  the  special  waterproofing-compDunds  being  placed  on  the  market,  it  has 
nvestigated  a  sufficient  number  of  these,  as  well  as  the  use  of  certain  very  finely 
livided,  naturally  occurring  or  readily  obtainable  commercial  mineral  products, 
luch  as  finely  ground  sand,  colloidal  days,  hydrated  lime,  etc,  to  form  a  general 
dea  of  the  value  of  the  different  types.    The  committee  finds: 

(a)  That  the  majority  of  patented  and  proprietary  integral  compounds  tested 
liave  little  or  no  inunediate  or  permanent  effect  on  the  permeability  o£  concrete 
uid  that  some  of  these  even  have  an  injurious  effect  on  the  strength  of  Biortar* 
uid  concrete  in  which  they  are  incorporated. 

(b)  That  the  permanent  effect  of  such  integral  waterpn»fing-additioDs»  '£ 
dependent  on  the  action  of  organic  compounds,  is  very  doubtf  uL 

(c)  That  in  view  of  their  possible  effect,  not  only  upon  the  early  strength, 
but  also  upon  the  durability  of  concrete  after  considerable  periods,  no  integral 
waterproofing-material  should  be  used  unless  it  has  been  subjected  to  long-time 
practical  tests  under  proper  observation  to  demonstrate  its  value,  and  unless 
its  ingredients  and  the  proportion  in  which  they  are  present  are  known. 

(d)  That  in  general,  more  desirable  results  are  obtainable  from  inert  com- 
pounds acting  mechanically,  than  from  active  chemical  compounds  whose 
efficiency  depends  on  change  of  form  through  chemical  action  after  addition  to 
the  concrete. 

(e)  That  void-filling  substances  are  more  to  be  relied  upon  than  those  whose 
value  depends  on  repellent  action. 

(0  That,  assuming  average  quality  in  sizing  of  the  aggregates  and  reasonably 
good  workmanship  in  the  mixing  and  placing  of  the  concretes,  the  addition  of 
from  10  to  ao%  of  very  finely  divided  void-filling  mineral  substances  may  be 
expected  to  result  in  the  production  of  concrete  which,  under  ordinary  conditions 
ol  exposure,  will  be  found  impermeable,  provided  the  work-joints  are  properly 
bonded,  and  cracks  do  not  develop  on  drying,  or  through  change  in  volume  due 
to  atmospheric  rhangrs,  or  by  settlement. 

(3}  Estemal  Treatment.  While  external  treatment  of  concrete  would  not 
be  necessary  if  the  concrete  itself,  either  naturally  or  by  the  addition  of  water* 
proofing-material,  was  impermeable  to  water,  it  has  been  found  in  practice  thai 
in  large  construction,  no  matter  bam  carefully  the  concrete  itself  has  been  made; 
cracks  are  apt  to  develop,  due  to  shrinkage  in  drying  out,  expanakm  and  contrac* 
tion  under  change  of  temperature  and  moisture-content,  and  through  settle- 
ment. It  is,  therefore,  often  advisable  in  important  constructioa  to  aatidpate 
and  provide  for  the  possible  occurrence  of  such  cracks  by  external  treatment 
with  &  protective  coating.  Such  coating  must  be  sufficiently  elastic  and  cohesive 
to  prevent  the  cracks  extendfaig  through  the  coating  itself.  The  application  of 
merely  penetradve  void-filKog  liquid  washes  will  not  prevent  the  ptfHge  oC 
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water  due  to  cracking  of  the  concrete.    The  committee  has,  tberefoR;  cci^ : 
ered  surface-treatment  under  two  heads: 

(a)  Penetrative  void-filling  liquid  washes. 

(b)  Protective  coatings,  including  all  surface-applications  intended  to  prev- 
water  coming  in  contact  with  the  concrete. 

PenetimtiTe  Waahet.  While  some  penetrative  washes  may  be  effidert  . 
rendering  concrete  water-proof  for  limited  periods,  their  efficiency  ma.y  devTr^- 
with  time  and  it  may  be  necessary  to  repeat  such  treatment.  Some  of  t^-* 
washes  may  be  objectionable,  due  to  discoloring  the  surface  to  which  thev  l-. 
applied.  The  committee,  therefore,  believes  that  the  first  effort  should  be  ci. 
to  secure  a  concrete  that  is  impermeable  in  itself  and  that  penetrative  v^c- 
filling  washes  should  only  be  resorted  to  as  a  corrective  measure, 

ProCtcthre  Coatinga.  While  protective  extraneous  bituminous  oir  aspLi>^ 
coatings  are  unnecessary,  so  far  as  the  major  portion  of  the  surface  of  the  ac- 
crete is  concerned,  provided  the  concrete,  eith^  in  itself  or  through  the  addi:  * 
of  integral  compounds,  is  made  impermeable,  they  are  valuable  as  a  protecii  •: 
where  cracks  develop  in  a  structure.  It  is  therefore  recommended  that  a  cicz- 
bination  of  inert  void-filling  substances  and  extraneous  waterproodog  be  adc^i^c. 
in  especially  difficult  or  important  work. 

BitBmlnoaa  or  Astfhaltic  Coatinga.  Considering  the  use  of  bituminoo^  u* 
'a^haitic  coatings^  the  committee  finds: 

(a)  That  such  protective  coatings  are  often  subject  to  more  or  less  detm-ri- 
tion  with  time,  and  may  be  attacked  by  injurious  vapors  or  deleterious  adtmUn^c- 
in  solution  in  the  water  coming  In  contact  with  them. 

(b)  That  the  most  effective  method  for  applying  such  protectioa  ts  cither  t^* 
setting  of  a  course  of  impervbus  brick  dipped  in  bituminous  material  into  a  »  ■: 
bed  of  bituminous  material,  or  the  application  of  a  sufficient  number  of  la>t^  . 
satisfactoiy  membranous  material  cemented  together  with  hot  bitunkcn. 

(c)  That  their  durability  and  efficiency  are  very  largely  dependent  on  the  c^r 
with  which  they  are  applied.  Such  care  refers  particularly  to  proper  cka£i<r 
and  preparation  of  the  concrete  to  insure  as  dry  a  surface  as  possible  before  app^ 
cation  of  the  protective  covering,  the  lapping  of  all  joints  of  the  membranous 
layers,  and  their  thorough  coating  with  the  protective  material.  The  usr  a 
this  method  of  i^otection  is  further  desirable  because  proper  biluminous  co\tr 
ings  offer  resistance  to  stray  electrical  currents,  the  possible  attack  from  whf.r 
is  referred  to  in  succeeding  paragraphs. 

Rich  Hlxtorea.  So  far,  the  committee  has  considered  only  concretes  of  th<c 
usual  proportions,  namely,  those  ranging  from  x  of  cement,  2  of  sand  and  4  uf 
stone,  to  I  of  cement,  3  of  sand  and  6  of  stone.  It  has  been  suggested  that  im- 
permeable concretes  could  be  assured  by  using  mixtures  oonsiderably  rkher  b 
cement.  While  such  practice  would  probably  result  in  an  immediate  imperial- 
able  concrete,  it  is  believed  by  many  that  the  advantage  is  only  temporary,  u 
richer  concretes  are  more  subject  to  check-cracking  and  are  less  ccmsiant  t. 
volume  imder  changes  of  conditions  of  temperature,  moisture,  etc.  Therefcnr. 
the  use  of  more  cement  in  mas8K»ncrete  would  cause  increased  cracking;  unVs« 
some  means  of  controlling  the  expansion  and  contraction  is  discovered.  Hltr. 
reinforced  concretes  the  objection  is  not  so  great,  as  the  tendency  to  cracking 
is  more  or  less  counteracted  by  the  reinforcemenL 

Fine  Floiir  MixtnrM.  It  has  also  been  suggested  that  the  presence  in  tbs 
cement  of  a  larger  percentage  of  very  fine  flour  might  result  in  the  productkKi  U 
a  denser  and  more  impermeable  concrete,  through  the  formatkxi  of  a  laxger 
^unount  of  colloidal  gels.  Neither  of  these  suggestions  has  been  especially  in- 
vestigBted  by  the  committee.    Both  appeal  to  the  oommtttee^  however,  for  tht 
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son  that  they  snbstitute  active  cementitious  substances  for  the  largely  in« 
1  ve  void-filling  materials  previously  recommeiided,  thus  increanng  the  strragth 
tiie  concrete. 

Cluumcter  of  W<tfkina]»li]p.  In  conclusion,  the  committee  would  point  out 
xt  no  addition  of  waterproofing-compounds  or  substances  can  be  relied  upon 
completely  counteract  the  effect  of  bad  workmanship,  and  that  the  produc- 
»n  of  impermeable  concrete  can  only  be  hoped  for  where  there  is  determined 
ustence  on  good  workmanship. 

Salintt  Waters.  Blectrteal  Action.  The  production  of  impermeable  concrete 
Ls  assumed  greater  importance  since  the  appointment  of  this  committee, 
ving  to  the  well-known  ii^urious  action  of  salfaie  or  alkaline  waters  and  to  the 
iggested  possible  effect  of  the  moisture  in  concrete  occasioning  or  aggravating 
ectricat  action  from  stray  currents.  Originally,  the  question  of  waterproofing 
ivolved  mainly  the  physical  troubles  resulting  from  water  passing  through 
>ncrete  without  any  special  consideration  of  its  effect  on  its  durability,  other 
lan  a  gradual  leaching  out  of  the  cement.  Recent  developments  suggest  the 
ossibility  that,  owing  to  the  inaeaaed  conductivity  of  damp  concrete  to  elec- 
rical  currents,  such  currents,  if  present,  may  so  affect  damp  concrete  as  to  seri- 
usly  lasaen  its  integrity;  and  this  possibility  further  emphasizes  the  importance 
»f  the  recommendation  that  no  waterproofing-compound  of  unknown  chemical 
;omposition  be  added  to  concrete,  as  recent  tests  seem  to  show  that  the  action  of 
electrical  currents  is  aggravated  by  the  presence  of  certain  solutions. 

Waterproofing  by  Eztamal  Linings  of  Brick,  Ttr,  or  Asphalt,  and  Pelt. 
The  oldest  method  of  waterproofing  is  the  one  involving  the  use  of  a  tar-and-felt 
>r  asphalt-and-felt  seal  (Fig.  1).    This  consists  of  building  first  a  supporting 
wall  and  a  supporting  concrete  slab  to  hold  the  seal.    On  the  floors,  this  slab 
is  usually  composed  of  omcrete,  4  in  thick.    The  walls  are  generally  of  brick 
from  4  to  8  in  thick,  but  occasionally  4-in  terra-cotta  tiles  are  used.    Upon  this 
base  a  swabbing  of  tar  or  asphalt  is  placed  and  before  this  has  become  cold  or 
set,  one  thickness  of  paper,  saturated  with  coal-tar,  is  laid.    This  paper  receives 
a  swabbing  of  coal-tar  and  asphalt  and  another  layer  of  paper  is  placed,  the 
operation  being  continued  until  there  are  three  or  more  layers  of  paper  with 
four  or  more  swabbings  of  the  tar  or  asphalt.    For  damp-proof  work,  three  layers 
of  paper  with  four  swabbings  of  tar  are  usually  sufficient.    For  waterproofing* 
work  not  less  than  five  and  usually  six  layers  of  paper  with  from  six  to  seven 
swabbings  of  tar  are  used.    The  main  walls  of  the  structure  are  then  built  against 
the  wall-watcrpcoofing,  and  after  these  are  in  place,  the  main  concrete  basement* 
floor  is  laid  immediately  on  top  of  the  floor-seal,  the  idea  being  to  form  a  con* 
tinuous  water-proof  8«d  eav^lopiBg  the  entire  basement  below  grade.    The 
difficulties  of  this  system  consist  chiefly  in  securing  perfect  laps  at  all  pdnts  in 
the  work,  and  unless  extreme  care  is  used  and  unless  there  is  perfect  co5peration 
between  the  waterproofer  and  the  mason-contractor,  there  is  apt  to  be  a  break 
somewhere  in  the  seal,  usually  where  the  wall-waterproofing  is  supposed  to  be 
joined  to  the  floor-work.    The  disadvantages  of  this  system  are  due  to  the  fact 
that  the  seal  is  not  permanent  in  all  soils  as  the  subsurface  water  frequently 
contains  adds  which  destroy  the  seal.    Then  again,  the  seal  may  be  easily 
punctured  by  the  mason-contractor  in  building  his  wall  against  it  or  in  laying 
the  concrete  floor  upon  the  flat  work.    The  chief  disadvantage,  however,  is  that 
the  wa^^rproofing-seal  is  invariably  buried  behind  a  mass  of  masonry,  either 
brick  or  concrete,  which  means  that  should  there  be  a  leak,  due  to  either  care- 
lessness or  acddent,  through  the  waterproofing-seal,  it  is  frequently  impossible 
to  stop  it.    It  not  infrequently  happens  that  when  a  leak  has  developed  in  tar- 
and-felt  work,  the  actual  presence  of  the  water  does  not  show  opposite  the  leak» 
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bnt  foDowIiig  «>iiM  Ibu  o(  Itait  ratituiee,  ippeui  into  50  to  100  ft,  or  aoK, 
amy  from  wfaere  Ibe  (ctual  danuce  cau^ix  tlie  Ink  ocom.  In  actnal  mtcr- 
proofing  work  it  is  seldom  attonpCed  lo  Mcure  a  bottle-tigbt  job  with  tat  iixl 
fell.  Instead,  uidc  lyUcni  of  diaioace  it  iasUiled  beacath  the  water-proof 
Kal  vlucb  ii  on  the  floors  at  the  bviildioB,  and  the  water  is  oonduoed  throu^  tile 
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or  other  fnpes  (o  aomc  caitral  suznp  irom  which  It  a  Tnechanicatly  pumped  to 
».  sewer.  The  purpose  of  the  waterprooSng  is  this  aac,  tberefore.  is  to  con- 
octrate  01  drive  the  water  to  this  sump.  For  shallow  ccUan  and  espedalljr 
dampproofing-work,  tbis  tar-and-lelt  method  is  tbe  most  economical  and  most 
iicqaently  employed. 

WalorprooSng  by  Cottlns  with  Wattr-Proof  Cement.  For  deep  and 
difficult  work  a  comparatively  new  method  of  walerprooflog  is  often  usrd 
(Fig.  2).  This  consists  of  i^acing  a  coating  of  water-proof  cemeot  upon  tbe 
interior  surface  of  the  exterior  walls  of  the  buMing  and  over  the  upper  surface 
of  tbe  concrete  Ooor-slab  in  tbe  basement  or  subbasement.  Fig.  3  shows  a 
foundation  for  an  engine,  the  concrete  being  waterproofed  as  shown.  Tbe  pit 
is  made  somewhat  larger  than  the  foundation,  the  ertra  space  being  filled  in 
mlh  cinders,  dry  bricks  or  tem-cotta  blocks  which  may  be  readily  cvmoved 
to  allow  access  to  the  bed-plate  bolls  for  which  hand. boles  have  been  cast  in 
the  concrete,  thus  permitting  the  complete  removal  of  the  engine.     Tbe  figure 

*  Rrproduccd.  by  permission,  troni  ipamptilet  published  by  Tbe  Waterproofini  Can- 

jur  side-surf  ice  brick -irid-ftlt  method  of  wBterproofinj  ss  compa^  irith  tb*  innd*. 
surface  waE«Tiroat.cement  coatinf .    Takea  from  dsiga  fi>r      ~  '      ' 

Hfn  York  buikllBg.    See,  alas,  Fif.  1. 
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oin  *  i-to  Mod  cmhtoD  and  ■  i^Uyero(plankBiuidM'tlwenslD«-toimdkt{oD. 
his  Is  not  ■  p«rt  ol  the  wmterpnxi&ig  but  is  put  in  to  prevent  the  conunimica- 
on  of  vibration.  Fig.  4  gboin  ninforod-omcRle  floon  (or  an  ngine^ioom 
id  btrfler-iooin,  tlie  omcrete  sUb  bdns  u  Id  tlikk  under  the  former  ukI  34  in 
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'    Cement  WntapnoGoi  lor  FouDditiom 


Rods  in 
Upper  rodi.  A  in  < 


■  FroD  t  puDphlet  poMUwd  hj  Tit  WUerrmidbif  Cdanpai))',  New  YoA,  mud  A 
inf  nduBd  toul  IhickacH  ol  nlli  and  Booi  nqmied  lor  the  iiuidfrearfiee  vnta-pi 
cerneiit  melbod  of  iviterproofin^,  Tiken  from  desUs  for  waltrprooting  ol  Uk  i> 
biiildiiii  d»wD  JD  Tig.  1.    Tbe  nib  ud  toon  wcR  pot  In  pU«  is  Um  mamjlhhk  [o 
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Then  tn  nuny  ctunpouaili  uhxitbcd  to  nuke  cemeot  or  conctete  wmter-^: 
Boidn  Iheie.  then  ue  water-proof  cemenls  nuuiufactured  by  iicrrt  pmi» 
and  >|q>lial  by  companin  [hat  make  a  ipeciiky  oi  waterpnwfins-  Sont 
the  many  ireteiproo&ng-coiniXMiiuls  bave  merit;    but  the  main  fmctan  U  . 


3-*    Engine-finiiidatioa  with  Water-proof  Can 
.terx>roofia9  are  the  skilL  and  experience  of 


successful  job  of 

wfao  da  tbe  work.  It  is  cJumcd  that  to  a 
obtain  efficient  results  rwiuires  more  skill  [I 
a  ccmeat  waterproo&cs,  ooce  fffoperly  appli 


leenu  to  pjiseu  some  advaniafa 


Fig.  i.*    ReiDfoned-omcnte  Floor  with  Wta-tunl 

over  the  older  method  of  Ur  and  felt.  One  advantage  is  that  tt 
is  accessible,  and  that  if  any  leaks  develop,  they  are  ajqivent  and  can  be  re 
and  economically  repaired  by  cuttioft  but  the  old  waterproofing  and  pUdM 
a  new  coating  where  tiw  damage  einta.  Anotlier  advantage  daiined  b  ttut 
cement  wateipmofing  is  generally  pennanent  and  not  damaged  by  the  ardioul 
*  Beproducad  by  pcnnbikia  oI  The  WateiimoGiig  Compaiiy,  New  Voifc. 
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SLcids  found  in  solution  with  water  in  soil.    By  the  cement  method  the  cost  of 
tHe  brick  supporting  walls  and  the  concrete  supporting  slab  is  eluninated  as  is 
slIso  the  corresponding  cost  of  the  necessary  excavation  for  them;  and  finally, 
Hbe  waterproofing  on  the  floor  serves  the  double  purpose  of  waterproofing  and 
-wearing-surface,  thus  saving  the  cost  of  the  cement  finish  usually  found  in 
l>&sements  and  subbasements.     One  of  the  disadvantages  of  cement  water- 
proofing is  that  the  material  is  rigid  and  is  fractured  by  any  settlement  of  the 
building  or  contraction  in  the  concrete  upon  which  it  is  placed.    Experience  has 
siiown,  however,  that  settlement-cracks  usually  take  place  before  the  water- 
I>roofing  contractor  has  left  the  building  and  that  there  is  little  or  no  trouble 
from  these  causes  after  his  work  is  completed.    Contraction-cracks  in  concrete, 
however,  seem  to  develop  at  any  time  within  twenty-four  months  after  concrete 
lias  been  placed.    In  order  to  prevent  these  cracks,  users  of  the  cement  water- 
proofing have  adopted  a  system  of  reinforcement  in  the  concrete,  and  it  is  claimed 
thsLt  this  reinforcement  is,  in  the  long  run,  an  economy,  as  it  permits  of  less  con- 
crete and  gives  a  better  and  stronger  floor  or  wall.    On  brick  and  stone  walls 
no  trouble  is  experienced  from  contraction  and  expansion.    It  should  be  re- 
membered that  this  work  is  all  below  grade  where  contraction  and  expansion 
are  reduced  to  a  minimum,  regardless  of  the  materials  used. 

Waterproofing  by  Adding  Sttbstances  to  Cement.  This  is  another 
method  of  waterproofing  now  being  advocated  by  some.  If  this  method  could 
always  be  made  efficient,  it  would  be  highly  advantageous.  It  is  claimed  by 
the  manufacturers  of  these  compounds  that  in  order  to  secure  a  water-proof 
basement,  for  example,  a  certain  percentage  of  the  compound  is  to  be  mixed 
with  the  cement  before  it  is  incorporated  in  the  concrete.  The  opponents  of 
this  method  daim,  however,  tliat  it  is  impossible  to  construct  a  basement  in 
this  way  without  incurring  the  danger  of  serious  leaks  at  the  joinings  of  one 
day's  work  with  that  of  another;  that  leakage  at  these  points  of  cleavage  may 
be  increased  by  the  use  of  waterproofing-compoimds;  and  that  their  principal 
merit  is  that  they  produce  a  very  dense  mass  of  concrete.  It  is  always  difficult 
to  bond  old  concrete  to  new,  and  if  concrete  is  made  water-proof,  or,  in  other 
words,  nonabsorbent,  the  difficulty  of  joining  new  concrete  to  a  nonabsorbent 
mass  of  old  concrete  is  increased.  This  method  is  effective,  however,  and  is  to 
be  recommended  in  work  which  can  be  carried  on  without  interruption,  such,  for 
instance,  as  small  elevator-pits  or  small  swimming-pools,  where  the  concrete 
can  be  started  in  the  morning  and  completed  by  night  or  before  any  part  of  the 
work  has  had  time  to  attain  its  initial  set. 

FORCE   OF   THE   WIND 

Relation  Between  the  Pressure  and  Velocity  of  "^nd.  According  to 
experiments  made  in  1S90  or  thereabouts,  by  C.  F.  M|Lrvin,  United  States 
Signal  Service,  the  relation  between  wind-pressure  and  velocity  is  given  very 
accuratdy  by  the  formula  p  »  0.004  V^  where  p  is  the  pressure  in  pounds  per 
square  foot  on  a  flat  surface  normal  to  the  direction  of  the  wind,  and  V  the 
velocity  of  the  wind  in  miles  per  hour.  Smeaton  considered  the  pressure  as 
equal  to  0.005  V\  The  following  table,  based  on  Marvin's  formula,*  is  quoted 
by  Tumeaure  and  Ketchum.f 

*  If  Marvin's  formula  is  written  p  *-  0.003  s  F*  the  values  in  thk  table  will  be  slightly 
changed.  See  Chapter  XXVII,  pages  1052  and  X053;  Chapter  XXX,  page  1x99;  and  also 
pa<e  X394>  *  The  formula  used  by  the  United  States  Signal  Service  is  ^  •■  0.004  V^.  The 
true  pressure  is  probably  somewhere  between  0.005  ^  and  0.004  P,  near  the  former  for 
very  low  velocities  and  near  the  latter  for  high  velocities. 

t  Sec,  also.  Trautwine's  Pocket-Book,  page  331. 
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Tabto  Stewiflff  tlw  Vocm  o(  fhm  Wiad 

Miles  per 

Feet  per 

Feet  per 

Force*  in 

pounds,  per 

hour 

minute 

second 

■ 

square  foot 

I 

88 

1.47 

0.004 

Hardly  peraepb] 

biSe 

2 

3 

176 
364 

2-93 
4.40 

0  oi4i 
0.036 

■ 

Joat  pwoepcifaae 

4 

352 

5-87 

0.064 

1 

Gentle  btiuuae 

5 

440 

7.33 

0.1 

lo 

880 

14.67 

0.4 

Pleasant  bcceae 

15 

X320 

22.0 

0.9 

30 

as 

X76o 

2200 

293 
26.6 

X.6 

2.5 

Brisk  sale 

30 
35 

2640 
3080 

44.0 
51.3 

36 
4-9 

Mi^  wind 

40 
45 

3  520 
3960 

58.6 
66.0 

6.4 
8.x 

Very  h]^  wiod 

1 

SO 

4400 

733 

xo.o 

Storm 

1 

6o 
70 

5280 
6x60 

88.0 

X02.7 

U.4 
19.6 

Great  stoxm 

8o 
zoo 

7040 
8800 

117  3 
146.6 

25.6      1 
40.0 

COPIES   OF   TRACINGS 

Blue-Printf  from  Tfmdngt,  The  following  directions*  oorer  the  vi»i.' 
ground.  The  sensitiaed  paper  can  be  procured,  all  prepared,  at  stores  wh?-^ 
artists'  materials  are  sold,  so  that  the  process  of  preparing  the  pap^  by  meari 
of  chemicals  can  then  be  omitted.'   The  materials  required  are  as  follows: 

(i)  A  boaxd  a  little  larger  than  the  tracing  to  be  copied.  The  drawsf- 
board  on  which  the  drawing  and  tracing  are  made  can  always  be  used. 

(2)  Two  or  three  thicknesses  of  flannel  or  other  soft  white  doth,  whidi  is  t.^ 
be  smoothly  tacked  to  the  board  to  form  a  smooth  surface,  on  wlucii  to  lay  tit 
sensitized  paper  and  tracing  while  printing. 

(3)  A  ptate  of  common  double-thick  window-glass,  of  good  quality,  sligfatJy 
larger  than  the  tracing  to  be  copied.  The  fimction  of  the  glass  is  to  keep  tbe 
tracing  and  sensitized  paper  closely  and  smoothly  pressed  together  wh^ 
printing. 

(4)  The  chemicals  for  sensitizing  the  paper.  These  oonsist  simply  of  cqx^l 
parts,  by  weight,  of  citrate  of  iron  and  ammonia,  and  red  prussiate  of  pot^. 
and  can  be  obtained  at  any  drug-store.  The  price  should  not  be  over  8  or 
10  cts  per  ounce  for  each. 

(5)  A  stone  or  yellow-glass  bottle  to  keep  the  solution  of  the  above  chemicals 
in.  If  there  is  but  little  copying  to  do,  an  ordinary  glass  bottle  will  do,  and  the 
solution  can  be  freshly  made  whenever  it  is  wanted  for  immediate  use. 

(6)  A  shallow  earthen  dish  in  which  to  place  the  solution  when  using  it.  A 
common  dinner-plate  is  as  good  as  anything  for  this  purpose. 

(7)  A  soft  paste-brush,  about  4  in  wide. 

(8)  Plenty  of  cokl  water  in  whidi  to  wash  the  copies  after  they  have  been 
exposed  to  the  sunlight.  The  outlet  of  an  ordinary  sink  may  be  dosed  b^ 
pladng  a  piece  of  paper  over  it  with  a  weight  on  top  to  keep  the  paper  down, 
and  the  sink  filled  with  water,  if  the  sink  is  large  enough  to  Uy  the  copy  m. 

*  Taken  from  The  Locomotive. 
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If  it  is  not,  it  is  better  to  make  a  water-tight  box  5  or  6  in  deep,  and  6  in  wider 
and  longer  than  the  drawing  to  be  copied. 

(9)  A  good  quality  of  white  book-paper. 

The  following  directions  are  to  be  followed: 

Dissolve  the  chemicals  in  cold  water  in  these  proportions:  i  oz  of  dtrate  of 
iron  and  ammonia;  i  oz  of  red  prussaate  of  potash;  and  8  oz  of  water.  They 
may  all  be  put  into  a  bottle  together  and  shaken  up.  Ten  minutes  will  suffice 
to  dissolve  them. 

Lay  a  sheet  of  the  paper  to  be  sensitized  on  a  smooth  table  or  board,  pour  & 
little  of  the  solution  into  the  earthen  dish  or  plate,  and  apply  a  good  even  coat- 
ing of  it  to  the  paper  with  the  brush.  Then  tack  the  paper  to  a  board  by  two 
adjacent  comers^  and  set  it  in  a  dark  place  to  dry.  One  hour  b  sufficient  for 
the  drying.  Place  the  paper,  with  its  sensitized  side  up,  on  the  board  on  which 
you  have  smoothly  tacked  the  white  flannel  cloth;  lay  the  tracing  to  be  copied 
on  top  of  it;  on  top  oC  all  lay  the  glass  plate,  being  careful  that  paper  and  tracing 
are  both  smooth  and  in  perfect  contact  with  each  other,  and  lay  the  whole 
thing  out  in  the  sunlight.  Between  eleven  and  two  o'clock  in  the  sununer-time, 
on  a  clear  day,  from  6  to  10  minutes  will  be  sufficiently  long  to  expose  it;  at 
other  seasons  a  longer  time  will  be  required.  If  the  location  does  not  admit 
of  direct  sunlight,  the  printing  may  be  done  in  the  shade,  or  even  on  a  cloudy 
day;  but  from  x  to  2H  hours  will  be  required  for  exposure.  A  little  experience 
will  soon  enable  any  one  to  judge  of  the  proper  time  for  exposure  on  different 
days.  After  exposure,  place  the  print  in  the  sink  or  trough  of  water  before 
mentioned,  and  wash  thoroughly,  letting  it  soak  from  3  to  s  minutes.  Upon 
immersion  in  the  water,  the  drawing,  hardly  visible  before,  will  appear  in  clear 
white  lines  on  a  dafk-hlue  ground.  After  wasting,  tack  up  against  the  wall,. 
or  other  convenient  place,  by  the  comers,  to  dry.  This  finishes  the  operation^ 
which  is  very  simple  and  thorough.  After  the  copy  is  dry,  it  can  be  written  on 
with  a  conunon  pen  and  a  solution  of  coomion  soda,  which  makes  a  white  line. 

Altemat*  Redp«  for  Making  Blue-Priiitt.  The  following  is  an  alternative 
recipe  to  the  one  given  above.  The  paper  should  be  prqiared  by  floating  it 
for  one  minute  in  a  solution  of  ferric3ranide  of  potassium  (red  prussiate  of  potash), 
z  oz,  and  water,  5  oz.  It  should  then  be  dried  in  a  dark  room,  afterwards  ex- 
posed beneath  the  negative  until  the  dark  shades  have  assumed  a  deep  blue 
color,  and  immersed  in  a  solution  of  water,  a  oz,  and  bichloride  of  mercucy,  x  gr. 
The  print  ahoukl  be  washed,  immersed  in  a  hot  solution  of  oxalic  add,  4  drm, 
and  water,  4  oz,  washed  again  and  dried.  Where  a  copy  of  a  drawing  is  to  be 
made  the  prepared  paper  is  placed,  sensitive  side  uppermost,  on  a  flat  board 
covered  with  two  or  three  thicknesses  of  blanket  or  its  equivalent.  A  tradng 
of  the  drawing  is  made,  laid  on  the  sensitized  paper  and  held  in  place  by  a  sheet 
of  glass  damped  to  the  board.  The  sensitized  paper  is  exposed  to  the  sunlight 
from  4  to  10  minutes  or  to  a  clear  sky  from  20  to  30  minutes  and  then  removed, 
washed  and  dried.  The  only  requisite  as  to  paper  is  that  it  must  stand  wash- 
ing.   Prepared  paper  may  be  purchased. 

Black-Line  Copies  from  Tracingi**  The  directbns  for  making  the  sensitis- 
ing solution  used  in  this  process  are  as  follows:  Dissolve  separately,  gum  arable, 
13  dr,  in  17  oz  water;  tartaric  add,  13  dr,  in  6  oz  6  dr  water;  persulphate  of  iron, 
8  dr,  in  6  oz  6  dr  of  water.  Pour  the  third  solution  into  the  second,  stir  thor- 
oughly, and  then  pour  the  resulting  mixture  into  the  first,  the  stirring  being 
continued.  When  the  mixture  is  complete,  add  slowly,  still  stirring,  3  fi  oz  and 
3  drm  of  liquid  perchloride  of  iron;  filter  into  a  bottle  and  keep  in  the  dark. 
Use  a  strong  well-sized  paper,  apply  a  thin,  smooth  coat  of  the  solution  with  a 
large  brush  or  snonge,  and  then  dry  in  a  dark  room  wfth  moderate  heat.    The 

*  Thtrc  is  as  yet  BO  kagwa  redpe  resulting  in  jet-black  lines. 
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paper  should  be  yellowish  in  tint  and  will  not  keep  Ions.     PIa<?e  the  trj. .. 
made  with  very  black  ink,  in  the  printing-frame,  the  drawii]^  becq^  in  : 
contact  with  the  glass,  and  place  over  it  the  smsitfiBrd  paper,  ^rith  the  prcp^- 
side  in  contact  with  the  back  of  the  tracing.    After  an  exposure  of  lo  or 
minutes,  the  print  should  show  a  yellow  drawing  on  a  white  ground.    T  • 
the  print  from  the  frame  and  float  for  a  minute,  face  down,  in  a.  dtrek^-. 
bath  of  gallic  add,  or  tannin,  from  31  to  46  gr;  oxalic  add*  i  H  gr;  and  va-r 
34  oz.    Then  plunge  it  in  clear  water,  rinse  well  and  dry.    The  oruige^'c^' 
lines  will  be  changed  into  a  purplish-black. 

Brown-Lino  Copies  from  Tradngt.    The  directions  for  malring  the  ttnati:- 
ing  solution  used  in  this  process  are  as  folbws:  Dissolve  gelatine,  6  gr;  wz'r- 
X  oz;  swell  in  cold  water,  give  water-bath  and  add  tartaric  acid,  8  os;  ah'- 
nitrate,  9  gr;  and  ammonia  dtrate  of  iron,  40  gr.    Filter  in  a  subdued  Sr:: 
Print  in  a  bright  light  until  slightly  darker  than  ordinary  printin^-oot  p^c 
wash  for  5  minutes;  immerse  in  a  3H%  solution  of  hypo  until  desired  cdks  > 
obtained;    and  wash  and  dry.     Blue-prints  may  be  turned  to  a  rich-brtvt 
color  by  immersing  in  a  solution  of  caustic  soda  the  size  of  a  bean  dissolvvd  r 
5  oz  of  water,  until  the  blue  has  changed  to  orange-yellow.     They  are  thr. 
washed  thoroughly,  immersed  in  a  bath  of  water  in  whidi  has  been  disscKTC 
a  heaping  teaspoonful  of  tannic  add,  rinsed  in  dear  water  and  dried.     Pipi? 
may  be  sized  for  brown-prints  by  soaking  it  in  a  mixture  of  90  gr  of  arrovn.i  * 
and  5  oz  of  cold  water,  rubbed  into  a  cteara  and  mixed  with  30  gr  of  glucose  £' : 
5  oz  of  hot  water.    The  mixture  should  be  boiled  a  minutes  and  then  pcnrntte: 
to  cool  before  use. 

HORSE-POWEE/  PULLETS,  GEARS,  BELUNG 

AND  SHULFTDTG 

Hone-Power.  A  horse  can  travel  400  yd  at  a  walk  in  4H  min.  at  a  trot  n 
2  min,  and  at  a  gallop  in  x  min;  he  occupies  at  a  picket  3  ft  by  9  ft;  and  fi£» 
average  weight  is  x  000  lb.  An  aveiagb  hossb  canying  225  ib  can  tia>n 
25  miles  in  a  day  of  8  hr.  A  dkauget-hobsb  can  dntw  1 600  lb  23  miles  a  da>. 
weight  of  carriage  included.  In  a  hoksb-miu.  a  horse  moves  at  the  rate  of  3  U 
in  a  second.    The  diameter  of  the  trade  shoukl  not  be  kas  than  25  ft. 

A  Horse-Power,  in  Machinery,  is  estimated  at  33  000  lb,  raised  x  it  in  « 
minute;  but  as  a  horse  can  exert  that  force  but  6  hr  a  day,  one  hacbxkexv 
HORSE-POWER  is  equivalent  to  that  of  four  horses. 

Roles  t)  Determine  the  Size  end  Speed  of  Pidleys  or  Geari.    The 

driving-puUcy  is  called  the  drivkr,  and  the  driven  pulley  the  drivew.  If  the 
number  of  teeth  in  the  gears  are  used  instead  of  the  diameter,  in  these  cakub- 
tions,  number  of  teeth  must  be  substituted  wherever  diameter  occurs. 

(x)  To  Find  the  Diameter  of  the  Driver,  the  diameter  of  the  driven  and  its 
revolutions,  and  also  revolutions  of  driver,  being  given.  Multiply  the  diametrr 
of  the  driven  by  its  revolutions,  and  divide  the  product  by  the  re\'ohitiotts  li 
the  driver;  the  quotient  will  give  the  diameter  of  the  driver. 

(a)  To  Find  the  Diameter  of  the  Driven,  the  revolutions  of  the  driven,  also  the 
diameter  and  revolutions  of  the  driver,  bdng  given.  Multiply  the  diameter  of 
the  driver  by  its  revolutions,  and  divide  the  product  by  the  levolutioss  of 
the  driven;  the  quotient  will  give  the  diameter  of  the  driven. 

(3)  To  Find  the  Revolntioiia  of  the  Driver,  the  diameter  and  revolutioos  of 
the  driven,  also  the  diameter  of  the  driver,  bdng  given.    Multiply 

*  Sec^  alMk  pagci  1274  and  1197. 
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oC  the  drivm  by  its  revolutions,  and  divide  the  product  by  the  diameter  of  the 
driver;  the  quotient  will  give  the  revolutions  of  the  driver. 

<4)  To  Find  the  Rerolotions  of  the  Driven,  the  dUuneter  and  revolutions  of 
the  driver,  also  the  diameter  of  the  driven,  being  given.  Multiply  the  diameter 
of  the  driver  by  its  revolutions,  and  divide  the  product  by  the  diameter  of  the 
driven;  the  quotient  will  give  the  revolutions  of  the  driven. 

Horse-Power  Tranamitted  by  Belting.  The  efficiency  of  belting  to  trans- 
mit power,  or  to  turn  a  wheel  or  pulley,  depends  upon  the  width  and  thickness 
of  the  belt,  the  arc-contact  with  the  pulley,  the  position  of  the  belt,  whether 
horizontal,  vertical,  or  at  an  angle,  and  the  velocity.  The  greater  the  velocity 
and  the  thicker  the  belt,  the  more  power  it  will  transmit.  A  belt  running  ver- 
tically or  mclined  will  transmit  less  power  than  one  running  horizontally,  but 
in  figuring  the  horse-power  capacity  of  belting  only  the  velocity,  width  and 
tKirkn<NM  of  belt  are  usually  considered,  it  being  assumed  that  the  pulleys  are 
of  proper  size  and  located  so  that  the  belt  will  be  nearly  horizontal.  Belts  are 
commonly  assumed  to  be  of  leather,  unless  otherwise  designated.  The  term 
SINGLE  BELT  is  uscd  to  designate  a  belt  made  of  a  single  thickness  of  cowhide 
leather.  A  double  belt  is  made  by  cementing  and  riveting  together  two 
thicknesses  of  leather.  These  is  no  standard  thickness  for  either  single  or  double 
belts. 

Snlea.  Many  rules  have  been  given  for  determining  the  horse-power  that 
belting  will  transmit.*    Those  commonly  used  are: 

(x)  For  Single  Belts.  Multiply  the  width,  in  inches,  by  the  velocity  m  feet 
per  minute  and  divide  by  i  ooo. 

(a)  For  Double  Belts.  Multiply  the  width  by  the  velocity  and  divide  by  70c. 
The  answer  is  the  number  of  horse-powers. 

Some  authorities  give  divisors  of  800  and  733  for  single  belts,  and  550  and  513 
for  double  belts.  For  the  velocity  of  the  belt  multiply  the  number  of  revolutions 
per  minute  of  either  pulley  by  the  circumference  of  that  pulley. 

Notei  on  Belting.  For  continuous  use  a  double  belt  is  the  most  economical 
in  the  long  run,  except  on  very  small  pulleys  or  for  very  light  duty.  Triplex 
and  quadruple  belts  are  sometimes  used  for  very  heavy  duty,  but  such  belts  are 
not  commonly  carried  in  stock.  Single  belts  should  always  be  used  with  the 
hair-side  next  the  puUey.  The  belt-speed  for  maximum  economy  should  be 
from  4  000  to  4  500  ft  per  minute.  Ioler-pulleys  work  most  satisfactorily 
when  located  on  the  sUck  side  of  the  belt  about  one-quarter  way  from  the  driv- 
ing-pulley. Belts  are  more  durable  and  work  more  satisfactorily  when  made 
narrow  and  thick  than  when  made  wide  and  thin.  As  belts  increase  in  width 
they  should  also  be  made  thicker.  For  dynamo-work  or  electric  motors  the 
ends  of  the  belt  should  be  fastened  together  by  splicing  and  cementing  instead 
of  by  ladng.  For  all  other  cases  the  ends  are  fastened  by  hooks  or  lacing. 
Belts  should  be  cleaned  and  greased  every  5  to  6  months. 

Distance  from  Center  to  Center  of  Shafta.*  In  locating  shafts  that  are 
to  be  connected  with  each  other  by  belts,  care  should  be  taken  to  separate  them 
by  a  proper  distance.  This  distance  should  be  such  as  to  aUow  a  gentle  sag  to 
the  belt  when  in  motion. 

Role.  A  general  rule  may  be  stated  thus:  Where  narrow  belts  are  to  be  run 
over  small  pulleys,  15  ft  is  a  good  average,  the  belt  having  a  sag  of  from  i)^  to 
2  in.  The  minimum  distance  between  shafts  is  about  xo  ft.  For  larger  belts, 
working  on  larger  pulleys,  a  distance  of  from  20  to  25  ft  does  well,  with  a  sag 

*  For  a  discussion  of  belting,  belt-dressing,  care  of  belting,  shafting,  etc,  see  Kent's 
Mechanical  Eosinecrs'  Pocket-Book. 
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of  from  aH  to  4  in.  For  mionbdts,  working  on  veiyUx)Be  pufleys,  tlie  i£sti=..- 
should  be  from  as  to  30  ft,  the  belts  woriiing  wdl  with  a  sag  of  from  4  to  5  =. 
If  too  great  a  distance  is  attempted,  the  belt  will  have  an  unsteaclsr  dapfj^* 
motion,  which  will  destroy  both  the  belt  and  the  machinery. 

Amagement  of  Belts  end  PitUeye.*    If  possible  to  avoid  it,  Goenei.tr: 
shafts  should  never  be  placed  one  direct^  over  the  other,  as  in  sach  case  r^ 
belt  must  be  kept  very  tight  to  do  the  work.    For  this  purpose  belts  sJiouki  >. 
carefully  selected  of  well-stretched  leather.    It  is  desirable  that  tbe  a&c'« 
the  belt  with  the  floor  should  not  exceed  45°.    It  is  also  desirable  to  locale  tz- 
shafting  and  machinery  so  that  belts  will  nm  off  from  each  shaft  in  opposkt 
directions,  as  this  arrangement  will  relieve  the  bearings  from  the  frkrtioo  tiu: 
would  result  if  all  pulled  one  way  on  the  shaft.    If  possible,  maduDcry  sIk^ 
be  so  placed  that  the  direction  of  the  belt-motion  will  be  from  the  top  of  ti- 
driving  to  the  top  of  the  driven  pulley,  so  that  the  sag  will  increase  tbe  arc  •  * 
contact.    The  pulley  should  be  a  little  wider  than  the  belt  required  for  ti? 
work,  and  should  have  a  crowning  face,  except  where  the  belt  is  to  be  shilt^c 
The  motion  of  driving  should  run  with  and  not  against  tbe  laps  of  tic 
belts. 

Rubber  Belts  are  cheaper  than  leather  belts  and  should  always  be  used  i- 
wet  places,  but  for  ordinary  use  in  dry  places  they  are  not  as  durable  as  leat^ 
belts.  They  should  always  be  kept  free  from  grease  or  animal  oils.  If  they  s£: 
their  inside  surfaces  should  be  moistened  with  boiled  linseedH>il.  Sosne  ic^ 
chalk,  sprinkled  on  over  the  oil,  will  help  the  belt. 

Rule  for  Finding  the  Lengths  of  Belts.  Add  the  diameter  of  tltt  tvs 
pulleys  together,  multiply  by  3H,  divide  the  product  by  a,  add  to  the  qootKr: 
twice  the  distance  between  the  center  of  the  shafts,  and  the  sum  wifi  be  tbe 
required  length. 


1 

T\^#\«w.A*«k 

t  -1 £k 

Revolutions  per  minute 

100 

ISO 

aoo 

250 

300 

350 

4B0 

in 

i6th 

H.P. 

H.P. 

H.P. 

H.P. 

H.P. 

H.P. 

H.P. 

0 

IS 

I. a 

1.7 

a.4 

3.1 

3.6 

4.3 

50 

3 

a. 4 

3.7 

4.9 

6.1 

7.3 

«5 

97 

7 

4.3 

6.4 

8.S 

10.5 

12.7 

14.8 

16  9 

II 

6.7 

10. 1 

13.4 

16.7 

ao.i 

a3  4 

a6S 

IS 

10. 0 

iS.o 

ao.o 

as.o 

30.0 

3S.O 

4o.e 

3 

14.3 

21  4 

a8.5 

356 

42.7 

49.« 

S70 

7 

19-5 

a9.3 

39.0 

48.7 

58.S 

6B.a 

Te.o 

IX 

a6.o 

39.0 

52.0 

^.0 

78.0 

87-0 

1C4.C 

a 

IS 

33.8 

50.6 

67.S 

84.4 

101.3 

iiS.a 

I3S: 

3 

3 

43.0 

64.4 

85.8 

107.3 

ia8.7 

150.3 

17X  6 

3 

7 

S3.6 

79.4 

107. a 

134.0 

IS8.8 

187.6 

214  4 

3 

II 

^.9 

97-9 

iai.8 

164.S 

I9S-7 

a3o.7 

243-6 

3 

IS 

80.0 

lao.o 

160.0 

aoo.o 

140.0 

aflo.o 

330.0 

4 

7 

I13.9 

170.8 

aa7.8 

a84.7 

341.7 

398.6 

4S5^ 

4 

IS 

IS6.3 

234-4 

31a.  5 

390.6 

468.7 

S46.8 

6as  c 

1 

*  See  Kent's  Mechanical  Engxneea'  Pocket-Book. 
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Genaral  Doseiiption.  These  are  portable  hoisting-devices  which  enable  one 
man  to  raise  a  very  heavy  load  and  which  sustain' the  load  at  any  point.  In 
general,  they  resemble  pulleys  operated  by  chains.  Since  the  invention  of  the 
differential  pulley-block  by  T.  A.  Weston,  about  the  year  1863,  chain-blocks 
have  coxne  into  very  geneial  use  for  economical  hoisting,  particularly  where  it  is 
desired  to  hold  the  load  at  any  point.    Chain-blocks  are  of  three  general  classes: 

(x)  The  Differential  Block.  This  is  the  original  and  the  simplest  and  cheap- 
est form  of  self-sustaining  pulley; 

(2)  The  Screw-Block  or  Worm-Geared  Block.  Of  these,  the  Yale  &  Towne 
duplex  block  is  the  most  efficient  type; 

(3)  The  Triplex  Block.    This  is  spur-geared. 

Differential  and  worm-geared  blocks  of  all  kinds  depend  upon  friction  to  pre- 
vent the  load  from  running  down.  In  the  triplex  block  a  separate  device  is 
introduced  which  automatically  holds  the  load  safely,  and  yet  enables  it  to  be 
lowered  with  slight  effort  and  at  high  velocity  but  without  acceleration  or  danger. 
This  is  the  most  efficient  of  all  chain-blocks,  and  the  most  economical  wherever 
quick  work  is  wanted  and  economy  in  time  and  labor  sought.  For  inforxnation 
as  to  the  kind  of  block  best  adapted  to  any  particular  service,  the  manufacturers 
should  be  consulted.  The  following  data  on  the  power  and  efficiency  of  chain- 
blocks  were  supplied  by  the  Yale  &  Towne  Manufacturing  Company. 

Power  ftnd  Efficiency  of  Chain-Hoitts.  The  table  below  gives  the  work 
to  be  done  by  the  operator  at  the  hand-pulling  chain  with  each  size  of  the  various 
kinds  of  chain-blocks  in  lifting  the  stated  capacity,  that  is,  the  amount  of  work 
or  pulling  required  to  lift  this  load  one  foot  by  stating  the  force  exerted  in 
pounds  and  the  distance  in  feet  of  operating-chains  to  be  pulled.  The  product 
of  these  two  factors  determines  the  efficiency  of  the  block  and  the  ease  and  speed 
of  hoisting.  The  12,  16,  and  20-ton-capacity  chain-blocks  have  each  two  hand- 
chains. 

Work  Done  by  Operator  with  Chain-Blocks 


Capacity, 
tons 

Triplex 

spur-geared, 

lb      ft 

Duplex 

worm-geared, 

■lb      ft 

Differential 
lb    ft 

X 

i\i 

2 

3 

4 

5 

6 

8 
xo 
12 
x6 
20 

62X  21 
8aX  31 
iicX  35 
xaoX  A2 
114X  69 
I24X  84 
I10X126 
X30XI26 
X15XX68 
140X310 
130X126 
135X168 
140X2x0 

6BX  40 

87X  59 

94X  80 

XX5X  93 

132X126 

X4^XX5S 
14s X 195 

X45X252 
160X3x0 
X60X390 

X22X24 
2x6X30 
246X36 
308X42 
557X38 

The  capacities  are  given  in  tons.  The  figures  give  the  number  of  feet  to 
be  operated  on  each  hand-chain.  A  man  caimot  pull  more  than  his  own 
weight  on  the  operating  chains,  and  can  pull  faster  in  proportion  as  the  pull 
required  is  lighter.  The  maximum  pull  usually  required  of  one  man  is  82  lb, 
and  he  will  do  more  work  with  less  fatigue  if  the  hand-chain  puU  is  not  r 
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4a  lb,  bKsufc  be  can  then  pell'  iIm  chain  hand  Over  baud  a  little  mane  clua  ir-.- 

ai  Cut  as  he  coutd  wben  pulling  twice  at  bard.    When  the  haad-duiiB  pd. 

less  than  30  lb  the  speed  ai  hoisting  an  equal  kad  is  diminished,  brcausc  tlie  r^ 

is  tired  by  moving  bis  aniu  too  rapidly,  and  cannot  do  u  much  work  ai  mr 

heavier  pull.     The  best  result  is  obtalDed  by  using  a  chain-block   wlucli  — 

a  capacity  ol  double  the  usual  bad.    The  operator  then  works  to  the  br^  t. 

vantage  with  average  loads,  and  occasumal  heavy  loads  are  easily  hmndlrd  tri:- 

out  overatraining  eilhet  the  operator  or  the  chain-block,  which  should  oevc  -r 

tiaed  beyond  iu  capacity  for  t^a  of  nm^:- 

ing  the  chain  lo  that  it    will   not   b^. 

tmoothly. 

Proportioiu  of  Hooks,*     For  ecoa^ 

of  manufacture  hoiJu  of  different  Sfa  1^ 

made  from  some  regular  canunerciai  g^ 

of  round  iron.     The  basis,  or  initia]  pnJ" 

In  each  fzse  is.  therHorc,   the  aise  of  e; 

iron  of  which  the  hook  is  to   be  nude.  ^- : 

it  is  indicatrd  by  the  dim^nsioa   ..-I    JQ  tt- 

dlasram.    The  dimoision   D   is  ajtEitr.kr.; 

assumed.    The  other  dimensions,  as  ^>r. 

,    by  the   (mmulas,   are   those    which,    ■hi- 

preservLog  a   proper  beariii^    face  on  :> 

interior  of  the  hook  for  the  rapes  or  chi-- 

vhich  may  be  passed  through  it,  grw  '.^ 

greateM    resLitance    lo    spreading    and   r 

ultimate    niplure    which    the    annun:    ^ 

material  in  the  original  bar  admits  of.    The  symbol  A  is  used  in  the  form- ; 

toindicate  tbeNOyiNALCAPACinrof  thehookin  loruof  looolb.     Tbc  fonn'..^ 

which  determine  the  lines  oC  the  other  parts  of  the  hooks  of  the  leveral  sbb  i.t 

as  [allows,  all  the  meaiurcmcnts  being  expressed  in  inches: 

D-O.S&  +1.IS 
£-0.644+1.60 
F -0.33  A  +  0.8s 
B-ixiSA  > 

/-  IJ3-4 

J-LIOA 

K-i.iiA 
Bmmtf*.    To  Gnd  the  dimension  D,  for  a  i-ton  hook.    The  fotmuU  is 
D  -  0.3  4  +  i.is 

and  as  A  ■•  1,  the  dimeniion  D  by  the  Cannula  is  Couod  to  be  iH  in.  The  ( 
sions  A,  are  necessarily  based  upon  the  ordinary  merchanl  siies  of  njunc 
The  sizes  which  it  has  been  found  best  to  select  arc  the  following: 


c- 

0.7s  D 

0- 

0.3654  + 

0.66 

0- 

0.644  + 

.60 

L- 

1.05  J 

M- 

JV- 

0.8s  B- 0.16 

The  formulas  which  give  the  sections  of  the  hook  at  the  several  points  irc 
all  eipreased  in  terms  of  A,  and  can  therefore  be  readily  ascertained  by  tefci- 
eoce  to  the  foregoing  scale. 

*  By  Renry  R.  Towoe,  to  his  Tiealisa  oa  Ccanes.  which  iDcludcs  the  molts  cf  u  a- 
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iple.     To  find  the  dimension  /,  in  a  a-too  hook.    The  fonnula  is 

/  -  1.33  A 

.  for  a  2-ton  hook,  A'^  iH  in.  Therefore  /,  in  a  a-toa  hook,  is  found  to  be 
ia  in. 

Idanner  of  Failure  of  Hooks.  Experiment  has  shown  that  hooks  made 
ording  to  the  above  formulas  will  give  way  first  by  the  opening  of  the  jaw, 
ich,  however,  will  not  occur  except  with  a  load  much  in  excess  of  the  nominal 
>acity  of  the  hook.  This  yieldmg  of  the  hook  when  overloaded  becomes  a 
irce  of  safety,  as  it  constitutes  a  signal  of  danger  which  cannot  easily  be  over- 
•ked,  and  which  must  proceed  to  a  considerable  length  before  rupture  occurs 
d  the  load  is  dropped.  A  comparison  of  these  hooks  with  most  of  those  in 
linary  use  shows  that  the  latter  are,  as  a  rule,  badly  proportioned,  and  fre- 
ently  dangerously  weak. 

BELLS 

Dimeniioiis  and  Weights  of  Church-Bells 
Manufactuzed  by  Meneely  Bell  Compaoy,  Troy,  N.  Y. 


Bells 

Moontinga 

WeighU. 

Medium 
tones 

Diameters. 

Sizes  of  frames, 
outside, 

• 

Diameters  of 
wheels. 

lb 

in 

m 

ft       m 

400 

D 

27 

4aX4a 

4        4 

450 

d 

as 

4aX4a 

4        4 

Soo 

C 

ag 

45X47 

4        4 

sso 

C 

30 

45X47 

4        4 

600 

B 

31 

45X47 

4        9 

700 

B 

33 

48X48 

5       6 

800 

Bb 

34 

48X54 

5       6 

900 

A 

36 

54X54 

5       9 

X  000 

A 

37 

54X54 

5       9 

X  xoo 

A 

38 

54X59 

5       9 

xaoo 

AiJ 

39 

56X59 

6       3 

xjoo 

Ab 

40 

56X59 

6       3 

X400 

G 

4X 

60X60 

6       6 

1500 

G 

4a 

60X60 

6       6 

x6oo 

G 

43 

60X60 

6       6 

1800 

n 

45 

65X68 

7 

aaoo 

p 

46 

65X68 

7 

a  xoo 

p 

47 

65X68 

7 

2300 

£ 

49 

70x7a 

7       « 

3500 

E 

50 

70x7a 

7       6 

2800 

£b 

51 

74X78 

8 

3000 

Eb 

53 

74X78 

8 

3500 

D 

S6 

74X78 

8       6 

4000 

c$ 

58 

78X81 

9 

4S0O 

C 

6x 

78X81 

9 

5000 

C 

63 

84X84 

9 

5500 

B 

65 

84X84 

9 

6000 

Btr 

67 

84X84 

9       « 

6500 

Bb 

66 

90X90 

9       6 

7000* 

Bb 

69 

IOXX90 

9       « 

■  -     —    -   -■  ■ 

*  A  notable  example  of  a  7  000-lb  bell  »  the  large  bell  of  the  peal  in  the  tower  ol  the 
Metropolitaa  Life  Insuruice  Building,  in  New  Yoik. 
The  actual  weights  umally  exceed  the  pattens,  noted  above,  from  a  to  j%  • 
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Bells 

WcighU. 
lb 

Diameters. 
in 

Sixes  of  frames, 

outside, 
ft  in        ft  in 

zoo 
125 
ISO 
aoo 

aso 
300 
350 

17 
I8>i 

X9^i 
aOi 

23 

34H 
a6 

a    6    X    a   8 
a    6    X    a    8 
a    6    X    a    8 
a    8    X    3    0 
3    0    X    3    » 
30X34 
30X34 

Sbat  of  Rope  for  Bells 

Diameter,  in 

For  bells  of  leas  than  500  lb H 

For  bells  of  500  to  800  lb H 

For  beUs  of  800  to  z  800  lb H 

For  bells  above  x  800  lb ?i  to  z 

The  Largest  BeUs  in  the  World  * 


Actual 

Diam- 

Soondpbofir 

1 

Names  and  locationa 

Date 

vibra- 

Key- 

MA..M. 

Weicht. 

of  bells 

cast 

note 

eter. 

lb 

tion 

in 

Inches 

Stroke 

• 

Moscow,  Tzar  Kolokol  f. 

1733 

74 

D 

ara 

*3 

0.84 

443772 

Bmroah,  Mingoon 

•  •  •  ■ 

94 

Fl 

aos? 

l«> 

0.80 

301600 

Moscow,  St.  Ivan's 

Z819 

105 

Gl 

185 

14. 75 

0.80 

127353 

Peldn.  Great  Bell 

•  •  ■  • 

*  •  •  • 

IS6 

UOOOO 

Burmah.  Maha  Ganda. . 

•    a    ■    • 

MS 

B 

155 

za.5 

0.80 

95000 

Ntshni  Novgorod 

•    •    «    • 

laS 

B 

I5X 

la 

0.80 

69664 

Moscow,  Church  of  Re- 

ufifiifiicr .k. ...>•>>•••••• 

1879 

•    ■    •    • 

141 

Ct 

•  •  -  • 

Z36.3? 
zza 

Z0.6 

0.80 

6073^ 

45  000 

Nanldn,  China 

London,  St.  Paul's 

x88i 

W7 

fSf 

114. as 

8.75 

0.76 

4a  ODD 

Olmutz.  Bohemia 

>  ■  •  • 

IS7 

Eb 

xai 

9  xas 

0.75 

40  3» 

Vienna.  Austria 

17" 

157 

Eb 

118 

95 

0.80 

40200 

Westminster,  London.. . . 

1856 

x66 

E 

113.S 

9  375 

0.83    < 

35620 

Erfurt,  Saxony 

Z487 

I7« 

P 

xos.d 

9  75 

0.75    ' 

JoSoo 

Notre  Dame.  Paris 

z68o 

x66 

B 

ZQ3 

7.5 

0.73 

28670 

Montreal.  Canada 

1847 

176 

P 

103 

7.8 

o.7« 

28560 

York.  Enizland 

1845 

187 

n 

100 

8 

0.80 

2408c 

St.  Peter's,  Rome 

1786 

187 

n 

97.2s 

7  S 

0.77 

18000 

Great  Tom,  Oxford 

1680 

aio 

Gt 

84 

6.ias 

0.73 

17024 

Cologne,  Germany 

1477 

198 

G 

9S 

7.2 

0.76 

X60I6 

Brussels.  Belgium 

•  •  •  • 

axo 

GJ 

95.8Z 

7.7s 

0.71 

15848 

State-house.  Philadelphia 

187s 

198 

G 

88 

6.375 

0.73 

13  000 

Lincoln.  England 

X834 

aio 

Gt 

8a.  8s 

6 

0.73 

12096 

St.  Paul's,  London 

1716 

aaa 

A 

8X 

6.08 

0.75 

nsoo 

Exeter.  Ensland 

1*75 

210 

Gt 

7« 

5 

0.66 

10080   < 

Old  Lincoln,  Bn^and . . . 

i6ro 

349 

B 

7S.S 

5-94 

0.78 

98S6   1 

Westminster,  London.... 

iatS7 

249 

B 

72 

5. 75 

0.79 

6960  ' 

*  John  W.  Nystrom,  in  the 
t  This  bcB  is  fimctttied  sad 
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SYMBOLS  FOE  THE  APOSTLES  AND  SAINTS 

From  the  constant  occurrence  of  symbols  in  the  edifices  of  the  Middle  Ages 
nd  many  of  the  cathedrals  of  the  present  day,  the  following  list  of  symbols,  as 
ommonly  attached  to  the  apostles  and  saints,  may  be  found  useful: 

H<d7  Apotdes 

t.  Peter.    Bears  a  key,  or  two  keys  with  (Merent  wards. 

t.  Andrew.    Leans  on  a  cross  so  called  from  him;  called  by  heralds  the  saltire. 

t.  John  the  Evangelist.    With  a  chalice,  in  which  is  a  winged  serpent.    When 

this  symbol  is  used,  the  eagle,  another  symbol  of  him,  b  never  given.    , 
It.  Bartholomew.    With  a  flaying-knife. 

it.  James  the  Less.    A  fuller's  staff  bearing  a  small  square  banner. 
!t.  James  the  Greater.    A  pilgrim's  staff,  hat  and  escalop-sheO. 
It.  Thomas.    An  arrow,  or  with  a  long  staff. 
It.  Simon.    A  long  saw. 
it.  Jade.    A  chib. 
it.  Matthias.    A  hatchet. 

it.  Philip.    Leans  on  a  spear  or  has  a  long  cross  in  the  shape  of  a  T. 
it.  Matthew.    A  kidfe  or  dagger. 
it.  Mark.    A  winged  lion. 
it.  Luke.    A  bull. 
it.  John.    An  eagle. 

it.  Paul.    An  elevated  sword,  or  two  swords  in  saltire. 
it.  John  the  Baptist.    An  Agnus  Dei. 
it.  Stephen,    ^th  stones  in  his  lap. 

Saials 

it.  Agnes.    A  lamb  at  her  feet. 

it.  Cecilia.    With  an  otgan. 

it.  Clement.    With  an  anchor. 

it.  DavM.    Preaching  on  a  hill. 

it.  Denis.    With  his  head  in  his  hands. 

it.  George.    With  the  dragon. 

it.  Nicholas.    With  three  naked  children  In  a  tub.  In  the  end  whereof  rests  his 

pastoral  staff, 
it.  ViJKie&t.    On  the  rack. 

LCIBCULAB  OP  ADVICE  RELATIVE  TO  PRINCIPLES 
OF   PROFESSIONAL  PRACTICE  AND  THE 
CANONS  OF  ETHICS,  BY  THE  AMERI- 
CAN INSTTTUTB  OF  ARCHITECTS  • 

A  Circular  ef  Aflvite 

Introdvctory.  The  American  Institute  of  Architects,  seeking  to  maintain  a 
jgb  standard  ef  practice  and  conduct  on  the  part  of  its  members  as  a  safeguard 
•f  the  important  financial,  technical  and  esthetic  interests  entrusted  to  tbem» 
ffers  the  following  advice  relative  to  professional  practice:  The  profession  of 
jchitecture  caUs  for  men  of  the  highest  intc^ty,  business  capacity  and  artistic 

*Tbe  American  Inttftute  of  ArchitecU,  Document  No.  T41.  WaahingtoB,  D.  C, 
kpril  19,  1919U  Reprinted  by  perroiuion.  This  ctacalar  relates  to  the  princiiiles  oC 
trofeauonal  practice  and  the  canons  of  ethics. 
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ability.  The  architect  is  entnisted  with  financial  undertakiDgs  in  ibhich  -j 
honesty  of  purpose  must  be  above  suspicion;  he  acts  as  professional  ad>-ise'  :i 
his  client  and  his  advice  must  be  absolutely  disinterested;  he  is  charged  «^j 
the  exercise  of  judicial  functions  as  between  client  and  contractors  and  cj 
act  with  entire  impartiality;  he  has  moral  responsibilities  to  his  profess  - 1 
associates  and  subordinates;  finally,  he  is  engaged  in  a  profession  wfaicfa  car  i 
with  it  grave  responsibility  to  the  public.  These  duties  and  responabii:  i 
cannot  be  properly  discharged  imless  his  motives,  conduct  and  ability  are  s&  i 
as  to  command  respect  and  confidence.  No  set  of  rules  can  be  framed  v2i  i 
will  particularize  aU  the  duties  of  the  architect  in  his  various  relatioas  to  i\ 
clients,  to  contractors,  to  his  professional  brethren,  and  to  the  public  Ty, 
following  principles  should,  however,  govern  the  conduct  of  members  of  the  pr 
fession  and  should  serve  as  a  guide  in  circumstances  other  than  tboae  cnuiar 
ated: 

(x)  On  the  Architect's  Status.    The  architect's  relation  to  his  dkc: 
primarily  that  of  professional  advises;   this  relation  continues  through* 
the  entire  course  of  his  service.    When,  however,  a  contract  has  been  czec.v 
between  his  client  and  a  contractor  by  the  tenns  of  which  the  architect  beot~ 
the  official  interpreter  of  its  conditions  and  the  judge  of  its  perfocmaoce.  n 
additional  relation  is  created  under  which  it  is  incumbent  upon  the  arcfaitf. 
to  side  neither  with  dient  nor  contractor,  but  to  use  his  powers  under  the  o>-. 
tract  to  enforce  its  faithful  performance  by  both  parties.    The  fact  that  t - 
architect's  payment  comes  from  the  client  does  not  invalidate  his  oUigatioc  t 
act  with  impartiality  to  both  parties. 

(a)  On  Preliminsry  Drawings  and  Estimates.  The  architect  at  the  o>jt 
set  should  imixess  upon  the  client  the  importance  of  siiffident  time  for  ti« 
preparation  of  drawings  and  spedficatioos.  It  is  the  duty  of  the  architect  t 
make  or  secure  pkeuionary  estxicates  when  requested,  but  he  s|p>uld  acqaii' 
the  client  with  their  conditional  character  and  inform  him  that  oomplete  at.. 
final  figures  can  be  had  only  from  complete  and  final  drawings  and  specificati  'i;^* 
If  an  unconditional  limit  of  cost  be  imposed  befwe  such  drawings  are  made  i-n 
estimated,  the  architect  must  be  free  to  make  such  adjustments  as  seem  to  tjr. 
necessary.  Since  the  architect  should  assume  no  responsibility  that  may  f*^ 
vent  him  from  giving  his  dient  disinterested  advice,  he  shouU  not,  by  hood  ^ 
otherwise,  guarantee  any  estimate  or  contract. 

(3)  On  Superintendence  and  Expert  Serrices.    On  all  woric  except  tb; 

simplest,  it  is  to  the  interest  of  the  owner  to  employ  a  supEUNTENDEtrr  or  cleie 
OF  TBE  WORKS.  In  many  engmeering  problems  and  in  certain  ^pecialiaed  csdrti- 
problems,  it  is  to  his  interest  to  have  the  services  of  special  expats  and  tbr 
architect  should  86  inform  him. '  The  experience  and  special  knowledge  of  tix 
architect  make  it  to  the  advantage  of  the  owner  that  these  pereoos,  althoun 
paid  by  the  owner,  shovild  be  selected  t^  the  ardiitect  under  whose  fli^^ 
are  to  work. 

(4)  On  the  Architect's  Charges.  The  Schedule  or  CaARGcs  of  :be 
American  Institute  of  Architects  is  recognized  as  a  proper  minimum  of  paymfc: 
The  locality  or  the  nature  of  the  work,  the  quaUty  of  services  to  lie 
the  skill  of  the  practitioner  or  other  drcumstances  frequently  Justi^  a 
charge  than  that  indicated  by  the  schedule. 

(5)  On  Payment  for  Expert  Sendee.  The  architect  when  retained  as  u 
expert,  whether  in  connection  with  competitions  or  otherwise,  should  receiv  ? 
a  compensation  proportionate  to  the  responsibitity  and  difficulty  of  the  servkr 
No  duty  of  the  architect  is  more  fxactfng  than  such  service,  and  the  honor  o( 
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le  pcofcMion  is  involved  in  it.    Under  no  cicciiinstanoe8  should  experts  know- 
[gly  name  prices  in  competition  with  each  other. 

(6)  On  Selection  of  Bidders  or  Contraetore.  The  architect  should  advise 
le  client  in  the  selection  of  bidders  and  in  the  awasd  or  the  contract.  In 
ivising  that  none  but  trustworthy  bidders  be  invited  and  that  the  award  be 
lade  only  to  contractors  who  are  reliable  and  competent,  the  architect  protects 
le  interests  of  his  dient. 

(7)  On  Duties  to  the  Contractor.  As  the  architect  decides  whether  or 
[>t  the  intent  of  his  plans  and  specifications  is  properly  carried  out,  he  should 
ike  special  care  to  see  that  these  drawings  and  specifications  are  complete  and 
:curate,  and  he  should  ne\'er  call  upon  the  contractor  to  make  good  oversghts 
r  errors  in  them  nor  attempt  to  shirk  responsibility  by  indefinite  clauses  in  the 
>ntract  or  specifications. 

(8)  On  Engaging  in  the  Building  Trades.  The  architect  should  not  directly 
r  indirectly  engage  in  any  of  the  buildikg  trades.  If  he  has  any  financial 
kterest  in  any  building  material  or  device,  he  should  not  specify  or  use  it  without 
le  knowledge  and  approval  of  his  client. 

(9)  On  Accepting  Commissions  or  Favors.  The  architect  should  not 
rceive  any  commission  or  any  substantial  service  from  a  contractor  or  from 
ny  interested  person  other  than  his  client. 

(10)  On  Bncouraging  Good  Workmanship.  The  large  powers  with  which 
he  architect  is  invested  should  be  used  with  judgment.  While  he  must  con> 
emn  bad  work,  he  should  commend  good  work.  Intelligent  initiative  on  the 
lart  of  craftstieri  raid  workmen  should  be  recognized  and  encouraged  and  the 
rchitect  should  make  evident  his  appreciation  of  the  dignity  of  the  artisan's 

UNCTION. 

(zz)  On  Offering  Senrices  Gratnitotisly.  The  seeking  out  of  a  possible 
lient  and  the  offering  to  him  of  professional  services  on  approval  and  i\TrHOUT 
oifFENSATioN,  unless  warranted  by  personal  or  previous  business  relations, 
ends  to  lower  the  dignity  and  standing  of  the  profession  and  is  to  be  condemned. 

(za)  On  Advertisiag.  Publicity  of  the  standards,  aims  and  progress  of  the 
NToleesion,  both  in  general  and  as  exemplified  by  individual  achievement,  is 
•seential.  Advertising  of  the  individual,  meaning  seif^laudatory  publicity 
vocured  by  the  person  advertised  or  with  his  consent,  tends  to  defeat  its  own 
>.nda  as  to  the  individual  as  well  as  to  lower  the  dignity  of  the  profession,  and  is 
o  be  deplored. 

(13)  On  Signing  Buildings  and  Use  of  TIties.  The  unobtrusive  sxonaturb 
>p  B17ILDIMGS  after  completion  is  desirable.  The  placing  of  the  architect's 
7AME  ON  A  building  durino  CONSTRUCTION  serves  a  legitimate  purpose  for 
MibHc  information,  but  it  is  to  be  deplored  if  done  obtnisiveiy  for  individual 
>ublidty.  The  use  of  iNiTiAts  designating  membership  in  the  Institute  is 
lesirable  in  all  professional  reUtionships,  in  order  to  promote  a  general  under* 
standing  of  the  Institute  and  its  standards  through  a  knowledge  of  its  members 
ind  their  professional  activities.  Upon  the  members  devolves  the  responsibility 
:o  associate  the  symbols  of  the  Institute  with  acts  representative  of  the  highest 
(tandards  of  professional  practice. 

^Z4)  On  Competitions.  An  architect  should  not  take  part  in  a  competition 
IS  a  COMPETTIOR  or  JUROR  unless  the  competition  is  to  be  conducted  according 
to  the  best  practice  and  usage  of  the  profession,  as  evidenced  by  its  having 
received  the  approval  of  the  Institute,  nor  should  he  continue  to  act  as  pro- 
rEssiONAL  ADVISER  after  it  has  been  determined  that  the  program  cannot  be  so 
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drawn  M  to  reoelve  nich  apfnovaL  When  an  architeot  has  been  autboriaed  to 
submit  sketches  for  a  given  project,  no  other  architect  should  submit  sketches 
for  it  until  the  owner  has  takta  definite  action  on  the  first  sketches,  ainoe,  as 
far  as  the  second  architect  is  concerned,  a  competition  is  thus  rstahHshf^f 
Except  as  an  authorized  competitor,  an  architect  may  not  attempt  to  sbcur 
work  for  which  a  competition  has  been  instituted.  He  may  not  attempt  tj 
influence  the  award  in  a  competition  in  which  he  has  submitted  drawings.  He 
may  not  accept  the  commission  to  do  the  work  for  which  a  competitioa  has  bete 
instituted  if  he  has  acted  in  an  advisory  capacity  either  In  drawing  the  progna 
or  in  making  the  award. 

(z5)  On  Ix^uring  Other*.  An  architect  should  not  falsely  or  maliciousiy 
injure,  directly  or  indirectly,  the  professional  reputation,  prospecta  or  buaines 
of  a  fellow  architect. 

(i6)  OaUttdertakiiig  the  Work  of  Othwt.  An  architect  should  not  under- 
take a  commission  while  the  claim  for  compensation  or  damages  or  both,  af 
an  architect  previously  employed  and  whose  employment  has  been  tcnninaud 
remains  unsatisfied,  unless  such  daim  has  been  referred  to  arbitration  or  issoe 
has  been  joined  at  law;  or  unless  the  architect  previously  employed  neglects 
to  press  his  daim  legally;  nor  should  he  attempt  to  supplant  a  fellow  architect 
after  definite  steps  have  been  taken  toward  his  employment. 

(z7)  On  Dntiet  to  Students  and  Draughtsmen.    The  arcfaitiect  ahooli 

advise  and  assist  those  who  intend  making  architecture  their  career.  If  the 
beginner  must  get  his  training  solely  in  the  office  of  an  architect,  the  latter  shouli 
assist  him  to  the  best  of  his  ability  by  instruction  and  advice.  An  architect 
should  urge  his  draughtsmen  to  avail  themselves  of  educational  opportunities. 
He  should,  as  far  as  practicable,  give  encouragement  to  all  worthy  agencies  aoi 
institutions  for  architectural  education.  While  a  thorough  technical  prepar- 
ation is  essential  for  the  practice  of  architecture,  ardutects  cannot  too  stroni^ 
insist  that  it  should  rest  upon  a  broad  foundation  of  general  culture. 

(x8)  On  Duties  to  the  Public  and  to  BuQdlng  Authorities.  An  ardi'- 
tect  should  be  mindful  of  the  public  welfare  and  should  partidpate  in  those 
movements  for  public  bettennent  in  which  his  special  training  and  csEpenence 
quality  him  to  act.  He  should  not,  even  under  his  cUent'a  instnictioiis,  cngs«r 
in  or  encourage  any  practices  contrary  to  law  or  hostile  to  the  public  interesi: 
for  as  he  is  not  obliged  to  accept  a  given  piece  of  work,  he  cannot,  by  urging  thai 
he  has  but  followed  his  client's  instructions,  escape  the  condemnation  attadnag 
to  his  acts.  An  architect  should  support  all  public  officials  who  bame  cbaije 
of  building  in  the  rightful  perfocmsnoe  of  their  legal  duties.  He  shoold  carr< 
fully  comply  with  all  building  laws  and  regulations,  and  if  any  such  appear  te 
him  unwise  or  unfair,  he  should  endeavor  to  have  them  altered. 

(19)  On  Professional  QualiflcatliMis.  The  pobEc  has  the  tight  to  expect 
that  he  who  bears  the  tttle  or  arcbitbct  has  the  knowledge  and  abiHty  dbrM 
for  the  proper  invention,  iUustntion  and  supervision  of  all  building  operatioei 
which  he  may  undertake.  Such  qualifications  afeoe  justify  the  assnnpdon  d 
the  title  of  architect. 

The  Canons  of  Ethics  * 

The  following  Canons  are  Adopted  by  The  American  laatiluts  sf  i 
Architects  as  a  general  guide,  yet  the  enumeration  of  particular  duties  ^Ksutl 

*  Adopted,  December  X4-X6,  1909.  Revised,  December  xo-12,  19x2.  Revised.  .\;nl 
a\  19x8. 
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»t  be  ooMtrtMd  as  a  dealal-of  the  wriittnce  of  othen  eiioaUy  important  although 
»t  spedally  mentioned.  It  should  also  be  noted  that  the  several  sections 
dicrate  offenses  of  greatly  varying  degrees  of  gravity.  It  is  unprofessienal  for 
I  architect 

( I )  To  engage  directly  or  indirectly  in  any  of  the  building  or  deoorative  trades. 

(a)  To  guarantee  an  ewrimarp  or  oootract  by  bond  or  otherwise. 

(3)  To  accept  any  oommissbn  or  substaatial  servioe  from  a  contractor  or 
om  any  interesled  party  other  than  the  owner. 

(4)  To  take  part  in  any  competition  which  has  not  received  the  approval  of 
le  Institute  or  to  continue  to  act  as  professional  adviser  after  it  has  been  de- 
rmined  that  the  program  cannot  be  so  drawn  as  to  receive  such  approval. 

(5)  To  attempt  in  any  way,  except  as  a  duly  authorized  competitor,  to 
retire  work  for  which  a  competition  is  in  progress. 

(6)  To  attempt  to  inflwenflc,  either  directly  or  indirectly*  the  award  of  a  com- 
stition  in  which  he  is  a  competitor. 

(7 )  To  accept  the  commission  to  do  the  work  for  which  a  competition  has  been 
istituted  if  he  has  acted  in  an  advisory  capacity,  either  in  drawing  the  pro- 
ram  or  in  making  the  award. 

(8)  To  injure  falsely  or  malidoualy,  directly  or  indirectly,  the  professional 
sfHitation,  prospects,  or  business  of  a  fellow  architect. 

(9)  To  undertake  a  commission  while  the  claim  for  compensation,  or  damages, 
r  both,  of  an  architect  previously  employed  and  whose  employment  has  been 
srminated  remains  unsatisfied,  until  such  claim  has  been  referral  to  arbitration 
r  issue  has  been  joined  at  law,  or  unless  the  architect  previously  employed 
eglects  to  press  his  claim  legally. 

(10)  To  attempt  to  supplant  a  fellow  architect  after  definite  steps  have  been 
aken  toward  his  employment,  that  is,  by  submitting  sketches  for  a  project  for 
rhich  another  architect  has  been  authorised  to  submit  sketches. 

(11)  To  compete  knowingly  with  a  fellow  architect  for  employment  on  the 
tasis  of  professional  charges. 

>rofMsioMl  Practica  of  Architacia.    Details  of  Service  to  be  Rendered 
and  Schedule  of  Proper  Minimum  Charges  * 

(i)  The  architect's  professional  services  consist  of  the  necessary  conferences, 
he  preparation  of  preliminary  studies,  working  drawings,  specifications,  large- 
cale  and  full-size  detail  drawings;  the  drafting  of  forms  of  proposals  and 
x>ntracts;  the  issuance  of  certificates  of  pasrment;  the  keeping  of  accounts,  the 
general  administration  of  the  btislncss  and  supervision  of  the  work,  for  which, 
;xcept  as  hereinafter  mentioned,  the  minimum  charge,  based  upon  the  total 
:ost  of  the  work  t  complete,  is  6  per  cent. 

(2)  On  residential  work,  alterations  to  eidsting  buildings,  monuments,  fuml- 
lure,  decorative  and  cabinetwork  and  landscape-architecture,  it  is  proper  to 
sake  a  higher  charge  than  above  indicated. 

*  As  adopted  at  the  Waahingtoo,  D.  C,  Convention,  December  is-x7i  X9oSi  aad 
LS  revised  in  form  at  the  Minxieapdis  convention,  December  6-8,  19x6. 

t  The  words  "  the  cost  of  the  work,**  as  used  in  Artkles  (i)  and  (9)  hereof,  are  ordinarily 
to  be  interpreted  as  meaning  the  total  of  the  contract-sums  incurred  for  the  execution  of 
the  work,  not  inclu(ttng  architect's  and  engineer's  fees  or  the  salary  of  the  clerk  of  the 
works,  but  in  certain  nue  cases,  that  is,  when  kbor  ot  material  is  furnished  by  the  owner 
below  its  market  eost  or  when  old  materials  are  reused,  the  cost  of  the  work  is  to  be 
interpveted  as  the  cost  6L  all  materials  and  labor  necessary  to  complete  the  work,  as 
such  cost  would  have  been  if  all  materials  had  been  new  and  if  all  labor  had  been  fully 
paid  at  mariut  prices  current  when  the  work  was  ordered,  plus  contractor's  profits  and 
expenses. 
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(3)  The  Architect  is  entitled  to  compeDiatxm  for  artidet  pforchased  uader 
his  direction,  even  though  not  designed  by  him. 

(4)  Where  the  architect  is  not  otherwise  retained,  concoltatioD-fees  for  pro^ 
f esstonal  advice  are  to  be  paid  in  proportion  to  the  importance  of  the  qiieatks 
involved  and  services  rendered. 

(5)  The  architect  is  to  be  reimbaned  for  the  costs  of  traDsportation  aod 
living  incurred  by  him  and  his  aasstants  while  traveling  in  diadiaive  of  dudes 
connected  with  the  work,  and  the  costs  of  the  services  of  beating,  vmribfinf 
mechanical,  and  electrical  engineers. 

(6)  The  rate  of  percentage  arising  from  Articles  (i)  and  (3)  hereof,  tliat  k 
the  basic  rate,  applies  when  all  of  the  work  is  let  under  one  contract.  Shoaid 
the  owner  determine  to  have  certain  portions  of  the  work  ea»cuted  under 
separate  contracts,  as  the  architect's  burden  of  service,  expense,  and  rcspons- 
biiity  is  thereby  increased,  the  rate  in  connection  with  such  portions  of  the  work 
is  greater  (usually  by  4  per  cent)  than  the  basic  rate.  Should  the  o>wner  d^er- 
mine  to  have  substantially  the  entire  work  executed  under  separate  contracts. 
then  such  higher  rate  apices  to  the  entire  work.  In  any  event,  ho^evq,  xbt 
basic  rate,  without  increase,  applies  to  contracts  for  any  portions  of  the  wart 
on  which  the  owner  reimburses  the  engineer's  fees  to  the  architect. 

(7)  If,  after  a  definite  scheme  has  been  approved,  the  owner  makes  a  dedsaoo 
which,  for  its  proper  execution,  involves  extra  services  and  expense  for  <^)ai^es 
in  or  additions  to  the  drawings,  specifications,  or  other  documents;  or  if  a  ccr)- 
tract  be  let  by  cost  of  labor  and  materials  plus  a  percentage  or  fixed  sum;  or  J 
the  architect  be  put  to  labor  or  expense  by  delays  caused  by  the  owner  or  a  a.-a- 
tractor,  or  by  the  delinquency  or  insolvency  of  either,  or  as  a  resuh  of  damage  by 
fire,  he  is  to  be  equitably  paid  for  such  extra  service  and  expense. 

(8)  Should  the  execution  of  any  work  designed  or  specified  by  the  architect 
or  any  part  of  such  work  be  abandoned  or  suspended,  the  architect  is  to  be  piii 
in  accordance  with  or  in  proportion  to  the  terms  of  Article  (9)  of  this  Scbedde 
for  the  service  rendered  on  account  of  it,  up  to  the  time  of  sudi  abandonment  cr 
suspension. 

(9)  Whether  the  work  be  executed  or  whether  its  execution  be  snapeoded  <r 
abandoned  in  part  or  whole,  payments  to  the  architect  on  his  fee  are  sobject 
to  the  provisions  of  Articles  (7)  and  (8),  made  as  follows:  Upon  complctioa 
of  the  preliminary  studies,  a  sum  equal  to  20  per  cent  of  the  basic  rate  compuud 
upon  a  reasonable  estimated  cost.  Upon  completion  of  q)ecificatioos  and  gtz- 
eral  working  drawings  (exclusive  of  details)  a  sum  sufficient  to  increase  pay- 
ments on  the  fee  to  sixty  per  cent  of  the  rate  or  rates  of  commission  agreed  upoa. 
as  influenced  by  Article  (6),  computed  upon  a  reasonable  cost  estimated  cs 
such  completed  specifications  and  drawings,  or  if  bids  have  been  reoei^Td. 
then  computed  upon  the  lowest  bona-fide  bid  or  bids.  From  time  to  time 
during  the  execution  of  work  and  in  proportion  to  the  amount  of  service  Tec> 
dered  by  the  architect,  pajrments  are  made  until  the  aggregate  of  all  pasnooems 
made  on  account  of  the  fee  under  this  Article  reaches  a  sum  equal  to  the  rite 
or  rates  of  commission  agreed  upon  as  influenced  by  Article  (6),  computed  upus 
the  final  cost  of  the  work.  Payments  to  the  architect,  other  than  those  on  Us 
fee,  fall  due  from  time  to  time  as  his  work  is  done  or  as  costs  are  incurred.  N<} 
deduction  is  made  from  the  architect's  fee  on  account  of  penalty,  Cquidaxed 
damages  or  other  sums  withheld  from  payments  to  contractors. 

(10)  The  owner  is  to  furnish  the  arcMtect  with  a  complete  and  accuratie 
survey  of  the  building-dte,  giving  the  grades  and  lines  of  streets,  pavcraeats 
and  adjoining  properties;  the  rights,  restrictions,  easements,  botmdarics  ard 
contours  of  the  building-^te,  and  full  information  as  to  aewer,  water,  gas  ard 
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ictrical  service.    The  oWoer  is  to  pay  for  borings  or  test-pits  and  for  chemical 
ediaiiical  or  other  tests,  when  required. 

(zx)  The  architect  endeavors  to  guard  the  owner  against  defects  and  de- 
iencies  in  the  woric  of  contractors,  but  he  does  not  guarantee  the  performance 

their  contracts.  The  supervision  of  an  architect  is  to  be  distinguished  from 
le  continuous  personal  superintendence  to  be  obtained  by  the  employment 

a  clerk  of  the  works.  When  authorised  by  the  owner,  a  derk  of  the  works, 
iceptable  to  both  owner  and  architect,  is  to  be  engaged  by  the  architect  at  a 
ilary  satisfactory  to  the  owner  and  paid  by  the  owner,  upon  presentation  of 
le  architect's  monthly  certificates. 

(12)  When  requested  to  do  bo,  the  architect  makes  or  procures  preliminary 
itimates  on  the  cost  of  the  work  and  he  endeavors  to  keep  the  actual  cost  of 
le  work  as  low  as  may  be  consistent  with  the  purpose  of  the  building  and  with 
roper  workmanship  and  material,  but  no  such  estimate  can  be  regarded  as 
ther  than  an  approximation. 

(13)  Drawings  and  specifications,  as  instruments  of  service,  are  the  property 
f  the  architect,  whether  the  work  for  which  they  are  made  be  executed  or  not. 

ARCHITECTURAL  COMPETITIONS  • 

This  Circular  of  Advice  furnishes  information  as  to  the  best  methods  of 
-.onducting  architectural  competitions  and  states  the  conditions  which  are  pre- 
vquisite  to  participation  in  them  by  members  of  The  American  Institute  of 
Architects.  It  does  not  apply  to  competitions  for  work  to  be  erected  elsewhere 
:han  in  the  United  States,  its  territories  and  poasesaions. 

The  Attitude  of  The  American  Institute  of  Architects  to  Competitions. 

Since  its  foundation,  more  than  sixty  years  ago  (1857),  The  American  Institute 
of  Architects  has  given  much  attention  to  the  conduct  of  ARCHiTEcruKAi.  com- 
petitions.   These  contests,  instituted  when  the  direct  selection  of  an  architect 
could  not  be  made,  were  for  many  years  conducted  without  proper  regxilation 
and  often  in  disregard  of  the  interests  both  of  the  owner  and  of  the  competitors. 
The  owner,  totally  unfamilixu'  with  the  intricacies  of  the  subject,  assumed,  with- 
out skilled  assistance,  to  prepare  the  programme,  laying  down,  or  more  frequently 
ignoring,  rules  to  govern  procedure.    With  the  growth  of  the  country,  the  in- 
crease in  expenditures  for  public  and  private  buildings,  and  the  increase  in  the 
number  of  architects,  all  the  evils  of  ill-regiUated  competitions  became  more 
marked.    Progranmies  varied  from  loose  and  careless  forms,  difficult  to  under- 
stand and  often  open  to  the  suspicion  that  only  the  initiated  knew  what  they 
meant,  to  over-elaborate  ones  necessitating  useless  study  of  details  and  needless 
drawings.    Those  instituting  the  competition  often  had  no  legal  authority  to  pay 
any  competitors,  stUI  less  to  employ  the  winner.    There  was  great  economic 
waste,  the  total  cost  of  partidpotion  exceeding  the  total  net  profit  accruing  to  the 
profession  from  work  secured  through  competitions.    Architects  have  learned 
that  the  outcome  of  a  competition,  unless  governed  by  well-defined  agreements, 
is  largely  a  matter  of  chance.    The  owner  has,  to  be  sure,  a  choice  of  designs,  but 

*Tbe  Anicrk.an  Institute  of  Architects,  Document  1x4.  Reprinted  by  pennjssi(m« 
Authorized  by  the  43d  annual  conventioa  at  WMhIniston,  D.  C,  December  X4-16,  1909; 
issued  March  30, 19x0,  amended  June  10,  19x0;  and  January  3,  X9xx;  ratified  by  the 
44th  aanual  convention  at  San  Francisco,  January  x6-as,  xgxi;  reaffirmed  by  the  4Sth 
annual  convention  at  Washington,  D.  C;  amended  January  3,  X9X3,  as  authorized  by 
the  convention;  amended  December  9,  19x2,  and  ratified  by  the  46th  annual  convention 
at  Washington,  D.  C,  December  to-19, 19x3;  amended  December  a,  19x3,  and  ratified 
by  the  47th  annual  eoovention  at  New  Orleans,  La.,  December  3-5, 19x3;  amended  and 
ratified  by  the  4ath  annual  coovention  at  Washington,  D.  C,  December  a-4,  X9X4. 
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lie  is  no  more  Hkdy  to  make  the  wisnt  aelectioii  or  to  obtain  die  beit  h^^^y^ 

than  if  he  selects  his  architect  directly,  guided  by  the  results 

by  the  men  be  is  considering.    Wiien  a  competition  is 

it  should  be  of  such  form  as  to  ettihKsh  equitable  idatioas  bet* 

and  the  conqietitors.    To  insure  this: 

(i)  The  aEQUiXEMENTS  should  be  clear  and  definite,  and  tbe 
them,  since  it  must  be  in  trrhnlral  terms,  should  be  drawn  hy  one  fa—wfer  ir.^ 
such  terms. 

(2)  The  COMPETENCY  of  all  competing  should  be  assured.  The  drawings  s:- 
mitted  in  a  competition  are  evidence,  only  in  part,  ai  the  abtHty  of  the  mrcbtz : 
to  execute  the  building.  The  owner,  for  hb  own  proteodoo,  ahoold  admit  * 
the  competition  only  those  to  whom  he  would  be  willing  to  entrust  the  wy^. 
that  is,  to  men  of  known  honesty  and  competence. 

(3)  The  AOaEEMEHT  between  the  owner  and  the  competitan  ahoold  > 
definite,  as  becomes  a  plain  statement  of  business  irlafions 

(4)  The  JUDGMENT  should  be  based  on  knowledge,  and  since  ideas  prcsec:- 
in  the  form  of  drawings  are  intelligible  only  to  a  trained  mind,  judgment  sbo> . 
not  be  rendered  until  the  owner  has  received  competent  terhniral  advice  a : 
the  merits  of  those  ideas. 

To  sum  up:  To  insure  the  best  residts,  a  competition  should  have  (i)  a  clri: 
programme,  (a)  competent  competitors,  (3)  a  business  agreement*  (4)  a  U= 
judgment. 

Fifteen  years  sgo  many  competitions  had  none  of  these  provisions  and  in 
had  ail  of  them.  The  commonest  form  of  competition  was  one  that  a» 
open  to  all,  had  a  programme  prepared  by  a  layman,  was  judged  by  the  ovtjc 
without  professional  assistance,  contained  no  agreement,  and  made  no  prov^ : 
to  eliminate  the  incompetenL  All  this  demanded  correction.  The  Instirite. 
seeking  a  means  of  reform,  per^ved  at  once  that  its  reladon  to  the  owner  a  oi 
be  onfy  an  advisory  one.  It  might  advise  him  how  to  hold  a  competiti^. 
but  it  could  go  no  further.  To  architects  in  general  the  Institute  a-^ 
scarcely  presume  to  offer  even  its  advice,  but  being  a  professiona]  K< 
charged  with  maintaining  ethical  standards  among  its  own  members^  its  dur< 
was  to  see  that  they  did  not  take  part  in  competitions  that  f  dl  bdow  a  reasoe 
able  standard. 

It  was,  therefore,  voted  in  convenUon  of  the  Institute  that  members  shcu.  J 
be  free  to  take  part  in  competitions  only  when  their  terms  had  received  tx 
APPROVAX.  or  THE  INSTITUTE.  Thereupon  the  Institute  fully  stated  the  p?r- 
ciples  which  should  govern  oompetiUons  and  defined  the  conditions  precequis  'j 
to  the  gi\dng  of  its  approval.  These  are  contained  in  the  Circulak  of  Ajy\  ^ . 
here  following,  which  is  intended  as  a  guide  to  all  who  are  interested  in  cus- 
petitions.  Committees  of  the  Institute  throughout  the  country  are  •-MtWy-iard 
to  give  its  approval  to  competitions  when  property  conducted,  but  unless  • 
programme  has  received  such  approval  members  of  the  Institute  do  not  iccrz'. 
a  position  as  competitor  or  juror,  nor  does  a  member  continue  to  act  as  pro:>>- 
sional  adviser  after  it  becomes  evident  that  the  owner  will  not  permit  L: 
programme  to  be  brought  into  harmony  with  the  principles  approved  by  ih* 
Institute. 

The  position  thus  taken  by  the  Institute  is  by  no  means  an  arbitraiy  one.  ssce 
It  governs  the  action  of  none  but  its  own  members.  To  the  owner  its  seniie 
has  been  of  great  value  in  giving  him  information  and  useful  advice  and  in  suvvyt 
him  from  the  delays,  cost  and  disappointment  incident  to  the  amateur  conduit 
of  a  competition.  The  owner  who  disregards  the  standard  set  by  the  Ittstit£:e 
finds  it  increasingly  difficult  to  get  men  of  standing  in  the  profcaaioa  to  enter 
He  who  raises  his  programme  to  that  standard  has  no  difficulty  in  securing  tk 
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srvioes  of  architects  of  the  greatest  ability.  Even  m  the  few  years  since  the 
rstitute  first  made  its  firm  stand  aipunst  the  abuses  of  competitions,  the  effect 
I  that  action  has  been  far  greater  than  could  have  been  foreseen.  It  has  not 
Itosether  ehminated  ill>iegulated  oompetitk>ns»  but  it  has  greatly  reduced  their 
timber*  and  it  is  safe  to  say  that  no  competition  of  prime  importance  is  now 
inducted  except  in  accordance  with  the  principles  stated  in  the  following  Cxa< 
uuut  OP  Advice: 

A  Cireular  of  Advice  and  Information  Relative  to  the  Conduct  of 

Architectural  Competitiens 

Competitions  are  instituted  to  enable  the  gutter  *  to  choose  an  architect 
trough  comiumsoa  of  the  designs  submitted.  The  American  Institute  of  Archi- 
sct«H  believing  that  the  interests  of  both  owner  and  competitors  are  best  served 
y  fair  and  equitable  agreements  between  them,  issues  this  circular  as  a  state* 
[EXT  OF  THE  PRINCIPLES  which  should  Underlie  such  agreements.  The  Institute 
oes  not  assume  to  dictate  the  owner's  course  in  conducting  competitions,  but 
ims  to  assist  him  by  advising  the  adoption  of  such  methods  as  experience  has 
•roved  to  be  just  and  wise.  So  important,  however,  does  the  adoption  of  such 
lethods  appear  to  architects  that  members  of  the  Institute  do  not  take  part  in 
ompetitions  except  under  conditions  based  on  this  circular  and  specifically  set 
L>rth  in  Articles  (i6)  and  (i8). 

(i)  On  Competitions  in  General.  A  competition  exists  when  two  or  more 
Tchitects  prepare  sketches  at  the  same  time  for  the  same  project,  but  no  archi* 
ect  who  prepares  drawings  for  comparison  in  problems  of  an  altruistic  or  edu* 
ational  nature,  where  the  problem  does  not  involve  a  definite  proposed  building 
operation,  shall  be  held  as  having  taken  part  in  a  competition,  within  the  mean- 
Qg  of  this  circular  of  advice. 

(2)  On  the  Employment  of  a  Profeaslomd  Adviser.  No  competition 
hall  be  instituted  without  the  aid  of  a  competent  adviser.  He  should  be  an 
.rchitect  of  the  higbest  standing  and  his  selection  should  be  the  owner's  first 
tep.  He  must  be  chosen  with  the  greatest  care,  as  the  success  of  the  competition 
7ill  depend  largely  upon  his  experience  and  ability.  The  expert's  advice  is 
»f  great  value  to  the  owner,  for  example,  in  so  dnwing  the  programme  as  to 
afeguard  him  against  the  employment  of  an  architect  who  submits  a  design 
argely  exceeding  in  cost  of  execution  the  sum  at  his  disposal,  and  in  hel{Mng  him 
o  avoid  the  disappdntment,  embarrassment  and  litigation  which  so  often  result 
rom  competitions  conducted  without  expert  technical  advice.  The  duties 
»F  THE  expert  are  to  advise  those  who  hold  the  competition  as  to  its  form  and 
erms,  to  draw  up  the  programme,  to  advise  in  choosing  the  competitors,  to 
t-nswer  their  questions,  and  to  conduct  the  competition. 

(3)  On  the  Forms  of  Competition.  The  following  forms  of  competition 
ire  recognized: 

Limited.  In  this  form,  participation  is  limited  to  a  certain  number  of  archi- 
ve ts  whose  names  should  be  stated  in  the  programme  and  to  any  one  of  whom 
;he  owner  is  willing  to  entrust  the  work.  In  a  limited  competition  the  com- 
ix^titors  may  be  chosen  (a)  from  among  architects  whose  ability  b  so  evident 
:  hat  no  formal  inquiry  into  their  qualifications  is  needed,  or  (b)  from  among 
jrchitects  who  make  application  accompanied  by  evidence  of  their  education 
md  experience.  The  limited  form  has  the  advantage  that  the  owner  and  the 
professional  adviser  may  meet  competitors  and  discuss  the  terms  of  the  com- 

*  The  person,  corporation  or  other  entity  iutitutiDg  a  competition,  wbetbcr  acting 
directly  or  through  repieaentatives,  is  bereio  called  the  owner. 
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petition  with  them  before  the  issuance  of  the  progmnme      Form  (a)  b  - 
simplest  and  most  direct  form  of  competition. 

Open.    The  Institute  believes  that  a  competition  open  to  aix  who  wht 
participate  without  regard  to  their  qualifications  is  detrimeotal  to  tbe  iots^ 
alike  of  owner  and  of  architects.    It  will,  therefore,  give  its  approval  to  that  i  - 
only  when  conducted  in  two  stages,  since  by  that  means  alone  it  is  poasb*' 
insure  anonsrmity  of  submission  while  safeguarding  the  owner's  interests  a^ j- 
the  selection  as  winner  of  a  person  lacking  the  qualifications  set  forth  in  Ar 
(4)  hereof.    In  this  form  there  b  a  folst  stage  open  to  all,  in  vhich  the  . 
petitive  drawings  are  of  the  slightest  nature,  involving  only  tbe  fuadamc- 
ideas  of  the  solution.    These  drawings  are  accompanied  by  evidence  of  tbe  ^ 
petitor's  education  and  experience.    From  the  4rst  stage  a  smaJI  noxaber  ' 
have  thus  demonstrated  their  competence  to  design  the  work  and  to  car- 
successfully  into  execution  are  chosen  to  take  part  in  a  fin ai.  and  strictly  vn' 
110(73  STAGE  involving  competitive  drawings  of  the  type  indicated  in  Artickr 
hereof. 

(4)  On  the  Qoaliflcation  of  Competitors.    The  interests  of  the  o^-  * 
may  be  seriously  prejudiced  by  admitting  to  a  limited  compnition  or  x^^ 
second  stage  of  an  open  competition  any  architect  who  has  njt  establish'-: 
the  satisfaction  of  the  owner  his  competence  to  design  and  execute  the  w  - 
It .13  sometimes  urged  that  by  admitting  all  who  wish  to  take  part  some  unl:   • 
but  brilliant  designer  may  be  found.    If  the  object  of  a  compc^tition  were  « 
of  sketches,  such  reasoning  might  bs  valid.    But  sketches  give  no  evidence  : 
their  author  has  the  matured  artistic  ability  to  fulfil  their  promise,  or  tiu: 
his  the  technical  knowledge  necessary  to  control  thi  design  of  the  highh'  v  - 
plex  structure  and  equipment  of  a  modem  bnilding,  or  that  he  has  exm.' 
ability  for  large  aflfairs,  or  the  force  to  compel  the  proper  execution  of  axitn  ' 
Attempts  have  often  been  made  to  defend  the  owner's  interests  by  associa* 
an  architect  of  ability  with  one  lacking  in  experience.    Thea:  have  gencr . 
resulted  in  failure.    As  the  owner  should  feel  bound,  not  only  legally,  b^: 
pDint  of  honor,  to  retain  as  his  architect  the  competitor  to  whona  the  avar  • 
made,  it  is  essential  that  the  competitors  in  a  limited  compstitioo,  or  in  : 
second  stage  of  an  open  competition,  should  be  selected  with  th2  greatest  cjt.* 
consultation  with  the  pitrfessional  adviser,  and  that  there  should  be  incl>: 
among  them  only  architects  in  whose  ability  and  integrity  the  owner  has  i'> 
lute  confidence,  and  to  any  one  of  whom  he  is  willing  to  entrust  the  work. 

(5)  On  the  Number  of  Competitors.  Experience  has  demonstrated  t!-  ' 
the  admission  of  many  coMPETiitiRS  is  detrimental  to  the  success  of  a  cooi;)" 
tion.  When  there  are  many,  each  knows  that  he  has  but  a  slight  chance  • 
success,  and  he  b  therefore  less  aroused  to  his  best  effort  than  when  there  arr  "^  r 
a  few.  As  the  owner  is  interested  only  in  the  best  result,  he  is  ill-ad^Hsri  *. 
sacrifice  quality  for  quantity. 

(6)  On  Anonymity  of  Competitors.    Absolute  and  effective  ANONYvrr. 
is  a  necessary  condition  of  a  fair  and  unbiased  competition.    Tbe  sicnino 
DRAWINGS  should  uot  be  permitted  nor  should  they  bear  any  motto,  de\icr  - 
diitiaguishing  mark.    Drawings  and  the  accompanying  sealed  envelopes  cr. 
taintng  their  authors'  names  should  be  numbered  upon  receipt,  the  envekr 
remaining  unopened  imtil  after  the  award. 

(7)  On  the  Cost  of  the  Proposed  Work.  No  statement  of  the  interd  ' 
COST  OF  TOE  WORK  should  be  made  unless  it  has  been  ascertained  that  the  v  ^^ 
as  described  in  the  programme  can  be  property  executsd  within  the  sum  nam-i 
In  general  it  is  wiser  to  limit  the  cubic  contents  of  the  building  than  to  sutt  1 
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Umit  of  cost.  The  programme  should  neither  require  nor  pemit  competitors 
to  furnish  their  own  or  builden'  estimates  of  the  coat  of  executing  the  work  in 
accordance  with  their  designs.  Such  estimates  are  singularly  unreliable.  If 
the  cubage  be  properly  limited  they  are  unnecessary. 

(8)  On  the  Jury  of  Award.  To  insure  a  wis?  and  just  award  and  to  pro- 
tect the  interests  of  both  the  owner  and  the  competitars,  ths  competitive  draw- 
ings should  be  submitted  to  a  jury  so  chosen  as  to  secure  expert  knowledge  and 
freedom  from  personal  bias.  Such  a  jury  thoroughly  understands  and  can 
explain  the  intent  of  the  drawings.  It  discovers  from  them  their  authors' 
skill  in  de«gn,  arrangement  and  construction.  Because  of  its  trained  judgment 
its  advice  as  to  the  merits  of  the  designs  submitted  is  of  th:  highest  value  to  the 
owner.  The  jury  must  consist  of  at  least  three  members,  one  of  whom  must, 
and  a  majority  of  wh3m  should,  be  practicing  architects.  One  or  more 
memfc)ers  of  the  jury  may  be  chosen  by  the  competitors.  It  is  the  duty  op  the 
JURY  to  study  carefully  the  programme  and  all  conditions  relating  to  the  problem 
and  the  competition  before  examining  the  designs  submitted;  to  refuse  to  make 
or  recommend  an  award  in  favor  of  the  author  of  any  design  that  does  not  fulfil 
the  conditions  distinctly  stated  as  mandatory  in  the  programme;  to  give  ample 
time  to  the  careful  study  of  the  designs;  and  to  render  a  decision  only  after 
mature  consideration.  The  jury  should  see  to  it  that  a  copy  of  its  report  reaches 
every  competitor.  The  professional  adviser  should  not  be  a  member  of  the 
jury,  as  his  judgment  is  apt  to  be  influenced  by  his  previous  study  of  the  problem. 

(9)  On  the  Competitiye  Dimwiagi.  The  purpose  of  an  architectural  com- 
petition is  not  to  secure  fully  developed  plans,  but  such  evidence  of  skill  in  treat- 
ing the  essential  elements  of  the  problem  as  will  assist  in  the  sblection  of  an 
architect.  The  drawings  should,  therefore,  be  as  few  in  number  and  as  simple 
n  character  as  will  express  the  general  design  of  the  building.  A  jury  of  experts 
loes  not  need  elaborate  drawings. 

(10)  On  the  Progrsmme.  The  programme  should  contain  rules  for  the 
ronduct  of  the  competition,  instructions  for  competitors  and  the  jury,  and  th^ 
igreement  between  the  owner  and  the  competitors.  Uniform  conditions  for  all 
rompetitors  are  fundamental  to  the  proper  conduct  of  competitions.  Lengthy 
orogrammes  and  detailed  instructions  as  to  the  desired  accommodations  should 
3e  avoided  as  they  confuse  the  problem  and  hamper  the  competitors.  The 
oroblem  should  be  stated  broadly.  Its  solutions  should  be  left  to  th3  competi- 
:ors.  A  distinction  should  be  clearly  drawn  between  the  uamdatory  and  the 
ADVISORY  provisions  of  the  programme,  that  is,  between  those  which,  if  not  met, 
preclude  an  award  in  favor  of  the  author  of  a  design  so  failing,  and  those  which 
ire  merely  optional  or  of  a  suggestive  character.  The  mandatory  requirements 
>hould  be  set  forth  in  such  a  way  that  they  cannot  fail  to  be  recognized  as  such. 
rbey  should  be  as  few  as  possible,  and  should  relate  only  to  matters  which 
:Annot  be  left  to  the  discretion  of  the  competitors.  It  is  difficult  to  summarize 
briefly  the  programme,  but  it  should  at  least: 

(a)  Name  the  owner  of  the  structure  forming  the  subject  of  the  competition, 
md  state  whether  the  owner  institutes  the  competition  personally  or  through 
-epresentatives;  if  the  latter,  name  the  representatives,  state  how  their  author- 
ty  is  derived,  and  define  its  scope. 

(b)  State  the  kind  of  competition  to  be  instituted,  and  in  limited  competitions 
aame  the  competitors;  or  in  open  competitions,  if  the  conq>etition  is  limited 
?eographicaUy  or  otherwise,  state  the  limits. 

(c)  Fix  a  time  and  place  for  the  receipt  of  the  designs.  The  time  should  not 
>c  altered  except  with  the  unanimous  consent  of  the  competitors. 

(d)  Furnish  exact  information  as  to  the  site. 
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it)  State  the  desired  accoromodmtioii,  aimdiiic  detaiL 

(f )  State  the  cost  if  it  be  fixed  or,  better,  limit  the  cubic  caateata^ 

(g)  Fix  uniform  rai]uiiements  for  the  drawiagi^  giviog  the  nomber,  the  >- 
or  scales,  and  the  method  of  rendering. 

(h)  Forbid  the  submission  of  more  than  one  design  by  any  one  miimpftit  .< 

(i)  Provide  a  method  for  insuring  anon3rmity  of  submission. 

(j)  Name  the  members  of  the  jury  or  provide  for  their  sdection.  D- 
their  powers  and  duties.  If  for  legal  reasons  the  jury  may  not  make  the  ' 
award,  state  such  reasons  and  in  whom  such  power  is  vested. 

(k)  Provide  that  no  award  shall  be  made  in  favor  of  any  design  until  tbf  . 
shall  have  certified  that  it  does  not  violate  any  mandatory  requiranjcnt  'yl 
programme. 

(1)  Provide  that  during  the  competition  there  shall  be  no  coaununia' 
relative  to  it  between  any  competitor  and  the  owner,  his  representatives,  jr 
member  of  the  jury,  and  that  any  communication  with  the  profrasional  ik» 
shall  be  in  writing.    Provide  also  that  any  information,  whether  in  ans*." 
such  communications  or  not,  shall  be  given  in  writing  simultanejosty  :.  - 
competitors.    Set  a  date  after  which  no  questions  will  be  answered. 

(m)  State  the  number  and  amount  of  payments  to  competitors. 

(n)  Provide  that  the  professional  adviser  shall  send  a  report  of  the  caci;>  * 
tion  to  each  competitor,  including  therein  the  report  of  the  jury. 

(o)  Provide  that  no  drawing  shall  be  exhibited  or  made  public  untfl  aitj^  - 
award  of  the  jury. 

(p)  Provide  for  the  return  of  unsuccessful  drawings  to  their  respective  aut'r 
within  a  reasonable  time. 

(q)  Provide  that  nothing  original  in  any  of  the  unsuccessful  designs  sh^T 
used  without  consent  of,  and  compensation  to,  the  author  of  the  design  in  w- 
it  appears. 

(r)  Include  the  contract  between  the  owner  and  the  competitors. 

(s)  Include  the  contract  between  the  owner  and  the  ardntect  reoenrlni;  t 
award. 

(ii)  On  the  Agreement.     An  owner  who  institutes  a  competition  as>2^ 
a  moral  obligation  to  retain  one  of  the  competitors  as  his  architect.     In  .•'- 
'.hat  architects  invited  to  compete  may  determine  whether  they  will  taif  -. 
it  is  essential  that  they  should  know  the  terms  upon  which  the  winner  «:. 
employed;   and  it  is  of  the  utm(»t  importance  to  the  owner  that  those  tc 
should  be  so  clearly  defined  that  no  disagreement  as  to  their  meaning  can  x'  - 
after  the  award  is  made.    Unless  the^  be  so  defined,  delay  is  likely  to  occur  . 
disagreements  to  arise  at  a  time  when  a  complete  understanding  between  o*^ ' 
and  architect  is  most  important  for  the  welfare  of  the  work.    Therefore,  it. 
must  be  included  in  the  programme  a  form  which  guarantees  the  appoints 
of  one  of  the  competitors  as  architect  and  provides  an  agreement  ope-.: 
upon  that  appointment,  defining  his  employment  in  terms  consonant  wiiz  " 
best  practice.    This  must  conform  in  all  fundamental  respects  to  the  t>--.. 
form  of  agreement  appended  to  this  circular. 

(ta)  On  Paymeats  to  UnaucMStfui  Competitors,  In  a  limited  .. -: 
petition  and  in  the  second  sUge  of  an  open  competition  each  oompeti:.: 
except  the  winner,  should  be  paid  for  his  services. 

(13)  On  LegnlUy  of  Procodore.    It  is  highly  important  that  each  <•: 
taken  in  connection  with  a  competition  and  every  provision  of  the  prognuxr. 
should  be  in  consonance  with  law.    Those  charged  with  holding  the  oompeti'  - 
sh  juld  know  and  state  their  authority.    If  they  are  not  empowered  to  bend  ll. 
principal  by  contracts  with  the  compstits>rs»  they  should  seek  and  rcceK-e  5   .- 
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authority  before  issuing  an  invitation.  If  authority  cannot  legally  be  granted 
to  the  juiy  to  make  the  award,  that  fact  should  be  stated,  and  the  body  named 
in  which  such  authority  is  vested. 

(14)  On  the  Conduct  of  the  Owner.  In  order  to  maintain  absolute 
impartiality  toward  all  competitors,  the  owner,  his  representatives  and  all  con* 
nected  with  the  enterprise  should,  as  soon  as  a  professional  adviser  has  been 
appointed,  refrain  from  holding  any  communication  in  regard  to  the  matter 
with  any  architect  except  the  adviser  or  the  jurors.  The  meeting  with  com- 
petitors described  in  .^^tide  (3)  is  of  course  an  exception. 

(15)  On  the  Conduct  of  Architects.  An  architect  should  not  attempt 
in  any  way,  except  as  a  duly  authorized  competitor,  to  secure  work  for  which  a 
competition  is  in  progress,  nor  should  he  attempt  to  influence,  either  directly 
or  indirectly,  the  award  in  a  competition  in  which  he  is  a  competitor.  An  archi- 
tect should  not  accept  the  commission  to  do  the  work  for  which  a  competition 
has  been  instituted  if  he  has  acted  in  an  advisory  capacity,  either  in  drawing  the 
programme  or  making  the  award.  An  architect  should  not  submit  in  competi- 
tion a  design  which  has  not  been  produced  in  his  own  office  or  under  his  own 
jirection.  No  competitor  should  enter  into  association  with  another  architect, 
»cept  with  the  consent  of  the  owner.  If  such  associates  should  win  the  com- 
petition, their  association  should  continue  until  the  completion  of  the  work 
hus  won.  During  the  competition,  no  competitor  should  hold  any  communi- 
:ation  relative  to  it  with  the  owner,  his  representatives  or  any  member  of  the 
ury,  nor  should  he  hold  any  communication  with  the  professional  adviser,  except 
t  be  in  writing.  When  an  architect  has  been  authorized  to  submit  sketches 
or  a  given  project,  no  other  architect  should  submit  sketches  for  it  until  the 
wner  has  taken  definite  action  on  the  first  sketches,  since,  as  far  as  the  second 
rchitect  is  concerned,  a  competition  is  thus  established. 

(16)  On  the  Participation  of  Members  of  the  Institute.  Members  of 
'he  American  Institute  of  Architects  do  not  take  part  as  competitors  or  jurors 
1  any  competition  the  programme  of  which  has  not  received  the  formal  approval 
f  the  Institute,  nor  does  a  member  continue  to  act  as  professional  adviser  after 

has  been  determined  that  the  programme  cannot  be  so  drawn  as  to  receive 
ich  approval. 

(17)  Committees.  In  order  that  the  advice  of  the  Institute  may  be  given 
I  those  who  seek  it  and  that  its  approval  may  be  given  to  programmes  in  con* 
nance  with  its  principles,  the  Institute  maintains  the  following  committees: 

(a)  The  Standing  CoMifirrEE  on  Competitions,  representing  the  Institute 
its  relation  to  competitions  generally.    This  committee  advises  the  subcom- 

ittees  and  directs  their  work  and  thepr  report  to  it. 

(b)  A  suBCOiOiriTEE  for  the  territory  of  each  chapter,  representing  the 

stitute  in  its  relation  to  competitions  for  work  to  be  erected  within  such 

rritory. 

The  president  of  the  chapter  is  ex-officio  chairman  of  the  subcommittee, 

»  other  members  of  which  he  appoints.    The  sibcommittees  derive  their 

thority  from  the  Institute  and  not  from  the  chapters.    An  appeal  from  the 

:ision  of  a  subcommittee  may  be  made  to  the  standing  committee.    The 

nding  committee  may  approve,  modify  or  annul  the  decision  of  a  subcom- 

ttee. 

[x8)   The  Institute's  Approval  of  the  Programme.    The  approval  of  the 

titute  is  not  given  to  a  programme  unless  it  meets  the  following  essential 

ditions: 

a)  That  there  be  a  professional  adviser. 

b)  That  the  competition  be  of  one  of  the  forms  described  in  Article  (3). 
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(c)  That  the  progiamme  contain  an  Agbeemfnt  and  Cokditions  of  Cj- 
TRACT  between  architect  and  owner  in  conformity  with  those  printed  ia  : 
Appendix  of  this  circular,  that  it  include  no  provision  at  variance  thetevi:! 
that  it  contain  terms  of  payments  in  accord  with  good  practice,  and  that  i:  \'- 
cifically  set  forth  the  nature  of  expert  engineering  services  for  which  the  architi . 
will  be  reimbursed. 

(d)  That  the  programme  moke  provi»on  for  a  jury  of  at  least  three  pers^  ■- 

(e)  That  the  programme  conform  in  all  particulars  to  the  si»rit  of  thia  .i- 
cular. 

When  the  programme  meets  the  above  essential  conditions,  the  appcmJ 
the  Institute  may  be  given  to  it  by  the  subcommittee  for  the  territory  in  «7 - 
the  work  is  to  be  erected,  or  if  there  be  no  subcommittee  for  that  territory,  tb- 
by  the  standing  committee  on  competitions.  If,  for  l^al  or  other  reasons  :_' 
standing  committee  deem  that  deviations  from  the  essential  conditioos  ^ 
justified,  it  may  give  the  approval  of  the  Institute  to  a  programme  contaid-r 
such  deviations.  Power  to  give  approval  in  such  cases  is,  however,  vested  o-' 
in  the  standing  committee.  The  professional  adviser,  when  duly  anthofi2>- 
In  writing  by  the  proper  committee,  may  print  the  Institute's  approval  _' 
a  part  of  the  programme  or  otherwise  communicate  it  to  those  invited  :.- 
compete. 

Typical  Form  of  Agreement  between  Owner  and  Conipctitora 

In  consideration  of  the  submis^on  of  drawings  in  this  competitioa  (here  insert 
the  name  of  the  owner  or  of  the  body  duly  authoriaed  to  enter  into  cootncti 
on  behalf  of  the  owner),  hereinafter  called  the  owner,  agrees  with  the  compeu- 

tors  jointly  and  severally  that  the  owner  will,  within da3rs  of  the  ^'^ 

set  for  the  submission  of  drawings,  make  an  award  of  the  commission  to  dest^2 
and  supervise  the  work  forming  the  subject  of  this  competition  to  one  of  ths^ 
competitors  who  submit  drawings  in  consonance  with  the  mandatory  lequiTe- 
ments  of  this  programme,  and  will  thereupon  pay  him,  on  account  of  his  ser%i<-e« 
as  architect,  one-tenth  of  his  total  estimated  fee  as  stated  bdow.  And  ftxrtbiT. 
in  consideration  of  the  submission  of  drawings  as  aforesaid  and  the  matu.. 
promises  enumerated  in  the  subjoined  Conditions  or  Contract  betwtiv 
Architect  and  Owner,  the  owner  agrees  and  each  competitor  agrees,  if  t^ 
award  be  made  in  his  favor,  immediately  to  enter  into  a  contract  containing  a^* 
the  Conditions  here  following,  and  until  such  contract  b  encuted  to  be  bouc-i 
by  the  said  CoNmnoNS. 

Conditions  of  Contract  between  Architect  and  Owner 

Article  I.    Ditties  or  the  Architect 

(z)  Design.  The  architect  is  to  design  the  entire  building  and  its  immedt^tf 
surroundings  and  is  to  design  or  direct  the  design  of  its  constructive,  engsnreriL^ 
and  decorative  work  and  its  fixed  equipment  and,  if  further  retained,  its  mova.1  c 
furniture  and  the  treatment  of  the  remainder  of  its  grounds. 

(a)  Drawings  and  Specifications.  The  architect  is  to  make  such  revisc:i 
of  his  competitive  scheme  as  may  be  necessary  to  complete  the  preliminary 
studies;  and  he  is  to  provide  drawings  and  specifications  necessary  for  the  coo- 
duct  of  the  work.  All  such  instruments  of  service  are  and  remain  the  property 
of  the  architect. 

(3)  Administration.  The  architect  is  to  prepare  or  advise  as  to  all  foncs 
connected  with  the  makmg  of  proposals  and  contracts^  to  inue  all  ccrtlncates 
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>f  payment,  to  keep  proper  accounts  and  generaUy  to  discharge  the  necessary 
idministrative  duties  connected  with  the  work. 

(4)  Soperrisioa.  The  architect  is  to  supervise  the  execution  of  all  the  work 
:oinmitted  to  his  control. 

Article  II.    Duties  of  the  Owner 

(z)  Payments.    The  owner  is  to  pay  the  architect  for  his  services  a  sum 

:qual  to per  cent  *  upon  the  cost  of  the  work.     (The  times  and  amounts 

>f  payments  should  be  here  stated.)  t 

(2)  Reimbursements.  The  owner  b  to  reimburse  the  architect,  from  time 
Lo  time,  the  amount  of  expenses  necessarily  incurred  by  him  or  his  deputies 
A'hile  traveling  in  the  discharge  of  duties  connected  with  the  work. 

(3)  Service  of  Engineers.  The  owner  is  to  reimburse  the  architect  the  cost 
>f  the  services  of  such  engineers  for  heating,  mechanical  and  electrical  work  as 
ire  specificaUy  provided  for  in  each  programme.  The  selection  of  such  engineers 
ind  their  compensation  shall  be  subject  to  the  approval  of  the  owner. 

(4)  Information,  Clerk  of  the  Works,  etc.  The  owner  is  to  give  all  in- 
forniation  as  to  his  requirements;  to  pay  for  all  necessary  surveys,  borings  and 
lests,  and  for  the  continuous  services  of  a  derk  of  the  works,  whose  competence 
Is  approved  by  the  architect. 


Standard  Form  of  Competition-Programme  { 

The  following  standard  form  of  CoifPBTiTioN-PROCiRAinfE,  prepared  by  The 
American  Institute  of  Architects,  contains  those  provisions  which  the  Institute 
considers  essential  to  the  fair  and  equitable  conduct  of  a  competition.  The 
Institute  in  no  way  assumes  or  attempts  to  dictate  an  Owi^r's  course  in  con- 
ducting a  competition;  it  claims  only  the  right  to  control  its  own  members,  and 
having  found  by  experience  the  danger  to  the  interests  of  both  Owner  and 
CovPETrroR  from  a  competition  in  which  such  provisions  are  lacking,  it  per* 
mtts  no  member  to  take  part  in  any  competition  which  does  not  meet  those 
essential  conditions,  and  the  programme  of  which  has  not  been  specifically 
approved.  A  competition  sh3uld  be  of  such  form  as  to  establish  equitable  rela- 
tions between  the  Owner  and  the  Competitor.  To  insure  this,  the  require- 
ments should  be  clear  and  definite;  the  competency  of  the  Coiifetitgrs  should 
be  assured;  the  agreement  between  the  Owner  and  Competitors  should  he 
definite,  as  becomes  a  plain  statement  of  business  relations;  and  the  judgment 
should  be  based  on  expert  knowledge.  The  following  programme  will,  if  adhered 
to,  be  duly  approved  by  the  Institute  SuBCOMMrrrEES  on  Competitions  for 
the  various  chapters  of  the  Institute,  and  by  the  .Standing  Committee  on 
Competitions  of  the  Institute. 

*  The  percentage  inserted  should  be  in  accord  with  g;ood  practice. 

t  Good  practice  has  established  the  pasnnents  on  account  as  follows:  Upon  completion 
of  the  preliminary  studies  one-fifth  of  the  total  estimated  fee  less  the  previous  payment; 
upon  completion  of  contract-drawings  and  specifications  two-fifths  additional  of  such  fee; 
for  other  drawing,  for  supervision  and  for  administration,  the  remainder  of  the  fee, 
from  time  to  time,  in  proportion  to  the  progress  of  the  work. 

t  As  authorized  by  the  48th  annual  convention,  1914.  The  American  Institute  of 
Architects,  Document,  Series  A,  No.  Z15,  Washmgtoo,  D.  C.  January.  19x8.  Reprinted 
by  permissioD. 
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(Insert  name  of  proposed  building) 

NOTE.    Throughout  this  prognunme  the  word  Ownek  b  used  to  iodicate 
owner  in  person,  or  those  to  whom  he  lias  delegated  his  powers. 

PART  I 

(i)  Proposed  Building.    The 

(Insert  name  of  owoer) 

proposes  to  erect  a  new 

(Insert  name  of  btiildiDg) 

on  the  site  at 

(Insert  location) 

(a)  Authority.    The 

(Insert  name  of  owner) 

has  (delegated  to 

(Insert  name  or  names  of  individuals) 

authority  to  select  an  architect  to  prepare  the  plans  for,  and  supovbe  i.> 
erection  of  the  building. 

NOTE.    If  authority  for  the  erection  of  the  proposed  building  is  granted  by  ar.   ' 
legislature,  ordinance,  etc.,  it  is  desirable  to  make  clear  the  source  of  socb  aathorit^-. 

(3)  Architectural  Adviser.    The  Owner  has  appointed  as  his  expert  ri> 

FESsiONAL  Adviser 

(Insert  name  and  address  of  adviser) 

to  prepare  this  programme  and  to  act  as  hb  Adviser  in  the  conduct  of  th 
competition. 

NOTE.  No  competition  shall  be  instituted  vrithout  the  aid  of  a  competent  mAvvr- 
He  should  be  an  architect  of  the  highest  standing  and  his  sekctioo  should  be  the  Ownti  • 
first  step.  He  should  be  chosen  with  the  greatest  care,  as  the  success  of  the  oooapet '  ? 
will  depend  largely  upon  his  experience  and  ability.  The  duties  of  the  expert  aif  ' 
advise  those  who  bold  the  competition  in  regard  to  its  form  and  terms,  to  draw  u;  *.:: 
pr  jj;raramc,  to  advise  in  choosing  the  Competitors,  to  answer  inquiries  from  ConFerrr-t: 
and  in  general  to  direct  the  competition. 

(4)  Competitors.    Participation  in  this  competition  is  limited 

(A),  to  the  following  arcbitecis: 

(Insert  names  of  invited  conpetitaiil 

,  (B)  To  such  ARCHITECTS  as  shall  have  made  application  on  or  before. . 

(Insert  date) 

accompanied  by  evidence  of  their  education  and  experience,  satisfactory  to  thr 
Owner  and  the  Professional  Adviser.  It  is  agreed  that  the  tiai»^  ci  u 
those  admitted  to  the  competition  shaU  be  made  public  on  or  before 

(Insert  date) 
The  (DwNER  agrees  that  he  will  admit  no  one  as  a  Cohpetitor  to  whoa  » 
is  not  willing  to  award  the  conmiission  to  erect  the  building,  in  case  of  his  succi-i 
in  the  ccmpetitiosu 


Architectural  Competitions  1743 

(5)  Jury  ef  Awtfd.   The  Owner  agrees  that  there  will  be  a  Jttkt  of  Awaso 
(A)  which  will  consist  of  the  following  members:. 

(Insert  names  of  juiy) 

Or  (B)  which  will  coniust  of members.    Of  these,  the  Ownex 

(Insert  number) 

has  appointed  the  following: 

and 

(Insert  names  of  those  so  selected) 
the  CoifPETiTOSS  will  select  the  remaining  members  of  the  Jury. 

NOTE.  To  insure  a  just  and  wise  award  and  to  protect  the  interests  of  both  the 
Owner  and  the  Competitors,  the  drawings  should  be  submitted  to  a  Jury  chosen  to 
secure  expert  knowledge  and  freedom  from  personal  bias.  The  Jury  shall  consist  of  at 
least  three  members,  one  of  whom  must,  and  the  majority  of  whom  should,  be  practicing 
architects,  ior  example,  a  layman  and  an  architect  selected  by  the  Owner  or  the  Bun.DtNO 
CoMMrrTEE.  and  an  architect  selected  by  the  Competitors.  For  work  of  great  impor- 
tance it  is  desirable  to  increase  the  sijse  of  the  Jury,  adding  to  it  architects  and  specially 
qualified  laymen.  Some  of  the  advantages  of  a  Jury  so  constituted  are  that  it  thoroughly 
understands  and  can  explain  the  intent  of  the  drawings,  and  discovers  from  them  their 
author's  skill  in  design,  arrangement  and  construction.  Because  of  its  expert  knowledge, 
its  judgment  on  the  merits  of  the  designs  submitted  is  of  the  highest  value  to  the  Owner. 
The  adoption  of  the  recommendation  that  the  architectural  members  of  the  Jury  be  in 
the  majority,  is  not  necessarily  a  cause  of  expense,  for  the  reason  that  in  order  to  insure 
the  proper  conduct  of  competitions,  many  architects  of  standing  are  willing,  if  the  occasion 
warrants,  to  serve  as  Jurors  without  payment,  other  than  actual  ex])enses.  It  b  cus* 
tomary  and  desirable  that  the  (Competitors  should  elect  one  or  more  of  the  architectural 
members  of  the  Jury.  It  is  not  advisable  that  the  Professional  Adviser,  who  has 
drawn  up  the  programme,  be  permitted  to  vote  as  a  member  of  the  Jury,  although  he 
may  with  advantage  take  part  in  the  deliberations  of  the  Jury. 

(6)  Authority  of  Jury.  The  Owner  agrees  that  the  Jury  above  named,  or 
selected  as  above  provided,  will  have  authority  to  make  the  award  and  that  its 
decision  in  the  matter  shall  be  final.  Moreover,  this  Jury  will  make  an  award 
to  one  of  those  taking  part  in  this  competition,  unless  no  design  is  submitted 
which  fulfils  the  mandatory  requirements  of  this  programme.  The  Owner 
further  agrees  to  employ  as  architect  for  the  work  as  more  fully  set  forth  herein- 
after, the  author  of  the  design  selected  by  the  Jury  as  its  first  choice. 

NOTE.  If,  under  the  law,  authority  to  make  the  award  cannot  be  delegated  to  the 
Jury,  the  following  form  should  be  substituted  for  Section  (6): 

The  Owner  agrees  that  the  Jury  above  named  or  selected  as  above  provided,  will 
select  the  design  which  appears  to  it  to  be  the  most  meritorious  and  make  a  written  report 
to  the  Owner,  designating  it  by  number.  The  Owner  will  then  consider  this  design 
and  the  report  of  the  Jury  and  wOl  thereupon,  without  learning  the  identity  of  the  Com- 
petttors,  sdect  as  the  winner  of  the  competition  the  author  of  the  design  selected  by 
the  Jury,  unless  in  his  judgment  there  be  cause  to  depart  from  such  aelectioQ,  in  which 
case  he  will,  stiU  without  learning  the  identity  of  the  Competitors,  select  one  of  the  other 
designs  submitted  in  competition.  The  Owner  further  agrees  that  he  will  pay  to  the 
author  of  the  design  designated  as  most  meritorious  by  the  Jury,  in  case  he  should  not 
be  appointed  Architect  of  the  building,  a  prize  of  $ 

(State  amount  of  prize) 

The  opening  of  the  envelope  containing  the  name  of  the  author  of  the  design  selected 
by  the  Owner  will  automatically  close  the  contract  between  him  and  the  Owner,  printed 
as  Part  III  hereof. 

(7)  EzRnunation  of  Designs  and  Award.  The  Professional  Adviser  wiU 
examine  the  designs  to  ascertain  whether  they  comply  with  the*  mandatory  re*> 
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quirements  of  the  programme,  aod  will  rq»rt  to  the  Joky  aoy  ioalattoe  ai  fo^  ! 

to  comply  with  these  mandatory  requirements.    The  Owner  further  asr-^ 
that  the  Jury  will  satisfy  itself  of  the  accuracy  of  the  report  of  the  Profess:  •: 
Adviser,  and  will  place  out  of  competition  and  make  no  awaxd  to  any  de-:. 
which  does  not  comply  with  these  mandatory  requirements.     The  Jcky  ^  i 
carefully  study  the  programme  and  any  modifications  thereof,  -vrhich  may  ^ 
been  made  through  communications  (see  Section  (xa)),  and  will  then  oonsklcr :. 
remaining  designs,  holding  at  least  two  sessions  on  separate  days,  and  cas^sc 
ing  at  each  session  all  the  drawings  in  competition,  and  will  make  the  i^r. 
and  the  classification  of  prize-winners,  if  prices  are  given,  l^  aeuet  ballot,  l- 
by  majority  vote,  before  opening  the  envelopes  which  contain  the  names  < .  l 
Competitors.    In  making  the  award  the  Jury  will  thereby  affirm  that  it  i 
made  no  effort  to  learn  the  identity  of  the  various  Coicpetitors,  and  that  it  - . 
remained  in  ignorance  of  such  identity  until  after  the  award  was  made.    T. 
opening  of  the  envelope  containing  the  name  of  the  author  of  the  selected  de^  - 
will  automatically  close  the  contract  between  him  and  the  Owxeb,  pnatcc  - 
Part  III  hereof. 

(8)  Report  of  the  Jury.  The  Jury  will  make  a  full  report  which  win  >i 
its  reasons  for  the  selection  of  the  winning  design  and  its  reason  for  the  das»>  V  . 
tion  of  the  designs  placed  next  in  order  of  merit,  and  a  copy  of  this  report,  aco  -- 
penied  by  the  names  of  prize-winners,  if  prizes  are  given,  will  be  sent  by  i:^ 
Professional  Adviser  to  each  Competitor.  Immediately  upon  the  oprr.-^- 
of  the  envelopes,  the  Professional  Adviser  will  notify  all  Cqupetttors.  -/ 
wire,  of  the  result  of  the  compeUtion. 

(9)  Compensation  to  Competitort.    The  Owner  agrees  to  pay  to  the  «3t- 

cessful  co:iP2TiT0R  within  ten  days  of  the  judgment,  on  account  of  his  ite  : : 
services  as  architect,  one-tenth  of  his  total  estimated  fee. 

In  full  discharge  of  his  obligation  to  them  (In  case  prizes  or  fees  are  offcmf. 
the  Owner  agrees: 

(A)  To  pay  the  following  prizes  to  those  ranked  by  the  Jury  next  to  the  sac- 

ceasful  design:   To  the  design  placed  second  $ ,  to  the  design  pbcrd 

third  $ to  the  design  placed  fourth  $ ,  to  the  design  pbcr:: 

fifth  $ ,  etc.,  within  ten  days  of  the  judgmcBt,or 

(B)  To  pay  to  each  of  the  Competitors  invited  to  take  part  in  this  oomprJ 

tion,  other  than  the  successful  Competitor,  a  fee  of  $ within  ten  d-;  i 

of  the  judgment. 

(10)  Exhibition  of  Drawings.  It  is  agreed  that  no  drawings  shall  be  o- 
hibited  or  made  public  until  after  the  award  of  the  Jury.  There  will  be  a  pub  . 
exhibition  of  all  drawings  after  the  judgment,  and  all  drawings,  except  thM 
of  the  successful  competitor,  will  be  returned  to  thdr  authOTS  at  die  dc» 
thereof. 

(11)  Use  of  Features  of  UnsQceessful  Designs.  Nothing  oriirini]  - 
the  unsuccessful  designs  shall  be  used  without  consent  of,  or  compeis:t; 
to,  the  author  of  the  design  in  which  it  appears.  In  case  the  Owkek  d?  i  .- 
to  make  use  of  any  individual  feature  of  an  unsuccessful  design,  the  same  x^t 
be  obtained  by  adequate  compensation  to  the  designer,  the  amount  of  >^.j 
compensation  to  be  detcrmincJ  in  consultation  with  the  author  and  the  P&  - 
FESSiONAL  .Adviser. 

(X2)  Communications.  (Mandatory.)  If  any  Competttor  desires  ini  «• 
mation  of  any  kind  whatever  in  regard  to  the  competitition,  or  the  prufromrv. 
he  shall  ask  for  this  information  by  anonjrmous  letter  addressed  to  the  P»  ~ 
tsssiONAL  Adviser,  and  in  no  other  way,  and  a  copy  of  this  letter  and  i^ 
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swer  thereto  will  be  sent  simultaneously  to  each  Competitor,  but  no  re- 
lest  received  after 

(Insert  date) 
tl  be  answered. 

(13)  Anonymity  of  Drawings.  (Mandatory.)  The  drawings  to  be  sub- 
It  ted  shall  bear  no  name  or  mark  which  could  serve  as  a  means  of  identification, 
>r  shall  any  such  name  or  mark  appear  upon  the  wrapper  of  the  drawings,  nor 
lull  any  Competitor  directly  or  indirectly  reveal  the  identity  of  his  designs, 
*  hold  communication  regarding  the  competition  with  the  Owner  or  with  any 
lembcr  of  the  Building  CoMmrrEE  or  of  the  Jury,  or  with  the  Professional 
DvisER,  except  as  provided  for  under  Communications.  It  is  understood  that 
\  submitting  a  design,  each  Competitor  thereby  affirms  that  he  has  complied 
ith  the  foregoing  provisions  in  regard  to  anonymity  and  agrees  that  any  vio- 
ition  of  them  renders  null  and  void  this  agreement  and  any  agreement  arising 
rem  it.  With  each  set  of  drawings  must  be  enclosed  a  plain,  opaque,  sealed 
nvelope  without  any  superscription  or  mark  ol  any  kind,  same  containing  the 
lame  and  address  of  the  Competitor.  These  envelopes  shall  be  opened  by  the 
Professional  Adviser  after  the  final  selection  has  been  made,  and  preferably 
n  the  presence  of  the  Jury. 

(14)  Delivery  of  Drawings.    (Mandatory.)    The  drawings  submitted  in 
:his  competition  shall  be  securely  wrapped,  addressed  to  the  Professional  Ad* 

rissR  at  

in  plain  lettering  and 

(Insert  address  for  delivery  of  drawings) 
with  no  other  lettering  thereon,  and  delivered  at  thb  address  not  later  than 

(Insert  date  and  hour) 
In  case  drawings  are  sent  by  express,  they  may  be  delivered  to  an  express  com- 
piny  at  the  above  date  and  hour,  in  whith  case  the  express  company's  receipt, 
benri'ng  date  and  hour,  shall  be  mailed  inunediately  to  the  Professional  Ad- 
viser as  evidence  of  delivery. 

PART  n 

(zs)  Site.    The  site  of  the  building  is  cs  follows 

(Insert  description  of  site,  and  provide  topographical  map  giving  dimensions,  grades,  etc.) 

NOTE.  The  site  should  be  carefully  described  and  a  survey  of  the  property  should  be 
att:icbej  and  included  as  part  of  the  programme.  Conditions  pertaining  to  the  site  and 
la  neighboring  buildings  frequently  become  determining  factors  in  a  design.  Photo- 
grai^  sbowinf  sunouadiog  buildings  and  landacape-conditraas  nay  with  advantage  be 
included. 

(16)  Cost.  (Mandatory.)  For  the  purpose  of  this  competition  the  cost  of 
the  building  shaUl  be  figured  at cts  per  cu  ft,  and  the  total  thereof 

(Insert  number) 

figured  on  this  basis  shall  not  exceed 

(Insert  limit  of  cost) 

(17)  Cubage.  (Mandatory.)  Cubage  shall  be  so  computed  as  to  show  as 
exactly  as  possible  the  actual  volume  of  the  building,  calculated  from  the  finished 
level  or  levels  of  the  lowest  floor  to  the  highest  points  of  the  roofs,  and  contained 
within  the  outside  surfaces  of  the  walls.  Pilasters,  cornices,  balconies  and  other 
similar  pr3Jections  shall  not  be  includ:;d.  Porticos  with  engaged  columns  and 
sioular  projections  shall  be  taken  as  soKds  and  figured  to  the  outer  face  of  the 
columns.    When  columns  are  free-standing,  one-half  of  the  volume  of  the  tx>rti- 
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COS  shall  be  taken.    There  shall  alao  be  included  in  the  cnbasc  the  ftctaal  Td^  • 
of  all  parapets,  towers,  lanterns,  dormers,  vaultsi  and  other  faitures  addhac  - 
the  bulk  of  the  building,  also  the  actual  volume  of  exterior  steps  abcnre  gT»: 
Light-wells  of  an  area  of  less  than  400  sq  ft  shall  not  be  deducted.     In  caki.L 
ing  cubage,  account  shall  be  taken  of  variations  in  the  exterior  wall-siirfacf .  . 
for  example,  the  projection  of  a  basement-story  beyond  the  general  fine  d  ::- 
building.    A  figured  diagram  showing  method  adopted  in  cubing  sball  asx.-- 
pany  each  set  of  drawings. 

(18)  Drawings.  (Mandatory.)  The  drawings  submitted  shaD  be  cu  - 
according  to  the  following  list,  at  the  scale  given,  and  rendered  as  noted;  &- . 
no  other  drawings  than  these  shall  be  submitted: 

(Insert  list,  scale  and  method  of  rendering) 

NOTE.    The  drawings  submitted  should  be  the  least  number  neoeasaiy  to  set  f*-' 
deariy  the  solution  of  the  problem,  and  the  scale  of  these  drawings  the  smallest  <>  "- 
patible  with  the  requirement  that  the  intention  of  each  Comveittor  be  made  dear  tt 
expert  Jury.    Where  the  number  and  scale  of  drawings  is  reduced  to  the  nuninwa. 
simple  methods  of  rendering  imposed,  the  Compxittors  are  enabled  to  devote  then-  ur 
and  energy  to  the  study  of  the  problem,  which  is  the  serious  business  of  a  ooapeL.:. 
instead  of  upon  draughtsmanship  and  rendering,  which  when  carried  beyood  a  a.r 
point,  are  of  no  value  whatever  in  determining  the  fitness  of  the  Competttoks  to  hiz .  ■ 
the  work  of  erecting  the  building,  for  whidi  the  compeCitioa  is  being  bdd. 

PART  m 

Agreement  between  Owner  and  Competiton 

In  consideration  of  the  submission  of  drawings  in  this  competition,  and  t*; 
mutual  promises  enumerated  in  the  subjoined  Conditions  of  Contr.act  ^l 
TWEEN  ARCHITECT  AND  OwNEE  the  OwNER  agrees,  and  each  Comfetxtor  agr?^ 
if  the  award  be  made  in  his  favor,  immediately  to  enter  into  a  contract  coat^r- 
ing  all  the  Conditions  here  following,  and  imtil  such  contract  is  executed,  to  ix 
bound  by  the  said  Conditions. 

Conditions  of  Contract  between  Architect  and  Owner 

Duties  of  the  Architect 

(x)  Design.  The  architect  is  to  design  the  entire  building  and  its  imme- 
diate surroundings  and  is  to  design  or  direct  the  design  of  its  constructive 
engineering  and  decorative  work  and  its  fixed  equipment  and,  if  further  it^ 
tained,  its  movable  furniture  and  the  treatment  of  the  remainder  of  its  grounds. 

(2)  Drawings  and  Spedflcations.  The  archttect  is  to  make  such  rev  Is' ^:: 
of  his  competitive  scheme  as  may  be. necessary  to  complete  the  pcdSminarv 
studies;  and  he  is  to  provide  drawings  and  specifications  necessary  for  the  ccio- 
duct  of  the  work.  Ail  such  instruments  of  service  are  and  remain  the  prop- 
erty of  the  architect. 

(3)  Administration.  The  architect  is  to  prepare  or  advise  as  to  all  foncs 
connected  with  the  making  of  proposals  and  contracts,  to  issue  all  certificsites 
of  payment,  to  keep  proper  accounts  and  generally  to  discharge  the  necessa.nr 
administrative  duties  connected  with  the  work. 

(4)  Supervision.  The  architect  is  to  supervise  the  execution  of  all  the 
work  committed  to  his  control. 
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Dnti«»  of  Ui*  Owner 

(5)  Payments.  The  Ownek  u  to  pay  the  AacBRBcr  for  his  services  a 
sum  equal  to per  cent  upon  the  cost  of  the  work. 

NOTE.  The  percentage  isKrted  should  be  in  accoid  with  food  practice.  The  times 
and  amounts  of  payments  should  be  here  stated.  Good  practice  has  established  the 
payments  on  account  as  follows:  Upon  completion  of  the  preliminaxy  studies  one-fifth 
of  the  total  estimated  fee  less  the  previous  payment;  upon  completion  of  contract-drawings 
aftd  specifications  two-fifths  additional  of  such  fee;  for  other  drawings,  for  supervision 
and  for  administration,  the  remainder  of  the  fee,  from  time  to  time,  as  the  work  progresses. 

(6)  Reimbursements.  The  Owner  is  to  reimburse  the  architect  from  time 
to  time,  the  amount  of  expenses  necessarily  incurred  by  him  or  his  deputies 
while  traveling  in  the  discharge  of  duties  cozmected  with  the  wwk. 

(7)  Service  of  Encin*«rs.    The  Owner  is  to  reimburse  the  ascbitect, 

the  cost  of  the  services  of  engineers  for 

(Insert  nature  of  work  for  which  the  Ownkr  agrees  that  engineers  shall  be  employed  at 

his  expense) 

The  selection  of  such  engineers  and  their  compensation  shall  be  subject  to 
the  approval  of  the  Owner. 

(8)  Inf ormationf  Clerk  of  the  Works,  Etc.  The  Owner  is  to  give  all  in- 
formatian  as  to  his  requirements;  to  pay  for  all  necessarj'^  surveys,  borings  and 
tests,  and  for  the  continuous  services  of  a  clerk  of  the  works  whose  competence 
is  ai^roved  by  the  arceitect. 

PART  IV 

Requirements  of  the  Building 

NOTE.  For  the  same  reason  that  elaborate  drawings  are  undesirable,  it  is  advisable 
to  avoid  lengthy  and  detailed  instructions  as  to  the  desired  accommodations,  as  they 
confuse  the  problem  and  hamper  the  CoicprrrroRS;  and  the  Owner  Iosjss  thereby  the 
benefit  he  might  gain  in  allowing  the  Covpbhtors  freedom  to  develop  solutions  which 
they  would  not  otherwise  be  at  liberty  to  suggest.  It  should  be  borne  in  mind  that  either 
the  cost  of  the  building,  as  determined  by  its  cubical  csontents,  ^Knild  be  fixed,  or  the 
requirements  of  the  Owner  in  regard  to  the  design,  materials  of  construction,  dimensions 
of  rooms,  etc.,  should  be  fixed,  but  not  both.  If,  on  the  one  hand,  the  cubical  contents 
and  cost  is  fixed,  it  should  be  stated  that  the  requirements  of  the  Owner  must  be  adhered 
to  as  closely  as  possible  by  Competitors;  if,  on  the  other  hand,  the  requirements  of  thfl 
Owner  are  definitely  fixed,  it  may  be  stated  that  the  cubical  contents  of  each  design, 
while  not  limited,  will  be  taken  into  consideration  in  making  the  award.  In  case  the 
sizes  of  certain  rooms,  etc.,  are  definitely  fixed,  the  word  Mandatory  should  be  placed 
at  the  head  of  the  paragraph  referring  to  these  rooms. 

Here  should  follow  a  list  of  rooms  required,  together  with  sizes  and  other  data 
which  apply  to  the  building  under  consideration. 
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THE  STANBABD  DOCUMENTS  OF  THE  AMEKICA5 
INSTITUTE  OF  ARCHITECTS* 

Introdttctory  Notes.    This  introductory  paragraph  is  froin  an  article'*'  :??  ' 
Clipston  Sturgis,  President  of  The  American  Institute  of  Architects.     **  For  ir_ 
years  builders  and  owners  have  commonly  used  an  agreement  recogaixed  3,-. 
adequate  and  imperfect,  and  one  apt  to  lead  to  serious  mlsunderstandinss.  i:  . 
to  legal  difficulties.    Architects  entrusted  with  important  work  and  its  ax-i 
panying  responsibilities  have  endeavored  to  have  agreements  drawn  which  v 
adequately  safeguard  the  interests  involved.    When,  some  nine  years  ago    i  yn  - 
the  Institute  attempted  to  prepare  a  new  standard  agreement,  it  fouiKl  air?, 
in  use  a  considerable  number  of  forms  prepared  by  architects,  differing  in  c. 
but  agreeing  in  one  main  point    This  one  point  was  that  the  contract  aikd 
conditions  of  the  contract  should  be  treated  as  two  branches  of  the  same  ar*.- 
ment,  not  as  one  document,  nor  yet  as  two.    The  contract  was  to  be  as  br.-* 
possible,  stating  simply  what  the  obligation  was.    The  conditions  of  the  ctmtr.. 
complicated  and  involved,  yet  essential  to  the  contract,  were  of  necessity  C'  - 
paratively  lengthy.    The  most  difficult  part  of  the  work,  surveying  the  htk.  ^- 
breaking  out  the  way,  was  done  by  the  Committees  on  Contracts  and  Spem  - 
tions  during  the  years  1906  to  1911,  and  resulted  in  the  fiirst  edition  oi  '- 
STANDARD  DOCUMENTS,  published  in  1911.    At  that  time  some  thought  the  pr  ■- 
lem  solved;  others  thought  it  but  an  important  step  forward;  which  latter  pr.  - . . 
to  be  the  fact.    These  first  documents,  excellent  as  they  were  as  text-books,  v-^ 
not  suitable  for  everyday  iise.    The  Institute  again  took  up  the  problem,  t*- 
time  with  the  definite  aim  to  produce  a  document  which  should  entircl>*  rep. ..  - 
the  uniform. agreement  when  the  contract  for  its  publication  exfHred  in  Mi; 
1915.    This  has  been  done  and  the  carefully  studied  agresuent  aiui  ccm. 
TIONS  OF  THE  CONTRACT  presented  to  the  convention  in  December,  19x4.  h. ' 
been  further  studied  and  improved  and  are  now  (19 15)  on  the  market  for  genrr. 
use.    In  the  final  study  between  January  and  May,  19x5,  the  Institute  had  '^ 
advantages  of  cooperation  with  representatives  ot  many  of  the  building  tr..  - 
and  the  advice  of  counsel  representing  the  Institute  and  counsel  repres«i.!:  .* 
the  building  trades.    The  document,  like  its  predecessor,  will  now  come  to  t*. 
test  of  actual  use.    It  will  prove  to  be  Lnperfect  and  revised  sections  will  •: 
necessary,  but  it  is  believed  to  be  in  the  main  a  fair  and  comprehensive  a^rn- 
ment  and  one  that  b  practical  and  fit  for  general  use.    Architects  ever>ik'r.:^e 
are  urged  to  use  and  test  this  form,  and  criticism  from  owners  and  buiiciers  vi. 
be  gladly  received  and  considered.    In  addition  to  this  mo^  important  dtx.- 
ment  the  committee  has  prep&rcd  and  the  Institute  has  published  a  iona  ••»' 
BOND,  a  LETTER  OF  ACCEPTANCE  by  a  coutractoT  of  a  sub-contractor's  bid.  vad  :li 
AGREEifENT  between  a  contractor  and  sub-contractor.    Many  architects  who  La  >t 
done  work  on  which  a  bond  has  been  required  have  been  surprised  at  the  e^sr 
with  which  the  obligations  of  the  bond  could  be  evaded.    In  most  cases*  bec^u^ 
someone,  architect,  contractor,  or  owner,  had  invalidated  the  bond.    The  dc* 
form  of  bond  is  prepared  for  insuring,  as  far  as  possible,  that  the  bonding  coa- 
pany  shall  discharge  its  obligations  and  protect  the  owner  who  pays  f(x  this 
protection.    The  letter  from  contractor  to  sub-contractor  is  intended  :> 
provide  a  simple  form  whereby  the  mutual  obligations  of  the  two  shall  be  dearly 
defined.    The  agreement  between  contractor  and  sub-contracior  accoo- 
plishes  the  same  purpose  in  a  somewhat  more  fonnal  way." 

•  Third  Edition,  copyrighted  by  The  American  Institute  of  Architects.  19x5-1918.  tad 
inserted  here  by  permission. 

t  Published  in  the  Jwiroal  of  The  American  Institute  of  Architects.  June.  1915. 
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The  Developmant  of  Hie  Standard  Docnmenta.    In  the  year  1887  The 
American  Institute  of  Architects,  the  Western  Association  of  Architects  and  the 
National  Association  of  Builders,  thinking  it  desirable  to  establish  better  practice 
in  the  matter  of  building  contracts,  undertook  the  preparation  of  a  form  of  con- 
tract satisfactory  to  all.    Under  the  name  of  the  unitorm  ooNraACT  this  form 
attained  wide  acceptance  and  has  been  long  in  use.    About  the  year  1907,  feeling 
that  practice  had  advanced  to  a  point  no  longer  fully  reflected  by  the  unitoru 
CONTRACT,  the  Institute  undertook  a  general  study  of  the  subject  with  a  view 
to  developing  a  form  of  contract  clear  in  thought,  equitable,  applicable  to  work 
of  almost  all  classes,  binding  in  law  and  a  standaid  of  good  practice.    The  work 
was  entrusted  to  the  Standing  Committee  on  Contracts  and  Specifications,  who 
spent  four  years  on  it,  studjring  the  vstroRU  contract  and  forms  in  use  by  some 
thirty  well-known  architects,  and  submitted  various  drafts  for  criticism  to  the 
chapters  of  the  InstHute  and  to  engineers,  contractors  and  architects  throughout 
the  country.    The  documents  were  prepared  under  the  advice  of  Frands  Fisher 
Kane,  counsel  for  the  Institute,  and  Ernest  Eidlitz,  and  with  the  able  and  careful 
criticism  of  Professor  Samuel  Wiliiston  of  the  Harvard  Law  School,  and  with  the 
assistance  of  James  W.  Pryor,  in  their  editing.    The  Institute  gave  its  approval 
to  the  work  in  191  x.    The  Standing  Committee  on  Contracts  and  Specincations, 
during  the  preparation  of  the  first  edition  of  the  standard  torms,  consisted  of 
Grosvenor  Atterbuiy,  Chairman;  Alien  B.  Pond,  Secretary;  Frank  Miles  Day, 
William  A.  Boring,  Frank  C.  Baldwin,  Frank  W.  Ferguson,  Alfred  Stone  and 
C.  L.  Heins.    Criticisms  of  the  first  edition  of  the  documents  were  invited  by 
the  Institute  and  during  the  year  1913  a  group  of  architects  and  builders  in  Bos- 
ton, known  as  the  Joint  Committee  of  the  Boston. Society  of  Architects,  and  of 
the  Master  Builders'  Association,  gave  much  sincere  study  to  the  subject.     Ai 
the  same  time  the  National  Association  of  Builders'  Exchange  offered  a  detailec 
criticism  of  the  dociunents. 

In  19x4  the  Institute  instructed  its  Standing  Committee  on  Contracts  and 
Specifications  to  undertake  a  general  revision  with  a  view  to  making  the  con- 
ditions simpler  in  wording  and  more  equitable.  The  committee  was  empowered 
to  hold  conferences  with  organisations  so  desiring.  Subcommittees  for  the  terri- 
tory of  the  several  chapters  of  the  Institute  were  appointed  and  collaborated  with 
the  standing  committee.  The  Boston  group  presented  its  ideas  in  the  form  of  an 
entirely  new  draft  which  proved  of  high  vaiue  and  its  Chairman,  W.  Stanley 
Parker,  was  present  with  the  Standing  Committee  at  nearly  all  its  meetings. 
The  Committee  had  a  joint  meeting  with  representatives  of  the  National  Asso- 
ciation of  Builders'  Exchanges  and  thereafter  the  counsel  of  the  Association, 
W.  B.  King,  and  the  counsel  of  the  Institute,  Louis  Barcroft  Runk,  collabo- 
rated most  effectively  with  the  committee.  The  general  conditions  were 
entirely  rewritten  and  in  response  to  the  strong  desire  of  contractors  and  subcon- 
tractors, the  principle  of  general  arbitration,  subject  to  limitations  in  the 
documents,  was  adopted,  and  provisions  relative  to  the  relations  of  the  con- 
tractor and  his  subcontractors  were  included  in  the  documents.  After  much 
study,  conference  and  criticism,  a  draft  of  the  second  edition  was  issued  by 
authority  of  the  Institute,  April  x,  1915.  During  the  revision  of  the  documents, 
the  Standing  Committee  on  Contracts  and  Specifications  consisted  of  FraiJc 
Miles  Day,  Chairman;  Allen  B.  Pond,  Sullivan  W.  Jones,  Clarence  A.  Martin, 
Norman  M.  Isham,  Octavius  Morgan,  Thomas  Nolan,  A.  O.  Elzner,  M.  B. 
Medary,  Jr.,  Jos.  Evans  Sperry,  Frank  W.  Ferguson  and  Samuel  Stone. 

The  Construction  of  the  Standard  Docttments.  An  agreement,  and 
DRAWINGS  and  spEancATiONS  are  the  necessary  parts  of  a  building  contract. 
Many  conditions  of  a  general  character  may  be  pUced  at  will  in  the  agreement 
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or  ia  the  SFBCincATiONB.  It  is,  however,  wise  to  asBemble  them  in  z.  sin^ 
document  and,  since  they  have  as  much  bearing  on  the  dka wings  as  on  the 
SPECIFICATIONS,  and  even  more  on  tlie  business  relations  oi  the  contracting 
parties,  they  are  properly  called  the  generai.  conditioms  or  the  coNTK.\cr 

As  the  AGREEMENT,  GENERAL  CONDITIONS,  DRAWINGS  and  SPECZFICATIOIIS  3Z: 

the  constituent  elements  of  the  contract  and  are  acknowledged  as  such  in  tb 
Agreeicent,  they  are  correctly  termed  the  contract  nocuicarrs.  Statemenis 
made  in  any  one  of  them  are  just  as  binding  as  if  made  in  the  acrekmznt.  The 
Institute's  forms,  although  intended  for  use  in  actual  practice*  should  also  be 
regarded  as  a  code  of  reference  representing  the  judgment  of  the  Institute  as  co 
what  constitutes  good  practice  and  as  such  they  may  be  drawn  upon  by  arcH 
tects  in  improving  their  own  forms.  Although  the  forms  are  suited  for  use  h 
connection  with  a  single  or  general  contract,  they  axe  equally  applicable  to  an 
operation  conducted  under  separate  contracts. 

Titles  of  the  Standard  Contract  Documents.*  The  new  stamdard  con- 
tract documents  of  The  American  Institute  of  Architects  are  now  on  salef  b> 
dealers  in  office  and  drafting-supplies  in  all  the  large  dties  of  the  country 
and  replace  the  old  t;NiyoRM  contract.  The  following  are  the  titles  of  the 
standard  documents:  A.  i.  Form  of  Agreement  and  A.  2.  General 
Conditions  of  the  CoNtRACT.  B.  Bond  of  suretyship.  C.  Form  of 
Subcontract.  D.  Letter  of  Acceptance  of  Subcontractor's  Profo&ai. 
A  cover  in  heavy  paper  with  valuable  explanatory  notes  is  sent  without  change 
with  each  complete  set  of  the  documents.  These  documents  ha^-e  receivYd 
the  full  approval  of  the  Institute,  through  its  conventions,  board  of  directors 
and  officers.  They  arc  the  outcome  of  nine  years  of  continuous  work,  by  s 
Standing  Committee  on  Contracts  and  Specifications.  This  committee,  com- 
prising some  of  the  ablest  American  architects,  was  assisted  by  the  Institute'-^ 
thirty-nine  chapters;  advised  by  eminent  legal  spedaKsts  in  contract  law  and 
aided  by  representatives  of  the  Building  and  Trade  .Associations  of  the  Umied 
States.    The  Standard  Documents  have  received  the  formal  approval  of  tbf 

*  Third  Edition,  copyrighted  by  the  Anwrican  Insdtote  oi  Aichiiecta^ 

t  Notice  to  Architects,  BaiM«rs  and  Contractors.  The  oomtract  vosmb  naj  be 
obtained  smgly  or  in  lots  from  the  local  dealers.  If  your  dealer  cannot  supp^  you  scad 
yout  order  and  his  name  to  The  Executive  Secretary,  A.  L  A.,  The  Octagon.  Washiogtait. 
D.  C.  All  orders  must  include  the  necessary  remittance  irrespective  of  A  I.  .\.  memfaci- 
•hip  and  irrespective  of  commercial  standing  of  purchaser.  The  Institute  has  ad£^>t0i 
these  CASH  terms,  from  which  no  exception  will  be  ntade  to  anybody,  in  onier  to  rertocc 
cost  of  accountancy  and  thereby  reduce  expense  to  the  user.  Remittances  may  be  K 
check,  money-order,  cash,  or  stamps. 

Prices  for  Single  Copies :  Agreement  and  Genend  Coiufitions  in  cover,  $0.14;  Gcwasl 
Conditions  without  Agreement,  fo.ro;  Agreement  without  General  Cooditiaiia.  S&cs. 
Bond  of  Suretyship,  $0.03;  Form  of  Subcontiact,  $0.03;  Letter  oC  Aooeptajace  of  S«i^ 
contractor's  Proposal,  $0.02;  Cover  (heavy  paper,  with  valuable  notes),  $OkOi;  Cob- 
pkte  set  in  cover,  ^20.    A  Trial  set  will  be  delivered  upon  receipt  of  ten  xeat  staaii& 

Prieot  for  Quantitiea  and  Diacoaats  to  Architects,  BuiMata  aad  Coatractes. 
Orders  for  ^luantities  ai«  subject  to  the  foUowiag  discounts  (which  are  also  given  by  a£ 
deaiers): 

Five  per  cent  on  lots  of  xoo  (one  kind  or  assorted);  10%  on  lots  of  500  (one  kind  cr 
assorted) ;  i  j  %  on  lots  of  i  ooo  (one  kind  or  assorted).  As  these  DOCUiCEirrs  are  printed 
on  sheets,  8H  by  it  ins.  and  in  large  quantities,  they  cannot  be  supplied  with  any  vA- 
vidual  names  or  printing  different  fintn  tke  standard  forms.  Tlie  lastituti  does  act 
wish  to  eacouoge  the  use  of  the  ACK££ii£NT  with  general  conditions  other  than  those 
endorsed  by  it,  but  on  request  will  seU  the  acresicents  separate  from  the  STAMnACd 
GENERAL  CONDITIONS  at  3  cts  each. 
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tioT\2il  Association  of  BuOders'  Exchangesy  tbe  National  Association  of  Master 
LTn.l>ers,  the  National  Association  of  Sheet  Metal  Contractors  of  the  United 
.tes,  the  National  Electrical  Contractors'  Association  of  the  United  States, 
^4'dtional  Association  of  Marble  Dealers,  the  Building  Granite  Quarries 
aooiation.  the  Building  Trades  Employers*  Association  of  the  City  of  New 
»rlc,  and  the  Heating  and  Piping  Contractors*  National  Association. 


,     X.      THE    STAHDARD    FORM    OF    AGRBBMBVT    BSTWEBIT 

CONTRACTOR   AlTD   OWKBR* 

ISSUEDtBY  THE  AMERICAN  INSTITUTE  OF  ARCHITECTS  t 

T'His  form  has  been  approved  by  the  National  Association  of  Builders'  Exchanges,  The 
ckt.ional  AssociaCion  of  Master  Plumbers,  the  National  Aasociatioa  of  Sheet  Metal 
-»ncractors  of  the  United  States,  the  National  Electrical  Canttactors'  Asaodation  of 
ic  (Jnited  States,  the  National  Association  of  Marhle  Dealers,  tbe  Building  Granite 
ua-rries  Association,  tbe  Building  Trades  Emplaorers'  Association  of  the  City  of  New* 
oric,  and  the  Heating  and  Piping  Contxactors'  National  Assoctatioo. 

EXISeD  EDITION,  COPYRIGHT  19x5-1918,  BY  THE  AMERICAN  INSTITUTE  OF  ARCHI- 
TSCTS,  THE  OCTAGON,  WASBINOTON,  O.  C.    THIS  PORK  IS  TO  BE  USED  ONLY 
WTTH    THE    STANDARD    GENERAL    CONDITIONS    OF    TBE    CONTRACT 

["HIS  AGREEMENT,  made  the. 

lay  of in  the  year  Nineteen  Hundred  and 

>y  and  between (Two  blank  lines)  t 

hereinafter  called  the  Contractor,  and (Two  blank  lines) 

hereinafter  called  the  Owner 

WITNESSETH,  that  the  Contractor  and  the  Owner  for  the  considerations 
tiereinafter  named  agree  as  follows: 

Articla  z.  The  Contractor  agrees  to  provide  all  the  materials  and  to  perform 
a.11  tbe  work  shown  on  the  Drawings  and  described  in  the  Spedficstions  entitled 

(Here  insert  the  caption  descriptive  of  tbe  work  as  used  in  the  Proposal,  General  Con- 
di tioas.  Specifications,  and  upon  the  Drawings.) 
(Five  blank  lines) 

f>re|>afed  by (Two  Uank  linea) 

jLcting  as»  and  in  these  Contract  Documents  entitled  the  Architect,  and  to  do 
everything  required  by  the  General  Conditions  of  the  Contract,  the  Spediica* 
^ions  and  the  Drawings. 

Article  a.    The  Contractor  agrees  that  the  work  under  this  Contract  shall 
be  substantially  completed. 

(Have  iasart  the  date  or  dates  of  completion,  and  stipulations  as  to  liquidated 

damages  if  any.) 
(Eight  blank  lines) 

Article  3.    The  Owner  ageees  to  pay  the  Contractor  in  cuntnt  funds  for  the 
performanoe  of  the  Contract. 

'.!*.'................ V. .  .*. . . . .  .($ .)    subject 

to  additions  and  deductions  as  provided  in  the  General  Conditions  of  the  Con- 

*  Publisbed  by  perniisMoa  of  Tbe  American  Institute  of  Architects. 
t  For  use  when  a  stipulated  sum  forms  the  basis  of  payment. 

I  Dotted  lines,  aa  iadicaited,  are  in  the  staadafd  docaneata  and  are  omitted  here  to 
save  space. 
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tract  and  to  make  payments  on  account  thereof  as  provided  tboeia,  as  Iqj  i 

Onor  about  the day  of  each  month 

per  cent  of  the  value,  proportionate  to  the  amount  of  the  Coatrmct,  c^  Li 

and  matcriab  incorporated  in  the  work 

up  to  the  first  day  of  that  month  as  esz.i:^^ 

by  the  Architect,  less  the  aggregate  of  previous  payments.     On  subst—  j 
completion  of  the  entire  work,  a  sum  sufficient  to  increase  the  total  pa>'T~'  i 

to per  cent  of  the  contract  price,  and 

days  thereafter,  provided  the  work  be  fully  oompietfed  azid  I 

Contract  fully  performed,  the  balance  due  under  the  Contract. 
(Five  blank  lines) 

Article  4.  The  Contractor  and  the  Owner  agree  that  the  General  Cocdit  1 
of  the  Contract,  the  Specifications  and  the  Drawings,  together  with  this  Air-i 
ment,  form  the  Contract,  and  that  they  are  as  fully  a  part  of  the  Contract  .- 
hereto  attached  or  herein  repeated;  and  that  the  following  is  an  esact  eouErri 
tlon  of  the  Specifications  and  Drawings: 
(Thirty-five  blank  titles) 

The  Contractor  and  the  Owner  for  themselves,  their  successors,  escci-  1 
administrators  and  assigns,  hereby  agree  to  the  full  perlormaaoe  of  the  oo%  es.^'  i 
herein  contained. 

IN  WITNESS  WHEREOF  they  have  executed  this  agreement,  the  da,v  n 
year  first  above  written. 


^ 


r. 


A.    a.    THE  GBKSRAL  COHDITIOIIS  OF  THE  COHTRACT  * 

STANDARD  FORM  OF  THE  AMERICAN  INSTITUTE  OF 

ARCHITECTS 

This  form  has  been  approved  by  the  National  Associatioa  of  Builders'  Exchanger'.  T 
National  AsiociatioQ  of  Master  Plombers,  the  Natiooal  Association  of  Sheet  Mt 
Contiactors  of  the  United  States,  the  National  Electrical  Contractors'  AasockticB  «( : 
United  States,  the  National  Association  of  Marble  Dealers,  the  Building  Gnuiitc  Qinr 
Associatioa,  the  Building  Trades  Entpbyers'  Association  of  the  City  of  New  ). 
and  the  Heating  and  Piping  Contractors'  National  Association. 

THntD  EDmON,  COPYRIGHT  1915-1918,  BY  THE  AtfCSICAN  XNSTrrCTE  OP 
ARCHITECTS,  THE  OCTAGON,  WASHINGTON,  D.  C. 

Index  to  the  Articles  of  the  Oeneral  Coaditlona 

X.  Definitions.  '         8.  Samples. 

3.  Documents.  9.  The  Architect's  Statu. 

3.  Details  and  Instructions.  10.  The  Architect's  Dedsnos. 

4.  Copies  Furnished.  11.  Foreman,  Supervision. 

5.  Shop  Drawings.  X2.  Materials,  Appliances,  EmpteyvB 

6.  Drawinfs  on  the  Work.  xj.  Inspection  ci  Work. 

7.  Ownership  of  Drawings.    *  14.  Correction  Before  Final  Payncat 

*  Published  by  permission  d  The  American  Institute  of  Aichitecta. 
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.  DeductKMis  for  UDeonceted  Work. 

.  Correction  After  Final  Payment. 

.  Protection  of  Work  and  Property. 

.  Emergencies. 

.  Contractor's  Ltabillity  Insurance. 

.  Owner's  Liability  Insurance. 

.  Fire  Insurance. 

.  Ouaranty  Bonds. 

.  Cash  Allowances. 

.  Chaoses  in  the  Work. 

.  Claims  for  Extras. 

.  Applications  for  Payments. 

.  Certificates  and  Payments. 

.  Payments  Withheld. 

.  Liens. 

•.  Permits  and  Regulations. 

.  Royalties  and  Patents. 


3x,  Use  of  Pvemises. 

33.  Cleaning  Up. 

34.  Cutting,  Patching  and  Digging. 

35.  Delays. 

36.  Owner's  Right  to  Do  Work. 

37.  Owner's  Right  to  Terminate  Contract. 

38.  Contractor's    Right   to  Stop  Work  or 

Terminate  Contract. 

39.  Damages. 

40.  Mutual  Responsibility  of  Contractors. 

41.  Separate  Cootxacts. 
4a.  Assignment. 

43.  Subcontracts. 

44.  Relations  of  Contractor  and  Subcon- 

tractor. 

45.  ArbitmtioiL 


Art.  X.    Principles  and  Definitions. 

(a)  The  Contract  Documents  consist  of  the  Agreement,  the  General  Con- 
tions  of  the  Contract,  the  Drawings  and  Specifications,  including  all  modi- 
lations  thereof  incorporated  in  the  documents  before  their  execution.  These 
•riti  the  Contract. 

Cb)  The  Owner,  the  Contractor  and  the  Architect  are  those  named  as  such  in 
le  Agreement.  They  are  treated  throughout  the  Contract  Documents  as  if 
Lch  were  of  the  singular  number  and  masculine  gender. 

(c)  The  term  Subcontractor,  as  employed  herein,  includes  only  those  having 
direct  contract  with  the  Contractor  and  it  includes  one  who  furnishes  material 
orked  to  a  special  design  according  to  the  plans  or  specifications  of  this  work. 
Lit  does  not  include  one  who  merely  furni^es  material  not  so  worked. 

(d)  Written  notice  shall  be  deemed  to  have  been  duly  served  if  delivered  in 
erson  to  the  individual  or  to  a  member  of  the  firm  or  to  an  officer  of  the  corpora- 
on  for  whom  it  is  intended,  or  if  delivered  at  or  mailed  to  the  last  business 
ddress  known  to  him  who  gives  the  notice. 

(e)  The  term  "work"  of  the  Contractor  or  Subcontractor  includes  labor  or 
katerials  or  both. 

(f)  All  time-limits  stated  in  the  Contract  Documents  are  of  the  essence  of 
he  contract. 

(g)  The  law  of  the  place  of  building  shall  govern  the  construction  of  this 
ontract. 

Art.  a.  Bzecntidn,  Correlation  and  Intent  of  Documents.  The  Con- 
ract  Docimients  shall  be  signed  in  duplicate  by  the  Owner  and  Contractor.  In 
ase  of  failure  to  sign  the  General  Conditions,  Drawings  or  Spedfications  the 
LTchitect  shall  identify  them.  The  Contract  Documents  are  complementary, 
nd  what  is  called  for  by  any  one  shall  be  as  binding  as  if  called  for  by  all. 
rhe  intention  of  the  documents  b  to  indude  all  labor  and  materials  reasonably 
lecessaiy  for  the  proper  execution  of  the  work.  It  is  not  intended, 
lowever,  that  materials  or  work  not  oovered  by  or  properly  inferable  from  any 
leading,  branch,  class  or  trade  of  the  spedfications  shall  be  supplied  unless 
Ustinctly  so  noted  on  the  drawings.  Materials  or  work  described  in  words 
vhich  so  applied  have  a  well-known  technical  or  trade  meaning  shall  be  held 
.0  refer  to  such  recognised  standards. 

Art.  3.  Detail  Drawings  and  Instractions.  The  Architect  shall  furnish, 
^th  reasonable  promptness,  additional  instructions,  by  means  of  drawings  or 
otherwise,  neoeasary  for  the  proper  execution  of  the  work.    All  such  drawings 
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and  instructions  shall  be  consistent  with  the  Contract  Documents,  true  devekf^ 
ments  thereof,  and  reasonably  inferable  thereform.  The  work  shaD  be  exeoxte! 
in  conformity  therewith  and  the  Contractor  shall  do  no  work  without  prcpr 
drawings  and  instructions.  In  giving  such  additional  ixistructions,  the  Architect 
shall  have  authority  to  make  minor  changes  in  the  work,  not  involving  estn 
costs,  and  not  inconsistent  with  the  purposes  of  the  building.  The  Contractcf 
and  the  Architect,  if  either  so  requests,  shall  jointly  prepare  a  schedule,  subjec 
to  change  from  time  to  time  in  accordance  with  the  prepress  of  the  wcri 
fixing  the  latest  dates  at  which  the  various  detail  drawings  wiU  be  required 
and  the  Architect  shall  furnish  them  in  accordance  with  that  schedule.  X'cder 
like  conditions,  a  schedule  shall  be  prepared,  fixing  dates  for  the  submisfke 
of  shop  drawings,  for  the  beginning  of  manufacture  and  installaticH)  of  matnijls 
and  for  the  completion  of  the  various  parts  of  the  work. 

Art.  4.  Copies  Famished.  Unless  otherwise  provided  in  the  Cor.tric-'. 
Documents  the  Architect  will  furnish  to  the  Contractor,  free  of  charge,  1I 
copies  of  drawings  and  specifications  reasonably  nece^ary  for  the  executios  oi 
the  work. 

Art.  5.  Shop  Drawings.  The  Contractor  shall  submit,  with  such  prompt- 
ness as  to  cause  no  deUy  in  his  own  work  or  in  that  of  any  other  contract!^. 
two  copies  of  all  shop  or  setting  drawings  and  schedules  required  for  the  wrk 
of  the  various  trades  and  the  Architect  shall  pass  upon  them  with  reasona^'e 
promptness.  The  Contractor  shall  make  any  corrections  required  by  tb? 
Architect,  file  with  him  two  corrected  copies  and  furnish  such  copies  as  csay 
be  needed.  The  Architect's  approval  of  such  drawings  or  schedules  shiD  '>•' 
relieve  the  Contractor  from  responsibility  for  deviations  from  drawinf*  r 
specifications,  unless  he  has  in  writing  called  the  Architect's  attention  to  ri-Ii 
deviations  at  the  time  of  submission,  nor  shall  it  relieve  him  from  responsib-V:; 
for  errors  of  any  sort  in  shop  drawings  or  schedules. 

Art.  6.  Drawings  and  Specifications  on  the  Work.  The  Contractor  shJ 
keep  one  copy  of  all  drawings  and  specifications  on  the  work,  in  good  uric- 
available  to  the  Architect  and  to  his  representatives. 

Art.  7.  Ownership  of  Drawings  and  Models.  All  drawings^  spediicati^^c: 

and  copies  thereof  furnished  by  the  Architect  are  his  property.  They  are  -^i 
to  be  used  on  other  work  and,  with  the  exception  of  the  signed  contract-sr'. 
are  to  be  returned  to  him  on  request,  at  the  completion  of  the  work.  Ali 
models  are  the  property  of  the  Owner. 

Art.  8.  Samples.  The  Contractor  shall  furnish  for  approval  all  samples  !5 
directed.    The  work  shall  be  in  strict  accordance  with  approved  sampJea 

Art.  9.  The  Architect's  Status.  The  Architect  shall  have  general  supe> 
vision  and  direction  of  the  work.  He  is  the  agent  of  the  Owner,  ooly  to  the  ex* 
tent  provided  in  the  Contract  Documents  and  when  in  special  instancxs  be  is 
authorized  by  the  Owner  so  to  act,  and  in  such  instances  he  shall,  upon  lequKC 
show  the  Contractor  written  authority.  He  has  authority  to  stop  the  vert 
whenever  such  stoppage  may  be  necessary  to  insure  the  proper  execution  of  tie 
Contract.  As  the  Architect  is,  in  the  first  instance,  the  interpreter  of  tk 
Contract  and  the  judge  of  its  performance,  he  shall  side  neither  with  the  Owner 
nor  with  the  Contractor,  but  shall  use  his  powers  under  the  Contract  to  eakrcs 
its  faithful  performance  by  both.  In  case  of  the  termination  of  the  taapkir' 
ment  of  the  Architect,  the  Owner  shall  appoint  a  capable  and  reputabie  Ardiitect. 
whose  status  under  the  contract  shall  be  that  of  the  former  Architect. 

Art.  xo.  The  Architect's  Decisions.    The  Architect  shall,  within  a  xeasca- 

able  time,  make  decisions  on  all  claims  of  the  Owner  or  Contractor  and  on  all 
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*r  matters  relating  to  the  execution  and  progress  o(  tlie  work  or  the  interpre- 
on  of  the  Contract  Documents.  The  Architect's  decisions,  in  matters  relating 
irtistic  effect,  shall  be  final,  if  ¥rithin  the  terms  of  the  Contract  Documents. 
:ept  as  above  or  as  otherwise  eicpieasly  provided  in  these  General  Conditions 
zi  the  specificationa^  all  the  Architect's  dedaiona  are  subject  to  arbitration. 

Urt«  XX.  Foreman,  Supenrision. .  The  Contractor  shall  keep  on  the  work  a 
ipetent  foreman  and  any  necessary  assistants,  all  satisfactory  to  the 
:liitect.  The  foreman  shall  not  be  changed  except  with  the  consent  of  the 
rhitect,  unless  the  foreman  proves  to  be  unsatitrfactory  to  the  Contractor 

I  ceases  to  be  in  his  employ.  The  foreman  shall  represent  the  Contractor 
tils  absence  and  all  directions  given  to  him  shall  be  as  binding  as  if  given  to 
;  Contractor.  Important  directions  shall  be  confirmed  in  writing  to  the  Con- 
ctor.  Other  directions  shall  be  so  confirmed  on  written  request  in  each 
«.     The  Contractor  shall  give  efficient  supervision  to  the  work,  using  his  best 

II  and  attention.  He  shall  carefully  study  and  compare  all  drawings,  q)ecifi- 
:ions  and  other  instructions  and  shall  at  once  report  to  the  Architect  any  error* 
:onsistency,  or  omission  which  he  may  discover. 

Art.  xa.  Materials,  Appliances,  Employees.  Unless  otherwise  stipulated, 
s  Contractor  shall  provide  and  pay  for  all  materials,  labor,  water,  tools,  equip- 
2nt,  light  and  power  necessary  for  the  execution  of  the  work.  Unless  other- 
se  specified,  all  materials  shall  be  new  and  both  workmanship  and  materials 
all  be  of  good  quality.  The  Contractor  shall,  if  required,  furnish  satisfactory 
idence  as  to  the  kind  and  quality  of  materials.  The  Contractor  shall  not 
iploy  on  the  work  any  unfit  person  or  any  one  not  skilled  in  thf.  work  assigned 
him. 

Art.  13.  Inspection  of  Work.  The  Owner,  the  Architect  and  their  repre< 
ntatives  shall  at  all  times  have  access  to  the  work  wl^rever  it  is  in  preparation 

progress  and  the  Contractor  shall  provide  proper  facilities  for  such  access  and 
•r  inspection.  If  the  specifications,  the  Architect's  instructions,  laws,  ordi- 
jinces  or  any  public  authority  require  any  work  to  be  specially  tested  or 
[>proved,  the  Contractor  shall  give  the  Architect  timely  notice  of  its  readiness 
»r  inspection,  and  if  the  inspection  is  by  another  authority  than  the  Architect, 
[  the  date  fixed  for  such  inspection.  Inspections  by  the  Architect  shall  be 
romptly  made.  If  any  such  work  should  be  covered  up  without  approval  or 
dnsent  of  the  Architect,  it  must,  if  required  by  the  Architect,  be  uncovered 
>r  examination  at  the  Contractor's  expense.  Reexamination  of  questioned 
rork  may  be  ordered  by  the  Architect.  If  such  work  be  found  in  accordance 
dth  the  contract,  the  Owner  shall  pay  the  cost  of  reexamination  and  replace- 
icnt.  If  such  work  be  found  not  in  accordance  with  the  contract,  through  the 
ault  of  the  Contractor,  the  Contractor  shall  pay  such  cost,  unless  he  shall  show 
hat  the  defect  in  the  work  was  caused  by  another  contractor,  and  in  that 
vent  the  Owner  shall  pay  such  cost. 

Art.  14.  Correction  of  Work  Before  Final  Payment.  The  Contractor 
hall  promptly  remove  from  the  premises  all  materials  condemned  by  the 
Vrchitect  as  failing  to  conform  to  the  Contract,  whether  incorporated  in  the 
vork  or  not,  and  the  Contractor  shall  promptly  replace  and  re-execute  his  own 
work  in  accordance  with  the  Contract  and  without  expense  to  the  Owner  and 
ihall  bear  the  expense  of  making  good  all  work  of  other  oontractocs  destroyed 
:>r  damaged  by  such  removal  or  replacement.  If  the  Contractor  does  not 
remove  such  condemned  work  and  materials  within  a  reasonable  time,  fixed  by 
written  notice,  the  Owner  may  remove  them  and  naay  store  the  material  at 
the  expense  of  the  Contractor.    If  the  Contractor  does  not  pay  the  expense 
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-)£  such  removal  within  five  days  thereafter,  the  Owner  may,  upon  ten-daj's' 
written  notioe,  sell  such  materials  at  auction  or  at  private  sale  and  shaE 
account  for  the  net  proceeds  thereof,  after  deducting  all  the  cost  and  expenses 
that  should  have  been  borne  by  the  Contractor. 

Art.  15.  Deductions  for  Uncorrected  Work.  If  the  Architect  aid 
Owner  deem  it  inexpedient  to  correct  woric  injured  or  not  done  in  accordance 
with  the  Contract,  the  difference  in  value  together  with  a  fair  allowance  f:r 
damage  shall  be  deducted. 

Art.  x6.  Correction  of  Work  After  Final  Payment.  Neither  the  final  cer- 
tificate nor  payment  nor  any  provision  in  the  Contract  Docimients  shall  reHe^e 
the  Contractor  of  responsibility  for  negligence  or  faulty  materials  or  workman- 
ship and  he  shall  remedy  any  defects  due  thereto  and  pay  for  any  damage  to 
other  work  resulting  therefrom,  which  shall  appear  within  a  period  of  two  years 
from  the  time  of  installation.  The  Owner  shall  give  notice  of  observed  defects 
with  reasonable  promptness.  All  questions  arising  under  this  Article  shall 
be  decided  under  Articles  10  and  45. 

Art.  17.  Protection  of  Work  and  Property.  The  Contractor  shall  con- 
tinuously maintain  adequate  protection  of  aU  his  work  from  damage  and  shall 
protect  the  Owner's  property  from  injury  arising  in  connection  with  this  Con- 
tract. He  shall  make  good  any  such  damage  or  injury,  except  such  as  may  be 
directly  due  to  errors  in  the  Contract  Documents.  He  shall  adequately  protect 
adjacent  property  as  provided  by  law  and  the  Contract  Documents. 

Art.  x8.  Emergencies.  In  an  emergency  affecting  the  safety  of  life  or  of  the 
structure  or  of  adjoining  property,  not  considered  by  the  Contractor  as  withia 
the  provisions  of  Article  17,  then  the  Contractor,  without  special  instruction  or 
authorization  from  the  Architect  or  Owner,  is  hereby  permitted  to  act,  at  his 
discretion,  to  prevent  such  threatened  loss  or  injury  and  he  shall  so  act,  without 
ippeal,  if  so  instructed  or  authorized.  Any  compensation  claimed  to  be  due  to 
him  therefor  shall  he  determined  under  Articles  10  and  45  regardless  of  the 
limitations  in  Article  25  and  in  the  second  paragraph  of  Article  24. 

Art.  19.  Contractor's  LiabiUty  Insurance.  The  Contractor  shall  main- 
tain such  insurance  as  will  protect  him  from  claims  under  workmen's  compensa- 
tion acts  and  from  any  other  claims  fcv  damages  for  personal  injury,  including 
death,  which  may  snist  from  operations  under  this  contract,  whether  such 
operations  be  by  himself  or  by  any  subcontractor  or  anyone  directly  or  indirectly 
employed  by  either  of  them.  Certificates  of  such  insurance  shall  be  filed  with 
the  Owner,  if  he  so  require,  and  shall  be  subject  to  his  approval  for  adequacy 
of  protection. 

Art.  ao.  Owner's  Liability  Insurance.  The  Owner  shall  maintain  such 
insurance  as  will  protect  him  from  his  contingent  liability  for  damages  for 
personal  injury,  including  death,  which  may  arise  from  operations  under  this 
Contract. 

Art.  21.  Fire  Insurance.  The  Owner  shall  effect  and  maintain  fire  insur- 
ance upon  the  entire  structure  on  which  the  work  of  this  contract  is  to  be  done 
and  upon  all  materials,  in  or  adjacent  thereto  and  intended  for  use  thereon, 
to  at  least  eighty  per  cent  of  the  insurable  value  thereof.  The  loss,  if  any, 
is  to  be  made  adjustable  with  and  payable  to  the  Owner  as  Trustee  for  whom 
it  may  concern.  All  policies  shall  be  open  to  inspection  by  the  Contractor. 
If  the  Owner  fails  to  show  them  on  request  or  if  he  fails  to  effect  or  maintain 
insurance  as  above,  the  Contractor  may  insure  his  own  interest  and  char^re 
the  cost  thereof  to  the  Owner.    If  the  Contractor  is  damaged  by  failure  of  the 
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er  to  maintain  such  insurance,  he  may  recover  under  Art.  39.  If  required 
ritix]^  by  any  party  in  interest,  the  Owner  as  Trustee  shall,  upon  the 
c:  va.KTeace  of  loss,  give  bond  for  the  proper  performance  of  his  duties.  He  shall 
S>osit  any  money  received  from  insurance  in  an  account  separate  from  all  his 
l^^r  funds  and  he  shall  distribute  it  in  accordance  with  such  agreement  as  the 
k.rt.les  in  interest  may  reach,  or  under  an  award  of  arbitrators  appointed,  one  by 
L^  Owner,  another  by  joint  action  of  the  other  parties  in  interest,  all  other 
Tocxdure  being  in  accordance  with  Art.  45.  If  after  loss  no  special  agreement  is 
L2xcle,  replacement  of  injured  work  shall  be  ordered  under  Art.  24.  The  Trustee 
3.2L11  have  power  to  adjust  and  settle  any  loss  with  the  insurers  unless  one 
E  t:he  contractors  interested  shall  object  in  writing  within  three  working  days 
f  t.he  occurrence  of  loss  and  thereupon  arbitrators  shall  be  chosen  as  above. 
"lie  Trustee  shall  in  that  case  make  settlement  with  the  insurers  in  accordance 
rlt.li  the  directions  of  such  arbitrators,  who  shall  also,  if  distribution  by  arbitra- 
ion  is  required,  direct  such  distribution. 

Xrt.  22.  Guaranty  Bonds.  The  Owner  shall  have  the  right  to  require 
Ixe  Contractor  to  give  bond  covering  the  faithful  performance  of  the  contract 
lxkI  the  payment  of  all  obligations  arising  thereunder,  in  such  form  as  the  Owner 
TXAy  prescribe  and  with  such  sureties  as  he  may  approve.  If  such  bond  is 
-^:<]iiired  by  instructions  given  previous  to  the  receipt  of  bids,  the  premium 
»liaU  be  paid  by  the  Contractor;  if  subsequent  thereto,  it  shall  be  paid  by  the 
l>"wner. 

Art.  23.  Cash  AUowancet.    The  Contractor  shall  include  in  the  contract 

sum  all  allowances  named  in  the  Contract  Documents  and  shall  cause  the  work 

so  covered  to  be  done  by  such  contractors  and  for  such  sums  as  the  Architect 

xnay  direct,  the  contract  sum  being  adjusted  in  conformity  therewith.    The 

CZontractor  declares  that  the  contract  sum  includes  such  sums  for  expenses  and 

profit  on  account  of  cash  allowances,  as  he  deems  proper.    No  demand  for 

expenses  or  profit  other  than  those  included  in  the  contract  sum  shall  be  allowed. 

The  Contractor  shall  not  be  required  to  employ  for  any  such  work  persons 

against  whom  he  has  a  reasonable  objection. 

Art.  34.  Changat  in  tfaa  Work.  The  Owner,  without  invalidating  the 
contract,  may  make  changes  by  altering,'  adding  to  or  deducting  from  the  work, 
the  contract  sum  being  adjusted  accordingly.  .\U  sudk  work  shall  be  executed 
under  the  conditions  of  the  original  contract  except  that  any  claim  for  extension 
of  time  caused  thereby  shall  be  adjusted  at  the  time  of  ordering  such  change. 

Except  as  {xovided  in  Articles  3, 9  and  18,  no  change  shall  be  made  unless  in 
pursuance  of  a  written  order  from  the  Owner  signed  or  countersigned  by  the 
Architect,  or  a  written  order  from  the  Architect  stating  that  the  Owner  has 
authorized  the  change,  and  no  claim  for  an  addition  to  the  contract  sum  shall 
be  valid  unless  so  ordered. 

The  value  of  any  such  change* shall  be  determined  in  one  or  more  of  the 
following  ways: 

(a)  By  estimate  and  acceptance  in  a  lump  sum. 

(b)  By  unit  prices  named  in  the  contract  or  subsequently  agreed  upon. 

(c)  By  cost  and  percentage  or  by  cost  and  a  fixed  fee. 

(d)  If  none  of  the  above  methods  is  agreed  upon,  the  Contractor,  provided 
be  receive  an  order  as  above,  shall  proceed  with  the  work,  no  appeal  to  arbitra- 
tion being  aUowed  from  such  order  to  inoceed. 

In  cases  (c)  and  (d),  the  Contractor  shall  keep  and  present  in  such  form  as 
the  Architect  may  direct,  a  correct  account  of  the  net  cost  of  labor  and  mate- 
ria together  with  vouchers.    In  any  case,  the  Architect  shall  certify  to  the 
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amount,  inclucfiiig  a  reasonable  profit,  due  to  the  Contractor. 
detemiinatkm  of  value,  payments  on  acoottnt  ol  changes  shall  be 
Architect's  oertificate. 

Art.  25.  Claims  for  Extras.    If  the  Contractor  daims  that  zny  Ls  -  - 
tions,  by  drawings  or  otherwise,  involve  extra  cost  under  this  co&tra<ct,  ht 
give  the  Architect  written  notice  thereof  before  proceeding  to  «»cate  ti-e  r 
and,  in  any  event,  within  two  weeks  of  receiving  such  instructions^  aic-'  • 
procedure  shall  then  be  as  provided  in  Art.  24.    No  such   claim  diaQ  be  ^ . 
unless  so  made. 

Art.  36.  Applications  for  Payments.    The  Contractor  shall  submit  C'  - 
Architect  an  application  for  each  payment  and,  if  required,  receipts  or  •. 
vouchers  showing  his  payments  for  materiab  and  labor  as  required  by  Aniv  -  . 
If  payments  are  made  on  valuation  of  work  done,  such  ap[>licatian  s^- 
submitted  at  least  ten  days  before  each  payment  falls  due,  and,  if  re^^^r 
the  Contractor  shall  before  the  first  application,  submit  to  the  Arrhft 
schedule  of  values  of  the  various  parts  of  the  work,  including  qtiantitiR,  zjz- 
gating  the  total  sum  of  the  contract,  divided  so  as  to  facilitate  payme-a?- 
subcontractors  in  accordance  with  Article  44  (e\  made  out  in  such  form.  :l: 
if  required,  supported  by  evidence  as  to  its  correctness,  as  tbe  Architect  i?^ 
direct .     This  schedule  when  approved  by  the  Architect,  shall  be  usxd  '  • 
basis  for  certificates  of  payment,  unless  it  be  found  to  be  in  error.     In  apg:  -- 
for  payments,  tbe  Contractor  shall  submit  a  statement  based  upon  this  scbrt: 
and.  if  required,  itemiaed  in  such  form,  and  supported  by  such  evideooe,  x^r  1 
Architect  may  direct,  showing  his  right  to  the  payment  Haimwl 

Art.  27.  Certiflcates  and  Payments.    If  the  Contractor  has  nuule  app5  - 
tivin  as  above,  the  Architect  shall,  not  later  than  the  date  when  each  pa>T''  * 
falls  due,  issue  to  the  Contractor  a  certificate  for  such  amount  as  he  6c^- 
to  be  properly  due.    No  certificate  issued  nor  payment  made  to  the  Contrin   ■ 
nor  partial  or  entire  use  or  occupancy  of  the  work  by  the  Owner  ahafl  br    • 
acceptance  of  any  work  or  materials  not  in  accordance  with  this  contract.    T- 
making  and  acceptance  of  the  final  payment  shall  constitute  a  waivvr  c^  ^ 
claims  by  the  Owner,  otherwise  than  undw  Articles  16  and  29  of  these  a 
ditions  or  under  requirement  of  the  specifications,  and  of  all  cUims  by  f 
Contractor,  except  those  previously  made  and  still  unsettled.     Should  ir' 
Owner  fail  to  pay  the  sum  named  in  any  certificate  oC  the  Architect  or  io  .  -  • 
award  by  arbitration,  upon  demand  when  due,  the  Contractor  shall  receive,  .-. 
addition  to  tbe  sum  named  in  the  certificate,  interest  thereon  at  the  legal  r^" 
in  force  at  the  place  of  building. 

Art.  a8.  Payments  Withheld.  The  Architect  may  withhold  or,  00  acoo?-- 
of  subsequently  discovered  evidence,  nullify  the  whole  or  a  part  of  an>'  certinc . .' 
far  payment  to  such  extent  as  may  be  necessary  to  protect  the  Owner  f^  ~ 
loss  on  account  of: 

(a)  Defective  work  not  remedied. 

(b)  Claims  filed  or  reasonable  evidence  indicating  probable  filing  of  ciaim.x 

(c)  Failnre  of  the  Contractor  to  make  pasrments  properly  to  sabcontracu'^ 
or  for  material  or  labor. 

(d)  A  reasonable  doubt  that  the  contract  can  be  completed  for  the  bain.: 
then  unpaid. 

(e)  Damage  to  another  contractor  under  Aitide  40. 

When  all  the  above  grounds  are  removed  certificates  shall  at  onoe  be  Lsoei 
for  amounts  withheld  because  of  them. 

Art.  29.  Liens.    Ndther  the  final  payment  nor  any  part  of  tbe  letaiiu^ 
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percentage  shall  become  due  until  the  Contractor,  if  required,  shall  deliver  to 
the  Owner  a  complete  release  of  all  Hens  arising  out  of  this  contract,  or  receipts 
in  full  in  Keu  thereof  and,  if  required  in  either  case,  <m  affidavit  that  so  far 
as  he  has  knowledge  or  information  the  releases  and  receipts  include  all  the 
labor  and  material  for  which  a  lien  could  be  filed;  toit  the  Contractor  may, 
if  any  subcontractor  refuses  to  furnish  a  release  or  receipt  in  full,  furnish  a 
bond  satisfactory  to  the  Owner,  to  indemnify  him  against  any  claim  by  lien  or 
otherwise.  If  any  lien  or  claim  remain  unsatisfied  after  all  payments  are 
made,  the  Contractor  shall  refund  to  the  Owner  all  moneys  that  the  latter 
may  be  compelled  to  pay  in  discharging  such  lien  or  daim,  induding  all  costs 
and  a  reasonable  attorney's  fee. 

Art.  30.  Permits  and  Regulations.  The  Contractor  shall  obtain  and  pay 
for  all  i)ermits  and  licenses,  but  not  permanent  easements,  and  shall  give  ad 
notices,  pay  all  fees,  and  comply  with  all  laws,  ordinances,  rules  and  regulations 
bearing  on  the  work,  as  drawn  and  specified.  If  the  Contractor  observes  that 
drawings  and  spedfications  are  at  variance  therewith,  he  shall  promptly  notify 
the  Architect  in  writing,  and  any  necessary  changes  shall  be  adjusted  under 
Art-  24.  If  the  contractor  performs  any  work  knowing  it  to  be  con- 
trary to  such  laws,  ordinances,  rules  and  regulations,  and  without  such  notice  to 
the  Architect,  he  shall  bear  all  costs  arising  thereform. 

Art.  3Z.  Royalties  and  Patents.  The  Contractor  shall  pay  all  royalties 
and  license  fees.  He  shall  defend  all  suits  or  daims  for  infringement 
of  any  itatent  rights  and  shall  save  the  Owner  harmless  from  loss  on 
account  thereof,  except  that  the  Owner  shall  be  responsible  for  all  such  loss 
when  the  product  of  a  particular  manufacturer  or  manufacturers  is  spedfied; 
but  if  the  Contractor  has  information  that  the  artide  spedfied  is  an  infringe- 
ment of  a  patent  he  shall  be  responsible  for  such  loss  unless  he  promptly  gives 
such  information  to  the  Architect  or  Owner. 

Art.  33.  Use  of  Premises.  The  Contractor  shall  confine  his  apparatus, 
the  storage  of  materials  and  the  operations  of  bis  workmen  to  limits  indicated 
by  law,  ordinances,  permits,  or  directions  of  the  Architect  and  shall  not  unreason- 
ably encumber  the  premises  with  his  materials.  The  Contractor  shall  not  load 
or  permit  any  part  of  the  structure  to  be  loaded  with  a  weight  that  will  endanger 
it5  safety.  The  Contractor  shall  enforce  the  Architect's  instructions  regarding 
signs,  advertisements,  fires  and  smoking. 

Art.  33.  Cleaning  Up.  The  Contractor  shall  at  all  times  keep  the  premises 
free  from  accumulations  of  waste  material  or  rubbbh  caused  by  his  employees 
or  work  and  at  the  completion  of  the  work  he  shall  remove  all  his  rubbish  from 
and  about  the  building  and  all  his  tools,  scaffolding  and  surplus  materials,  and 
shall  leave  his  work  "broom  clean"  or  its  equivalent,  unless  more  exactly 
spedfied.  In  case  of  dispute  the  Owner  may  remove  the  rubbish  and  charge 
the  cost  to  the  several  contractors  as  the  Architect  shall  determine  to  be  just. 

Art.  34.  Cutting,  Patching  and  Digging.  The  Contractor  shall  do  all 
cutting,  fitting,  or  patching  of  his  work  that  may  be  required  to  make  its  several 
parts  come  together  properly  and  fit  it  to  receive  or  be  recdved  by  work  of  other 
contractors  shown  upon,  or  reasonably  implied  by,  the  Drawings  and  Specifica- 
tions for  the  completed  structure,  and  he  shall  make  good  after  them,  as  the 
Architect  may  direct.  Any  cost  caused  by  defective  or  ill-timed  work  shall  be 
borne  by  the  party  responsible  therefor.  The  Contractor  shall  not  endanger 
any  work  by  cutting,  digging,  or  otherwise  and  shall  not  cut  or  alter  the  work 
of  any  other  contractor,  save  with  the  consent  of  the  Architect 

Art.  35.  Delays.    If  the  Contractor  is  delayed  in  the  completion  of  the  work 
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by  any  act  or  neglect  of  the  Owner  or  the  Architect,  or  of  any  employee  of  either. 
or  by  any  other  contractor  employed  by  the  Owner,  or  by  cfaanses  ordered  ia  tin: 
work,  or  by  strikes,  lockouts,  fire,  unusual  delay  by  common  carriers,  unavotl- 
able  casualties,  or  any  causes  beyond  the  Contractor's  control,  or  by  deby 
authorized  by  the  Architect  pending  arbitration,  or  by  any  cause  which  the 
Architect  shall  decide  to  justify  the  delay,  then  the  time  of  completion  stS. 
be  extended  for  such  reasonable  time  as  the  Architect  may  decide.  No  suls 
extension  shall  be  made  for  delay  occurring  more  than  seven  days  before  ckici 
therefor  is  made  in  writing  to  the  Architect.  In  the  case  of  a  cxNitinuing  caus^ 
of  delay,  only  one  claim  is  necessary.  If  no  schedule  is  made  under  Art.  x, 
no  claim  for  delay  shall  be  allowed  on  account  of  failure  to  furnish  drawii^:' 
until  two  weeks  after  demand  for  such  drawings  and  not  then  unless  serin 
claim  be  reasonable.  This  article  does  not  exclude  the  recovery  of  damsLfcs 
for  delay  by  either  party  under  Article  39  or  other  provisions  in  the  Contract 
Documents. 

Art.  36.  Owner's  Right  to  Do  Work.  If  the  Contractor  should  negl^Mt 
to  prosecute  the  work  properly  or  fail  to  perform  any  provision  of  this  contract, 
the  Owner,  after  three-days*  written  notice  to  the  Contractor,  may,  witbu-t 
prejudice  to  any  other  remedy  he  may  have,  make  good  such  deficiencies  acl 
may  deduct  the  cost  thereof  from  the  payment  then  or  thereafter  due  the 
Contractor;  provided,  however,  that  the  Architect  shall  approve  both  su.h 
action  and  the  amount  charged  to  the  Contractor. 

Art.  37.  Owner's  Right  to  Terminate  Contract  If  the  Contractor  shoxiIJ 
be  adjudged  a  bankrupt,  or  if  he  should  make  a  general  assignment  for  the  benetit 
of  his  creditors,  or  if  a  receiver  should  be  appointed  on  account  of  his  insolvency', 
or  if  he  should,  except  in  cases  recited  in  Article  55,  persistently  or  repeatetll> 
refuse  or  fail  to  supply  enough  properly  skilled  workmen  or  proffer  materials,  v: 
if  he  should  fail  to  make  prompt  payment  to  subcontractors  or  for  material  <x 
labor,  or  persbtently  disregard  laws,  ordinances  or  the  instructions  of  the  .Vrchl- 
tect,  or  otherwise  be  guilty  of  a  substantial  violation  of  any  provision  of  the  con- 
tract,  then  the  Owner,  upon  the  certificate  of  the  Architect  that  sufficient  cauie 
exists  to  justify  such  action,  may,  without  prejudice  to  any  other  right  or  rcmet^y 
and  after  giving  the  Contractor  seven-days'  written  notice,  terminate  the 
employment  of  the  Contractor  and  take  possession  of  the  premises  and  of  jII 
materials,  tools  and  appliances  thereon  and  finish  the  work  by  whatever  method 
he  may  deem  expedient.  In  such  case  the  Contractor  shall  not  be  entitled  to 
receive  any  further  payment  until  the  work  is  finished.  If  the  uni>aid  balance 
of  the  contract  price  shall  exceed  the  expense  of  finishing  the  work,  including 
compensation  to  the  Architect  for  his  additional  services,  siich  excess  shall  be 
paid  to  the  Contractor.  If  such  expense  shall  exceed  such  unpaid  balance,  the 
Contractor  shaU  pay  the  difference  to  the  Owner.  The  expense  incurred  hy 
the  Owner  as  herein  provided,  and  the  damage  Incurred  through  the  Con- 
tractor's default,  shall  be  certified  by  the  Architect. 

Art.  38.  Contractor's  Right  to  Stop  Work  or  Terminate  Contract  If 
the  work  should  be  stopped  under  an  order  of  any  court,  or  other  public 
authority,  for  a  period  of  three  months,  through  no  act  or  fault  of  the  Con- 
tractor or  of  any  one  employed  by  him.  or  if  the  Owner  should  fail  to  pay  to 
the  Contractor,  within  seven  days  of  its  maturity  and  presentation,  any  sum 
certified  by  the  Architect  or  awarded  by  arbitrators,  then  the  Contractor  may. 
upon  three>days'  written  notice  to  the  Owner  and  the  Architect,  stop  work  or 
terminate  this  contract  and  recover  from  the  Owner  payment  for  all  work  exe- 
cuted and  any  loss  sustained  upon  any  plant  or  material  and  reasonable  pro6t 
and  damages. 
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Art.  39.  Damagat.  If  either  party  to  this  contract  should  suiTer  damage  in 
amy  manner  because  of  any  wrongful  act  or  neglect  of  the  other  party  or 
of  any  one  emi^oyed  by  him,  then  he  shall  be  reimbursed  by  the  other  party 
for  such  damage.  Claims  under  this  clause  shall  be  made  in  writing  to  the 
party  liable  within  a  reasonable  time  of  the  first  observance  of  such  damage 
and  not  later  than  the  time  of  final  payment,  except  in  case  of  claims  under 
Article  16,  and  shall  be  adjusted  by  agreement  or  arbitration. 

Art.  40.  Matnal  Reaponaibility  of  Contractors.  Should  the  Contractor 
cause  damage  to  any  other  contractor  on  the  work,  the  Contractor  agrees,  upon 
due  notice,  to  settle  with  such  person  by  agreement  or  arbitration,  if  he 
will  so  settle.  If  such  other  contractor  sues  the  Owner  on  account  of 
any  damage  alleged  to  have  been  so  sustained,  the  Owner  shall  notify  the 
Contractor,  who  shall  defend  such  proceedings  at  the  Owner's  expense  and, 
if  any  judgment  against  the  Owner  anat  therefrom,  the  Contractor  shall  pay 
or  satiny  it  and  pay  all  costs  incurred  by  the  Owner. 

Art.  41.  Separate  Contracts.  The  Owner  reserves  the  ribrht  to  let  other 
contracts  in  connection  with  this  work.  The  Contractor  shall  afford  other  con- 
tractors reasonable  opportunity  for  the  introduction  and  storage  of  their  mate- 
rials and  the  execution  of  their  work  and  shall  properly  connect  and  coordinate 
his  work  with  theirs.  If  any  pert  of  the  Contractor's  work  depends  for  proper 
execution  or  results  upon  the  work  of  any  other  contractor,  the  Contractor  shall 
inspect  and  promptly  repart  to  the  Architect  any  defects  in  such  work  that 
render  it  unsuitable  for  such  proper  execution  and  results.  His  failure  so  to 
inspect  and  report  shall  constitute  an  acceptance  of  the  other  contractor's  work 
as  fit  and  proper  for  the  reception  of  his  work,  except  as  to  defects  which  may 
develop  in  the  other  contractor's  work  after  the  execution  of  his  work.  To 
insure  the  proper  execution  of  his  subsequent  work  the  Contractor  shall  measure 
work  already  in  place  and  shall  at  once  report  to  the  Architect  any  discrepancy 
between  the  executed  work  and  the  drawings. 

Art.  4a.  Assignment.  Neither  party  to  the  Contract  shall  assign  the  con- 
tract without  the  written  consent  of  the  other,  nor  shall  the  Contractor  assign 
any  moneys  due  or  to  become  due  to  him  hereunder,  without  the  previous 
written  consent  of  the  Owner. 

Art.  43.  Subcontracts.  The  Contractor  shall,  as  soon  as  practicable  after 
the  signing  of  the  contract,  notify  the  Architect  in  writing  of  the  names  of 
subcontractors  proposed  for  the  principal  parts  of  the  work  and  for  such  others 
as  the  Architect  may  direct  and  shall  not  employ  any  that  the  Architect  may 
within  a  reasonable  time  object  to  as  incompetent  or  unfit.  If  the  Contractor 
has  submitted,  before  signing  the  contract,  a  list  of  subcontractors  and  the 
change  of  any  name  on  such  list  is  required  or  permitted  after  signature  of 
agreement,  the  contract  price  shall  be  increased  or  diminished  by  the  difference 
between  the  two  bids.  The  Architect  shall,  on  request,  furnish  to  any  subcon- 
tractor, wherever  practicable,  evidence  of  the  amounts  certified  to  on  his 
account.  The  Contractor  agrees  that  he  is  as  fully  responsible  to  the  Owner 
for  the  acts  or  omissions  of  his  subcontractors  and  of  persons  either  directly  or 
indirectly  employed  by  them,  as  he  is  for  the  acts  and  omissions  of  persons  di- 
rectly employed  by  him.  Nothing  contained  in  the  Contract  Documents  shall 
create  any  contractual  relation  between  any  subcontractor  and  the  Owner. 

Art.  44.  Relations  of  Contractor  and  Subcontractor.  The  Contractor 
agrees  to  bind  every  subcontractor  and  every  subcontractor  agrees  to  be  bound, 
by  the  terms  of  the  General  Conditions,  Drawings  and  Specifications,  as  far  as 
applicable  to  his  work,  including  the  following  provisions  of  this  Article,  unless 
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•pecUicaUy  noted  to  the  contrary  in  a  subcontract  approved  in  writing  is 
adequate  by  the  Owner  or  Architect.    This  does  not  apply  to  minor  si^ 

contracts. 

The  Subcontractor  agrees: 

(a)  To  be  bound  to  the  Contractor  by  the  terms  of  the  General  ConditkiJ. 
Drawings  and  Specifications  and  to  assume  toward  him  all  the  obtigations  asd 
responsibilities  that  he,  by  those  doounents,  assumes  toward  the  Owner. 

(b)  To  submit  to  the  Contractor  applications  for  payment  in  such  reasonabt 
time  as  to  enable  the  Contractor  to  apply  for  payment  under  Article  26  of  ck 
General  Conditions. 

(c)  To  make  all  claims  for  extras,  for  extensions  of  time  and  for  damages  it 
delays  or  otherwise,  to  the  Contractor  in  the  manner  provided  in  the  General 
Conditions  for  like  claims  by  the  Contractor  upon  the  Owner,  except  that  tk 
time  for  making  claims  for  extra  cost  as  under  Article  25  of  the  General  Caodr 
tions  is  one  week. 

The  Contractor  agrees: 

(d)  To  be  bound  to  the  Subcontractor  by  all  the  obligations  that  the  Ovur 
assumes  to  the  Contractor  under  the  General  Conditions,  Drawings  and  Spedi- 
cations  and  by  all  the  provisions  thereof  afifording  remedies  and  redress  to  lbs 
Contractor  from  the  Owner. 

(e)  To  pay  the  Subcontractor,  upon  the  issuance  of  certificates,  if  issued  nndff 
the  schedule  of  values  described  in  Article  26  of  the  General  Conditions,  tbe 
amount  allowed  to  the  Contractor  on  account  of  the  Subcontractor's  work  u 
the  extent  of  the  Subcontractor's  interest  therein. 

(f )  To  pay  the  Subcontractor,  upon  the  issuance  of  certificates,  if  issued  otker- 
wise  than  as  in  (e),  so  that  at  all  times  his  total  paymente  shall  be  as  huge  b 
proportion  to  the  value  of  the  work  done  by  him  as  the  total  amount  certified  u 
the  Contractor  is  to  the  value  of  the  work  done  by  him. 

(g)  To  pay  the  Subcontractor  to  such  extent  as  may  be  provided  by  tbe 
Contract  Documents  or  the  subcontract,  if  dther  of  th^  provides  for  earikr 
or  brger  payments  than  the  above. 

(h)  To  pay  the  Subcontractor  on  demand  for  his  work  or  materials  as  far  sa 
executed  and  fixed  in  place,  less  the  retained  percentage,  at  the  time  the  certin- 
cate  should  issue,  even  though  the  Architect  fails  to  issue  it  for  any  cause  □>.'■ 
the  fault  of  the  Subcontractor. 

(j)  To  pay  the  Subcontractor  a  just  share  of  any  fire-insurance  money  recei\T'i 
by  him,  the  Contractor,  under  Article  21  of  the  General  Conditions. 

(k)  To  make  no  demand  for  liquidated  damages  or  penalty  for  delay  in  &s> 
sum  in  excess  of  such  amount  as  may  be  specifically  named  in  the  subcontratt 

0)  That  no  claim  for  serxices  rendered  or  materials  furnished  by  the  Cor- 
tractor  to  the  Subcontractor  shall  be  valid  unless  written  notice  thereof  is  f^v^ 
by  the  Contractor  to  the  Sul>contractor  during  the  first  ten  days  of  the  calendir 
month  following  that  in  which  the  claim  originated. 

(m)  To  give  the  Subcontractor  an  opportunity  to  be  present  and  to  subicit 
e\*idencc  in  any  arbitration  involving  his  rights. 

(n)  To  name  as  arbitrator  imder  Article  45  of  the  General  Conditions  tbe 
person  nominated  by  the  Subcontractor,  if  the  sole  cause  of  dispute  is  the  work, 
materials,  rights,  or  responsibilities  of  the  Subcontractor;  or,  if  of  the  Sub- 
contractor and  any  other  subcontractor  jointly,  to  name  as  such  arbitrator  the 
person  upon  whom  they  agree. 

The  Contractor  and  the  Subcontractor  agree  that: 

(o)  In  the  matter  of  arbitration,  their  rights  and  obligations  and  aU  prooedutt 
rtiall  be  anabgous  to  those  set  forth  in  Artide  45  of  the  General  ConditioBS. 
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Nothing  in  this  Article  shaU  create  a^y  obligation  on  the  part  of  the  Owner 
eo  pay  to  or  to  see  to  the  payment  of  any  sums  to  any  Suboontractor. 

Art.  4S.  Arbitration.    Subject  to  the  provisions  of  Article  to,  all  questions 
in  dispute  under  this  contract  shall  be  submitted  to  arbitration  at  the  choice 
of  either  party  to  the  dispute.    The  Contractor  agrees  to  push  the  work  vigor- 
ously during  arbitration  proceedings.    The  demand  for  arbitration  shall  be 
filed  in  writing  with  the  Architect,  in  the  case  of  an  appeal  from  his  dedsion, 
^thin  ten  days  of  its  receipt  and  in  any  other  case  within  a  reasonable  time 
after  cause  thereof  and  in  no  case  later  than  the  time  of  final  payment,  except 
as  to  questions  arising  under  Article  i6.    If  the  Architect  fails  to  make  a 
decision  within  a  reasonable  time,  an  appeal  to  arbitration  may  be  taken  as 
if  his  decision  had  been  rendered  against  the  party  appealing.    No  one  shall 
be  nominated  or  act  as  an  arbitrator  who  is  any  way  financially  interested 
in  this  contract  or  in  the  business  affairs  of  either  the  Owner,  Contractor  or 
Architect.    The  general  procedure  shall  conform  to  the  laws  of  the  State  in 
which  the  work  is  to  be  erected.    Unless  otherwise  provided  by  such  laws, 
the  pirties  may  agree  uimn  one  arbitrator;    otherwise  there  shall  be  three, 
one  named,  in  writing,  by  each  party  to  this  contract,  to  the  other  party  and 
t<>  the  Architect,  and  the  third  chosen  by  these  two  arbitrators,  or  if  they  fail 
to  select  a  third  within  ten  days,  then  he  shall  be  chosen  by  the  presiding  officer 
of  the  Bar  Association  nearest  to  the  location  of  the  work.    Should  the  party 
demanding  arbitration  fail  to  name  an  arbitrator  within  ten  days  of  his  demand 
his  right  to  arbitration  shall  lapse.    Should  the  other  party  fail  to  choose  an 
arbitrator  within  said  ten  days,  then  such  presiding  of&cet  shaU  appoint  such 
arbitrator.    Should  either  party  refuse  or  neglect  to  supply  the  arbitrators  with 
any  papers  or  information  demanded  in  writing,  the  arbitrator  are  empowered 
by  both  parties  to  proceed  ex  parte.    The  arbitrators  shall  act  with  promptness. 
If  there  be  one  arbitrator  his  decision  shall  be  binding;  if  three  the  decision 
of  any  two  shall  be  binding.    Such  decision  shall  be  a  condition  precedent  to 
any  right  of  legal  action,  and  wherever  permitted  by  law  it  may  be  filed  in 
Court  to  carry  it  into  effect.    The  arbitrators,  if  they  deem  that  the  case 
demands  it,  are  authorized  to  award  to  the  party  whose  contention  is  sustained 
such  soms  as  they  shall  deem  proper  for  the  time,  expense  and  trouble  incident 
to  the  appeal  and,  if  the  appeal  was  taken  without  reasonable  cause,  damages 
for  delay.    The  arbitrators  shall  fix  their  own  compensation,  unless  otherwise 
provided  by  agreement,  and  shall  assess  the  costs  and  charges  of  the  arbitration 
upon  either  or  both  parties.    The  award  of  the  arbitrators  must  be  in  writing, 
and,  if  in  writing,  it  shall  not  be  open  to  objection  on  account  of  the  form  of 
the  proceedings  or  the  award,  unless  otherwise  provided  by  the  laws  of  the 
State  in  which  the  work  is  to  be  erected.    In  the  event  of  such  laws  providing 
on  any  matter  covered  by  this  article  otherwise  than  as  hereinbefore  specified, 
the  method  of  procedure  throughout  and  the  legal  effect  of  the  award  shall 
be  wholly  in  accordance  with  the  said  State  laws,  it  being  intended  hereby  to 
lay  down  a  principle  of  action  to  be  followed,  leaving  its  local  application  to  be 
adapted  to  the  legal  requirements  of  the  place  in  which  the  work  is  to  be  erected. 

B.  THE  STANDARD  FORM  OF  BOND  * 

FOa  USE  IN  CONNECTION  WITH  THE  THIRD  EDITION  OF  THE  STANDAIU)   FORM  OP 
AGREEMENT  AND  GENERAL  CONDITIONS  OF  THE  CONTRACT 

This  form  has  been  approved  by  the  National  Association  of  Builders'  Exchanges,  The 
Natimial  Association  of  Master  Plumbers,  the  National  Association  of  Sheet  Metal 

*  Published  by  permission  of  The  American  Institute  of  Architects. 
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Contractors  of  the  United  States,  the  Natiooal  Electrical  Cout 
the  United  States,  the  National  ABsociation  of  Marbk  Dealccs,  ti»c  Bofldisi: 
Quarries  Association,  the  Building  Trades  Employers'  Aasociatioo  of  the  Ciiy 
York,  and  the  Heating  and  Piping  Contractors'  National  Asaociatjock. 


COPYRIGHT  1915  BY  THE   AMKRICAN  INSTITUTE  OF  ASCHTIECTS,    XHK   OCT4 

W/SHINGTON,  D.  C. 

KNOW  ALL  MEN:  That  we 

(Here  insert  the  name  and  address  or  legal  title  of  the  Conlmctor.) 

(Two  blank  lines)* 

hereinafter  called  the  Principal,  and 

l^Here  insert  the  name  and  address  or  legal  title  of  one  or  mone  sa>eeie»J 

(Two  blank  lines) 

(Two  blank  lines) i 

hereinafter  called  the  Surety  or  Sureties,  are  held  and  firmly  bound  uato. 
(Here  insert  the  name  and  address  or  legal  title  of  the  Owner.) 

(Two  blank  Imcs) 

hereinafter  called  the  Owner,  in  the  sum  of 

(Two  blank  lines) ($ 

for  the  payment  whereof  of  the  Principal  and  the  Surety  or  Sureties  bind  tbr: 
selves,  their  heirs,  executors,  administrators,  successors  and  assigns  jcinti;  ^ 
se\'erally,  firmly,  by  these  presents. 

Whereas,  the  Principal  has,  by  means  of  a  written  Agreennent,  dated 

entered  into  a  contract  with  the  Owne-  &' 

(Two  blank  lines) 

a  copy  of  which  Agreement  is  by  reference  made  a  part  hereof: 

Now,  Therefore,  the  Condition  of  this  Obligation  is  such  that  if  the  Pric  :-• 
shall  faithfully  perform  the  Contract  on  his  part,  and  satisfy  all  daiin5  ^. 
demands,  incurred  for  the  same,  and  shall  fully  indenmify  and  save  hanrJes^  it.- 
Owner  from  all  cost  and  damage  which  he  may  suffer  by  reason  of  failure  »  ' 
do,  and  shall  fully  reimburse  and  repay  the  Owner  all  outlay  and  expense  «  ^-' 
the  Owner  may  incur  in  making  good  any  such  default,  and  shall  pay  aL  pr- 
sons  who  have  contracts  directly  with  the  Principal  for  labor  or  material^  t:/^ 
this  ol^gation  shall  be  null  and  void;  otherwise  it  shall  remain  in  fuQ  f-  r^^ 
and  effect. 

Provided,  however,  that  no  suit,  action  or  proceeding  by  reason  of  any  6etAt.i 

whatever  shall  be  brought  on  this  bond  after Tuonthff  fr r. 

the  day  on  which  the  final  payment  under  the  Contract  falls  due. 

And  Prorided,  that  any  alterations  which  may  be  made  in  the  terms  of  ix 
Contract,  or  in  the  work  to  be  done  under  it,  or  the  giving  by  the  Owner  of  r^^ 
extension  of  time  for  the  performance  of  the  Contract,  or  any  other  forbetraik.-: 
on  the  part  of  either  the  Owner  or  the  Principal  to  the  other  shall  not  in  any  vi> 
release  the  Principal  and  the  Surety  or  Sureties,  or  either  or  any  of  them,  tbss: 
heirs,  executors,  administrators,  successors,  or  assigns  from  their  liabilit>  hat- 
under,  notice  to  the  Surety  or  Sureties  of  any  such  alteration,  extcnsbn,  or  kt- 
bearance  being  hereby  waived. 

Signed  and  Sealed  this day  of 19 

In  Presence  of 


(seal 

(Repeated  three  times)  }  as  to  (Repeated  three  times) 


*  Dotted  lines,  as  indicated,  ore  in  the  standard  documents  ard  are  omitted  here  is 
save  space. 
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C.  THE  STANDARD  FORM  OF  AGREEMENT   BETWEEN  CON- 
TRACTOR AND  SUBCONTRACTOR  * 

POR  USE  IN  CONNECTION  WTTH  THE  TSIKD  EDITION  OF  THE  STANDARD  FORM  OF 
AGREEMENT  AND  GENERAL  CONDITIONS  OF  THE  CONTRACT 

This  form  has  been  approved  by  the  National  Association  of  Builders'  Exchanges,  The 
National  Association  of  Master  F lumbers,  the  National  Association  of  Sheet  Metal 
Contractors  of  the  United  States,  the  National  Electrical  Contractors'  Association  of 
the  United  States,  the  National  Association  of  Marble  Dealers,  the  Buflding  Granite 
Quarries  Association,  the  Building  Trades  Employers'  Association  of  the  City  of  New 
York,  and  the  Heating  and  Piping  Contractors'  National  Association. 

COPYRIGHT  19 IS  BY  THE  AMERICAN  INSTrnTTE  OF  ARCHITECTS,  THE 

OCTAGON,  WASHINGTON,  D.  C. 

THIS  AGREEMENT,  made  this day  of 19. . 

by  and  between herUnafter  called 

the  Subcontractor  and 

hereinafter  called  the  Contractor. 

WITNESSETH,    That  the  Subcontractor  and  Contractor  for  the  considera- 
tions hereinalter  named  a^ee  as  follows: 

Section  x.    The  Subcontractor  agrees  to  furnish  all  material  and  perform  all 

work  as  described  in  Section  2  hereof  for (Here  name  the  kind  of  building) 

(BUnkUnes) 

for (Here  insert  the  name  of  the  Owner) 

(Blank  lines) 

hereinafter  called  the  Owner,  at (Here  insert  the  location  of  the  work.) 

(Blank  lines) 

in  accordance  with  the  General  Conditions  of  the  Contract  between  the  Owner 
and  the  Contractor,  and  in  accordance  with  the  Drawings  and  the  Specifications 

prepared  by hereinafter  called  the  Architect,  all  of 

which  General  Conditions,  Drawings  and  Specifications  signed  by  the  parties 
thereto  or  identified  by  the  Architect,  form  a  part  of  a  Contract  between  the 

Contractor  and  the  Owner  dated 19 . .   and  hereby  become  a 

part  of  this  Contract. 

Section  3.  The  Subcontractor  and  the  Contractor  agr:e  that  the  materials 
to  be  furnished  and  work  to  be  done  by  the  Subcontractor  are  (Here  insert  a 
precise  description  of  the  work,  preferably  by  reference  to  the  numbers  of  the  Dmwicgs 

and  the  pages  of  the  Specifications.) 

(Blank  lines) 

Section  3.    The  Subcontractor  agrees  to  complete  the  several  portions  and 

the  whole  of  the  work  herein  sublet  by  the  time  or  times  following: 

(Here  insert  the  dates  or  date  and  if  there  be  liquidated  damages  state  them.). . . . 

(Blank  lines) 

Section  4.  The  Contractor  agrees  to  pay  the  Subcontractor  for  the  perform- 
ance of  his  work  the  sum  of    (Blank  line) ($ ) 

in  current  funds,  subject  to  additions  and  deductions  for  changes  as  may  be 
agreed  upon,  and  to  make  p>aymtots  on  account  thereof  in  accordance  with 
Section  5  hereof. 

Section  5.  The  Contractor  and  Subcontractor  agree  to  be  bound  by  the 
terms  of  the  General  Conditions,  Drawings  and  Specifications  as  far  as  applicable 
to  this  subcontract,  and  also  by  the  following  provisions:  t 

*  Published  by  permission  of  The  American  Institute  of  Architects. 
t  Artkle  44  of  the  General  Conditions  of  the  Contract  is  here  repeated  in  full  with  the 
exception  of  references  to  other  articles.    See  page  1761. 
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Section 6 


(One  page  of  bbnk  lines) 


Finally.    The  Subcontractor  and  Contractor,  for  thenuaelves,  their 
successors,  executors,  administrators  and  assigns,  do  hereby  a«ree  to  f^c 

I)erformanoe  of  the  covenants  herein  contained. 

IN  WITNESS  WHEREOF  tliey  have  hereunto  set  their  hands  the  <k} 
date  first  above  written. 

In  Presence  of 


J>.  STANDARD  FORM  OF  ACCEPTANCB  OF  SUBCOITTRACTOE : 

PROPOSAL  • 

FOR  USE  IN  CONNECTION  WITH  THE  THIRD  F.DITION  OF  IBS  STAMDAaD  FDU 
AGREEMENT  AND  GENERAL  CONDITIONS  OP  THE  COITrmACT 

This  form  has  been  approved  by  the  National  Association  of  Boflders*  Exthai^p^  ~  ' 
National  Association  of  Master  Plumbers,  the  National  Association  ol  Sheet  V'^ 
Contractors  ci  the  United  States,  the  National  Electrical  Contzactors'  Assocu'-' 
the  United  States,  the  National  Association  of  Marble  Dealers,  the  BinkKo;  l-^- 
Quarries  Association,  the  Building  Trades  Employers*  Association  of  the  Qty  u  >.* 
York,  and  the  Heating  and  Piping  Contractors'  National  Assocmtiott. 

COPYRIGHT  19 1 5  BY  THE  ASIERICAN  INSTITUTE  OF  ARCHITECTS,  tHE 

OCTAGON,   WASHINGTON,  D.  C. 

Dear  Sir:  Having  entered  into  a  contract  with  (Here  insert  the  name  aac  t 

dress  or  corporate  title  of  the  Owner.  ^ 

(Blank  line) 

for  the  erection  of  (Here  insert  the  kind  of  work  and  the  pboe  at  which  ft  s  it  ^ 

erected.) 

(Blank  Une) 

in  accordance  with  plans  and  specifications  prepared  by  (Here  insert  the  mt 

and  address  of  the  Architect.) 

(BUtnkline) 

and  in  accordance  v  ith  the  0:neral  Conditions  of  the  Contract  prefixed  to  *^' 
specifications,  the  undersigned  hereby  accepts  your  proposal  of  (Here  iaaa*  a-' 

to  provide  all  the  materials  and  do  all  the  work  of  (Here  insert  the  kiid  d  ^'-- 
to  be  done,  as  plumbing,  roofing,  etc.,  accurately  describmg  by  number,  pafw.  etc  v 

drawingsand specifications govemiag  such  work.) 

(Blank  lines) 

The  Undersigned  agrees  to  pay  you  in  current  funds  for  the  faithful  peHcrr 
ance  of  the  subcontract  established  by  this  acceptance  of  your  proposal  the  & 

of  ($ 

Our  relations  in  respect  of  this  suboontract  are  lo  be  governed  by  the  pk. 
and  qtedfications  named  above,  by  the  General  Conditions  of  the  Contract  ^ 
far  as  applicable  to  the  work  thus  sublet  and  espedaliy  by  Article  44  €f  tht 
conditions  printed  on  the  reverse  hereof. t 

Very  truly  yo\ii\ 

'Published  by  permission  of  The  American  lastitute  of  Architects. 
*  Article  44  of  the  T^eoeral  Conditions  of  the  Contract  is  printed  in  fuD  00  the  n\r* 
*dc  of  the  Institute's  standard  form.     See  page  1761. 
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e  SubcoDtractor  entering  into  this  agreement  should  be  sure  that  not 
ly  the  above  Article  44,  but  the  full  text  of  the  General  Conditions  of  the 
ract  as  signed  by  the  Owner  and  Contractor  is  known  to  him,  since  soch 
ext,  though  not  herein  repeated,  is  binding  on  him. 


FICIAL  INSTITUTE  DOCUMENTS  OP  A  FERMA- 
XCNT  NATURE  PUBLISHED   (1922)    BY  THE 
AMERICAN  INSTITUTE  OF  ARCHITECTS. 
TITLES  AND  PRICES 

:  Journal  of  the  American  Institute  of  Architects,  monthly,  50  cts; 

yearly,  to  A.  I.  A.  members , $2.50 

Yearly,  to  non-Institute  members 5 .00 

nograph  on  the  Octagon  (Thirty  Drawings,  za  X  x8,  Photos  and  Text  12 .  50 
t  Standard  Contract  Documents: 

Agreement  and  General  Conditions  in  Cover 20 

General  Conditions  without  Agreement 14 

Agreement  without  General  Conditions ...••      .05 

Bond  of  Suretyship , 03 

Form  of  Subcontract 04 

Letter  of  Acceptance  of  Subcontractor's  Proposal ...^      .0^3 

Cover  (heavy  paper,  with  valuable  notes) oz 

Complete  set  in  Cover 30 

rm  of  .\greement.  Owner  and  Architect  (Percentage  Basis) 05 

rcular  of  Information  on  the  Fee-Plus-Cost  System  of  Charges 03 

(Explains  Owner-Architect  Agreement,  Fee-Plus-Cost  Basis) 

rm  of  Agreement,  Owner  and  Architect  (Fee-Plus-Cost  Basis) 0$ 

rm  of  Agreement,  Owner  and  Contractor  (Cost-Plus-Fee  Basis) !• 

rcular  of  Information  Relative  to  Cost-Plus- Fee  System  of  Contracting       .06 

(Explanatory  of  Contractor-Owner  Agreement) 
Circular  of  Advice  and  Information  Relative  to  the  Conduct  of  Archi- 
tectural Competitions Free 

indard  Form  of  Competition-Programme 10 

oceedings  of  the  Convention Free 

muary  to  Institute  Members Free 

hica!  Docnments  of  the  Institute Free 

rcular  on  Functions  of  the  Architect 03 

rcular  of  Information  Concerning  Requirements  for  Institute  Member- 
ship       Free 

rcular  of  Information  Concerning  Requirements  for  Chapter  Assodate- 

ship Free 

mstitution  and  By-laws Free 

indard  Form  of  Chapter  Constitution  and  By-laws Free 

Circular  of  Advice  Relative  to  Principles  of  Professional  Practice.    The 

Canon  of  Ethics Free 

hedule  of  Proper  Minimum  Charges oa 

rcular  Relative  to  the  Size  and  Character  of  Advertising  Matter Free 

imlird  Symbols  for  Wiring  Plans Free 

ladard  Construction  ClassiiicatioD,  Filing  System   for  Architects' 

Offices , , ,      Free 
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Model  Registration  Law 

List  of  Institute  Documents. 


For  the  convenience  of  the  members  of  the  Institute,  and  the  pn.: 
generally,  who  use  in  their  practice,  by  reference  or  otherwise,  the  v.- 
official  doaiments  of  the  American  Institute  of  Architects,  the  above  v--r 
of  Titles  and  Prices  is  issued.    On  single  copies  of  pamphlet -document.?  ;•  r: 
will  be  prepaid,  otherwise  not.    The  prices  quoted  in  practically  e\e~> 
are  to  cover  the  actual  cost  of  printing  and  handling.    The  Institute  L^ 
desire  to  make  a  profit  on  documents  i^ued  primarily  for  the  beoet::  > 
profession.    For  distinctly  educational  work,  and  for  Chapter-wodL  iv^  .'-^ 
will  be  made  for  small  quantities  of  documents,  except  for  postage.     K- 
of  this  kind  should  come  through  the  Chapter-Secretary  or  a  C'lC- 
Chairman.     Communications  and  remittances  should  be  sent  to  the  £-'  - 
Secretary,  The  Octagon  House,  Washington,  D.  C.    AU  orders  are  zj:. 
the  day  received. 


REGULATION   OP  THE  PRACTICE   OP   ABCHTTE 
TURE   BY   STATE  LEGISLATION  • 

States  Having  Registration  Lawt  (1923)-    Twenty>thrce  ha^-ertr^ 
tion  or  .license  laws  (1923)  for  the  practice  of  architecture:  California.  C . 
Florida,  Georgia,  Idaho,  Illinois,  Louisiana,  Michigan,  Minnesota,  M<ntA-  ■ 
Jersey^New  York,  North  Carolina,  North  Dakota,  Oregon,  Pennsy1v<irii  '^ 
Carolina,  Tennessee,  Utah,  Virginia,  Washington.  West  Virginia,  and  W  t^ 

Laws  are  pending  (1923)  in  Indiana,  Iowa,  Kansas,  and  other  states 

Theory  of  Registration  Laws.    The  reason  for  the  regxtlation  of  u  ^ 

TECTUiAL  pftACTiCE   BY  LAW  is  the  fact  that  men  impcoperiy  qj^ ' 
practice  can  otherwise,  at  will,  assume  the  title  of  abchttect  and  impc>^  .  1 
the  public,  thereby  discrediting  the  profession.    In  some  States  and  iri  v 
it  seems  evident  that  legislation  was  enacted  for  protection  of  local  at, 
against  encroachment  on  the  part  of  non-resident  architects.     Such  a  - 
b  unworthy  of  the  profession,  whose  efforts  through  legislation  sb.u^: 
encourage  design  of  higher  artistic  quality  and  to  insure  safe  constr 
Some  laws,  like  the  first  one  formulated  (Illinois  1897),  are  uccNac  law?  . 
they  tax  every  architect.    Other  laws,  that  in  New  York,  for  esampM.   ^  1 
REGISTRATION  LAWS,  Undertake  to  issue  certificates  only  to  thow  qun- 
practice.    Registration  laws  should  not  in  a  retroactive  way  attempt  u 
those  of  their  right  who,  by  virtue  of  having  been  in  bona-6de  pract:.- 
the  law  was  enacted,  have  the  legal  right  to  continue  in  such  practicr,  r. 
to  the  effect  of  public  sentiment  which  may  be  created  against  non-rrj  -  1 
architects,  and  subject  also  to  responsibilities  imposed  by  building  or-  -  ' 
requiring  safe  construction.    The  theory  of  the  registration  l.i*  .-  i 
an  architect  should  attain  to  a  certain  minimum  general  education,  a    '^ 
minimum  technical  education,  plus  a  certain  minimum  of  practical  expt-r  j 
before  beginning  practice  on  his  own  account.    That  theory  is  carr:<>-  - 
eflFect  by  requiring  under  penalty  that  no  person  may  assume  the  title  ak  -^ 
whether  he  is  a  new  practitioner,  or  an  experienced  practitioner  irom  *  '  I 
the  State,  without  first  establishing  his  qualifications  and  recei\ing  a  ^.er.a» 
authorizing  him  to  use  that  title.    The  new  york  state  law,  phnti:  s^ 

•This  matter  was  prepared  by  D.  Everett  Waid,  President  (1922)  of  the  N-'  Ti 
State  Board  of  Examiners  and  Registration  of  Architects. 
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,  is  typical  of  recent  laws  which  attempt  to  embody  this  theory.    References 

axe  made  to  this  law  and  the  notation  also  that  the  American  Institute 

architects  is  prepared  to  cooperate  with  any  persons  interested  who  desire 

nprove  upon  the  laws  already  passed  when  trying  to  secure  in  other  States 

.  legislation  as  will  tend  to  raise  the  standard  of  qualifications  of  architects. 

1  legislation  will  certainly  achieve  its  highest  end  if  looked  upon  as  educa^ 

al  in  purpose.    Incidentally  it  may  be  remarked  that  the  best  interests  of 

viU  be  conserved  if  earnest  efforts  are  made  toward  a  cosofON  standard 

:h   will  encourage  reciprocal  relations  among  the  States.    An  architect 

has  demonstrated  his  qualifications  by  passing  a  proper  examination  in 

State  should  not  be  harassed  by  repetitions  of  the  test  in  other  States 

rhich  he  may  choose  to  practice. 

tandards  of  Education.  The  gekeral  education  required  under  the 
V  York  law  is  the  completion  of  a  high-school  course,  or  equivalent  thereof; 
the  satisfactory  completion  of  such  courses  in  mathematics,  history,  and 
modem  language,  as  are  included  in  two  years  of  an  approved  institution 
iting  the  degree  of  A.B.  Five  years'  practical  experience  in  the  office 
I  reputable  architect,  beginning  alter  the  high-school  course,  is  required 
)re  a  candidate  can  take  the  teoinical  examination  conducted  by  the 
ird  of  Examiners.  This  technical  examination  is  not  required  of  graduates 
recognized  schools  of  architecture  who  shall  have  had,  also,  three  years'  prac- 
i  experience. 

administration  of  Registration  Laws.  In  New  York  State,  architects 
admitted  to  practice  by  the  Regents  of  the  University  of  the  State,  who 
ninlster  the  law  through  a  Board  of  Examiners  and  Registration  or 
rHTTECTS.  In  other  States,  the  Boards  of  Examiners  are  appointed  by  the 
vernors. 

Lpplication  for  Certificates.  Application-blanks  and  information  regard- 
admittance  to  practice,  dates  of  examinations,  etc.,  can  be  obtained  by 
Iressing  the  Board  of  Examiners  and  Registration  of  Architects,  Education 
tldinf;,  Albany,  N.  Y.  In  other  States,  such  inquiries  may  be  addressed 
the  55ccretary  of  State. 

lif  ode!  Registration  Law.  Those  interested  in  state  legislation  regu- 
riNG  the  practice  op  architecture  a>td  the  education  of  architects 
y  secure  copies  of  a  bill  issued  to  serve  as  a  basic  model  which,  with  suitable 
<]itications,  may  be  enacted  in  any  State.  Address  the  Secretary,  American 
ititute  of  Architects,  The  Octagon  House,  Washington,  D.  C. 

EOISTRATION   OF  ARCHITECTS  IH  THE  STATE  OF  NEW 

YORK* 

le  law  in  relation  to  the  practice  of  architecture  and  the  rules  of  the 
State  Board  of  Examiners  and  Registration  of  Architects  approved 
by  the  Regents  of  The  University  of  the  State  of  New  York 

The  Assistant  Commissioner  and  Director  of  Professional  Education  is  in 
arge  of  universities,  colleges,  professional  and  technical  schools,  the  execution 
the  laws  concerning  the  professions,  and  the  relations  and  chartering  of 
stitutions.  All  correspondence  relating  to  the  issuance  of  certificates,  the 
tails  of  licensing  examinations,  and  admissions  to  the  practice  of  architecture 

*  The  form  o(  the  law  itself  and  of  the  State  official  documents,  with  the  ezceptioD  of 
e  type,  are  inserted  as  enacted  aad  printed,  without  further  editing. 
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should  be  addressed  to  the  Director  of  the  ExaminatioQs  and  Impectiaas 
Division,  Albany,  N.  Y. 

KSGISTERSD  ARCHITECTS 

Geaonl  hoiiaaas  lawi(L.  1909,  Ch.  as)'Cliaftar  aa  of  tiia  oaoaaUdalad  laws, 

baoama  a  law  Vabniafy  Z7i  1909 

Artkla  7-A,  Ragiatertd  ArehitactB 

Became  a  law  April  38,  xgis^CLaws  of  19x5,  Chapter  454).  As  amended  by  Laws  of  xgxS, 

Chapter  77. 

Section  77.    Registered  Architects. 

Section  78.    Board  of  Exajniners. 

Section  79.    Qualifications.    Examinations.    Fees. 

Section  79a.  Certificates. 

Section  79b.  Violation  of  Article. 

77.  Ragiatarad  Architacta.  Any  person  residing  in  or  having  a  place  of 
business  in  the  State,  who,  before  this  article  takes  effect,  shall  not  have  beea 
engaged  in  the  practice  of  architecture  in  New  Yoric  State,  under  the  titk 
of  architect,  ahaU,  before  being  styled  or  known  as  an  architect,  secure  a  cer- 
tificate of  his  qualification  to  practice  under  the  title  of  architect,  as  provided 
by  this  article.  Any  person  who  shall  have  been  engaged  in  the  practice  of 
architecture  under  the  title  of  architect,  before  this  article  takes  effect,  roay 
secure  such  certificate,  in  the  manner  provided  by  this  article.  Ai^r  p«30A 
having  a  certificate  pursuant  to  this  article  may  be  styled  or  known  as  a  regL^ 
tered  architect.  No  other  person  shall  assume  such  title  or  use  the  abbreviation 
R.  A.,  or  any  other  words,  letters  or  figures  to  indicate  that  the  person  usia; 
the  same  is  a  registered  architect;  but  this  article  shall  not  be  construed  !o 
prevent  persons  other  than  architects  from  filing  applications  for  building 
permits  or  obtaining  such  permits. 

78.  Board  of  Ezaminara  and  Ragiatration.  There  shall  be  a  State  Board 
of  Examiners  and  Registration  of  Architects,  who,  and  their  successors,  stuUl 
be  appointed  by  and  hold  during  the  pleasure  of  the  Board  of  Regents  of  The 
University  of  the  State,  and  who,  subject  to  the  approval  and  to  the  rules  of 
the  Regents,  may  make  rules  for  the  examination  and  registration  of  candidate^ 
for  the  certificates  ixt>\*ided  for  by  this  article.  Such  board  of  examiners  sh.>U 
be  composed  of  five  architects,  who  hiwe  been  in  active  practice  in  the  State 
of  New  York  for  not  less  than  ten  years,  previous  to  their  appointment,  selectci 
by  the  Regents.  Such  examiners  shall  be  entitled  to  such  compensation  for 
their  services  under  this  aitide  as  the  Board  of  Regents  shall  determine,  not 
exceeding  in  the  aggregate  the  amount  of  fees  collected  from  applicants  for 
certificates. 

79.  Qualification.  Examination.  Fees.  Any  dtizen  of  the  United 
States,  or  any  person  who  has  duly  declared  his  intention  of  becoming  such 
dtizen,  being  at  least  twenty-one  yeara  of  age  and  of  good  moral  character, 
may  apply  for  examination  or  certificate  of  registration  under  this  article,  but 
before  securing  such  certificate  shall  submit  satisfactory  evidence  ol  having 
satisfactorily  completed  the  course  in  high  school  approved  by  the  Regents 
of  the  University  or  the  equivalent  thereof  and  subsequent  theareto  ol  having 
satisfactorily  completed  such  courses  in  mathematics,  history  and  one  modem 
language,  as  are  included  in  the  first  two  years  in  an  institution  approved  by 
the  Regents,  conferring  the  degree  of  bachelor  of  arts.    Such  candidate  shall  in 
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Iditicm  submit  aattsfactory  evideace  of  at  least  five  yiearB*  practical  experience 
the  office  or  o&ct&  of  a  reputable  ardntect  or  ardutects,  oommendng  after 
le  completion  of  the  high  sdiool  course.  The  board  of  examiners  may  accept 
.tisfax:tory  diplomas  or  certificates  from  approved  institutions  covering  the 
turse  required  for  examination.  Upon  comptsring  with  the  above  require- 
lents,  the  applicant  shall  satisfactorily  pass  an  examination  in  such  technical 
id  professional  courses  as  are  established  by  the  board  of  examiners.  The 
dard  of  examiners  in  lieu  of  examinations  may  accept  satisfactory  evidence 
[  any  one  of  the  qualifications  set  forth  under  subdivisbns  i  and  a  oi  this 
N:«ioa. 

z.  A  diploma  of  graduation  or  satisfactory  certificate  from  an  architectural 
>Uege  or  school  approved  by  the  Regents,  together  with  at  least  three  years' 
ractical  experience  in  the  office  or  offices  of  a  reputable  architect  or  architects; 
ut  the  three  years'  experience  shall  be  counted  only  as  beginning  at  the  com- 
letion  of  the  course  leading  to  the  diploma  or  certificate;  the  State  Board  of 
Ixaminers  and  Registration  of  Architects  may  require  applicants  under  this 
ubdivision  to  furnish  satisfactc^  evidence  of  knowledge  of  professional  prac- 
ice; 

2.  Registration  or  certification  as  an  architect  in  another  state  or  country, 
rhere  the  qualifications  required  for  the  same  are  equal  to  those  required  in 
his  State; 

3.  The  board  of  examiners  in  lieu  of  all  examinations  shall  accept  satisfactory 
vidence  as  to  the  applicant's  character,  competency  and  qualifications,  and 
hat  he  has  been  continuously  engaged  in  the  practice  of  architecture  for  more 
ban  two  years  next  prior  to  the  date  when  this  article  shall  take  effect,  or  that 
le  has  been  actually  engaged  in  the  practice  of  architecture  on  his  own  aca>unt 
»r  as  a  member  of  a  reputable  firm  or  association  for  more  than  one  year  prior 
o  the  date  when  this  article  shall  take  effect;  providing  the  application  for 
uch  certification  shall  be  made  on  or  before  January  i,  1918.  Any  architect 
rho  has  lawfully  practiced  architecture  for  a  period  of  more  than  ten  years 
rithout  the  State  shall  be  required  to  take  only  a  practical  examination,  which 
iball  be  of  the  future  to  be  determined  by  the  State  Board  of  Examiners  and 
tUgistration  of  Architects.  Every  person  applying  for  examination  or  certifi* 
site  of  registration  under  this  article  shall  pay  a  fee  of  twenty-five  dollars  to 
;he  Board  of  Regents. 

79a.  Certificates,  i.  The  result  of  every  examination,  or  other  evidence 
>f  qualification,  as  provided  by  this  article,  shall  be  reported  to  the  Board  of 
Regents  ^y  the  board  of  examiners,  and  a  record  of  the  same  shall  be  kept 
by  the  Board  of  Regents,  and  such  board  shall,  unless  deemed  otherwise  advis- 
ible,  issue  a  certificate  of  registration  to  every  person  certified  by  the  board 
of  examiners  as  having  passed  such  examination  or  as  being  otherwise  qualified 
to  be  entitled  to  receive  the  same. 

2.  Every  person  securing  such  certificates  shall  register  in  the  office  of  the 
county  derk  of  the  county  in  which  he  maintains  a  place  of  business,  in  a  book 
kept  by  the  derk  for  such  purpose,  his  name,  residence,  place  and  date  of  birth 
and  post  office  address,  source,  number  and  date  of  his  certificate  of  registration 
to  practice  architecture  and  the  date  of  such  registration,  which  registration 
be  shall  be  entitled  to  make  only  upon  showing  to  the  county  clerk  his  certificate 
of  registration  and  making  an  affidavit  of  the  above  facts,  and  that  he  is  the 
identical  person  named  in  the  certificate;  that  before  receiving  the  same  he 
complied  with  all  of  the  preliminary  requirements  of  this  artide  and  the  rules 
of  the  Regents  and  the  board  of  examiners  as  to  the  terms  and  the  amount 
of  study  and  examination;   that  no  money  other  than  the  fees  prescribed  by 


*.  ,- 
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this  article  and  sudi  rules  was  paid  directly  or  indirectly  for  such  registrat  -:. 
and  that  no  fraud,  misrepresentatioo  or  mistake  in  material  resard  was  rr- 
ployed  or  occurred  in  order  that  such  certificate  should  be  made,  which  aSu-  ■- 
shail  be  preserved  in  a  bound  volume  by  the  county  clerk.  The  county  ik-c 
shall  indorse  or  stamp  on  the  back  of  the  certificate  the  date  and  his  i^-.- 
preceded  by  the  words  "registered  as  authority  to  practice  as  a  regj^ic  j 

architect,  in  the  clerk's  office  of county  ";   and  ^^_ 

issue  to  each' person  duly  registering  and  making  such  affidavit  a  cttts&c^zz 
of  registration  in  his  county  which  shall  indude  a  transcript  of  the  registrau< :. 
Such  transcript  and  the  certificate  of  registration  may  be  oCfered  as  pcc5iizr> 
tive  evidence  in  all  courts  of  the  facts  stated  therein.  The  county  der 
fee  for  taking  such  registration  and  affidavit  and  issuing  such  certificate 
be  one  dollar.  Any  person  who,  having  laiK-f uUy  registered  as  aforesaid,  si-.^ 
thereafter  change  his  name  in  any  lawful  manner,  shall  register  the  new  tos^ 
with  a  marginal  note  of  the  former  name,  and  shall  note  upon  the  msLrgis  •  i 
the  former  registration  the  fact  of  such  change  and  a  cross-reference  to  the  rttm 
registration.  A  county  clerk  who  knowingly  shall  make  or  suffer  to  be  aciif 
upon  the  book  of  registry  of  architects  kept  in  his  office  any  other  enti\'  th-i 
is  provided  for  in  this  article  shall  be  guilty  of  a  misdemeanor. 

3.  An  architect  having  duly  registered  to  practice  as  a  registered  archite.::  j 
one  county  and  rem3ving  his  practice  or  a  part  thereof  to  another  county  t 
regularly  engaging  in  practice  or  opening  an  office  in  another  county,  diaO  sir  « 
or  send,  by  registered  mail,  to  the  clerk  of  such  other  county,  his  certin-r^'e 
of  registration.  If  such  certificate  clearly  shows  that  the  ori^nal  rc^strciyr. 
was  duly  issued  under  seal  by  the  Board  of  Regents,  the  clerk  shall  thereQ.:»'i 
register  the  applicant  in  the  latter  county  on  receipt  of  a  fee  of  as  cents  ir-l 
shall  stamp  or  indorse  on  such  certificate  the  date  and  his  name,  preceded  '  • 

the  words  "Registered  also  in county,"  and  retjn 

the  certificate  to  the  applicant. 

4.  The  Board  of  Regents  may  revoke  any  certificate,  if  such  actioa  be  ream- 
mended  by  the  board  of  examiners,  after  thirty  days'  written  notice  to  tbe 
holder  thereof  and  after  a  hearing  before  the  board  of  examiners,  upon  pp*: 
that  such  certificate  has  been  obtained  by  fraud  or  misrepresentation,  or  upi'^ 
proof  that  the  holder  of  such  certificate  has  been  guilty  of  felony  in  oannccti  ~. 
with  the  practice  of  architecture. 

79b.  Violation  oi  Article.  Any  violation  of  this  article  shall  be  a  m-- 
demeanor,  punishable  for  the  first  ofifense  by  a  fine  of  not  less  than  fifty  a^J 
not  more  than  one  hundred  dollars,  and  for  a  subsequent  offense  by  a  ir: 
of  not  less  than  two  hundred  nor  more  than  five  hundred  dollar^  or  imphx  .- 
ment  for  not  more  than  one  year,  or  both. 

SYNOPSIS  OF  SUBJECTS  ON  WHICH  EXAMINATIONS  ARB  BASED  * 

The  examinations  of  applicants  for  certificates  shall  be  ba^ed  on  the  fo~ 
following  subjects  or  groups: 

a.  History  of  Architecture.  The  candidate  shall  give  evidence  in  *.hf 
examination  that  he  understands  the  essentiab  that  give  character  to  i'"' 
various  historic  styles  of  architecture  by  dear  descriptive  analyses  of  pLi'- 
construction,  general  exi»-ession  and  ornament.  Questions  will  be  atirJ 
relating  to: 

(i)  Architecture  in  various  countries. 

*  Taken  from  the  Rules  of  the  New  York  State  Board  of  Examiners  and 
of  Architects. 
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(3)  Styles  and  orders.    Sketches  and  names  of  examples. 

(3)  Sculpture  and  painting  and  color  as  applied  to  architecture. 

(4)  Furniture  and  deoMratioii. 

b.  Architectural  Composition.  The  candidate  shall  give  evidence  that 
he  understands  the  broad  principles  underlying  the  subject  of  architectural 
planning  by  the  application  of  the  same  to  specific  problems  stated  in  the 
examination.  The  sodal,  economic  and  physical  requirements  of  several 
architectural  problems  will  be  outlined  and  the  candidate  will  be  asked  to 
state  the  principal  considerations  that  would  guide  him  in  the  choice  of  an 
arrangement  of  plan  that  would  most  adequately  express  and  fulfill  the  con- 
ditions suggested.  Small  sketches  will  be  required  to  illustnite  the  application 
of  the  principles  involved.    Questions  will  refer  to: 

(i)  Principles  of  Planning:  Problems  in  planning  individual  buildings, 
groups  and  towns;  illustrations  may  be  asked  to  show  how  plans  may  be 
influenced  by  considerations,  esthetic,  structural,  and  as  to  kinds  of  materials, 
and  modifications  of  plan  due  to  considerations  of  occupancy  and  of  fire  pre- 
vention both  for  fireproof  and  non-fireproof  buildings. 

(2)  Esthetic  Design:  Original  examples  will  be  required  illustrating  prin- 
ciples involved  in  the  solution  of  practical  problems  and  the  relation  of  plan 
to  elevation. 

c.  Architectural  Engineering.  In  this  examination  the  candidate  shall 
give  evidence  that  he  has  a  thorough  understanding  of  the  appropriate  use 
of  the  various  materials  used  in  buildings.  He  will  be  required  also  to  solve 
certain  technical  problems  such  as  the  calculation  of  the  proper  economic 
dimensions  of  various  structural  members  common  to  buildings,  in  the  several 
materials  noted.  Candidates  will  not  be  required  to  make  copiplicated  calcu- 
lations, and  the  use  of  handbooks  will  be  permitted.  Questions  will  be  asked 
as  to  the  knowledge  of  these  subjects  that  an  architect  should  possess  in  order 
properly  to  advise  his  clients  and  to  design  or  to  direct  the  designing  of  suitable 
mechanical  equipment  for  buildings  of  different  classes.  Questions  will  be  asked 
relating  to: 

(i)  Structural  Design: 

Column,  girder,'  joist  and  truss  designs. 

Wind  bracing  for  buildings  of  different  classes. 

Various  types  of  foundations  and  conditions  under  which  their  use  is  advisable. 

Various  kinds  of  bottom  met  with  in  ordinary  practice  and  unit  loads  allowable 
under  foundations  in  each  case. 

Different  types  of  concrete  floor  slab  construction  in  common  use. 

Structural  design  as  affected  by  fire  and  resistive  qualities  of  different  build- 
ing materials. 

(2)  Use  of  Materials: 

Strength  of  materials,  durability  and  consderations  of  wear  and  repair. 
Esthetic  reasons  for  use  of  different  materials. 

(3)  Heating  and  Ventilating: 

Various  systems  and  reasons  for  and  against  use  under  specific  conditions. 
Important  features  of  design  that  should  be  specified. 

(4)  Electric  Equipment:   General  questions  rather  than  technical. 
Various  kinds  of  current  and  considerations  involved. 

Kinds  of  wiring  and  insulation;  methods  and  materials. 
Light  distribution. 

Lighting  fixtures;  esthetic  and  practical  design;  important  mechanical 
details. 
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Generators,  motors,  stora^  batteries»  and  advice  to  dieilts  rei^Rfing  tix 

same. 
Independent  power  plant  considerations. 

(5)  Plumbing  and  Fire  Protection  Equipment: 
Supply  and  waste  systems. 

Kinds  of  material  for  piping  and  reasons  for  use. 

Kinds  of  materials  for  fixtures. 

Sewage  disposal  plants  and  considerations  involved. 

Water  supply,  different  systems  and  considerations  of  sup|^  axul  filtratioiL 

Sprinklers  and  other  fire  protection  equipment. 

(6)  Elevators: 
Types  of  elevators. 

Arrangement  and  location  of  elevators. 

d.  ArchitecttirAl  Practice.  In  this  examination  the  candidate  shall  giiT 
evidence  that  he  understands  the  moral  and  the  legal  responsibilities  of  the 
architect  in  the  proper  performance  of  his  duties  as  such.  He  wiH  be  requimi 
to  outline  or  draft  daxises  of  contracts  between  owner  and  architect  and  to 
state  specifically  the  content  of  the  clauses  included  in  the  contract  between 
owner  and  contractor  which  are  incorporated  for  the  purpose  of  defining  the 
architect's  authority  and  responsibility  to  both  parties  of  the  contract.  Each 
candidate  will  be  required  to  show  that  he  understands  the  major  provi5ior<> 
of  state,  county  and  municipal  building  laws  and  ordinances  and  how  the  sarne 
affect  the  different  classes  of  buildings.  He  shall  be  able  also  to  cite  the  com- 
petent  authority  under  whose  jurisdiction  permits  for  the  erection  and  occupancy 
of  various  types  of  buildings  must  be  obtained.  Questions  will  be  asked  relat- 
ing to: 

(1)  Business  and  Professional  Functions  of  Architects: 
Professional  relation  of  clients  and  contractors. 

Essential  provisions  in  contract  between  architect  and  his  dient. 

When  the  architect  is  disinterested  arbitrator,  and  when  he  properly  may  act 
as  an  agent. 

Relation  of  architects  to  each  other  in  ordinary  practice,  in  association,  and 
in  consultation,  and  when  one  architect  displaces  another  on  a  given  piece  t^' 
work. 

Soiu-ces  and  kinds  of  compensation  for  architect's  aeivioes. 

Responsibilxties  of  architects  and  methods  of  conducting  their  business. 

Scope  of  architect's  work,  esthetic  and  stnictuzai. 

When  expert's  services  should  be  advised. 

Scope  of  architect's  woric,  administrative  business,  and  legal  contracts, 
arbitrations,  court  evidence,  oontractors  in  default,  when  counsel  of  client's 
lawyer  should  be  advised. 

(2)  Building  Laws: 

State,  county  and  municipal  laws,  ordinances  and  regulations,  and  bow 
they  affect  different  classes  of  buildings. 
Filing  drawings  and  specifications  and  obtaining  permits. 

(3)  Coi^racts: 

Drawings,  specifications  and  agreement  as  esKntial  parts  d  the  customary 
contract  between  owner  and  builder. 

Variations  in  kinds  and  forms  of  agreements  and  contracts. 

Definition  of  architect's  authority. 

Provisions  as  to  bids,  letting  contracts,  unit  prices,  requisitions,  certificates 
and  payriKnts. 

Insurance:  fire,  liability,  compensation. 
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Bonding  contractors. 

(4)  Specifications: 

General  conditions,  purposes  and  scope. 
Scope  and  purposes  and  Umitations  of  general  clauses. 
Principle  which  should  be  observed  in  writing  specifications. 
Right  and  wrong  methods  of  specifjring  qualities  of  materials  and  workman- 
ship. 

(5)  Drawings: 

Purposes,  use  and  limitations  of  preliminary  drawings. 
Essentials  which  should  be  embodied  in  contract  drawings. 
Purposes  and  limitations  of  detail  and  other  working  drawings  which  are 
not  contract  drawings. 


itSOISTKATION  OF  SCHOOLS  OF  AUCHITBCTURB  * 

A  school  of  architecture  may  he  registered  as  maintaining  a  satisfactory 
Standard  and  may  be  legally  incorporated.  Incorporation  by  the  Regents  will 
be  made  on  formal  application  and  inspection  by  the  Department  which  show 
that  the  school  possesses  the  minimum  requirements. 

Application.  An  educational  institution  desiring  admlsnan  to  or  incor* 
poration  or  registration  by  the  University  must  file  a  written  application  giving 
the  information  requested  in  the  form  prescribed  by  th«  Commissioner  of 
Education.  A  form  will  be  mailed  on  applic&lion  to  the  Assistant  Commissioner 
for  Higher  Education.  Such  application  must  be  on  file  in  the  Education 
Department  at  least  10  days  before  the  meeting  of  the  Regents  at  which  action 
thereon  is  to  be  taken. 

Accrediting.  Institutions  unable  to  meet  the  standards  required  by  the 
Regents  for  registration  in  full  shall  be  accredited  by  the  Department  for  one 
or  more  years  of  professional  training  as  they  meet  the  requirements  for  admission 
and  for  professional  training  set  by  the  Regents  standards. 

Recognition  Accorded  Accredited  Professional  Schools.  Professional 
schoob  r^stercd  by  the  Regents  shall  give  the  work  of  accredited  institutions 
no  higher  recognition  than  that  accorded  such  institutions  in  the  Department's 
accredited  list,  viz.:  (i)  The  successful  completion  of  a  four-year  course  in  a 
professional  school  accredited  by  the  Department  for  three  years  shaU  be 
accorded  three  years'  recognition  only;  (2)  the  successful  completion  of  a 
three- year  course  in  a  professional  school  accredited  by  the  Department  for 
two  years  shaU  be  accorded  two  years'  recognition  only;  (3)  the  successful 
completion  of  a  two-year  course  in  a  professional  school  accredited  by  the 
Department  for  one  year  shall  be  accorded  one  year's  recognition  only.  A 
registered  school  may  refuse  to  accord  an  accredited  institution  the  recognition 
given  it  by  the  Department  but  it  may  not  give  it  any  higher  recognition. 

Comity  of  Action  in  the  Transfer  of  Students  from  One  Profesatonal 
8cho<rf  to  Another.  The  Department  does  not  consider  a  course  in  a  school 
of  architecture  satisfactory  if  more  than  two  conditions,  one  major  of  xoo  hours 
and  one  minor  of  50  hours,  are  allowed  students  for  promotion  from  one  year's 
class  to  the  ne^t. 

*  Taken  from  the  Rules  of  the  New  York  State  Board  of  Examiners  and  Registration 
of  AcchttectA.  As  schoob  may  be  added  to  the  accredited  lists,  these  lists  must  be. 
revised  from  time  to  time. 
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REGENTS'  RULES 
Schools  of  Architecture  * 

440.  Definitions.  School  of  Akchitectuke  means  any  college  or  sc'-i  ! 
of  architecture,  or  school,  department  or  coiirse  of  architecture  in  a  <xZ&:l\ 
or  university,  whatever  the  corporate  title. 

441.  Requirements.    A  School  of  AncHiTEC-ruHZ,  legally  incxxporau 

may  be  registered  as  maintaining  proper  standards.     It  must   afiord  sa:!.- 
factory  instruction  in  such  technical  and  professional  courses  as  are  eslabE5k' 
by  the  board  of  examiners,  for  admission  to  the  examinations  in  the  his:  ■- 
of  architecture,  architectural  composition,  architectural  engineering  and  ^r:~ 
tectural  practice. 

442.  General  Education.  A.  PsELnoNASY.  For  admisson  to  a  sch^ 
of  architecture,  evidence  shall  be  required  showing  the  satisfactory  oompirt,.  - 
of  a  four-year  course  in  a  secondary  school  approved  by  the  Board  of  Regcr:* 
or  the  equivalent,  73  counts  in  the  academic  examinations.  B.  High:  • 
For  admission  to  the  examinations  for  the  certificate  of  R.  A.  evidence  si^. 
be  required  of  such  courses  in  mathematics,  history  and  modem  languages  ^ 
are  included  in  the  first  two  years  of  the  curriculum  leading  to  the  degree  : 
bachelor  in  arts,  or  the  equivalent,  graduation  from  a  junior  college  approve 
by  the  Board  of  Regents. 

SCHOOLS  OF  THE  UNITED  STATES  AlfD  CANADA  aBOJSTSSSD 

OR  ACCREDITED.!    JUNE,  (19x8) 

Alphabetically  Arranged  by  States 

United  SUtes 

California.  Registered:  School  of  Architecture,  University  ol  CaEfana. 
Berkeley.     (Graduate  course,  one  or  two  years.) 

District  of  Columbia.  Registered:  Department  of  Architecture,  Geot^ 
Washington  University,  Washington.     (Course,  four  years.) 

Georgia.  Registered:  Department  of  Architecture,  Georgia  School  d 
Technology,  Atlanta.     (Course,  four  years.) 

Illinois.  Registered:  Chicago  School  of  Architectuze,  Armour  InsCitme  d 
Technology,  Chicago.    (Course,  four  years.) 

Department  of  Architecture,  University  of  lUionis,  Urbana.  (Course,  it^ 
years.) 

Indiana.  Registered:  College  of  Architectxire,  University  of  Notre  Dane. 
Notre  Dame.     (Course,  four  years.) 

Department  of  Architectural  Engineering,  Rose  Polytechnic  Institute,  Tcrre 
Haute.     (Course,  four  years.) 

Kansas.  Department  of  Architecture,  Kansas  State  Agricultural  CoQe^e, 
Manhattan.     (Course,  four  years.) 

Department  of  Architectural  Engineering,  University  of  Kansas,  Lawreooe. 
(Course,  four  years.) 

*  Taken  from  the  Rules  of  the  New  York  State  Board  of  Examiners  and  Rcinstntw 
of  Architects.  As  schools  may  be  added  to  the  accredited  lists,  these  lists  most  be 
revised  from  time  to  time. 

t  This  is  the  list  of  Schools  or  Departments  of  Architecture  in  the  United  States  mad 
Canada,  rei^istered  or  accredited  by  the  New  York  State  Board  of  Examioers  and  Rees- 
tration  of  Architects,  and  must  be  added  to  from  time  to  time. 
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Lottiaiaiia.  Rrgistered:  School  of  Architecture  and  Architectural  Engi- 
neering, Tulane  University,  New  Orleans.    (Courses,  four  years.) 

Massachusetts.  Registered:  Departments  of  Architecture  and  Archi- 
tectural Engineering,  Massachusetts  Institute  of  Technology,  Cambridge. 
(Courses,  four  years.) 

School  of  Architecture,  Harvard  University,  Cambridge.  (Graduate  Course, 
three  years.) 

Michigan.  Registered:  College  of  Architecture,  University  of  Michigan, 
Ann  Arbor.     (Course,  four  years.) 

Minnesota.  Registered:  Department  of  Architecture,  University  of 
Minnesota,  Minneapolis.     (Course,  four  years.) 

Missouri.  Registered:  School  of  Architectuxe,  Washington  University, 
St.  Louis.     (Course,  four  years.) 

Nebraska.  Registered:  Department  of  Architectural  Engineering,  Uni- 
versity of  Nebraska,  Lincoln.    (Course,  four  years.) 

New  York.  Registered:  College  of  Architecture,  dlomell  University, 
Ithaca.     (Course,  four  or  five  years.) 

Department  of  Architecture,  Syracuse  University,  Syracuse.  (Course,  four 
years.) 

School  of  Architecture,  Columbia  University,  New  York.  (Course,  four 
years.) 

Ohio.  Registered:  Department  of  Architecture,  Ohio  State  University, 
Columbus.     (Course,  four  years.) 

OkUhoma.  Registered:  Department  of  Architecture,  Oklahoma  Agri- 
cultural and  Mechanical  College,  Stillwater.    (Courses,  four  years.) 

PmsBylvanla.  Registered:  Department  of  Architectural  Engineering, 
Pennsylvania  State  College,  State  College.     (Course,  four  years.) 

Department  of  Architecture,  University  of  Pennsylvania,  Philadelphia. 
(Courses,  four  years.) 

Department  of  Architecture,  Carnegie  Institute  of  Technology,  Pittsburgh. 
(Course,  four  years.) 

Texas.  Registered:  Departments  of  Architecture  and  Architectural 
Engineering,  .Agricultural  and  Mechanical  College  of  Texas,  College  Station. 
(Courses,  four  years.) 

School  of  Architecture,  University  of  Texas,  Austin.    (Course,  four  years.) 

Canada 

Ontario.  Registered:  Department  of  Architecture,  University  of  Toronto, 
Toronto.     (Course,  four  years.) 

Quebec.  Department  of  Architecture,  McGill  University,  Montreal. 
(Course,  five  years.) 

SYNOPSIS  OF  REGISTRATION  LAWS* 

This  study  f  is  made  for  those  who  would  see  at  a  glance  the  statutory 
requirements  for  the  practice  of  architecture  throughout  the  United  States. 

*  As  States  are  added  to  the  list  of  those  which  have  laws  for  the  Registration  of 
Architects,  these  lists  must  be  revised  from  time  to  time.  Georgia,  Michigan,  Penn- 
sylvania, Virginia,  and  Washington  have  been  added  to  the  list,  up  to  January.  19a i. 

t  Taken  from  Handbook  No.  35,  published  annually  by  The  University  of  the  State 
of  New  York,  and  containing  information  relating  to  the  Registration  of  Architects. 
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There  are  four  distiaot  Hnca  oC  tUXutury  requinmentt:  c  (i>  PreEbniBuy  cdu:> 
tion;  (a)  profeasioiial  training;  (3)  Ucenang  test;  (4)  registry.  These  kc 
items  with  (s)  the  title  of  the  executive  officer  and  the  adauxiifltrmtive  bMr. 
are  given  uniformly  in  this  ^nopais.*  If  there  are  no  statutory  reqjuireiaea 
the  word  "none"  covers  the  item. 

CaUfomift.  (i)  None;  (2)  none;  (3)  examination;  (4)  with  the  mxroe 
of  the  county  of  residence  annually;  (5)  secretary,  State  Board  Arcbatccv^zt, 
San  Frandsco. 

Colorado,  (i)  None;  (2)  none;  (3)  examination  or  certificate  froic  1 
similarly  constituted  board  of  another  state;  (4)  with  the  secretary  of  state  a:  i 
annually  with  the  board;  (5)  Secretary,  State  Board  of  Examiners  of  \':i  ■ 
tects,  Denver. 

Idaho,  (i)  Approved  high  school  course  or  its  equivalent  and  in  additic*-  x 
two-year  course  in  English  and  mathematics  such  as  is  required  in  an  apfx-n . . : 
B.  A.  course;  (2)  three  jrears*  practical  experience  in  the  oflioe  of  a  repotj  «• 
architect;  (3)  examination  or  in  heu  of  all  examinations^  graduation  from  .:: 
approved  architectural  school  or  registartion  as  an  architect  in  another  sur 
whose  standard  equals  that  of  this  board;  (4)  with  the  secretary  of  state;  i 
Secretary,  State  Board  of  Examiners  of  Architects. 

Illinois,  (i)  None;  (2)  none;  (3)  examination;  (4)  with  the  cJeric  of  tbe 
county  of  practice,  annually;  (5)  Secretary,  Department  of  Registratioa  azi 
Examination,  Springfield. 

Louisiana,  (i)  Good  primary  education;  (2)  none;  (3)  examinataoo  a 
diploma  from  an  approved  school  of  architecture;  (4)  with  the  district  cc^rt 
derk  of  the  parish  of  residence  and  annually  with  the  board;  (5)  Secrtt^f 
Board  of  Architectural  Examiners,  New  Orleans. 

Montana,  (i)  None;  (2)  none;  (3)  examination  or  a  license  from  another 
state  board;  (4)  with  the  clerk  and  recorder  of  the  county  of  residence  xM 
annually  with  the  state  treasurer;  (5)  Secretary,  Board  of  Architectural  Exixci- 
ners. 

New  Jersey,  (i)  None;  (2)  none;  (3)  examination  or  a  license  frvMn  a 
^milarly  constituted  board  of  another  state  or  membership  in  the  Amerkaa 
Institute  of  Architects;  (4)  with  the  board,  annually  and  with  the  secrttarj 
of  state;  (5)  Secretary,  State  Board  of  Architects,  Trenton. 

New  Tork.  (i)  Approved  high  school  course  or  the  equivalent  and  ia 
addition  such  course  in  mathematics,  history  and  CMie  modem  language  as  air 
induded  in  an  approved  two-year  B.  A.  course;  (2)  at  least  five  years*  practicJ 
experience  in  the  office  of  a  reputable  architect;  (3)  examination  or  graduaticn 
from  an  approved  architectural  school  with  three  years'  expedence  or  rqp^ 
tration  in  another  state  or  country  ha\ing  standards  equal  to  tiiat  of  this  boan): 
(4)  with  the  Board  of  Regents;  (5)  Secretary,  State  Board  of  Examioen  and 
Registration  of  Architects,  New  York. 

North  Carolina,  (i)  Prescribed  by  the  board;  (2)  prescribed  by  the 
board;  (3)  examination  or  a  certificate  from  a  similarly  constituted  board  in 
another  state  or  membership  in  the  American  Institute  of  Architects:  '4) 
with  the  derk  of  the  superior  court  of  the  county  of  residence;  (5)  Searetaiy  U 
the  Board  of  Architectural  Examination  and  Registration. 

North  Dakota,  (i)  Approved  high  school  course  or  its  eqmvaleBt;  (:) 
three  years'  practical  experience  in  the  office  of  a  repntahle  acchilect;   ($) 

*The  names  of  the  executive  ofl5cexs,  Secretaries  of  the  Boards,  etc,  arc  omted 
here,  as  the  pers<Huiel  is  constantly  cbaogiog. 
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mnation  or  a  ficenae  from  another  state  board  whose  standard  equals  that 
has  board  or  membership  in  the  American  Institute  of  Architects;  (4)  with 
secretary  of  state  and  annually  with  the  board;  Secretary,  State  Board  of 
liitecturep  Bismarck.. 

k>tith  Carolina,  (i)  None;  (a)  at  least  two  years'  experience  in  archi- 
rural  work;  (3)  examination  or  graduation  from  an  approved  school  of 
hitecture;  (4)  with  the  board,  annually;  (5)  Secretary,  State  Board  of 
:hitectural  Examiners,  Columbia. 

Ttah.     (t)  None;  (2)  none;  (3)  examination;  (4)  with  the  board,  annually; 
Secretary,  State  Board  of  Architecture. 

OtTisconsin.  (i)  None;  (2)  at  least  five  years'  practical  experience  in  the 
ICC  of  a  reputable  architect;  (3)  examination  or  a  satisfactory  certificate 
m  a  recognized  architectural  school  with  three  years'  experience  or  registra- 
n  with  the  board  of  another  state  or  country  whose  standards  are  not  lowct 
an  those  of  this  board;  (4)  with  the  Industrial  Commission;  (5)  Secretary 
the  Board  of  Examiners  of  Architects,  Madison. 


ODUCATIONAL    INSTITDTIONS     IN     THE    UNITED 
STATES  AND  CANADA  OFFERING  COURSES  IN 
ARCHITECTURE.    TRAVELLING  FELLOW- 
SHIPS AND  SCHOLARSHIPS 

1.  Association  of  CoDeKiAte  ScIhmIs  of  ArcUtseture 

Association  of  Collegiate  Schools  of  Architecture.  Organized  in  1912 
o  advance  the  standards  of  architectural  education  in  the  United  States, 
ilembership  (1921)  represents  fifteen  architectural  schools  in  Columbia, 
.'ornell,  Harvard,  Syracuse,  Yale,  and  Washington  Universities;  the  Universities 
>f  California,  Illinois,  Kansas,  Michigan,  Minnesota,  Oregon  and  Pennsylvania, 
ind  the  Carnegie  and  Massachusetts  Institutes  of  Technology.  (Officers  1921: 
President  Emil  I^rch;  Vice-President,  William  Emerson;  Secretary-Treasurer, 
Clarence  A.  Martin,  Cornell  University,  Ithaca,  N.  Y.  The  Association 
requires  for  the  admission  of  an  institution  to  membership  the  attainment  of 
certain  ifrnnfmi  coNDrnoNs  in  its  course  in  architecture,  a  detailed  list  of 
cirhich  will  be  furnished  upon  application  to  the  secretary.  They  are  here 
broadly  summarized  as  follows:  (i)  Collegiate  rating  under  the  Carnegie 
Foundation;  (2)  A  course  of  at  least  120  credit-houks  of  both  general  and 
professional  studies  of  certain  minimum  range  and  approved  method  of  presen- 
tation, leading  to  a  degree  not  less  than  baocalauheate;  (3)  Such  character 
of  staff  and  administration,  standing  of  course  and  adequacy  of  equipment 
&*>  will  reasonably  assure  quality  of  performance;  (4)  A  demonstration  of  suc- 
cess in  operation  through  a  period  of  at  least  four  years.  The  Association 
holds  an  annual  conference  on  architectural  education  to  which  representatives 
of  all  American  schools  are  welcomed. 

%,  Educational  Institutions,  Fellowships,  and  Scholarships 

Aeadamy  el  Architecture  and  IndusMal  Science,  St.  Louta,  Mo.  This 
is  a  private  school  founded  by  Mr.  Maack  in  1885,  and  designed  more  par- 
ticularly to  meet  the  wants  of  building  tradesmen,  offering  them  such  instruction 
as  is  necessary  to  attain  the  highest  proficiency  in'their  trade  and  a  thorough 
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understanding  of  the  plans  and  details  of  complicated  buildings.  There  b 
also  a  spedal  course  for  those  desiring  to  fit  themselves  for  positions  as  draugh!> 
men  in  architects'  offices.  Tuition  for  the  regular  course  is  $50  for  a  thm- 
months'  term,  or  $300  for  the  full  course  of  eight  terms,  or  $100  for  the  5-str 
Several  special  courses  with  varying  tuition. 

Alabama    Polytechnic    Inatitttte,    Auburn,    Ala.      Departvekt  of 

Architecture,     (i)  Full  four-year  course  hading  to  the  dei^rce  of  Bacbekc 
of  Sdencein  Architecture.      (2)  Full  four-year  course  leading  to  the  degree 
of  Bachelor  of  Science  in  Architectural  Engineering.     (3)  Two-year  specu 
course  for  draftsmen  and  college  graduates.    Tuition  free   to    residents  ^ 
Alabama;   $20  per  year  for  others.    About  two  dozen  loan-scholakszups  c 
$100  or  more  per  annum.    Limited  number  of  fellowships  of  $250  for  post- 
graduates.   Illustrated  Announcement  giving  details,  sent  on  request. 

American  Academy  in  Rome,  Fellowship  in  Architectnra.  RoiMS 
Prize.  The  fellowship  is  awarded  annually  and  is  of  the  value  of  $1  000  a  year 
for  three  years.  The  award  is  made  on  competitions  which  are  open  only  U 
unmarried  male  citizens  of  the  United  States,  who  comply  with  the  regulat2i^n> 
of  the  Academy.  Candidates  are  required  to  be  (i)  graduates  of  one  of  the 
architectural  sehoob<incIuded  in  the  acoepted  list  of  the  Academy;  or  {2)  gnd 
uates  of  a  college  or  university  of  high  standing  who  hold  certificates  of  at  l<*a<t 
two  years*  study  in  one  of  such  architectural  schools;  or  (3)  Americans  who 
are  pupils  of  the  first  class  of  the  School  of  Fine  Arts  at  Paris»  and  who  have 
obtained  at  least  tliree  values  in  that  class.  There  is  no  age-limit.  Informatioa 
as  to  the  terms  and  conditions  of  the  competitions  may  be  obtained  from  tbe 
Secretary  of  the  Academy,  xoi  Park  Avenue,  New  York  City. 

American   School   of   Correspondence,  Chicago,  HI.    Correspomkrxx- 

courses  in  Architecture,  Architectural  Engineering,  Contracting  and  Building. 
Reinforced  Concrete,  Architectural  Design,  and  Structural  Draughting.  Bulle- 
tin sent  on  application. 

Armour  Institute  of  Technalogy,  Chicago,  HI.  Full  four-year  course 
le:\ding  to  the  degree  of  Bachelor  of  Science  in  Architecture.  Applicants  to'' 
admission  must  have  completed  the  regular  four-year  high-school  course. 
A  Home  Traveling-Scholarship,  four  prizes,  and  a  medal  are  aw^arded  annu- 
ally.   Tuition,  |i8o  per  year. 

Beaux  Arts  Instifute  of  Design,  ISS  East  TCth  Street,  New  York,  If.  T. 

Department  of  AncHnzcTUHR.  (Address  all  conununic^ions  to  this  depart 
ment.)  The  course,  established  in  1893,  consists  (1920)  of  a  series  of  thirty-fi>r 
competitions,  issued  annually,  for  the  study  of  architectural  desij^n  and  the  styles 
of  architecture,  epen  to  the  draughtsmen  and  students  in  architectural  sduiot^ 
in  the  United  Slates  and  Canada,  and  modeled  on  the  system  of  xiistruclk>£i 
adopted  by  the  Ecole  des  Beaux  Arts  in  Paris.  The  course  is  free,  except  ior 
th2  annual  fee  of  $i  for  registration  of  each  student.  There  are  no  restrictions 
as  to  the  age,  nationality,  or  sex  of  tlie  students.  No  preliminary  examination- 
are  given,  but  new  students  are  expected  to  have  a  knowledge  of  the  five  orders 
of  architecture.  Bronze  and  silvt.r  medals  are  awarded  for  excellence  in 
design  and  money-prizes  are  offered  in  special  prizes  for  decoration,  group- 
planning  of  buildings,  etc.  Certificates  are  presented  to  all  students  of 
Class  A  completing  the  course  as  defined  in  the  circular  of  information,  which 
is  furnished  on  request.  During  the  season  I9i7-'r9t8  the  work  ms  earned 
on  by  one  hundred  and  eleven  correspondents  of  the  Institute  in  ei^ty-eight 
different  cities,  with  a  total  of  seven  hundred  and  seventy-four  students^ 

Department  of  Inhiriok  DecokatiOK  (Address  all  communications  to  this 
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•axlix&ent).  The  course  consists  of  programmes  for  competitions  issued 
cy  six  weeks  to  those  who  apply  for  them.  These  may  be  executed  by 
dents  situated  in  any  locality  and  sent  in  to  the  Institute  where  they  will 
criticized  and  judged  on  fixed  dates  by  a  jury  of  experts.  Bronze  and 
VER.  MEDALS  are  awarded  for  excellence.  An  atelier  for  male  students  under 
:  instruction  of  several  decorators  exists  in  the  building  of  the  Institute. 
ere  are  no  fees  of  any  kind.    No  formalities  or  examinations  are  necessary 

a.<iixiiasion  to  the  atelier.  A  circular  is  furnished  on  request. 
Department  ot  Sculpture.  (Address  all  communications  to  this  depart- 
;nt.)  Ateliers  for  male  students  for  each  one  of  the  three  courses  (Archi> 
il\iral  Ornament,  Life  Drawing,  and  Modeling  and  Composition)  exist  in 
e  building  of  the  Institute.  No  examinations,  formalities,  or  fees  of  any 
nil.  Open  all  day  all  the  year  round.  Instructors  visit  their  classes  twice 
v^eek.  Judgments  by  expert  juries  every  four  weeks  on  work  of  preceding 
onth.  Bronze  and  silver  medals  awarded.  Circular  furnished. 
Department  of  Mural  Paintinc.  (Address  all  communications  to  this 
spartment.)  The  course  consists  of  problems,  programmes  of  which  are 
sued  every  month  to  those  who  apply  for  them.  Judgments  by  a  jury  of 
rtists  every  month  on  the  designs  handed  in.  Bronze  and  silver  medals 
warded.  No  examinations,  formalities,  or  fees  of  any  kind.  No  atelier 
3r  this  department  at  the  Institute.  Students  work  up  their  problems  under 
heir  own  instructors  wherever  they  may  be  situated.    Circular  furnished. 

Beaux  Arts  Architects,  Society  of.  126  East  75TH  Street,  New 
iToRic,  N.  Y.  The  course  in  Architectural  Design  established  in  1893  and 
onmerly  conducted  by  the  Committee  on  Education  of  this  Society,  is  now 
rarried  on  by  the  Beaux  Arts  Institute  of  Design.  (See  Beaux  Arts  Institute 
Df   Design.) 

Paris  Prize.  Tms  scholarship-prize  is  usually  conducted  annually  by 
the  Society  of  Beaux  Arts  Architects.  Under  its  conditions  the  winner  re- 
ceives $1  200^  per  annum  for  two  years  and  a  half,  to  study  architecture  in 
Paris  at  the  Ecole  des  Beaux  Arts,  into  the  upper  class  of  which  he  is  received 
without  further  examinations.  The  competition  beginning  January  loth, 
1920,  for  this  scholarship  consisted  of  two  preliminaries  and  one  final  oom< 
petition  and  was  open  to  all  male  citizens  of  the  United  States  under  thirty-two 
years  of  age  on  July  ist,  1920.    A  circular  is  furnished  on  request. 

Camegie  Institute  of  Technolocy,  Httsbmrgb,  Pft.    Division  of  tBs 
Arts;  Scbool  of  Architecture,    (i)  A  complete  course  in  architecture  for  day- 
students  for  which  the  degree  of  Badidor  of  Architecture  in  Design  is  awarded 
to  those  spedaiizing  in  design  and  allied  subjects  (Option  i),  and  the  degree  of 
Bachelor  of  Architecture  in  Construction  to  those  in  con.struction  and  allied 
subjects  (Option  2).    From  four  to  five  years  are  required  for  the  completion  of 
prescribed  work.     (2)  For  graduate  day-students  a  course  of  advanced  studies 
in  design  and  allied  subjects,  scheduled  to  cover  one  year,  and  leading  to  the 
degree  of  Master  of  Arts.     (3)  A  partial  day-oourse,  scheduled  to  cover  two 
years,  for  experienced  draughtsmen  and  designers,  for  which  a  certificate  of 
proficiency  is  awarded.    (4)  A  course  for  night-students  for  which  »  Certificate 
of  Proficiency  is  awarded.    This  course  includes  the  same  work  as  is  required 
of  day-students  in  design,  freehand  drawing  and  modeling.    Tuition:  For  day- 
school,  $75 ;  for  night-school,  $20  per  year. 

Catholic  Univenity  of  America,  WtBhington,  D.  C. 

Clefflf  on  Agricultural  College  of  South  Carolina,  Clemson  College,  S.  C. 

Columbia  Univf^rsity,    New  York,  N.  Y.     School  op  Architecture. 
(i)  Full  four-year  course  leading  to  the  degree  of  Bachelor  of  Architecture. 
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Baoetrea  only  students  with  at  least  two  years  of  ooHege  training.  In 
nection  with  Columbia  CoU^e,  there  is  a  aiz-year  course  givins  the  degree 
of  A.B.,  at  the  end  of  four  years  and  B.Arch.  at  the  end  of  six  years.  {:> 
Advanced  courses  leading  to  the  degree  of  Master  of  Sdence  in  AarMtJCtivK. 
Tuition  $6  per  'Huition-point/'  totaling  about  $350  per  year.  Thcce  are  three 
TsAVELiNo-F^LLOWsmps,  awarded  as  follows:  One  is  available  each  ^'ear. 
with  a  stipend  of  about  $z  500;  the  McKm  Fellowship  every  third  year, 
beginning  1916-17;  the  Scheruerhokn  Fellowship,  every  third  year,  begin- 
ning 19x8-19;  and  the  Percims  Fellowship,  every  third  year,  beglazur^ 
1920-21.  Each  of  these  requires  the  winner  to  devote  one  year  to  fonsfst 
travel  and  study. 

Extension-Tbachtno,  evening  and  afternoon  courses.  A  course  leadirj; 
to  a  Certificate  of  Proficiency  in  Architecture  b  offered.  This  covers  rouelil/ 
six  years,  depending  on  how  much  is  taken  each  year.  Equivalcsit  of  day-coto^v 
in  instruction.  Tuition,  $6  per  "tuition-point,"  each  course  haviiog  a  slated 
point-value.  Graduation  accepted  in  lieu  of  examinations  for  state  license. 
There  are  Special  Students,  also,  under  Extension-Teaching  who  sehsct  tfaesr 
own  course  of  study  in  subjects  for  which  they  are  quafified.  All  informattos 
may  be  obtained  from  the  Ciuator. 

Cornell  University,  Ithaca,  If.  Y.,  College  of  ARCHiTECTns£.  (x)  A 
four-year  general  course  in  architectiue,  leading  to  the  {degree  of  Bacbekr 
of  Architecture,  and  a  similar  course  with  engineering  dectives,  V^ing  to  tl^ 
degree  of  Bachelor  of  Sdence  in  Architecture.  (2)  Five-year  couxses  in  aida- 
tecture,  the  same  as  the  above,  but  with  additional  work  in  the  arts  axui  kv>""^ 
leading  to  the  same  degrees.  (3)  Six-year  courses  in  arts  and  sri^-nrt^  and 
architecture,  or  in  engineering  and  architecture,  leading  to  the  degrees  ol  A.B. 
and  B.Arch.,  or  C.E.  and  B.S.Arch.  (4)  A  two-year  special  course  in  archi- 
tecture, leading  to  a  certificate.  (5)  Graduate  courses  in  architectucCf  leadiot 
to  the  degree  of  Master  of  Architecture.    Tuition,  $aoo  a  year. 

Geofse   Waahxiigtoii   Uaivecsity,   Waahiagtui,   D.  C    Dbimstibst 

OP  Arts  amd  Sciences.  Course  in  Architecture.  Fow-year  oourae  in  archi- 
tecture, leading  to  the  degrte  of  Bachelor  of  Science  in  Ardiitecture.  Courses  ot 
instructioli  open  to  qualified  special  students,  without  reference  to  any  degree. 
Full  tuition  $i8o;  part-time  students  pay  16  for  each  aemester-liour  credit 

Georgia  School  of  Technology,  Atltttta,  Qtu  Depaszhbht  op  Aaxsi 
TECTURE.  (x)  Full  four-year  course  leading  to  the  decree  of  Bachekr  of 
Scieooe  in  Archttect\ue.  (2)  Two-year  special  course  leading  to  a  certificateof 
profidescy.  Tuition,  $25  per  year  for  residents  of  Georgia;  $100  for  non- 
residents. The  Georgia  Chapter  of  the  American  Institute  of  Architects  has 
provided  a  loan-fund  in  this  department  for  one  or  two  students  needing 
assistance. 

Harvard    University,   Vaeulty   of  Architecture,   Cambridge,    Mass. 

School  op  ARcnrrEcrcRF..  Professional  training  in  architecture,  (x)  Oprt 
to  graduates  of  colleges,  scientific  schools  and  professional  schooU  of  good  stand- 
ing, leading  to  the  degree  of  Master  in  Architecture,  or  Master  in  Arthitcctare 
in  Architectural  Engineering.  Length  of  period  of  study  for  men  with  no 
profesmonal  preparation,  commonly  three  years,  depending  on  ability  and  pre- 
vious training.  (3)  Open  to  competent  special  students,  who  must  be  orer 
twenty-one  years  of  age,  and  must  have  had  at  least  three  jrears  of  ofic^ 
experience;  admitted  to  special  course  leading  to  certificate.  Tuition  $3oo 
per  year. 

Howard  University,  Washington,  D.  C. 
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ScBooL  OP  LAKDSCAPe-ARCECiTECrURE.  (i )  Professional  training  in  landscape- 
architecture,  open  to  graduates  of  colleges  and  technical  schools  of  good  standing, 
leading  to  the  degree  of  Master  in  Landscape-Architecture.  (2)  Special 
students  admitted  to  courses  for  which  their  training  fits  them.    Tuition,  $200. 

Two  Tkaveling-Fellowshipb,  the  JnuA  Amory  Appleton  and  the  Robin- 
son, are  offered  for  competition  in  alternate  years,  each  having  an  annual 
value  of  $1 100,  tenable  for  two  years,  for  travel  and  study  in  Europe  under 
the  direction  of  the  School  of  Architecture.  The  Cha&ixs  Euot  Fellow- 
ship IN  Landscape-Architecture  (stipend  $1  zoo)  is  offered  for  travel  and 
study  in  landscape-architecture,  under  the  direction  of  the  School  of  Landscape- 
Architecture.  These  fellowships  are  open  for  competition  to  graduates  in 
architecture  and  in  landscape-architecture,  respectively. 

RESroENT  SCHQLAKSHIPS.     TwO  AtTSTIN  SCHOLARSHIPS  IN  ArCHIIECTDBE  and 

one  in  Landscape-Architectitre,  annual  value.  $350.  The  Cvmmings 
Scholarship  in  Landscape- ARCHirECTURE,  annual  value,  $3  50.  One  Eveleih 
Scholarship  in  Architecture,  annual  value,  $250.  Three  Scholarships 
FOR  Special  Students  in  Architecture,  open  to  competition  to  properly 
qualified  draughtsmen,  annual  value,  $200.  Six  UravERStrv  Scholarsbips  open 
to  regular  students  in  Architecture  or  Landscape-Architecture.  annual  value, 
S200.  Other  scholarships  available  to  candidates  of  special  daims  as  to  resi- 
dence, college,  or  descent. 

IntematioxuU  Correspondenca  Schools,  Scnuiton,  Pa.  A  corporatioa 
formed  to  furnish  instruction  by  correspondence  and  to  hold  examinations  to 
establish  profidency.  The  architectural  course  is  designed  particularly  to  meet 
the  wants  of  those  already  engaged  in  the  building  trades  or  drafting>room. 
It  indudes  sixty-one  subjects  covering  the  dements  of  building-construction, 
masonry,  carpentry,  plumbing,  etc.,  and  the  prindples  of  design,  drawing. 
r«:nderiog,  and  spedfication-writing.  The  tuition  includes  text-books  and 
instruction,  that  is,  criticisms  on  written  lessons,  sent  to  the  schools,  and  also 
answers  to  questions  on  subjects  connected  with  the  course,  that  may  be  asked 
h3'  the  students.  Information  regarding  fees  can  be  obtained  on  inquiry. 
Shorter  courses  are  available  for  building-contractors,  building-foremen,  and 
also  special  courses  in  structural  engineering. 

Iowa  State  College  of  Agricttlture  and  Mechanic  Arts,  Ames,  Iowa. 

Kansas  State,  Agricultural  College  of,  Manhattan,  Kan.  Departuent 
OF  AacHXTKCTtntE.  Full  four-year  course  in  ardiitecture,  leading  to  a  degree  in 
Bachelor  of  Sdcnce.  Tuition  free  to  residents  of  the  state.  Inddental  fees 
ajnount  to  about  $12  a  semester. 

Massachusetts  Institute  of  Technology,  Boston,  Mass.  Two  four-year 
courses  are  offered  in  architecture,  leading  to  the  degree  of  Bachdor  of  Sdence: 
(i)  Course  in  general  architecture;  (2)  G>urse  in  architectural  engineering. 
Opportunities  are  offered  in  each  course  for  advanced  professional  work  leading 
to  the  degree  in  (i)  of  Master  in  Architecture  and  in  (2)  of  Master  of  Sdence. 
Special  students  must  be  college-graduates,  or  twenty-one  years  of  age,  with  not 
less  than  two  years  of  office^experieooe.  In  all  cases  they  must  demonstrate 
their  fitness  lor  the  work  of  the  department  by  personal  conference  with  the 
bead  of  the  department,  or  his  representative,  and  by  the  presentation  of 
letters  from  former  employers,  together  with  drawings  covering  their  experience 
as  fully  as  ponUe.  All  spedal  students  must  take  in  thdr  first  year  of  residence 
at  the  Institute  courses  in  descriptive  geometry  and  mechanical  drawing,  unless 
these  subjects  have  been  passed  at  the  September  examinations  for  advanced 
standing,  or  excuse  from  one  or  both  has  been  obtained  on  the  basis  of  equivalent 
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work  accomplished  elsewhere.  Tuition,  $250  per  year.  An  Amnuaz.  T^AVExisr- 
F£UX>wsiQP  amounting  to  $1 000  is  given  solely  on  the  basis  ol  distioguiafar: 
merit,  candidates  being  received  from  both  regular  and  ^ledai  studeats.  Eki: 
prizes,  varying  from  $10  to  $200  each,  are  equally  divided  between  the  reg-M: 
and  the  special  students.  Certain  funds  are  available  for  the  aasistanoe  ol  m^ 
qualided  regular  students  for  undergraduate  and  for  post-gFadoate  work, 

McGill  University,  Montreal,  Canada.    Depaxticekt  or  Amchttfxtctl 

(i)  FuU  five-year  coiurse  leading  to  the  degree  of  Bachelor  of  Arcfaitectcn 
(2)  Competent  special  students  are  admitted  to  take  a  partial  course,  bi^t  c. 
university  certificate  is  granted  for  this  work.    Tuition,  $150  per  year. 

North  Dakota  Agricultaral  College,  Fargo,  N.  D.  Depastvest  » 
Engineering.  Draughtsmen's  and  builders'  course  of  three  yeaxs  (six  nx^tr^ 
each).  Full  four-year  course  in  architecture,  leading  to  Bachelor  ol  Scieo*^  12 
ArcUtecture.  Full  four-year  course  in  Architectural  Enginecxing,  leadz:^ 
to  Bachelor  of  Science  in  Architectural  Engineering.  Tuition  free.  Fees 
amounting  to  S35  per  year. 

Ohio  Mechanics'  Institttte,  Cincinnati,  Ohio.  DEPAsniEirr  or  Abchi- 
TECTURE.  Technical  high-school  course  preparatory  to  architecture,  cr>ver- 
ing  four  years.  Two-year  intensive  course  in  architecture.  Evening  da^cs 
in  architectural  drawing  and  allied  building-trade  subjects.  Graduates  it 
grammar-schools  are  trained  in  draughting  and  elementary  arcfaitectiff:i. 
subjects  simultaneously  with  their  high-school  subjects.  Graduates  of  hicn- 
schools  are  trained  intensively  in  technical  architectural  work,  indudiag  ccdis^- 
giate  mathematics  and  sciences,  and  receive  a  Certificate  of  Pnoficaency  n 
Architecture.    Tuition,  $75  per  year. 

Ohio  State  University,  Columbus,  Ohio.    Coctrse  m  AaLHiiacuts. 

Two  four-year  courses,  leading  to  the  degrees  of  Bachelor  of  Arcliitective  asd 
Bachelor  of  Architectural  Engineering.    Tuition  free. 

Oklahoma  Agricultural  and  Mechanical  College,  Stillwater,   Okla. 

Departments  op  Architecture  and  Architectural  Engineering.  Four- 
year  course  in  Architecture  and  Architectural  Engineering,  leading  to  a  degree 
of  Bachelor  of  Sdence.  Two-year  special  course  for  draftsmen,  leading  to  a 
certificate  of  completion  in  this  work.  Tuition  free.  The  registratlon-lee  b 
%2  a  semester. 

Pennsylvania  State  Collega,  State  College,  Pa.     Coarse  in  Aidiit<r- 

tural  Engineering.  Full  four-year  course,  leading  to  the  degree  ol  Bacheior 
of  Science  in  Architectural  Engineering.  Tuition  is  free.  Incidental  fees 
amount  to  about  $30  per  semester,  these  fees  including  the  coQeve  lees.    No 

course  in  architectural  design. 

Pratt  Institute,  Brooklyn,  N.  7.  Course  in  Architecture.  Scaooi  of 
Fins  and  Appued  Arts,  (i)  Two-year  course  in  architectural  design,  c' 
Two-year  course  in  architectural  construction.  (3)  Full  three-srear  couise  in 
architectural  design  and  architectural  construction.  The  course  in  archi- 
tectural design  aims  to  give  students  a  general  training  that  will  prepare  them 
to  pursue  the  profession  of  architecture  as  competent  assistants  in  architects' 
offices,  and  leads  to  positions  of  responsibility  and  independence.  The  ooune 
in  architectural  construction  aims  to  fit  the  student  for  general  drauglitiQg  ta 
builders'  offices,  or  for  general  detailing  and  construction-work  in  an  architects' 
office,  and  leads  to  the  position  of  superintendent  of  construction-work.  TuitiDB, 
$So  per  year. 

Princeton   University,    Princeton,  N.   J.    StasoOL  of  AaumitiuRE. 
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tree  courses  in  Architecture:  (x)  For  students  enrolled  as  candidates  for 
:  degree  of  Bachelor  of  Arts  on  graduation  and  for  the  degree  of  Master  of 
cie  Arts  in  Architecture  after  two  years  of  graduate  woik.  (2)  For  students 
10  have  not  begun  the  study  of  architectiue  in  the  sophomore  year,  but 
10  wish  to  receive  the  degree  of  Bachelor  of  Arts  on  graduation  and  the  degree 

Master  of  Fine  Arts  in  Architecture  alter  two  years  of  graduate  work. 
)    For  students  entering  the  School  as  candidates  for  the  degree  of  Master 

Fine  Arts  in  Architecture  without  previous  study  in  architecture.  For  the 
rerage  student,  three  years  and  a  half  are  required  for  this  course.  Tuition, 
Lcx>  a  year  for  students  on  fuU  time,  and  $40  for  those  on  part  time.  Annual 
es,  $is-  The  graduate  fellowship  and  scHOLARsniPS  of  the  University 
re  open  to  members  of  the  School.  They  are  over  fifty  in  number,  and  range 
i  stipend  from  $150  to  $1  000  per  annum. 

lUce  Institute,  Houston,  Tax.  AxcRrrEcruRAi.  Departhent.  Full 
>ur-year  course  leading  to  the  degree  of  Bachelor  of  Science  in  Architecture. 
Tuition  free. 

Rochester  Athenaeum  and  Mechanics  Institute,  Rochester,  N.  T. 
Department  of  Applied  Arts.  Three-year  courses  in  Architectural  Drawing 
ind  Design,  and  Architectural  Construction,  leading  to  Diplomas.  There 
Lre  also  courses  for  properly  prepared  students  who  do  not  wish  to  take  the 
liploma-couraes.  Tuition  for  full  courses,  $90  per  year;  for  part-time  students. 
^4  per  term  of  twelve  weeks  for  one  session  per  week. 

Rose  Polytechnic  Institute/Terre  Haute,  Ind.  Department  of  Archi- 
tectural  engineering.  Pull  four-year  course,  designed  to  give  a  thorough 
training  in  architectural  engineering,  together  with  systematic  instruction  \u 
architectural  design.    Tuition  and  incidental  fees,  $xio. 

Rotch  Traveling>Scholarship,  Inc.    (For  particulars  address  the  SecTetar>-, 
20  Beacon  Street,  Boston,  Mass.)     Candidates  must  be  under  thirty  years  ot 
age  at  the  date  of  the  beginning  of  the  preliminary  examinations.     At  that 
date  they  must  have  been  engaged  in  professional  work  during  two  years 
in  Massachusetts  in  the  employ  of  a  practicing  architect  resident  in  Massa- 
chusetts, and  will  be  required  to  pass  preliminary  examinations  upon  the  follow- 
ing subjects:    (i)  History  of  architecture;    (2)  Freehand  drawing  from  the 
cast;    (3)  Construction,  theory  and  practice;    (4)  An  elementary  knowledge 
cf  the  French  language.    Holders  of  a  degree  in  Architecture  from  the  Massa- 
chusetts Institute  of  Technology,  Columbia  University,  University  of  Penn- 
sylvania, Cornell  University,  Harvard  University,  cr  Univer»ty  of  Illinois 
will  be  allowed  to  present  such  diploma  which  will  be  accepted  in  lieu  of  the 
examinations  in  the  preliminaries.    Candidates  who  pass  in  these  preliminary 
examinations  are  admitted  to  a  competition  in  design,  the  successful  can- 
didate in  which  is  awarded  the  scholarship  and  receives  annually,  for  two 
years,  €1  400,  to  be  expended  in  foreign  travel  and  study.   The  Boston  Society 
of  Architects,  through  a  committee,  has  complete  charge  of  the  examinations, 
and  supervises  the  work  of  the  scholar.    The  Society  of  Architects  awards 
the  sum  of  $75  as  a  second  prize. 

Syrseuse  University,  Syracause,  N.  T.,  College  of  Fine  Arts.  Depart- 
ment OF  Architecture.  This  school  offers:  Four-year  courses  in  (i)  Arclii- 
tecture,  (2)  Architectural  Design,  (3)  Architectural  Engineering,  all  leading 
to  the  degree  of  Bachelor  of  Architecture  (B.Ar.):  (4)  Special  two-year  course 
for  architectural  draughtsmen  of  two  or  more  years*  experience;  (5)  Graduate 
course  in  architectiue;     (C)    Interior  architectural   design   and   decoration. 
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Twtkm,  |i$Q  per  year.    BuUetint  axMl  Cull  iaformatioo  available  firaa  the 
Registrar. 

TaxM.  Afiiciiltiifal  and  M^cluudcal  CaOaffa  of  Tasas*  Coll«8«  StatMz. 
Tas.  DEMxniEirT  of  AmcmxECTUSK.  Four<year  coime  in  arcfaiccctur' 
offering  an  option  throu^  the  junior  and  senior  yean  in  arddtectural  enfrnt-- 
inc.    Qualified  spedai  students  admitted.    Tuition  tree. 

Tttlana  tJnlYaraity  of  Louisiana,  New  Orleans,  La.    Departmestt  •* 
Arcbitecture  in  the  College  of  Technology,    (x)  Full  four-year  co:-r;>: 
leading  to  a  degree  in  architecture.     (2)  Spedal  courses  for  students  not  c^^- 
didates  for  a  degree.    Tuition,  $xoo  per  year.    Spedal  attention   jpven  : 
subtropical  conditions. 

Univeraity  of  California,  Berkeley,  Cal.  School  of  Aanuimiiy 
(i)  Full  fouir-year  course  leading  to  the  degree  of  Bachelor  of  ^\rts.  (r)  (.'  .- 
year-graduate  course  leading  to  the  degree  of  Master  of  Arts.  (3)  Two->^-r 
graduate  course  leading  to  the  degree  of  Graduate  in  Architecture.  (4)  SperLJ  .: 
elective  courses  for  students  not  candidates  for  a  degree.  Tuition  fret:  :. 
residents  of  the  state  of  California. 

UniTeraity  of  Olinoia,  Urbana,  HI.    Cousses  in  AscnnECTrKE  akt 

Archxtectueal   Engineering,     (i)  Full   four-year   course   leading    to    n 
degxee  of  Bachelor  of  Sdence  in  Architecture.    (2)  FuU  four-year   cov*^ 
leading  to  the  degree  of  Bachelor  of  Science  in  Architectural  EnKmecn-: 
Tuition  is  free.    Inddental  fee,  I130  per  year.    Plym  Travelimo-Feixowsi--. 
$1  000  for  one  year  of  travel  abroad;  awarded  by  competition  to  gradixal^ 
the  Department  of  Architecture  of  the  University  of  Illinois. 

UniTeraity  of  I^anaas,  Lawrence,  Kan.  Department  of  AacRTRCTr?* 
AND  ARCHrrECTURAL  £ngxneering.  FuU  four-year  course  in  AnAitern.-r. 
leading  to  the  degree  of  Bachdor  of  Science  in  Architecture.  FuH  Umu-j*-  ' 
course  in  Architectural  Engineering,  leading  to  the  degree  of  Bachelor  ot  S^ier  r 
in  Architectural  Engineering.  Four-year  courses  in  each,  based  on  one  >r.: 
in  the  College  of  Liberal  .\rts,  leading  to  the  degree  of  Bachelor  of  Sex.::  ' 
Tuition  free.  Fees  amounting  to  $15  per  year  for  residents  of  the  state,  .-<: 
$25  per  year  for  non-residents. 

Univeraity  of  Michigan,  Ann  Arbor,  Mich.   College  of  AscHiTEm  t- 

(i)  A  general  four-year  course  leading  to  the  degree  of  Bachek>r  of  Sorn^T  it 
Architective.  (2)  A  four-year  course  in  which  architectural  di  wi^^ii  »  in- 
phasized,  leading  to  the  same  degree.  (3)  A  foiu'-year  course  in  which  tbrn  .• 
a  large  proportion  of  engineering  subjects,  leading  to  the  degree  of  Bachc-r 
of  Sdence  in  Architectural  Engineering.  (4)  Five-year  courses  l*^**w»c  to  'Je 
degrees  of  Master  of  Sdence  in  Architecture  and  Master  of  Sdence  in  .Vr.c- 
tectural  Engineering.  (5)  A  two-year  course,  leading  to  a  Certificate,  for  spn.:.  i 
students  (experienced  draughtsmen  or  college-graduates).  (6)  Students  cu> 
earn  the  degree  of  Bachdor  of  Arts  and  the  degree  in  Architecture  in  irr^ 
five  to  six  years.  There  are  two  scholarships.  Aimual  feea^  $57  for  studeris 
from  Michigan  and  $87  for  others. 

University  of  Minnesota,  Minneapolis,  BCIan.  DsPAsnoaiT  of  Aichi- 
TECTURE.  Full  four-year  course,  leading  to  the  degree  of  Wy^Krkhr  of  Sder  * 
in  Architecture.  Fifth  year,  leading  to  the  degree  of  Master  of  Sdentc  j. 
Architecture.  Special  students  of  maturity  and  practical  experience  »x 
admitted.  Instruction  is  provided  in  Architectural  Engineering.  Tuition  iit* 
Incidental  fee,  $60  per  year. 

University  of  Ifebraakat  Lincoln,  Neb.    College  or  EKcmEsiccv 
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1  four-year  ooune  in  architectunl  ensiiieadiig;  leading  to  Bacbelor  of  Science 
irdutectural  Engineering.  XuitioA  free.  Total  fees  for  four  y^xs,  $xio. 
rnivcrcity  of  Hotre  Dune,  Hotre  Dubo,  Ind.  Depaktmemt  of  Ascm- 
TURK,  (i)  Full  four-year  course  in  design  leading  to  the  degree  of  Bachelor 
Science  in  Architecture.  (2)  Full  four-year  course  in  architectural  engi- 
rin^  leading  to  the  degree  of  Bachelor  of  Science  in  Architectural  Engineering. 
Two-year  special  course  leading  to  a  Certificate  of  Proficiency.  Tuition, 
o  per  year;  room  $60  and  upwards;  board,  $180  and  upwards. 

Jnivenity  of  Ortgon,  Eugene,  Ore.  School  of  AscmTEcnTBE  and 
LIED  Abts.  Two  architectural  options  in  design  and  structural  work. 
Four-year  course  leading  to  the  degree  of  Bachelor  in  Architecture. 
Five-year  course  leading  to  the  degree  of  Master  in  Architecture.  (3)  Ex- 
ision-courses  in  Portland,  Ore.,  in  design,  etc.  (4)  Special  courses  for  ex- 
-icnced  draughtsmen.  Tuition  free  for  university-courses;  $s  a  term  for 
Lension-courses. 

Univenity  of  Pennsyhrania,  PbiUdeliihia,  Pa.    School  of  Fimb  Asts, 
uPARTiiENT  OF  A&CHiTECTUSE.    (i)  Four-year  course  leading  to  the  degree 

Bacbelor  of  Architecture.  (2)  Graduate  course  of  one  year,  with  choice 
tween  major  subjects,  leading  to  the  degree  of  Master  of  Architecture. 
)  Two-year  special  course  leading  to  a  professional  certificate.  (4)  Six-year 
ransement  of  courses  in  liberal  arts  and  architecture  leading  to  the  degrees 
A.  B.  and  also  B.  Arch.  (5)  Option  in  Architectural  Engineering  leading  to 
e  <legree  of  Bachelor  of  Architecture.  Summer  school  providing  instruction 
many  architectural  subjects  of  the  regular  session.  The  degree  and  certificate 
c  accepted  by  the  American  Institute  of  Architects  in  satisfaction  of  its 
iucational  requirements  for  membership  and  are  credited  by  State  Boards  for 
ensing  of  architects.  Tuition  $300  per  year.  Circular,  including  information 
I  all  courses  in  the  School  of  Fine  Arts,  on  application  to  the  Dean  of  the  School 

Fine  Arts,  University  of  Pennsylvania,  Philadelphia,  Pa. 
The  Woodman  Scholarship  in  Architecture  of  the  University  of  Penn- 
Ivania,  for  one  year  of  foreign  travel  and  study,  is  open  to  graduates  of  this 
hool.  they  being  also  eligible  to  the  general  competition  for  the  Fellowship 
p  TUE  American  AcADEiry  in  Rome.  The  Paris  Prize  op  the  Beaux- Arts 
*;sTiTUTE  07  Design  is  open  to  seniors  and  graduates  and  the  Stewardson 
RAVE  ling-Scholarship  is  available  to  students  who  are  residents  of  Penn- 
/Ivania.  The  medals  of  the  American  Institute  of  Architects  and  the 
oriF.TE  DES  Architectes  Diplomes  are  conferred  in  this  school  as  well  as 
THRR  MEDALS  AND  PRIZES  Open  to  its  studeots  alone. 

University  of  SaoU  Clara,  Santa  Clara,  Cal. 

University  of  Southern  California,  Los  Angeles,  Cal.  Four-year  general 
i>urse  in  architecture,  leading  to  the  degree  of  B.S.  in  Architecture. 

Univenlty  of  Texas,  Austin,  Tax.  School  or  Architecture,  (i)  Four- 
ear  and  five-year  courses  leading,  respectively,  to  the  degrees  of  Bachelor 
f  Science  in  Architecture,  and  Master  of  Science  in  Architecture.  (2)  Four- 
ear  course  leading  to  the  degree  of  Bachelor  of  Science  in  Architectural  £n- 
ineering.    Tuition  free. 

Uniyersity  of  Toronto,  Toronto,  Canada.  Department  of  Archi- 
T.rrnRR.  Fun  four-year  course  leading  to  the  degree  of  Bachelor  of  Applied 
science  (B.A.Sc.>  with  an  option  of  architectural  engineering,  replacing  archi- 
ectural  design  in  the  fourth  year.  The  fees  are,  first  year,  $100;  second  year, 
(no;  third  and  fourth  years.  $120.  The  university  is  supported  by  the 
Province  of  Ontario. 
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University  of  Virginia.  McImntE  School  of  Fihe  Arts.  Foqt-.h 
course  in  architecture,  leading  to  the  degree  of  Bachelor  of  Soeooe  in  .\r  i 
tecture.    Annual  average  of  tuition  and  laboratory  fees:   For  naa-\ltgi£3..] 

$x8o;  for  Virginians,  97S> 

Uniyersity  of  Washington,  Seattle,  Wash.  Corxst  in  A^CHrrrrr  j 
Four-year  course,  leading  to  the  degree  of  Bachelor  of  Architecture.  The-r 
a  fourth-year  option  in  architectural  engineering.  Tuition,  %aa  per  ;tj 
Entrance  fee,  $io;  graduation  fee,  $5. 

Washington,  The  State  CoOege  of,  Pullman,  Wash.    Depaxtxe^tt  i 

Architecture,  (i)  Full  four-year  course  leading  to  the  degree  ol  Bacbr  1 
of  Science  in  Architecture.  (2)  Two-year  special  course  leading  to  a  CcTtiii<^i 
of  Proficiency.  (3)  Special  students,  adequately  prepared,  ar«  admitted  t.  J 
classes.    Tuition  fr^. 

Washington  Uniyersity,  St.  Lonis,  Mo.  School  of  ARCJUitA  j 
(i)  Four-year  courses  in  architecture  and  in  architectural  engiiwerixig  le<!  1 
to  the  degrees  of  Bachelor  of  Architecture,  and  Bachelor  of  Science  in  Ar  j 
tectural  Engineering,  respectively.  (2)  One-year  course  leading  to  the  deerd 
of  Master  of  Architecture.  (3)  Special  two-year  course  with  CertifwUi 
Tuition,  $150  per  year. 

Wentworth  Institnte,  Boston,  Mass.  Courses  in  arcfaitectnra]  r  = 
struction,  carpentry  and  building,  and  twelve  other  technical  trades  or  ir.h> 
tries,  (i)  Two-year  course  in  architectural  construction  trains  for  poesv,  :\ 
of  foremen,  superintendents,  detail-designers,  etc.  Tuition.  $54  per  year  j.i 
$:$  laboratory  fee.  (2)  One-year  course  in  carpentry  and  building  pia-^jj-l 
for  those  wishing  to  enter  the  wood-vTorking- trades  and  industries  as  ad^-a.-  ' 
apprentici^  or  high-grade  artisans.  Tuition  $30  per  year  and  $15  laboratcKj  i& 

Yale   University,  New  Hay  en.  Conn.    Department  of  AxcHnscm- 

Regular  course  covers  four  years.    Special  degree,  Bachdor  of  Fine  An\  '. 
be  competed  for  at  end  of  course.    Portions  of  the  first -year's  work,  inchl~: 
lectures  on  history  of  chief  styles  of  architecture  and  principles  of  compos:> ' 
and  practice  in  elementary  design,  may  be  taken  as  eiectives  by  juniors  tz 
seniors  in  the  academic  course.    Auce  Kqiball  English  Scholarshi?.  sc, 
ported  from  fund  of  $11  000,  for  a  year's  travel  abroad.    WnxiAU  Wirt  \\3 
CHESTER  Scholarship,  supported  from  fund  of  $20000,  for  a  year's  tnu 
abroad.    Tuition,  $i8o  per  year. 

ARCHITECTURAL  SOCIETIES  AND  ORGANIZA- 
TIONS OF  THE  WORLD 

X.  United  States 

(i)  THE  AMERICAN  INSTITUTE  OF  ARCHITECTS 

The  Octagon,  Washington.  D.  C. 

List  of  Chapters  (1923)  of  the  The  Amekican  iNsmtTTE  of  Axanrccr! 

The  year  indicates  the  date  of  the  chapter*s  organization 

Alabama  Chapter.     19 16  Central  New  York  Chapter.    1SS7 

Baltimore  Chapter.     1S70  Cincinnati  Chapter.    1870 

Boston  Chapter.     1870  Clev-eland  Chapter.    1890 

Brooklyn  Chapter.     1894  Colorado  Chapter.    1892. 

Buffalo  Chapter.     1890  Columbus  (Ohio)  Clupter.    191^ 
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inecticut  Chapter.     190a  Philadelphia  Chapter.    1869 

/ton  Chapter.    1899  Pittsburgh  Chapter.     1891 

>r^a  Chapter.     1906  Rhode  Island  Chapter.     1875 

luis  Chapter.     1869  St.  Louis  Chapter.     1890 

ra  Chapter.     1903  San  Frandsco  Chapter.     z88i 

nsas  City  Chapter.     1890  5)outh  Carolina  Chapter.     1913 

ntucky  Chapter.     1908  Southern  California  Chapter.     1894 

lisiana  Chapter.     1910  Southern  Pennsylvania  Chapter.    1909 

chisan  Chapter.     1887  Tennessee  Chapter.     1919 

nnesdta  Chapter.     1893  Texas  Chapter.     1913 

braska  Chapter.     1919  Toledo  Chapter.     1914 

;w  Jersey  Chapter.     1900  Virginia  Chapter.     1914 

;w  York  Chapter.     1867  Washington  (D.  C.)  Chapter.     1887 

>rth  Carolina  Chapter.     1913  Washington  State  Chapter,  1894 

egon  Chapter.    1911  Wisconsin  Chapter.    191 1 

rhesc  chapters  were  organized  since  1920:  Arkansas,  Central  Illinois,  Erie,  Florida, 
liana,  Kansas  State,  Montana,  St.  Paul,  Scranton-Wilkesbarre,  South  Georgia,  and 
nh. 

.1ST  OF  State  Associations  of  The  American  Institute  of  Archttects 
ew  York  State  Society  of  Architects.     1919 
lio  State  Association.     19 15 
innsylvania  State  Association.    1909 

(2)  MISCELLANEOUS  SOCIETIES  • 

tnerican  Society  of  Landscape  Architects 

rchitects'  Association  of  Indianapolis 

rchitectural  Club  of  Minneapolis 

rchitectural  League  of  Pacific  Coast 

rchitectural  League  of  New  York 

rchitectural  Society  of  the  University  of  California 

rchitectural  Sodety  of  the  University  of  Pennsylvania 

ssociation  of  Collegiate  Schools  of  Architecture 

ialtimore  Architectural  Club 

lirmingham  Society  of  Architects 

loston  Architectural  Club 

loston  Sodety  of  Architects 

(rooklyn  Institute  of  Arts  and  Sdences 

Chicago  Architects'  Business  Association 

Chicago  Architectural  Club 

Chicago  Association  of  Architects 

rindnnati  Architectural  Club 

!!leveland  Architectural  Club 

Columbus  Sodety  of  Architects 

Detroit  Architectural  Club 

Duluth  Architectural  Club 

Engineers'  and  Architects'  Club  of  Louisville,  Ky. 

Florida  Assodation  of  Architects 

Gargoyle  Club  of  St.  Paul 

Georgia  Architectural  Association 

Indianapolis  Architectural  Club 

Kansas  State  Architects'  Association 

*  Reproduced  by  permission  from  the  Architects'  Directory  and  Specification  Index, 
pubUshed  by  The  William  T.  Comstock  Company,  New  York  City. 
Changes  are  neoesaanly  made  in  these  lists  from  time  to  time. 
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Los  Angeles  Architectural  Club 

Massachusetts  Institute  of  Technology  Architectural  AsMdatioB 

Minneapofis  Architectural  Club 

Minneapolis  Society  of  Architects 

New  Orleans  Architectural  Club 

New  York  Society  of  Architects 

Norfofle  Sodety  of  Architects 

North  Carolina  Architectural  Assodatioo 

Oakland  Architects'  Association 

Oakland  Architectural  Club 

Oklahoma  State  Association  of  Architects 

Pittsburgh  Architectural  Club 

Portland,  Oregon,  Architectural  Club 

Portland.  Oregon,  Association  of  Architects 

St.  Joseph,  Missouri,  Society  of  Architects 

St.  Louis  Architectural  Club 

St.  Paul  Architectural  Club 

San  Antonio  Society  of  Architects 

San  Diego  Architectural  Assodatioa 

San  Francisco  Architectural  Club 

Society  of  Architects  of  Akron,  Ohio 

Society  of  Architects  of  Columbia  University 

Sodety  of  Beaux- Arts  Architects 

Sodety  of  Naval  Architects  and  Marine  Engioeen 

South  Bend  Architectural  Club 

South  Carolina  Assodation  of  Architects 

Southern  States  Engineering  Sodety 

Spokane  Architectural  Club 

T  Square  Club  of  Philadelphia 

Tacoma  Sodety  of  Architects 

Texas  State  Association  of  Architects 

Utah  Assodation  of  Architects 

Washington,  D.  C,  Architectural  Qub 

2.  Argenttne  Republic 

Sociedad  Central  de  Arquitectos.    Buenos  Aires 

S.  Austria 

Austrian  Sodety  of  Civil  Engineers  and  Architects.    Vienna 

Architekten-Klub  der  Wdner  Kunstlergenossenschaft.    Yienoa 

Gesellschaft  Osterreichischer  Architekten. "  Vienna 

Weiner  BauhUtte.    Vienna 

Towarzystwo  Politechniczne  we  Lwowie.    Leopol 

Towarzystwo  Technisczne  we  S^akowie.    Cracow 

4.  Belgium 

Assodation  des  Architectes,  de  Li^.    Li^ 

Soci£t£  Centrale  D 'Architecture  de  Belgique.    Brussds 

Soci6t6  Royale  des  Architectes  D'Anvers.    Antwerp 

Kring  Voor  Bouwhunde  D'Anvers.    Antwerp 

Chambre  Syndicale  des  Architectes  de  Bruxelles.    Brussete 
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ociation  des  Architectes  de  Bnaefles.     Brusaels 
\^t6  des  Architectes  de  Is  Fkodre  Orientale.    Ghent 
•i€t€  des  Architectes  de  la  Flaadre  Orientale.    Bruges 

S.  Btdgtrift 
d6t£  des  Ing^ueurs  et  des  Architectes  Bulgares.    Sofi* 

C  Canada 

AxCHnECTUKAL  ASSOCIATION  OP  CANADA 

oyal  Architectural  Institute  of  Canada.    Montreal 

Iberia  Association  of  Architects.    Calgary  and  Edmonton,  Alta. 

rchitects*  Association  of  Victoria.    Victoria,  B.  C. 

ritish  Cohimbia  Association  of  Architects. 

algary  Architectural  Club 

lanitoba  Association  of  Architects.    Winnipeg,  Man. 

>ntario  Association  of  Architects.    Toronto 

Province  of  Quebec  Association  of  Architects.    Montreal 

legina  Architectural  Association.    Regina,  Sask. 

Saskatchewan  Association  of  Architects.    Regina,  Sask. 

7.  Cuba 
Society  of  Engineers  and  Architects  of  Havana.    Havana 

8.  France 

Permanent  Committee  of  International  Congresses  of  Architects.    Paris 

Soci^t6  ides  Architectes  Dipldm^s  par  le  Gouvemement.    Paris. 

Sod6t£  Nationale  des  Architectes  de  France.    Paris. 

Soci6t£  Centrale  des  Architectes  Fran^ais.    Paris 

Union  Syndicale  des  Architectes  Fran^ais.    Paris 

Soci^t^  des  Dipl6m^  de  ll^cole  Sp6dale  d' Architecture.    Paris 

Association  Provendaie  des  Architectes  Fran^ais.    Versailles 

Sod£t6  R^onale  des  Architectes  du  Centre  de  la  France.    Bourges 

Soci6t6  Regionale  des  Architectes  de  Dauphixki6  et  de  la  Savoie.    Grenoble 

Soci^t£  des  Architectes  de  I'Est  de  la  France.    Nancy 

Soci^t^  R6gionale  des  Architectes  du  Limousin,  de  TAngouIeme  et  du  Perigord. 

Gu^ret  (Creusc) 
Sod6t£  R^onale  des  .\rchitectes  du  Midi.    Toulouse 
Soci^t^  R^onale  des  Architectes  du  Nord.    Lille 

Soci£t£  R6gionaIe  des  Architectes  du  Poitou  et  de  la  Saintonge.    Parthenay 
Soci£t6  Regionale  des  Architectes  du  Puy-de*D6me,  du  Cantal,  de  la  Haute- 

Loire  et  de  TAllier.    Clermont-Ferrand 
Social  R6gionaIe  des  Architectes  de  Sa6ne-et-Loire,  de  TAin  et  du  Jura.    CbA- 

lons-sur-Sa6ne 
Assodation  R6gionaIe  des  Architectes  du  Sud-Est.    Nice 
SoaeU  des  Architectes  de  1' Aisne.    St  Quentin 
Sod6t^  des  Architectes  de  TAllier.    Moulins 
Sod^t£  des  Architectes  de  I'Anjou.    Angers 
Soci6t£  des  Architectes  de  TAubc.    Troyes 
Sod6t6  des  Architectes  de  Blois.    Blois 

Soci£t£  des  Architectes  de  Bordeaux  et  du  Sud-Ouest.    Bordeaux 
Sod6t6  des  Architectes  des  Bouches-du-Rh6ne.    Marseilles 
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Soci6ti  des  Architectes  du  Doubs;    Besan^on 

Soci6t6  des  Architectes  de  la  Dr6iiie  et  de  TAidiche.    Valence 

Sod6t£  des  Architectes  d'£uie-et-Loir.    Chartres 

Sod^t^  Amicale  et  Syndicat  des  Architectes  du  Gard.    N  unes 

Soci^t^  des  Architectes  de  la  Haute-Mame.    Cbilons-sur-Macne 

Sod^t^  Acad^mique  d'Architecture  de  Lyon.    Lyon 

Soci^t^  des  Architectes  de  la  Mame.    Paul-Chandoa 

Soci6t^  des  Architectes  de  Nantes.    Nantes 

Sod^t6  des  Architectes  de  TOise.     Compidgne 

Sod6t6  des  Architectes  d'Ori^ans.    Origins 

Soci^t6  des  Architectes  de  Rennes.    Rennes 

Sod6te  des  Architectes  de  la  Seine  Inf^rieure  et  de  TEuze.    Rouen 

Soci^t6  des  Architectes  de  Seine-et-Mame.    Melun 

Soci^t^  des  Architectes  de  Scine-ct-Oise.    Versailles 

Sod^t<^  des  Architectes  de  la  Touraine.    Tours 

Soci6t6  des  Architectes  de  I'Yonne.    Joigny 

Association  Amicale  des  Architectes.    Paris 

Reunion  Amicale  des  Andens  £l^ves  dc  TAtelier  Questel-PascaL    Pub 

Union  Mutuelle  des  Architectes.    Paris 

Association  Provinciate  des  Architectes  Fran^ais.    Bordeaux 

Sod6t6  des  .\rchitectes  de  la  Cdte-d'Or.    Dijon 

Soci^t^  des  Architectes  du  Nord-Ouest.    Guingamp  (C6tes-du-Xord) 

Soci^t^  des  Architectes  de  la  Loire.    Saint-£tienne 

Soci6t^  des  Architectes  du  Loirct.    Orleans 

Soci6t6  des  Architectes,  Gtom^tres  et  Experts  de  la  Loz6re.    Mende 

Syndicat  des  Architectes  du  Rhdne.    Villeurbanne 

Soci^t6  des  Architectes  du  Havre.    Le  Havre  (Seine-Inf6rieure) 

Union  Architecturale  de  Lyon.    Lyon 

Association  des  Architectes  Fran^ais.    Marseilles 

Syndicat  des  Architectes  de  Basae-Normandie.    Caen 

Sod^t^  Historique  de  Compiigne.    Compii^ne 

Sod^t^  d'.\ssistance  Contratemelle  des  Architectes  Fran^ais.    Versailles 

t.  Gennanj 

Architekten-Verein  zu  Berlin.    Berlin.  W. 

Verbund.  Deutscher  Architekten-und-Ingenieur-Vcreine.    Berlin.  S.W. 
Wtirttembergerischer  Verein  fur  Baukunde.    Stuttart 
S^chsischer  Ingenieur-und-Architekten-Verein.    Dresden 
V^ereinigung  Berliner  Architckten.    Berlin.  W. 
Architekten-und-Ingenieur-Verdn  zu  Hannover.    Hannover 
Architekten-und-Ingenieur-Verein  zu  OsnabrOck.    OsnabnidL 
Architekten-und-Ingenieur-Verein  zu  Hamburg.    Hamburg 
Architckten-und-Ingenleur-Verein  zu  Cassel.    Cassel 
Architekten-und-Ingenieur-Vcrdn  zu  Ltibeck.    Ltibeck 
Schleswig-Hdlstdnischer,  Architekten-und-Ingenieur-Verein.    Kefl 
Baierischer  Architekten-und-Ingenieur-Verein.    Munich 
Architekten-imd-Ingenieur-Verdn  zu  Breslau.    Breslau 
Badischer  Architekten-und-Ingenieur- Verein.    Karlsruhe 
Architektcn-und-Ingenieur- Verein  zu  Oldenburg.    Oldenbuii; 
Dstpreussischer  Architekten-und-Ingenieur-Verein.    ROnigsbetig 
Frankfurter  Architekten-und-Ingenieur- Vercin.    Frankfort-on-Main 
Westpreussicher  Architckten-und-Ingenieur-Verrin  zu  Danzig.    Daniig 
Architekten-und-Ingenieur- Verdn  fiir  EIsass-Lothringen.    Strassbucf 


Foreign  ArcbUectttnd  Societies  1793 

t:«^l  rheinischer  Architekten-  und  Inffenieur-Verein.    Darmstadt 
t's^ilcner  Architekten-Veiein.    Dresden 

tu^ekten-und-Ingenieur-Verein  fttr  Niedeirhein  und  Weatfalen.    Cdogne 
dra  Leipciger  Architekten.    Ldpsig 
ilal^ekten-und-Ingenieur-Verein  fttr  das  Heczogtum  Braunschweig.    Brun* 

^^MHck 
rV&iCekten-und-Ingenieur-Verein  zu  Madgeburg.    Magdebuig 
=biiEekten-und-Ingenieur-Verein  zu  Bremen.    Bremen 
z'hitekten-und-Ingenieur-Verein  zu  Aachen.    Aix-la-Chapelle 
LT  Witekten-und-Ingenieur-Verdn  zu  Mets.    Metz 
sdlclenbiixgischer  Architekten  -  und  -  Ingenieur  -  Verein  zu  Schwerin,  i.M. 

Schwerin 
:reinigung  Berliner  Architekten.    Berlin.    W. 
-v:Viitekten-und-IngeQieur-Verein  zu  DU»eldorf.    DUsseldorf 
-omberger  Architekten-und-Ingenieur- Verein.    Bromberg 
rclaitekten-und-Ingenieur-Verein  zu  Mtinster,  i.W.    Miinster 
r  e  Hi tekten-und-Iiigenieur-Vercin  zu  Potsdam.    Potsdam 
reHitekten-und-Ingenicur-Verein  zu  Stettin.    Stettin 
rcrViitekten-und-Ingenieur-Verein  zu  Posen.    Posen 
reliitektcn-und-Ingenieur-Verein  zu  Erfurt.    Erfurt 
erein  der  Architekten  und  Bauing-Enieure  zu  Dortmund.    Dortmimd 
crrciningung  Schleaschcr  Architekten.    Br^lau 
'  o'w^arzystwo  Przyjaciol  Nauk.    Posen 

It.  Great  Britain 

t.oyaI  Institute  of  British  Architects.    London,  W. 

««orthem  Architectural  Association.    Newcastle-upon-Tsme 

^ecds  and  Yorkshire  Architectural  Society.    Leeds 

Sheffield  Society  of  Architects  and  Surveyors.    Sheffield 

Manchester  Society  of  Architects.    Manchester 

Liverpool  Architectural  Society  (Inc.).    Liverpool 

Nottingham  Architectural  Association.    Nottingham 

Birmingham  Architectural  Association.    Birmingham 

l^cicester  and  Leistershire  Society  of  Architects.    Leicester 

Bristol  Society  of  Architects.    Bristol 

Cardiff,  South  Wales  and  Monmouth  Architects'  Society.    Cardiff 

Devon  and  Exeter  Architectural  Society.    Exeter 

Glasgow  Institute  of  Architects.    Dundee 

Dundee  Institute  of  Architects.    Dundee 

Aberdeen  Society  of  Architects.    Aberdeen 

Edinburgh  Architectural  Association.    Edinburgh 

York  and  Yorkshire  Architectural  Society.    York 

Royal  Institute  of  Architects  of  Ireland  (Inc.).    Dublin 

Architectural  Association  of  Ireland.    Dublin 

Institute  of  Architects  of  New  South  Wales  (Inc.).    Sydney 

Royal  Victorian  Institute  of  Architects  (Inc.).    Melbourne 

West  Australian  Institute  of  Architects  (Inc.).    Perth 

Cape  Institute  of  Architects.    Cape  Town,  South  Africa 

Transvaal  Institute  of  Architects.    Johannesburg.    Transvaal,  South  Africa 
Natal  Institute  of  Architects.    Durban.    Natal,  South  Africa 
The  Architectural  Association.    London*  E.C. 
Sotiety  of  Architects,  London. 
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U.  Greece 
Hellenic  Polytechniad  Society.    Atiiens 

n.  Hellmd 

Society  for  the  Propagation  of  Architecture.    AmstecdasK 
Genootschap  Architectuca  et  Amin'tia.    Amstecdam 
Bouwhunst  en  Vdendschap.    &otteidain 

IS.  Hungary 

Society  of  Engineers  and  of  Architects.    Budapest 
Magyar  Memok-es  £pitess-£gylet.    Budapest 
Society  of  Private  Architects.    Budapest 

U.  Italy 

Societa  degli  Ingegnerie  e  degU  Arcfaitetti.    Rome 

Assodazione  Artistica  fra  i  Cultori  di  Architettura.    Rome 

College  des  Ingenieurs  et  des  Architectes  de  G&nes.    Gtoes 

CoUegio  degli  Ingegneri  ed  Aichitetd  in  Palermo.    Palermo 

Collegio  Toscano  degli  Ingegneri  ed  Architetti  in  Flrenae.    Floreiice 

Societa  degli  Ingegneri  di  Bologna.    Bologna 

Collegio  degli  Ingegneri  ed  Architetti  di  Milano.    Milan 

Collegio  degli  Ingegneri  ed  Architetti  di  Torino.    Turin 

CoUegio  degli  Ingegneri  ed  Architetti  di  Messina 

Collegio  degli  Ingegneri  ed  Architetti  Puglie.    Bari 

Collegio  Veneto  degli  Ingegneri  Veneda.    Veniae 

U.  Japan 

Society  of  Architects.    Tokyo 

li.   Norway 
Sod6t£  des  Architectes  et  des  Ingenieurs.    Christiania 

17.  Portugal 

Real  Assodo  dos  Architectos  Civis  e  Archeologos  Portugueses.    Liaboa 
Sodedad  dos  Architectos  Portuguezes.    Lisbon 

IS.  Russia 

Soci^t^  Impdriale  des  Architectes  Ruases.    Petrograd 
Sod6t6  des  Architectes  de  Moscow.    Moscow 
Stowarzyszenie  Technikow  Kolo  Architektow.    Varsovie 

It.   Spain 

Sodedad  Centrale  de  Arquitectos  de  Madrid,    ^iadrid 

Assodadon  des  Architectes  de  Cataluna.    Bajos 

Assodadon  des  Architectes  de  Vizcaya.    Bilboa 

Assodadon  des  Architectes  de  Navarra.    Pamplona 

Assodadon  de  Arqiutectos  de  Valencia.    Valeoda 

Assodadon  de  Arquitectos  de  Galida.    Santiago  (Conna) 

Assodadon  de  Arqultectos  de  Guipuzcoa.    San  ^^***«TtTfln 

Agrupacion  Regional  Central  de  Arquitectos  de  CasttUa  la  Nueva.    Madrid 
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.crupadon  Regional  de  Arquitectos  de  CastiUa  la  Vieja.    Zamora 
.Srupacion  Regional  de  Arquitectos  de  Norte.    Bilboa 
L^rrupadon  Regional  de  Arquitectos  de  Catalaaa-Balear.    Bajos 
k^nxpacion  Regional  de  Arquitectos  de  Andalucia.    Cadiz 
LC^rupadon  Regional  de  Arquitectos  de  Galida.    Santia^  (Conma) 
k^rupadon  Regional  de  Arquitectos  de  Cantabrioo-Leonesa.    Santander 
L^rupadon  Regional  de  Arquitectos  de  Aragon.    Teruel 
L^rupodon  Regional  de  Arquitectos  de  Levante.    Valencia 
ksrupadon  Regional  de  Arquitectos  de  Canarias.    Canaries 
Lfl^upadon  Regional  de  Arquitectos  de  Ocddente.    Caoeces 

M.  Sweden 

kx:i£t6  des  Architectes  et  Ingenieozs.    Stoddbolm 
>venaka  Teknologforenique.    Stockholm 

n.  Switzerland 
>cheizerisclier  Ingenieur  und  Architekten  Verein.    B41e 

22.  Venezuela 
Sociedad  de  Arqultectuia  y  Constnicdon  du  Venezuela.    Caracas 
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COUMTaiAir  ABACVS 


GLOSSARY  * 

Technical  Tonnt,  Andent  and  Modern,  Used  by  Ardiitocts,  BnMcr^ 

and  Draushtsmen 

Aaron's-Rod.    An  ornamental  figure  representing  a  rod  with  a  serpent  t«>  1 
about  it.    It  is  sometimes  confounded  with  the  caduceus  of  Mercury.    T 
distinction  between  the  caduceus  and  the  Aaron's-rod  is  that  the  former  his :  • 
serpents  twined  in  opposite  directions,  while  the  latter  has  but  one. 

Ahacua.  The  upper  member  of  the  capital  of  a  column.  It  is  sometizi 
square  and  sometimes  curved^  fonning  on  the  plan 
segments  of  a  circle  called  the  arch  of  the  abacus,  and 
is  commonly  decorated  with  a  rose  or  other  ornament 
in  the  center,  having  the  angles,  called  horns  of  the 
abacus,  cut  off  in  the  direction  of  the  radius  or  curve. 
In  the  Tuscan  or  Doric,  it  is  a  square  tablet;  in 
,  the  IdhIc,  the  edges  are  molded;  in  the  Corinthian, 
its  sides  are  concave  and  frequently  enriched  with 
carving.  In  Gothic  pillars  it  has  a  great  variety  of 
forms. 

Abbey.     A  term  for  the  church  and  other  builds 
ings  used  by  conventual  bodies  presided  over  by  an 

abbot  or  abbess,  in  contradistinction  to  cathedral,  which  is  presided  o%'er  h}  i 
bishop;  and  priory,  the  head  of  which  was  a  im'or  or  prioress. 

Abutment.    That  part  of  a  pier  from  which  the  arch  sinings. 

Abuttals.    The  boundings  of  a  piece  of  land  on  other  land,  street,  river,  it- . 

Acanthus.    A  plant  found  in  the  south  of  Europe,  representations  of  wb<  >c 
leaves  are  employed  for  decorating  the  Corinthian  and 
Comp3site  capitals.    The  leaves  of  the  acanthus  arc 
used  on  the  bell  of  the  capital,  and  distinguish  the 
two  rich  orders  from  the  three  others. 

Acroteria.    The   small   pedestals   placed   on    the  t^^'^KT^^^K'k  i 

extremities  and  apex  of  a  pediment.     They  are  usu-  ^^^^H^^EjTv^* 
ally   without  bases  or  plinths,   and  were  originally 

intended  to  receive  statues.  acanthus 

Aile,  Aisle.  The  wings;  inward  side  porticos  of  a  church;  the  inward  Utrr. 
corridors  which  enclose  the  choir,  the  presbyter>%  and  the  body  of  the  chun.^ 
along  its  sides.  Any  one  of  the  passages  in  a  church  or  hall  into  which  the  pcv) 
or  seats  open. 

Alcove.  The  original  and  strict  meaning  of  thb  word,  which  b  derived  fn  t 
the  Spanish  alcoba,  is  con£jied  to  that  part  of  a  bed-chamber  in  which  the  b'i 
stands,  separated  from  the  other  parts  of  the  room  by  columns  or  pilasters.  U 
is  now  commonly  used  to  express  any  large  recess  in  a  room,  generally  scpaxitcd 
by  an  arch. 

Alipterion.  In  ancient  Roman  architecture,  a  room  used  by  bathers  L' 
anointing  themselves. 

*  This  Glossary  was  compiled  by  Mr.  Kidder  from  various  tources.  and  with  tk 
exception  of  .^ome  changes  in  typoerraohical  details  to  make  it  conlonn  gcofexaHy  lo  tk 
matter  in  the  rest  of  the  book  it  is  left  as  published  in  the  preceding  editions. 
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Almonry.  The  place  or  chamber  where  alms  were  distributed  to  the  poor  in 
cKurches,  or  other  ecclesiastical  buildings.  At  Bishopstone  Church,  Wiltshire, 
£nsland,  it  is  a  sort  of  covered  porch  attached  to  the  south  transept,  but  not 
communicating  with  the  interior  of  the  church.  At  Worcester  Cathedral,  Eng- 
land,  the  alms  are  said  to  have  been  distributed  on  stone  tables,  on  each  side, 
^vittiin  the  great  porch.  In  large  monastic  establishments,  as  at  Westminster, 
it  seems  to  have  been  a  separate  building  of  some  importance,  either  joining  the 
sa^te-house  or  near  it,  that  the  establishment  might  be  disturbed  as  little  as 
possible. 

Altar.  In  ancient  Roman  architecture,  a  place  on  which  offerings  or  sacri- 
fices were  made  to  the  gcds.  In  Pkotestant  churches,  the  communion  table  is 
often  designated  as  the  Altar,  and  in  Roman  Catholic  churches  it  is  a  square 
table  placed  at  the  east  end  of  the  church  for  the  celebration  of  mass. 

Altar  of  Incense.  A  small  table  covered  with  plates  of  gold  on  which  was 
placed  the  smoking  censer  in  the  temple  at  Jerusalem. 

Altar-piece.  The  entire  decorations  of  an  altar;  a  painting  placed  behind  an 
altar. 

Altar-screen.  The  back  of  the  altar  from  which  the  canopy  was  suspended, 
and  separating  the  choir  from  the  lady  chapel  and  presbytery.  The  Altar-screen 
-was  generally  of  stone,  and  composed  of  the  richest  tabemade  work  of  niches, 
fijiials,  and  pedestals,  supporting  statues  of  the  tutelary  saints. 

Alto-rilievo.  High  relief.  A  sculpture,  the  figures  of  which  i»oject  from  the 
surface  on  which  they  are  carved. 

Ambo.  A  raised  platform,  a  pulpit,  a  reading-desk,  a  marble  pulpit  —  an 
oblong  enclosure  in  ancient  churches^  resembling  in  its  uses  and  positions  the 
modem  choir. 

Ambry.  A  cupboard  or  closet,  frequently  found  near  the  altar  in  ancient 
churches  to  hold  sacred  utensils. 

Ambulatory.    An  alley  —  a  gallery  —  a  cloister. 

Amphiprostylos.  A  Grecian  temple  which  has  a  columned  portico  on  both 
ends. 

Amphitheater.    A  double  theater,  of  an  elliptical  fomi  on  the  plan,  for  the^ 
exhibition  of  the  ancient  gladiatorial  fights  and  other  shows.    Its  arena  or  pit,  in 
which  those  exhibitions  took  place,  was  encompassed  with  seats  rising  above 
each  other,  and  the  exterior  had  the  accommodation  of  porticos  or  arcades  for 

the  public. 

Amphora.    A  Grecian  vase  with  two  handles,  often  seen  on  medals. 

Anconea.  The  consoles  or  ornaments  cut  on  the  key-stones  of  arches  or  on 
the  sides  of  door-cases.  They  are  sometimes  made  use  of  to  support  busts  or 
other  figures. 

Angle-bar.  In  joinery,  an  upright  bar  at  the  angles  of  polygonal  windows; 
a  muUion. 

Angle-capital.  In  Greek  architecture,  those  Ionic  capitals  placed  on  the  flank 
columns  of  a  portico,  which  have  one  of  their  volutes  placed  horizontally  at  an 
angle  of  a  hundred  and  thirty-five  degrees  with  the  plane  of  the  frieze. 

Annitlated  Columns.  Columns  clustered  together  by  rings  or  bands;  much 
used  in  English  architecture. 

Annular  Vault.  A  vault  rising  from  two  parallel  walU — the  vault  of  a 
corridor.    Same  as  Barre/  Vault. 
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Annulet.    A  seobII  square  molding  used  to  separate  others.     The  fiBrt  vh  -i 
separates  the  flutings  of  columns  is  sometimes  known 
by  this  tenn. 

AntRf  Anta.  A  name  given  to  a  pilaster  wfaeo 
attached  to-  a  wall.  Vitruvius  calk  pilasters  par- 
9sl(Ua  when  insulated.  They  are  not  usually  di* 
minished,  and  in  all  Greek  eiampies  their  capitals  are 
different  from  those  of  the  columns  they  accompany. 

Antechamber.    An  apartment  preceded  by  a  vestibule  and  froaa  wH-h 
approached  another  room. 

Antechnpel.  A  small  chapel  forming  the  entrance  to  another.  Tberr  z- 
examples  at  Merton  College,  Oxford,  and  at  King's  College,  Cambridge,  Er?'  - ' 
besides  several  others.     The  antediapd  to  the  lady-chapel  in  cathedrais  !~ 

generally  called  the  Presbytery. 

Antechoir.  The  part  under  the  rood  loft,  between  the  doors  of  the  c:  r 
and  the  outer  entrance  of  the  screen,  forming  a  sort  of  lobby.  It  is  aJso  ca^  . 
the  Fore-choir. 

Antefixa.  In  classical  architecture  (gargoyles,  in  Gothic  architecture),  i: 
ornaments  of  lions'  and  other  heads  below  the  eaves  of  a 
temple,  through  channels  in  which,  usually  by  the  mouth,  the 
water  is  carried  from  the  eaves.  By  some  this  term  is  ap» 
plied  to  the  upright  ornaments  above  the  eaves  in  andcnt 
architecture!  which  hid  the  ends  of  the  Harmi  or  joint  tiles. 

Apophyge.  The  lowest  part  of  the  shaft  of  an  Ionic  or  Corinthian  ccJur— , 
or  the  highest  member  of  its  base  if  the  column  be  considered  as  a  wbole.  1  '- 
Apophyge  is  the  inverted  cavetto  or  concave  sweep,  on  the  upper  edge  of  vh  ' 
the  diminishing  shaft  rests. 

Apron.  A  plain  or  molded  piece  of  finish  below  the  stool  of  a  window,  p  .r 
on  to  cover  the  rough  edge  of  the  plastering. 

Apse.     The  semicircular  or  polygonal  terminatioA  to  the  chancd  of  a  chun^ 

^teraL    A  temple  without  columns  on  the  flanks  or  sides. 

Aquedttct.  An  artificial  canal  for  the  convejrance  of  water,  either  above  c^ 
under  ground.    The  Koman  aqueducts  are  mostly  of  the  former  constructioa. 

Arabesque.  A  building  after  the  manner  of  the  Arabs.  Ornaments  used  :>? 
the  same  people,  in  which  no  human  or  animal  figures  appear. 
Arabesque  is  sometimes  improperly  used  to  denote  a  species  of  or- 
naments composed  of  capricious  fantastics  and  imaginary  repre^ 
sentations  of  animals  and  foliage  so  much  employed  by  the  Romans 
in  the  decorations  of  walls  and  ceilings. 

Arabian  Architecture.  A  style  of  architecture  the  rudiments 
of  which  appear  to  have  been  taken  from  surrounding  nations,  the 
^Egyptians,  Syrians,  Chaldeans,  and  Persians.  The  best  preserved 
specimens  partake  chiefly  of  the  Gneco-Roman,  Byzantine,  and 
Egyptian.  It  is  supposed  that  they  constructed  many  of  their  finest 
buildings  from  the  ruins  of  ancient  dties. 

ArsMMtyle.  That  style  of  building  in  which  the  columns  are 
distant  from  one  another  from  four  to  five  diameters.  Strictly 
six^aking,  the  term  should  be  limited  to  intercolumniation  of  four 
diameters,  which  is  only  suited  to  the  Tuscan  order. 

ArsBosystylos.     That  style  of  buikh'ng  in  which  four  colmnos  AaABBsotT 
are  used  in  the  space  of  eight  diameters  and  a  half;   the  central 
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tercolumnUtioD  bong  three  dUmeten  uid  k  baU,  uid  the  othoi  on  each 
ie  being  only  half  a  diamelo,  by  which  umigEiiicct  coupled  columna  are 
Uoduced. 

ArborH.  Lajge  brooic  candelabri,  !n  the  shape  oC  a  tiee,  placed  on  thr  floor 
i  anciCQt  churches^  so  as  to  appear  growing  out  of  it. 

Arcada.     A  range  of  arches,  supported  eitfaff  f 
n  columns  01 00  picis,  and  detached  or  attached  ,' 
3  the  wall. 
Arch.     In  building,  a  mechanical  arrange- 
ment of  building  materials  arranged  in  the  forrn 
f  a  curve,  which  preserves  a  given  form  when 
esistirnf  prrasure,  and  enables  them,  supported 
■y   pier?  or  abutments,  to  carry  weights  and 
C£i!>l  pressure. 

Alch-bnttrMl.    Sometimes  called  a  fl>ing  abcade 

luttresi;  ao  oich  springing  from  a  buttress  oi  fia. 

ArcMtrave.  That  part  of  an  entablature  which  rests  upon  the  capital  ol  a 
olumn,  and  is  beneath  Ibe  frieae. 

ArchitiaTe  Cornice.  An  entablature  consisting  of  an  architrave  and  cor' 
lice,  without  the  intervention  of  the  frieze,  sometimes  introduced  when  incon- 
'CTvicnt  to  give  the  entablature  the  usual  height. 

ArchitraTa  of  a  Door.  The  Snished  work  surrounding  the  aperture;  the 
jppei  f>att  of  the  lintel  is  called  the  tiavene;  and  the  sides,  the  jambs. 

ArchivM.    A  lepositoiy  or  closet  lor  the  preservation  of  writincs  or  records. 

ArchlTolt.  A  collection  of  members  forming  the  inner  contour  of  an  arch, 
DT  B  band  or  (rune  adonxd  with  moldiggs  numing  over  the  facet  or  the  arch- 
slone^  and  bearing  upon  the  impoMa. 

Area.  Tbe  uiperfidal  coolenti  of  any  figure;  an  open  apace  or  omrt  within 
a  building;  also,  an  uncovered  ^>ace  surrouiKling  tbe  fourtdation  walls  to  gi\'e 


Arana.  The  plain  space  in  the  middle  of  the  amphilheater  or  other  place  of 
pubUc  icKirt. 

Arrll.    The  meeting  of  two  surfaces  producing  an  angle. 

ArtenaL     A  public  storehouse  for  arms  and  ammunition. 

Artiflcer,  or  Artiaan.  A  person  who  works  with  his  hands,  and  manufac- 
tures any  c«nmodily  in  iron,  brass,  wood,  etc. 

Aahkr,  or  Aahler.  A  lacing  made  of  squared  stones,  or  a  facing  made  of 
thin  slabs,  used  to  cover  walls  of  brick  or  rubble.  Ccuried  mUar  is  where  the 
stone*  run  in  level  courses  all  around  the  building;  random  jsUar,  where  the 
stones  are  of  different  heights,  but  level  beds.  Common  freestones  of  small 
si^e.  as  they  come  from  the  quarry,  are  also  called  ashlar. 

Atphdtum.  A  kind  of  bituminous  stone,  principally  found  in  tbe  province 
o(  Neufchatel,  Mixed  with  stone,  it  forms  an  excellent  cement,  incorruptible 
by  air  and  impenetrable  by  water. 

Aitragal.     A  small  semicircular  tnolding,  sometimes  plain  and  » 
ornamented. 

AtjiDptota.    A  straight  Une  which  continually  ai^voacbes  tn 
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ATLANTES 


AtUsM,  or  AfUntes.    Figures  or  half-figures  of  men,  oaed  instead  c: 
umns  or  pilasters  to  support  an  entablature; 
called  also  Teiamones. 

Atrinin.  A  court  in  the  interior  division  of 
Roman  houses. 

Attached  Columns.  Those  which  project 
three-fourths  of  their  diameter  from  the  walL 

Attic.  A  low  story  above  an  entablature,  or 
above  a  cornice  which  limits  the  height  of  the 
main  part  of  an  elevation.  Although  the  term  is 
evidently  derived  from  the  Greek,  we  find  noth- 
ing exactly  answering  to  it  in  Greek  architec- 
ture; but  it  is  very  common  in  both  Roman  and 
Italian  practice.  What  are  otherwise  called 
tholobates  in  St.  Peter's  and  St.  Paul's  Cathe- 
drals are  frequently  termed  attics. 

Attic  Order.    A  term  used  to  denote  the  low  pilasters  cmplojred  b  :"~ 
decoration  of  an  attic  story. 

Attributes.    In  painting  and  sculpture,  symbols  given  to  figures  and  stii.  .- 
to  indicate  their  office  and  character. 

Auditory.    In  ancient  churches,  that  part  of  the  church  where  the  pe> , . 
usually  stood  to  be  instructed  in  the  Gospel,  now  called  the  nave. 

Aula.    A  court  or  hall  in  andent  Roman  houses. 

Aviary.    A  large  apartment  for  breeding  birds. 

Axis.    The  spindle  or  center  of  any  rotative  motbn.    In  a  sphere,  la  zici:- 
inary  line  through  the  center. 

Back-choir.    A  place  behind  the  altar  in  tlie  principal  choir,  ia  whkh  ihr- 
is,  or  was,  a  small  altar  standing  back  to  back  with  the  former. 

Backing  of  a  Rafter  or  Rib.    The  forming  of  an  upper  or  outer  sari.. . 
that  it  may  range  with  the  edges  of  the  ribs  or  rafters  on  either  side. 

Backing  of  a  Wall.    The  rough  mner  face  of  a  wall;  earth  deposited  Ub.- . 
a  retaining  wall,  etc. 

Back  of  a  Window.    That  piece  of  wainscoting  which  is  between  the  bxt  r 
of  the  sash  frame  and  the  floor. 

Balcony.    A  projection  from  the  face  of  a  wall,  supported  by  columns  or  ^  - 
soles,  and  usually  surrounded  by  a  balustrade. 

Baldachin.    A  building  in  the  form  of  a  canopy,  supported  with  ooIumaN  i.-i 
serving  as  a  crown  or  covering  to  an  altar. 

Baluster.  A  small  pillar  or  column,  supporting  a  rail, 
of  various  forms,  used  in  balustrades. 

Baluster  Shaft.  The  shaft  dividing  a  window  in  Saxon 
architecture.  .At  St.  Albans  are  some  of  these  shafts,  evi- 
dently out  of  the  old  Saxon  church,  which  have  been  fixed 
up  with  Norman  capitals. 

Balustrsde.    A  series  of  balusters  connected  by  a  rail. 

Band.  A  sort  of  fiat  frieze  or  fascia  running  horizon- 
tally round  a  tower  or  other  parts  of  a  building,  particu- 
lariy  the  base  tables  in  perpendicular  work,  commonly  used 
with  the  long  shafts  characteristic  of  the  thirteenth  oen- 
tur>-.    It  generally  has  a  bold,  projecting  molding  above 


Glosaaiy  1801 

and  below,  and  U  carved  sometimes  with  foliages^  but  b  general  with  cusped 
circles*  or  quatrefoils,  in  which  frequently  are  shields  of  arms. 

Band  of  a  Column.  A  series  of  annulets  and  hollows  going  round  the  middle 
of  the  shafts  of  columns,  and  sometimes  of  the  entire  pier.  They  are  often  beau« 
tif  ully  carved  with  foliages,  etc.,  as  at  Amiens.  In  several  cathedrals  there  are 
rings  of  bronze  apparently  covering  the  junction  of  the  frusta  of  the  columns. 
At  Worcester  and  Westminster  they  appear  to  have  been  gilt;  they  are  there 
more  properly  called  Shaft-rings. 

Baptistery.  A  separate  building  to  contain  the  font,  for  the  rite  of  baptism. 
They  are  frequent  on  the  Continent;  that  at  Rome,  near  St.  John  Lateran,  and 
those  at  Florence,  Pisa,  Pavia,  etc.,  are  all  well-known  examples.  The  only  ex- 
amples in  England  are  at  Cranbrook  and  Canterbury;  the  latter,  however,  is 
supposed  to  have  been  originally  part  of  the  treasury. 

Barbican.  An  outwork  for  the  defence  of  a  gate  or  drawbridge;  also,  a  sort 
of  pent-house  or  construction  of  timber  to  shelter  warders  or  sentries  from  arrows 
or  other  missiles. 

Barge  Board.    See  Verge  Board. 

Bartizan.    A  small  turret,  corbeled  out  at  the  angle  of  a  wall  or  tower,  to  pro- 
tect a  warder  and  enable  him  to  see  around  him. 
They  generally  are  furnished  with  oylets  or  arrow- 
slits. 

Basement.    The  lower  part  of  a  building,  usu- 
ally in  part  below  the  grade  of  the  lot  or  street. 

Base   Moldings.    The  moldings  immediately 
above  the  plinth  of  a  wall,  pillar,  or  pedestal. 

Base  of  a  Colttmii.    That  part  which  is  between  bartizan 

the  shaft  and  the  pedestal,  or,  if  there  be  no  pedes- 
tal, between  the  shaft  and  the  plinth.    The  Grecian  Doric  had  no  base,  and  the 
Tuscan  has  only  a  single  torus,  or  a  plinth. 

Basilica.  A  term  given  by  the  Greeks  and  Romans  to  the  public  buildings 
devoted  to  judicial  purposes. 

Bas-relief.    See  Basso-rilievo. 

Basse-cour.  A  court  separated  from  the  principal  one,  and  destined  for 
stables,  etc. 

Basso-rHievo,  or  Bas-relief.  The  representations  of  figures  projected  from 
a  background  without  being  detached  from  it.  It  is  divided  into  three  parts: 
Alto-rillevo,  when  the  figure  projects  more  than  one-half;  Mezzo-rilievo,  that  in 
which  the  figure  projects  one-half;  and  Basso-rilievo,  when  the  projection  of  the 
figure  is  less  than  one-half,  as  in  coins. 

Bat.    A  part  of  a  brick. 

Batten.  Small  scantlings,  or  small  strips  of  boards,  used  for  various  purposes. 
Small  strips  put  over  the  joints  of  sheathing  to  keep  out  the  weather. 

Batten-door.  A  door  made  of  sheathing,  secured  by  strips  of  board,  put 
crossways,  and  nailed  with  clinched  nails. 

Batter.  A  term  used  by  bricklayers,  carpenters,  etc.,  to  signify  a  wall,  piece 
of  timber,  or  other  material,  which  does  not  stand  upright,  but  inclines  from  you 
when  you  stand  before  it;  but  when,  on  the  contrary,  it  leans  toward  you,  it  is 
said  to  overhang. 
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BtMsManl.  A  parapet  with  *  mits  of  Botcfaca  In  it,  fnNi  wfatcli  unvs  cd' 
be  shot,  or  other  initninienls  of  defaice  ^ 

harled  on  baiegera.    The  niied  poniocu    i  B 

uc  caUed  merloiu;  a.nd  (bt  notches,  em- 
bramrei  or  cnoelles.  The  former  were 
inteaded  to  cover  the  loklier  while  dis- 
durgiag  hi*  weapon  through  the  tatter. 
Thdr  UM  19  of  sreat  sniiquilyi  they  are 
found  in  the  Kulpturea  of  Nineveh,  in  the 

torabs  of  Egypt,  and  on  the  famoiu  Frao-  battlehent 

£ois  vase,  wbere  there  is  a  deliaeatioa  of 

the  siege  of  Troy.  In  ecclesiuticii  architecture  the  early  battlements  tiaveaiv- 
shallow  embruures  at  some  distance  apart.  In  the  Decoralnt  periad  they  j~' 
closer  together,  and  deeper,  and  the  moldings  on  the  top  of  the  raerlon  and  !>y 
torn  of  the  aobnsuic  are  richer.  Dunng  this  period,  and  the  arly  pan  ol  it^ 
Perpendicular,  the  side*  or  check*  of  Cbe  embrasuRs  are  peKeclly  aqwR  x;  , 
plain,  la  later  times  the  moldings  were  continued  round  the  sides,  as  we;.  -■ 
at  top  and  bottom,  mitring  at  the  angles,  as  over  the  doorway  of  Magdalen  (. .' 
lege,  Oxford,  England.  The  battlements  of  the  Decorated  and  bter  period-  u-- 
often  richly  ornamented  by  panding,  as  in  the  last  example,  la  caArtU!-- 
work  the  merlons  are  often  pierced  by  narrow  arrow-stiu.  (Sec  Oylti.)  i: 
South  Ilaty  some  bittlcmenls  ore  found  itnincly  resembling  tboae  of  old  Rur:: 
andPompeK:  in  the  Continental  ecclesiastical  architecture,  the  parapet!  are  tTT: 
rarely  embattled. 

Bay.  Any  division  or  compartment  of  an  arcade,  itnf,  etc.  Tbua  cadi  apaj% 
front  pillar  to  pillar,  in  a  cathedral,  a  called  a  b^,  or  levery. 

Bay  Window.  Any  window  projecting  outwanl  [ram  the  wall  ol  a  bmUir^ 
either  square  or  polygonal  on  plan,  and  comroBidnx  fiom  the  giDaad.  U  it. 
are  carried  on  projecting  corbels,  they  are  called  Oriel  wtodows.  Their  uM  s=x= 
to  have  been  amGned  to  tbc  later  periods.  In  the  Tudor  and  Eliaabcthan  sl>  :■^ 
they  ate  often  semicircular  in  plao,  in  which  caae  aaoie  think  it  taarx  cnreci  ti 
call  theol  Bow  Windows. 

Buaai.    A  kind  o(  £la*tem  mart,  of  Arabic  origin. 

Bead.  \  circular  molding.  When  seveiml  are  jinasl,  it  i*  fa  Bed  Reedir.- 
wheaflusb  with  the  surface,  it  iscalled  Quirk-bead:  and  when  raised.  Cock-t'c. 

Beam.  A  piece  of  timber,  iron,  stone,  or  other  material,  placed  bo(iKint^>, 
or  nearly  so,  to  support  a  load  over  an  openiikg,  or  from  post  lo  post. 

Bearing.    The  portion  of  a  beam,  truss,  etc,  that  rest*  oa  the  support*. 

Bearing  Wall,  or  Partttion.  A  wall  wUcb  supports  the  torn  and  toofi  i 
a  building. 

Beaufet,  or  Buffet  A  small  cupboard,  or  cabinet,  to  contain  china.  It  r;:> 
either  be  built  into  a  wall,  or  be  a  separate  piece  of  furniture. 

Bed.  In  bricMiying  and  masonry,  the  borilontBl  SuifaCEi  on  wUch  the  itii^-> 
or  bricks  of  walls  lie  in  courses. 

Bed  of  a  Slate.    The  lower  side. 

Bed  Holdings.     Those  moldings  in  all  the  orders  between  tlte  cocotia  i-i 

Belfry.  Properly  speaking,  a  detached  tower  or  campanile  coatainiog  ti('l<. 
as  at  Evesham.  England,  but  more  generally  aj^ilied  to  the  rtoging-nnai  at  kr. 
■>f  the  tower  of  a  church.     See  Taaier, 
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Bd-eot,  BsO-fftble,  or  Bell-tarret.  The  place  where  one  or  more  bdb  are 
huns  in  diapels^  or  small  churches  which  have  no  towers.  Beli>oots  are  tome- 
times  double,  as  at  Northborough  and  Coxwell,  England;  a  very  common  form 
in  France  and  Switzerland  admits  of  three  bells.  In  tlpese  countries,  also,  they 
are  frequently  of  wood,  and  attached  to  the  ridge.  Those  which  stand  on  the 
SRble,  ctividing  the  nave  from  the  chancel,  are  generally  called  Sanctus  Bells.  A 
very  curious  and,  it  is  believed,  unique  example  at  Cleves  Abbey,  England,  juts 
out  from  the  wall.  In  later  times  bdl-turrets  were  much  ornamented;  these  are 
often  called  Fleches. 

Bell  of  a  Capital.  In  Gothic  work,  immediately  above  the  necking  is  a  deepi, 
hollow  curve;  this  is  called  the  bell  of  a  capital.  It  is  often  enriched  with  foli- 
ases.    It  is  also  applied  to  the  body  of  the  Corinthian  and  Composite  capitals. 

Belt.  A  ooufse  of  stones  or  brick  projecting  from  a  brick  or  stone  wall,  gen^ 
erally  placed  in  a  line  with  the  stUs  of  the  windows;  it  is  either  molded,  fluted* 
plane,  or  enriched  with  patras  at  regular  intervals.  Sometimes  called  Stone 
String. 

Belvedere,  or  Look-out.  A  turret  or  lantern  raised  above  the  roof  of  an 
obaervatocy  for  the  purpose  of  enjoying  a  fine  prospect. 

Bema.  The  semicircular  recess,  or  hexedra,  in  the  basilica,  where  the  judges 
sat,  and  where  in  after-times  the  altar  was  placed.  It  generally  is  roofed  with  a 
half -dcMne  or  concha.  The  seats  of  the  priests  were  against  the  wall,  looking  into 
the  body  of  the  church,  that  of  the  bishop  being  in  the  center.  The  bema 
is  generally  ascended  by  steps,  and  railed  ofif  by  cancelli. 

Bench  Table.  The  stone  seat  which  runs  round  the  walls  of  large  churches 
and  sometimes  round  the  piers;  it  very  generally  is  placed  in  the  porches. 

Bevel.  An  instrument  for  taking  angles.  One  side  of  a  solid  body  is  said  to 
be  beveled  with  respect  to  another,  when  the  angle  contained  between  those  two 
aides  is  greater  or  less  than  a  right  angle. 

Bezantee.  A  name  given  to  an  ornamental  molding  much  used  in  the  Nor- 
man period,  resembling  bezants,  coins  struck  in  Byzandum. 

Billet.  A  spedes  of  ornamented  molding  much  used  in  Norman,  and  some- 
times in  Early  English  work,  like  short  pieces  of  stick  cut  off  and  arranged  alter* 
nately. 

Blocking,  or  Blocking-course.  In  masonry,  a  course  of  stones  placed  oa 
the  top  of  a  cornice  crowning  the  walls. 

Bond.  In  bricklaying  and  masonry,  that  connection  between  brides  or  stones 
formed  by  lapping  them  upon  one  another  in  carrying  up  the  work,  so  as  to  form 
an  inseparable  mass  of  building,  by  preventing  the  vertical  joints  falling  over 
each  other.  In  brickwork  there  are  several  kinds  of  bond.  In  common  brick 
walls  in  every  sixth  or  seventh  course  the  bricks  are  laid  crossways  of  the  wall, 
called  Headers.  In  face  work,  the  back  of  the  face  brick  is  clipped  so  as  to  get 
in  a  diagonal  course  of  headers  behind.  In  Old  English  bond,  every  alternate 
course  is  a  header  course.  In  Flemish  bond,  a  header  and  stretcher  alternate 
in  each  course. 

Bond-stones.  Stones  running  through  the  thickness  of  the  wall  at  right 
angles  to  its  face,  in  order  to  bind  it  together. 

Bond-timbers.  Timbers  placed  in  a  horizontal  direction  in  the  walls  of  a 
brick  building  in  tiers,  and  to  which  the  battens,  laths,  etc.,  are  secured.  In  rub- 
ble work,  watts  are  better  plugged  for  this  purpose. 

Border.    Useful  ornamental  pieces  around  the  edge  of  anything. 
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Boh.  An  omament,  generally  carved,  forming  the  key->tooe  at  tbe  intmeL 
tion  of  the  ribs  of  a  groined  vault.  Early  Norman  vaults  have  no  bocaes.  T.: 
carving  is  generally  foliage,  and  resembles  that  of  the  period  in  rapitaK  ^^ 
Sometimes  they  have  human  heads,  as  at  Notre  Dame  at  Paxis^  and 
grotesque  figures.   In  Later  Gothic  vaulting  there  are  bosses  at  every  u 

Boutall.    The  mediaeval  term  for  a  round  rndding,    or    toms.    Wbn  'i 
follows  a  curve,  as  round  a  bench  end,  it  b  called  a  Roving  BoutelL 

Bow.    Any  projecting  part  of  a  buikiiDg  in  the  form  of  an  aic  of  a  drck,    A 
bow,  however,  is  sometimes  polygonal. 

[   Bow  Window.    A  window  placed  in  the  bow  of  a  building. 

Brace.    In  carpentr>%  an  inclined  piece  of  timber,  used  in  trussed  paititir--- 
or  in  framed  roofs,  in  order  to  form  a  triangle,  and  thereby  stiffen  the  frurr. 
When  a  brace  is  used  by  way  of  support  to  a  rafter,  it  is  called  a  strut.    Br^-.  > 
in  partitions  and  span-roofs  are,  or  always  should  be,  dispoatd  in  paii^  ^^ 
introduced  in  opposite  directions. 

Brace  Mold.     [  \  ]  Two  ressaunts  or  ogees  united  together  Ukc  a  brace  1- 
printing,  sometimes  with  a  small  bead  between  them. 

Bracket.    A  projecting  omament  carrying  a  cornice.    Those  which  soppor: 
vaulting  shafts  or  cross  springers  of  a  roof  are  more  geneimUy  called  Cotbe'is. 

Break.    Any  projection  from  the  general  surface  of  a  building. 

Breaking  Joint.    The  arrangement  of  stones  or  bricks  ao  as  not  to  alkv 
two  joints  to  come  immediately  over  each  other.    See  Botid, 

Breast  of  a  Window.  The  masonry  forming  the  back 
of  the  recess  and  the  parapet  under  the  window-sill.  f^j         J^        /*^ 

Bressummer.  A  lintel,  beam,  or  iron  tie,  intended  to 
carry  an  external  wall  and  itself  supported  by  piers  or 
posts;  used  prindpally  over  shop  windows.  This  term 
is  now  seldom  used,  the  word  Aeam,  or  iirder,  taking  its 
place. 

Bridging.  A  method  of  stiffening  floor  joist  and  parti- 
tion studs,  by  cutting  pieces  in  between.  Cross  bridging 
of  floor  joist  is  illustrated  in  cut. 

Bulwark.  In  andent  fortification,  nearly  the  same  as 
Bastion  in  modem. 

!    Burse,  or  Bourse.    A  public  edifice  for  th^  asKmUy  of  merchant  tzada^' 
an  exchange. 

Bust.  In  sculpture,  that  portion  of  the  human  figure 
which  comprises  the  head,  neck,  and  shoulders. 

Buttery.    A  store-room  for  provisions. 

Butt-joint.  Where  the  ends  of  two  pieces  of  timber  or 
molding  butt  together. 

Buttress.  Masonry  projecting  from  a  wall,  and  intended 
to  strengthen  the  same  against  the  thrust  of  a  roof  or  vault. 
Buttresses  arc  no  doubt  derived  from  the  classic  pilasters  which 
serve  to  strengthen  walls  where  there  is  a  pressure  of  a  girder 
or  roof-timber.  In  very  early  work  they  have  little  |»ojectkm, 
and,  in  fact,  are  "  strippilasters."  In  Norman  work  they  are 
wider,  with  very  little  projection,  and  generally  stop  under  a 
cornice  or  corbel  table.  EaHy  English  buttresses  project  con« 
siderably,  sometimes  with  deep  sloping  weatherings  in  several 
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Stages,  and  sometimes  with  gabled  heads.  Sometimes  they  are  chamfered,  and 
sometimes  the  angles  have  jamb  shafts.  At  Wells  and  Salisbuiy,  England, 
thex  Arc  richly  ornamented  with  canopies  and  statues.  In  the  Decorated  period 
thex  became  richly  paneled  in  stages,  and  often  finish  with  niches  and  statues 
and  elegantly  carved  and  crocketed  gablets,  as  at  York,  England.  In  the 
Perp>endicular  period  the  weatherings  became  waved,  and  they  frequently 
terminate  with  niches  and  pinnacles. 

Buttress,  Flying.    A  detached  buttress  or  pier  of  masonry  at  some  distance 
from  a  wall,  and  connected  therewith  by  an  arch  or  por- 
tiozx  of  an  arch,  so  as  to  discharge  the  thrust  of  a  roof  or 
vault  on  some  strong  point. 

Buttress  Shafts.    Slender  columns  at  the  angle  oC 
buttresses,  chiefly  used  in  the  Early  English  period. 

Byzantine  Architecture.  A  style  developed  m  the 
Byzantine  Empire.  The  capitals  of  the  pillars  are  of 
endless  variety  and  fuU  of  invention;  some  are  founded 
on  the  Greek  Corinthian,  some  resemble  the  Norman 
and  the  Lombard  style,  and  are  so  varied  that  no  two  sides 
of  the  same  capital  are  alike.  They  are  comprised  imder 
the  style  Romanesque,  which  comprehends  the  round- 
arch  style.  Byzantine  architecture  reached  its  height  in 
the  Church  of  St.  Sophia  at  Constantinople. 

Cabinet  A  highly  ornamented  kind  of  buffet  or  chest  oC  drawers  set  apart 
for  the  preservation  of  things  of  value. 

Cabling.  The  flutes  of  columns  are  said  to  be  cabled  when  they  are  partly 
occupied  by  solid  convex  masses,  or  appear  to  be  refilled  with  cylinders  after 
they  had  been  formed. 

Caduceus.    Mercury's  rod,  a  wand  entwined  by  two  serpents  and  surmounted 
by  two  wings.    The  rod  represents  power;  the  serpents,  wisdom; 
and  the  wings,  diligence  and  activity. 

Caisson.  A  panel  sunk  below  the  surface  in  flat  or  vaulted  ceil- 
ings.    See  Casioon 

Caisson.  In  bridge  building,  a  chest  or  vessel  in  which  the  piers 
of  a  bridge  are  built,  gradually  sinking  as  the  work  advances  till  its 
bottom  comes  in  contact  withi  the  bed  of  the  river,  and  then  the 
sides  are  disengaged,  being  so  constructed  as  to  allow  of  their  being 
thus  detached  without  ii^'uiy  to  its  floor  or  bottom. 

Caliber,  or  Caliper.  The  diameter  of  any  round  body;  the  width 
of  the  mouth  of  a  piece  of  ordnance. 

Camber.  In  carpentry,  the  convexity  of  a  beam  upon  the  surface, 
in  order  to  prevent  its  becoming  concave  by  its  own  weight,  or  by 
the  burden  it  may  have  to  sustain.  ' 

Campanile.  A  name  given  in  Italy  to  the  bell-tower  of  a  town-hall  or  church. 
In  that  country  this  is  almost  always  detached  from  the  latter. 

Candelabrum.  Stand  or  support  on  which  the  andents  placed  their  lamps. 
Candelabra  were  made  in  a  variety  of  shapes  and  with  much  taste  and  eicganre. 
The  term  is  also  used  to  denote  a  tall  ornamental  candlestick  with  several  armfl» 
or  a  bracket  with  arms  for  candles. 

Canopy.  The  upper  part  or  cover  of  a  niche,  or  the  pfojection  or  ornament 
over  an  altar,  seat,  or  tomb.    The  word  is  supposed  to  be  derived  from  cono- 
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PKIBD,  the  gauze  coveriog  over  a  bed  to  keep  off  tbc  gnats;  a  maaqaito  curt^i- 
E&riy  £ngliflh  canopies  are  generally  simple,  with  trefoiled  or  cmqae-foikd  ht^- 
but  in  the  kiter  styles  they  are  very  rich,  and  divided  into  compartmenia  «  ' 
pendants,  knots,  pinnacles,  etc.    The  triangular  arrangement  over  an  Earl)  h^z 
Ush  and  Decorated  doorway  is  often  called  a  canopy.    The  triangular  ciL^ .- 
in  the  North  of  Italy  are  peculiar.    Those  in  England  are  general^'^  part  ui   - 
arrangement  of  the  arch  moldings  of  the  door,  and  form,  as  it  were,  the  Lr•^<. 
molds  to  them,  as  at  York.    The  former  are  above  and  independent  of  the  c  ' ' 
moldings,  and  frequently  support  an  arch  with  a  tympanum,  above  which  i^  . 
triangular  canopy,  as  in  the  Duomo  at  Florence.     Sometimes  the  canofn  .:' 
arch  project  from  the  wall,  and  arc  carried  on  small  jamb  shafts,  as  at  San  P'.«^- 
Martiro  at  Verona.    Canopies  are  often  used  over  windows,  as  at  York  Mig.-'  ' 
over  the  great  west  window,  and  lower  ties  in  the  towers.     These  axe  tnan^cL-. 
whUe  the  upper  windows  in  the  towers  have  ogee  canopies.  ^^ 

CapitaL  The  upper  part  of  a  column,  pilaster,  pier,  etc.  Capitals  have  b'-: 
used  in  every  style  down  to  the  present  time.  That  mostly  used  by  the  Er-- 
tians  was  bell-shaped,  with  or  without  ornaments.  The  Peraans  used  tlie  dLi.J  - 
headed  bell,  forming  a  kind  of  bracket  capital.  The  Assyrians  apparently  m. . 
use  of  the  Ionic  and  Corinthian,  which  were  developed  by  the  Greeks^  Ro7c^- 
and  Italians  into  their  present  well-known  forms.  The  I>oric  was  apparcnth  ' 
invention  or  adaptation  by  the  Greeks,  and  was  altered  by  the  Romans  i.  ' 
Italians.  But  in  all  these  examples,  both  ancient  and  modem,  the  capitals  v'  ~ 
order  are  all  of  the  same  form  throughout  the  same  building,  so  that  if  c-rt  t« 
seen  the  form  of  all  the  others  is  known.  The  Romanesque  architects  ahtr-j 
all  this,  and  in  the  carving  of  their  capitab  often  introduced  aocfa  fisure^  ^.tii 
emblems  as  helped  to  tell  the  story  of  their  building.  Another  form  was  ict->> 
duced  by  them  in  the  curtain  capital,  rude  at  first,  but  afterward  highly  dtx^- 
rated.  It  evidently  took  its  origin  from  the  cutting  off  of  the  lower  angles  iA  - 
square  block,  and  then  rounding  them  off.  The  process  may  be  distinctly  ?o: 
in  its  several  stages,  in  Mayence  Cathedral.  But  this  form  of  capital  was  s  r 
fully  developed  by  the  Normans,  with  whom  it  became  a  rearked  feature.  !' 
the  early  English  capitals  a  peculiar  flower  of  three  or  more  lobes  wa^  n-ri 
spreading  from  the  necking  upward  in  most  graceful  forms.  In  Decorated  .•  :! 
Perpendicular  styles  this  was  abandoned  in  favor  of  more  realistic  form-  ; 
crumpled  leaves,  enclosing  the  bell  Hke  a  wreath.  In  each  style  bold  ala^ . ' 
moldings  were  always  used,  whether  with  or  without  fohagc. 

Caravansary.    A  huge,  square  building,  or  inn,  in  the  East,  for  the  recrpCh  - 
of  travelers  and  lodging  of  caravans. 

Carriage.    The  timber  or  iron  joist  which  supports  the  steps  of  a  wooden  sL 

Carton,  or  Cartoon.  A  design  made  on  strong  paper,  to  be 
transferred  on  the  fresh  plaster  wall  to  be  afterward  painted  in 
fresco;  also,  a  colored  design  for  working  in  mosaic  tapestry. 

Cartouche.  An  ornament  which  like  an  escutcheon,  a  shield 
or  an  oval  or  oblong  panel  has  the  central  part  plain,  and  usually 
slightly  convex,  to  receive  an  inscription,  armorial  bearings,  or  an 
ornamental  or  significant  piece  of  painting  or  sculpture.  Frequently 
used  in  French  Renaissance  and  Modem  Architecture. 

Caryatides.  Human  female  figures  used  as  piers,  columns,  or 
supports.     Cttfyatk  is  applied  to  the  hmnan  figure  general^,  when 

used  in  the  manner  of  caryatides. 

Cased.  Covered  with  other  raaterialiv  generaUy  of  a  better 
qtahty.  CAJt^AnD 
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CAsement.  A  ^ss  frame  which  is  made  to  open  by  turnins  on  hingei 
lAxed  to  its  vertical  edges. 

Cassoon,  or  Caisson.  A  deep  panel  or  coffer  in  a  soffit  or  ceiling.  This 
term  is  sometimes  written  in  the  French  form,  caisson;  sometimes  derived 
directly  from  the  Italian  cassonet  the  augmentative  of  cassa,  a  chest  or  coffee. 

Cast.  A  term  used  in  sculpture  for  the  impression  of  any  figure  taken  in 
plaster  of  Paris,  wax,  or  other  substances. 

Catacombs.  Subterranean  places  for  burying  the  dead.  Those  of  Egypt, 
and  near  Rome,  are  believed  to  be  the  most  important. 

Catafalco.    An  ornamental  scaffold  used  in  funeral  solemnities. 

Cathedral.    The  principal  church,  where  the  bishop  has  his  seat  as  diocesan. 

Cauliculiis.  The  inner  scroll  of  the  Corinthian  ca^Mtal.  It  is  not  uncommon, 
however,  to  apply  this  term  to  the  larger  scrolls  or  volutes  also. 

Causeway.    A  raised  or  paved  way. 

CaTetto.  A  concave  ornamental  molding,  opposed  in  effect  to  the  ovolo  — 
the  quadrant  of  a  drde. 

Ceiling.  That  covering  ol  a  room  which  hides  the  joists  of  the  floor  abo\'e, 
or  the  rafters  of  the  roof  Most  Eun^iean  churches  either  have  open  roofs,  or 
are  groined  in  stone.  At  Peterborough  and  St.  Albans,  England,  there  are  very 
old  flat  ceilings  of  boards  curiously  painted.  In  later  times  the  boarded  ceilings, 
and,  in  fact,  some  of  those  of  plaster,  have  molded  ribs,  locked  with  bosses  at 
the  intersection,  and  are  sometimes  elaborately  carved.  In  many  English 
churches  there  are  ceilings  formed  of  oak  ribs,  filled  in  at  the  spandrels 
with  narrow,  thin  pieces  of  board,  in  exact  imitation  of  stone  groiniDg.  In 
the  Elizabethan  and  subsequent  periods  the  ceilings  are  enriched  with 
most  elaborate  ornaments  in  stucco.  Matched  and  beaded  boards,  placed 
and  smoothed,  used  for  wainscoting.  In  the  New  England  States  it  is  called 
sheathing. 

Cenotaph.  An  honorary  tomb  or  monument,  distinguisbed  from  monuments 
in  being  enxpty,  the  individual  it  is  to  memorialize  having  received  interment 
elsewhere. 

Cenlavr.  A  poetical  imaginaxy  being  of  heathen  mythology,  half-man  and 
half-horse. 

Centring.    In  building,  the  frames  on  which  an  arch  is  turned. 

Chamfer,  Champf er,  or  Chaumf er.  When  the  edge  or  arris  of  any  work  is 
cut  off  at  an  angle  of  45**  in  a  small  degree,  it  is  said  to  be  chamfered;  if 
to  a  large  scale,  it  fs  said  to  be  a  canted  comer.  The  chamfer  is  much  used  in 
medieval  work,  and  is  sometimes  plain,  sometimes  hollowed  out,  and  sometimes 
molded. 

Cbamf er  Stop.  Chamfers  sometimes  simply  run  into  the  atris  by  a  plane 
face;  more  oomraonly  they  are  first  stopped  by  some  ornament,  as  by  a  bead; 
they  are  sometimes  terminated  by  trefoils,  or  cinque-foils,  double  or  single,  and 
in  general  form  very  pleasing  features  in  medieval  architecture. 

Chancel.  A  place  separated  irom  the  rest  of  a  church  by  a  screen.  The  word 
is  now  generally  used  to  signify  the  portion  of  an  Episcopal  or  Catholic  church 
containing  the  altar  and  communion  table. 

Chantry.  A  snaH  chapel,  generally  built  out  from  a  church.  They  generally 
contain  a  founder's  tomb,  and  are  often  endowed  places  where  masses  might 


1808  Glossaiy  Fir 

be  said  for  bis  soul.  The  offidator,  or  maas  priest,  beins  oCten  manDect- . 
with  the  parodiial  clergy.  The  chantiy  has  generally  an  eatimnoe  boa  i> 
outside. 

Chapel.    A  small,  detached  building  used  as  a  substitute  for  a  church  r  . 
large  paridi;  an  apartment  in  any  laige  building,  a  palace,  a  nobleman's  hoc?e 
hospital  or  prison,  used  for  public  worship;  or  an  attached  bmlding  nmuDjt . . 
of  and  forming  part  of  a  large  church,  generally  dedicated  to  different  S2j:.i. 
each  having  its  own  altar,  pisdna,  etc.,  and  screened  off  from  the  body  o:  iL 
building. 

Chapter  House.    The  chamber  in  which  the  chapter  or  beads  of  the  rnoca^ 
bodies  assembled  to  transact  business.    They  are  of  various  fonns;   some  ^ 
oblong  apartments,  some  octagonal,  and  some  circular. 

Chaptrel.    In  Gothic  architecture,  the  capital  of  a  pier  or  oolimm  v^lIi 
receives  an  arch. 

Chamel  House.  A  place  for  depositing  the  bones  which  might  be 
thrown  up  in  digging  graves.  Sometimes  it  was  a  portion  of  the 
crypt;  sometimes  it  was  a  separate  building  in  the  church-yard; 
sometimes  chantry  chapels  were  attached  to  these  buildings.  M. 
VioUet-le-Duc  has  given  two  vexy  curious  fmmiilfs  of  ossumites  — 
one  from  Fleurance,  the  other  from  Faouet. 

Cherub — Gothic.    A  representation  of  an  infant's  head  joined  to 
two  wings,  used  in  the  churches  on  key-stones  of  arches  and  corbels. 

Chevron — Gothic.    An  omament  turning  this  and  that  way,  like 
a  zigzag,  or  letter  Z. 

Chiaro-oscuro.  The  effects  of  light  and 
shade  in  a  picture. 

Choir.  That  part  of  a  church  or  monastery 
where  the  breviary  service,  or  "horae,"  is 
chanted. 

Church.  A  building  for  the  performance  of 
public  worship.  The  first  churches  were  built  on 
the  plan  of  the  ancient  basilica;,  and  afterward 
on  the  plan  of  a  cross:  a  church  is  said  to  be  in  Greek  cross  when  the  lengtb  c  f 
the  transverse  is  equal  to  that  of  the  nave;  in  Latin  cross,  when  the  iia\T  b 
longer  than  the  transverse  part;  in  rotundo,  when  it  is  a  perfect  circle;  amfk. 
when  it  has  only  a  nave  and  choir;  with  aides,  when  it  has  a  row  of  porticos  l~ 
form  of  vaulted  galleries,  with  chapels  in  its  circumference. 

Ciborium.    A  tabernacle  or  vaulted  canopy  supported  on  shafts  «**"^inp  ova 
the  high  altar. 

Cincture.  A  ring,  list,  or  fillet  at  the  top  and  bottom  of  a 
column,  serving  to  divide  the  shaft  of  the  column  from  its 
capital  and  base. 

Cinque-foil.  A  sinking  or  perforation,  like  a  flower,  of 
five  points  or  leaves,  as  a  quatre-foil  is  of  four.  The  points 
are  sometimes  in  a  circle,  and  sometimes  form  the  cusptng 
of  a  head.  .,-*«*,«,  ■-*« 

Civic  Crown.    A  garland  of  oak-leaves  and  acorns,  given 
as  honorary  distinction  among  the  RcMnans  to  such  as  had  pceeeived  the  fife 
of  a  fellow-dtizen. 
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Cl*rB-Btor7,  QMT-itanr.  When  tbe  i^ddte  oF  the  nave  of  >  i 
>ove  the  aisles  uid  ii  pierced  with 
indowa,  the  upper  stoiy  is  thui 
Lllsd.  Sometimes  these  windowi 
re  very  nnaU.  being  mere  qustre- 
lils,  or  spherical  ttianglcs.  la  Urge 
uildings,  however,  they  nre  unpor- 
a.nt  objects  both  For  beauty  and 
■tility.  The  window  of  the  ctere- 
tones  o(  Norman  work,  even  in  large 
hurchea,  are  o[  less  importance  than 
n  the  later  styles.  In  Early  Knglilh 
.hey  became  largci;  and  in  the  Deco- 
-ated  they  are  mare  important  still, 
icinK  letjgthened  as  the  tiiforium 
iiminishes.  !□  Perpendicular  work. 
the  latter  often  disappears  altogether, 
and  in  many  later  churches  the  clere- 
stories are  close  ranges  of  windows. 
The  word  dm-skiry  is  also  used  to 
denote  a  similar  method  of  lighting 
other  buildings  besides  churches,- es- 
pecially factories,  depota,  sheds,  etc. 
Cldstw.    An  enclosed  square,  like 

the  atrium  of  a  Roman  bouse,  with  a 

walk  or  ambulatory  around,  sheltered 

by  a  roof,  generally  groined,  and  by 

tracery   windows,   which  were  more 

or  leu  glazed. 

Close.     The  precinct  of  a  cathedral 

or  abbey.     Sometimes  the  Rill<  are   I 

traceable,     but     now    generally    the  Bath  Abbey 

boundary   b   only   known   by   tradi- 


aoM  string,  or  Box  String.     A  A,  buttiesa  with  pinnadei  B,  flyiu 

method  of  finishing  the  outer  edge  of  l""»f^    ^'^'}^^^^"^?^'^-.,y- 

k     k  -iji  _  ,„  .       «  n(  „  ,k  vaulted  rool  of  aisle;  D  D,  pier  dividing 

i-ta  rs.  by  budding  up  a  sort  of  curb  ^^^^  ,^^  ^     g  ;^j,^  <^f  ^,  ^^^^ 

string  on   which    the   balusters   set. 
and  the  treads  and  risen  stop  against  it. 

Gualarad.  In  architecture,  the  coalition  of  several  members 
which  penetrate  each  other, 

ClnalarMl  Column.  Several  slender  i»llars  attached  to  each 
other  sa  as  to  form  one.  I'he  term  is  used  in  Roman  architecture 
t  J  denote  two  or  four  columns  which  appear  to  intersect  each  other 
at  rhe  an^  of  a  building  to  answer  at  each  return. 

Coal.  A  thickness  or  covering  of  paint,  pUster,  or  other  work, 
done  II  one  time.  The  first  coat  of  plastering  is  called  the  scratch 
coat,  Ihe  second  coat  (when  there  are  three  coats)  i^i  called  the  brown 
coat,  and  the  last  coat  is  variously  known  as  the  slipped  coat, 
sUlmcoat.  or  white  coat.    It  vanes  in  composition  in  <Uae[tnt 

Coflgr.    A  deep  panel  in  a  ceiling. 
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Cotfer  Daa.    A  frmie  used  in  ti»  buildfaig  of  a  fatids*  >n 

amilar  to  a  caisson. 

Collar  Beam.    A  beam  above  the  lower  ends  of  the  raitcn»  and  ^ak<.<f  i 

Colonnade.  A  row  of  columns.  The  colonnfide  is  termed,  accxvdir.«:  i 
the  number  of  columns  which  support  the  entablature:  Tetxastyle,  wben  Lbi^ 
are  four;  hezastyle,  when  six;  octostyle,  when  eight,  etc  When  in  frant  •..  i 
building  they  ate  termed  porticos;  when  surrounding  a  building;  peristole;  £r; 
when  double  or  more,  polystyle. 

Coloaseum,  or  CoHaenm.    The  immense  amphitheater  btiilt  at  Romr 
I-lavius  Vespasian,  A  D.  72,  after  his  return  from  his  victories  over  tlae  Ji 
would  contain  ninety  thousand  persons  sitting,  and  Iweutjr 
standing.    The  name  is  now  employed 
to  denote  an  unusually  large  audience 
building,   generally  of   a   temporary 
nature. 

Colosaoa.  The  name  of  a  brazen 
statue  which  was  erected  at  the 
entrance  of  the  harbor  at  RhodeSi 
one  hundred  and  five  feet  in  height. 
Vessels  could  sail  between  its  legs. 

Column.    A    round    pillar.    The 
parts  are  the  base,  on  which  it  rests; 
its  body,  caDed  the  shaft;    and  the 
head,  called  the  capital.    The  capital 
finishes  with  a  horizontal  table,  called 
the  abacus,  and  the  base  commonly 
stands  on  another,  called  the  pLmth. 
Columns  may  be  either  insulated  or    ^ 
attached.    They  are  said  to  be  at-    ^ 
tached  or  engaged  when  they  form    ^ 
part  of  a  wall,  projecting  one-half  or 
more,   but  not  the  whole,   of  their 
substance. 

Common.  A  line,  angle,  surface, 
etc.,  which  belongs  equally  to  several 
objects.  Common  centring  is  a  cen- 
tring without  trusses,   having  a  tie 

beam  at  bottom.    Common  joists  are  ,r^._^  ,   ,.     .   »v_  -»«  ri^ 

the  beams  in  naked  flooring  to  which  (D>vried  according  to  the  TuscM  Order- 

the  joists  are  fixed.    Common  rafters 

in  a  roof  are  those  to  which  the  laths  are  attached. 

Composite  Arch.    Is  the  pointed  or  lancet  arch.  , 

Composite  Order.  The  most  elaborate  of  the  ordcfs  of  daaaica]  uih- 
itecture. 

Compoand  Arch.  A  usual  form  of  medieval  arch,  which  may  be  resolvnf 
into  a  number  of  concentric  archways,  successively  placed  within  and  bchiLJ 
ca(  h  other. 

Conduit.  A  long  narrow  passage  between  two  walk  or  undefgrouiKi  f^r 
secret  communication  between  different  apartments;  also,  a  canal  or  pipe  for  the 
conveyance  of  water. 
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SBCHON  OPOOLDIOf  AND  eHXABLATTU 


rnnfM>l(iiii1     Iteuat  where  >  prieAoc  omfcasoi  tfu  to  bear  eonfesn'ons 

Cons*.     AnDthei  oune  foi  the  echinus  or  quarter  round. 

Conwnatoiy.    A  building  for  the  protection  and  rearing  of  tender  plants, 

olten  attacked  to  a  bouse  a>  an  apartment.    Also,  a  public  [riace  of  Instruction, 

designed  to  pnaerve  aod  perfect  the  Imawledge  of  aoniE  branch  of  ieanung  or 


Comlitory.    The  judicial  hall  of  the  CoU^e  o(  Cardinals  at  Rome. 
Can— 1.  or  Coaaol*.    A  bracket  or  tnu,  gBteimlly  wHb  scrolls  oi  volutes  at 
the   two  ends,  of  une<iual  size  and  CEntrasted,  but 
cunnccted  by  a  flowing  line  from  Uie  back  of  tbe 
upper  one  to  tbe  inner  convolving  face  of  tiie  lower. 

Coping.  The  coiifiJng  oi  covering  of  a  wall.  Tbis 
is  of  stone,  wealbercd  to  tluvw  off  the  wet.  In  Nor- 
man times,  as  far  as  can  be  judged  from  tbe  little  there 
i^  left,  it  was  generally  plain  and  flat,  and  projected 
over  the  w»n  with  a  floating  to  form  a  drip.  After- 
ward it  assumed  a  torus  or  bowtell  at  the  top,  and  be-  COHBOLEi 
came  deeper,  and  in  the  Decorated  period  there  were 

generally  Kveral  sets-off.  The  copings  in  the  Perpendicular  period  assumed 
something  of  the  wavy  HKlioa  of  the  buttteis  caps,  and  mitred  round  tbe  sides 
of  the  embrasure,  as  well  as  tbe  ti^  and  bottom. 

CoibeL  The  name,  in  mediteval  arcbitectun^  for  a  piece  of  stone  Jutting  out 
uf  B  wall  to  carry  any  superincumbent  weight.  A  piece  of  timber  projecting  in 
the  same  way  was  called  a  tas»l  or  a  bragget.  Thus,  tbe  carved  omamenlE  iioai 
which  the  vaulting  shafts  spring  at  Lincoln  are  corbels.  Nornun  corbels  are 
generally  plain.  In  the  Early  English  period  they  are  sometimes  elaborately 
carved.  Tbey  sometimes  end  with  a  point,  apparently  growing  into  tbe  wall, 
or  forming  a  knot,  and  often  are  supported  by  angles  and  other  ttgures.  In  the 
later  periods  the  (oliage  or  ornaments  itsembie  those  in  the  capitals.  In  modern 
architecture,  a  short  piece  of  stone  or  "wood  projecting  Item  a  wall  to  form  a 
support,  generally  otnamealed. 

Corbel  Out.  To  build  out  one  or  more  courses  of  brick  or  stone  from  tbe  (aoe 
of  a  wall,  to  form  a  support  for  timbers. 

Cubel  Table.  A  projecting  cornice  or  parapet,  supported  by  a  range  of 
corbels  a  short  distance  apart,  which  carry  a  molding,  above  which  is  a  plain 
pieccoF  projecting  wail  forming  a  parapet,  and  covered  by  a  coping.  Sometimes 
small  arches  are  thrown  acmss  from  corbel  to  corbel,  to  carry  the  projection. 

Cornice.  The  projection  at  the  top  of  a  wall  finished  by  a  blocking-course, 
common  in  dassc  architecture.  In  Norman  times,  the  wall  finished  with  a  cor- 
bd  table,  which  carried  a  portion  of  plain  projecung  work,  which  was  finished 
by  a  coping,  and  the  whole  formed  a  parapet,  fn  Early  English  times  the  para- 
pet was  much  tbe  same,  but  the  wort  was  eiecuted  in  a  much  better  way,  espe- 
cially the  snail  arches  connecting  the  corbels.  In  IheDecorated  period  tbecorbel 
table  was  nearly  abandoned,  and  a  Urge  hollow,  with  one  or  two  subordinate 
mokling*,  substituted;  this  ts  sometimes  filled  with  the  ball-flowers,  and  some- 
times with  running  foliages.  In  tbe  Pefpendiculu'  style  the  parapet  frequently 
did  not  project  beyond  the  wall.line  below;  the  molding  then  became  a  string 
Ithougb  often  improperly  called  a  cornice),  and  wati  ornamented  by  a  quatre-foil, 
or  small  rosettes,  set  at  equal  intervals  immediately  under  the  baltlements.  In 
many  French  eiamptea  tbe  molded  string  is  very  bold,  and  enriched  with  Foliage 
smimenQ 
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Corona.    The  brow  of  the  oomice  which  projects  over  the  bed  mokEog?  * 

throw  off  the  water. 

Corridor.  A  long  gallery  or  passage  in  a  mansion  camnectins  varioss  sper 
ments  and  running  round  a  quadrangle.    Any  long  passage-way  in  a  bqiiriing 

Countorsink.  To  make  a  cavity  for  the  reception  of  a  plate  of  irott,  or  rh 
head  of  a  screw  or  bolt,  so  that  it  shall  not  project  b^ond  the  face  d  the  «  .tl 

Coupled  Columns.    Colunms  arranged  in  pairs. 

Course.    A  continued  layer  of  bricks  or  stones  in  buildings;  the  teiai  is  ii> 

applicable  to  slates,  shingles,  etc 

Court.  An  open  area  behind  a  house,  or  in  the  center  of  a  building  and  t-- 
wings.    Courts  admit  of  the  most  elegant  ornamentation^^  such  as  arcades,  et. 

Cove  —  Coving.  The  molding  called  the  cavetto,  or  the  scotia  mverted  <  - 
a  large  scale,  and  not  as  a  mere  molding  in  the  composition  of  a  cornice;  is  csLc-i 
a  cove  or  a  coving. 

Cove-bracketing.  The  wooden  skeleton  mold  or  framing  of  a  oove»  appCiri 
chiefly  to  the  bracketing  of  a  cove  ceiling. 

Cove  Ceiling.    A  ceiling  springing  from  the  waUs  with  a  curve. 

Coved  and  Flat  Ceiling.    A  ceiling  in  which  the  section  is  the  quadrant  of 

a  circle,  rising  from  the  walls  and  intersecting  in  a  flat  surface. 

Cradling.    Timber  work  for  sustaining  the  lath  and  plaster  of  vaulted  ceiEc^ 

Creating.  An  ornamental  finish  in  the  wall  or  ridge  of  a  building,  which  s 
common  on  the  Continent  of  Europe.  An  example  occurs  at  Exeter  Cathedral, 
the  ridge  of  which  is  ornamented  with  a  range  of  small  fleuis-de-Iis  in  lead. 

Crocket.    An  ornament  running  up  the  ades  of  gablets,  hood-molds^  pins^- 
cles,  spires;  generally,  a  winding  stem  like  a  creeping  plant, 
with  flowers  or  leaves  projecting  at  intervals,  and  terminat- 
ing in  a  finial. 

Cross.    This  religious  symbol  is  almost  always  placed  on 
the  ends  of  gables,  the  summit  of  spires,  and  other  oon^icu- 
ous  places  of  old  churches.    In  early  times  it  was  generaUy 
very  plain,  often  a  simple  cross  in  a  circle.    Sometimes  they 
take  the  form  of  a  light  cross,  crosslet,  or  a  cross  in  a  square. 
In  the  Decorated  and  later  styles  they  became  richly  floriated, 
and  assumed  an  endless  variety  of  forms.    Of  memorial 
crosses  the  finest  examples  are  the  Eleanor  crosses,  erected 
by  Edward  I.    Of  these  a  few  yet  remain,  one  of  which  has 
recently  been  reerected  at  Charing  Cross.    Preaching  crosses  were  often  set  u? 
by  the  wayside  as  stations  for  preaching;  the  most  noted  b  that  in  front  of  >:. 
Paul's,  England.    The  finest  remaining  sepulchral  crosses  are  the  okl  eUborateK* 
carved  examples  found  in  Ireland. 

Cross-aisle.    An  old  name  for  a  transept. 

Cross-springer.    The  transverse  ribs  of  a  vault. 

Cross-vaulting.    A  common  name  given  to  groins  and  cylindrical  vanhs. 

Crown.    In  architecture  the  uppermost  member  of  the  cornice;  called  al^? 
Corona  and  Larmier. 

Crypt.    A  vaulted  apartment  of  greater  or  less  size,  usually  under  the  choir 

Cupola.    A  small  room,  either  circular  or  polygonal,  standing  on  the  top  of  i 
dome.    By  some  it  is  called  a  Lantern. 
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Ourb  Roofi  or  Mansard  Roof.    A  roof  formed  of  four  contiguous  planes^ 
two  having  an  external  inclination.  ^ 

Ourtail  Step.  The  first  step  in  a  stair,  which  is  generally  finished  in  the  form 
>f  SL  scroll. 

Cusp.  The  point  where  the  foliations  of  tracery  intersect.  The  earliest 
?xa>mple  in  England  of  a  plain  cusp  is  probably  that  at  Pythagoras  School,  at 
Cajxibxidge,  of  an  ornamental  cusp,  at  Ely  Cathedral,  where  a  small  roll,  with  a 
rosette  at  the  end,  is  formed  at  the  termination  of  a  cusp.  In  the  later  styles  the 
terminations  of  the  cusps  were  more  richly  decorated;  they  also  sometimes 
tcraninate  not  only  in  leaves  or  f oliage%  but  in  rosettes,  heads,  and  other  fanciful 
ornaments. 

• 

Cyclostyle.  A  structure  composed  of  a  circular  range  of  columns  without  a 
core  is  cydostylar;  with  a  core,  the  range  would  be  a  peristyle.  This  is  the  spe- 
cies of  edifice  called  by  Vitruvius  monopteral. 

Cyma.    The  name  of  a  molding  of  very  frequent  use.    It  is  a  simple,  waved 

line,  concave  at  one  end  and  convex  at  the  other,  Uke  an   r- — ^ 

Italic  /.    When  the  concave  part  is  uppermost  it  is  called   ^  | 

a  cyma  recta,  but  if  the  convexity  appear  above,  anu  the       \.^,., J 

concavity  below,  it  is  then  a  cyma  reversa.  cyka  kscta 

Cymatiiim.    When  the  crowning  molding  of  an  en-  ix 
tablatnre  is  of  the  cyma  form,  it  is  termed  the  Cyma- 
tium. 

CYMA  KEVEB.SA 

Cyrtoetyle.    A  circular  projecting  portico.    Such  are 
those  of  the  transept  entrances  to  St.  Paul's  Cathedral,  London. 

Dado,  or  Die.  The  vertical  face  of  an  insulated  pedestal  between  the  base 
and  cornice,  or  surbase.  It  is  extended  also  to  the  similar  part  of  all  stereobates 
which  are  arranged  like  pedestals  in  Roman  and  Italian  architecture. 

Dais.  A  part  of  the  floor  at  the  end  of  a  medieval  hall,  raised  a  step  above 
the  rest  of  the  floor.  On  this  the  lord  of  the  mansion  dined  with  his  friends  at 
the  great  table,  apart  from*  the  retainers  and  servants.  In  mediaeval  halb  there 
was  generally  a  dep  recessed  bay  window  at  one  or  at  each  end  of  the  dais, 
supposed  to  be  for  retirement,  or  greater  privacy  than  the  open  hall  could  afford. 
In  France  the  word  is  understood  as  a  canopy  or  hanging  over  a  seat;  probably 
the  name  was  given  from  the  fact  that  thi  seats  of  great  men  were  then  sur- 
mounted by  such  an  ornament. 

Darby.  A  fiat  tool  used  by  plasterers  m  working,  especially  on  ceilings.  It 
is  generally  about  seven  inches  wide  and  forty-two  inches  long,  with  two  handles 
on  the  back. 

Decastyle.    A  portico  of  ten  colunms  in  front. 

Decorated  Style.  The  second  stage  of  the  Pointed  or  Gothic  style  of  archi- 
tecture, considered  the  most  complete  and  perfect  development  of  Gothic  archi- 
tecture, the  best  ei^amples  of  which  are  found  in  England. 

Demi-metope.  The  half  of  a  metope,  which  is  found  at  the  retiring  or  pro- 
jecting angles  of  a  Doric  frieze. 

Dentil.  The  cogged  or  toothed  member,  common  in  the  bed-mold  of  a  Corin- 
thian entablature,  is  said  to  be  dentiled,  and  each  cog  or  tooth  is  called  a  dentil. 

Depressed  Arches,  or  Drop  Arches.    Those  of  less  pitch  than  the  equilateral. 

Design.  The  plans,  elevations,  sections,  and  whatever  other  drawings  may 
be  necessary  for  an  edifice,  exhibit  the  design,  the  term  plan  having  a  restricted 
application  to  a  technical  portion  of  the  design. 
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^  D«ttiL  As  used  by  architects,  detaU  means  the  smaller  puts  into  i 
composition  may  be  divided.  It  is  applied  generaily  to  mrddin^  aad 
corichmeuts^  and  again  to  their  minutiae. 

Diameter.  The  line  in  a  circle  passing  through  its  center,  or  thicknt  p.- 
which  gives  the  measure  proportioning  the  interrolumniarian  m  aome  oi  i 
•rdera. 

Diamtten.  The  diameters  of  the  lower  and  upper  ends  of  the  Aaft  at 
column  are  caUed  its  inferior  and  superior  diameters,  lespectnrdy ;  the  tarmss 
the  greatest,  the  latter  the  least  diameter  of  the  shaft. 

Diaper.  A  method  of  decorating  a  wall,  panel,  stained  glass,  or  airy^  pbin  «:- 
face,  by  covering  it  with  a  continuous  design  of  flowers,  rosettes*  etc^  eitb^r  : 
squares  or  losenges,  or  some  geometikal  form  resembling  the  pattern  <rf  a  c* 
pered  table>doth,  from  which,  in  fact,  the  name  b  supposed  by  aocne  to  hsvt 
been  derived. 

Diaatylo*  A  spacious  intercolumniation,  to  which  three  dfamriris  tr.- 
assigned. 

Dipteros.  A  double-winged  temple.  The  Greeks  are  said  to  have  onstrsctH 
temples  with  two  ranges  of  columns  all  around,  which  were  caDed  dipceroi  \ 
portico  projecting  two  columns  and  their  inter^iaces  is  of  dipteral  or  p9e»i- 
dipteral  arrangement. 

Discharging  Arch.  An  arch  over  the  opening  ol  a  door  or  window,  td  <&• 
•harge  or  relieve  the  superincumbent  weight  from  pressing  on  the  lintcL 

Distemper.  Term  applied  to  painting  with  colors  mixed  with  sise  or  rtl^* 
glutinous  substance.  All  the  cartoons  of  the  andents,  previous  to  the  year  141^ 
are  said  to  be  done  in  distemper. 

Distyle.  A  portico  of  two  columns.  This  is  not  generally  applied  to  the  mei 
porch  with  two  columns,  but  to  describe  a  portico  with  two  mlitmw  m  ^utis, 

Ditriglyph.    An  intercolumniation  in  the  Doric  order,  of  two  tiiglyphi. 

Dodecastyle.  A  portico  of  twelve  columns  in  front.  The  lower  one  of  Cv 
west  front  of  St.  Paul's  Cathedral,  London,  is  of  twelve  columns,  but  they  sit 
coupled,  making  the  arrangement  pseudo-dodecastyle.  The  Chamber  of  Dcpi- 
ties  in  Paris  has  a  true  dodecastyle. 

Dog-tooth.  A  favorite  enrichment  used  from  the  latter  pait  of  the  Xonnaa 
period  to  the  early  part  of  the  Decorated.  It  is  in  the  form  of  a  four4ea^'\rTJ 
flower,  the  center  of  which  projects,  and  probably  was  named  from  its  resem- 
blance to  the  dog-toothed  violet. 

Dome.     A  cupola  or  inverted  cup  on  a  building.    The  application  of  thb  tenr 
to  its  generally  received  purpose  is  trom  the  Italian  custom  of  calling  an  an± 
episcopal  church,  by  way  of  eminence,  H  Duomo,  the  temple;  for  to  one  of  tlu' 
rank,  the  Cathedral  of  Florence,  the  cupola  was  flrst  applied  in  modem  practic; 
The  Italians  themselves  never  call  a  cupola  a  dome;  it  is  on  this  side  of  the  AIp« 
the  application  has  arisen,  from  the  circumstance,  it  would  appear,  that  tfaeliaj- 
ians  use  the  term  with  reference  to  those  structures  whose  most  Hic»in£Mi«ktT.; 
feature  is  the  cupola,  tholus,  or  (as  wc  now  call  it)  dome. 
Domestic  Architecturt.    Thai  branch  which  relates  to  private  buiUi^a 
Donjoa.    The  principal  tower  of  a  castle,  gonendly  ooBtainiiig  the  prisao. 

Door  Ii«]ike.    The  surrounding  case  into  andout  of  which  the  door  shubsrd 

opens.  It  consists  of  two  upright  pieces,  called  jambs,  and  a  head,  generally  6au:^ 
together  by  mortices  and  tenons,  and  wrought,  rebated,  and  beaded. 

Doric  Order.    The  oldest  of  the  three  orders  of  Gredaa  arcfaitactue. 
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Dormer  Window,  a  window  belonging  to  a  room  in  a  roof,  which  conse« 
quently  projects  from  it  with  a  valley  gutter  on  each  side.  They  are  said  not  to 
be  earlier  than  the  fourteenth  century.  In  Germany  there  are  often  several  rows 
of  dormers^  one  above  the  other.  In  Italian  Gothic  they  are  very  rare;  in  fact, 
the  former  have  an  unusually  steep  roof,  while  in  the  latter  coimtry,  where  the 
Italian  tile  is  used,  the  roofs  are  rather  flat. 

Dormitory.  A  room,  suite  of  rooms,  or  building  used  to  sleep  in.  The  name 
was  first  applied  to  the  place  where  the  monks  slept  at  night.  It  was  sometimes 
one  long  room  like  a  barrack,  and  sometimes  divided  into  a  succession  of  small 
chambers  or  cells.  The  dormitory  was  generally  on  the  first  floor,  and  connected 
with  the  church,  so  that  it  was  not  necessary  to  go  out-of-doors  to  attend  the 
nocturnal  services.  In  the  large  houses  of  the  Perpendicular  period,  and  also  in 
some  of  the  Elizabethan,  the  entire  upper  story  in  the  roof  formed  one  large 
apartment,  said  to  have  been  a  place  for  exercise  in  wet  weather,  and  also  for  a 
dormitory  for  the  retainers  of  the  household,  or  those  of  visitors. 

Doable  Vault.  Formed  by  a  duplicate  wall;  wine  cellars  are  sometimes  so 
formed. 

Doyatailing.  In  carpentry  and  joinery,  the  method  of  fastening  boards  or 
other  timbers  together,  by  letting  one  piece  into  another  in  the  form  of  the 
expanded  tail  of  a  dove. 

Dowel.  A  pin  let  into  two  pieces  of  wood  or  stone,  where  they  are  joined 
together.  A  piece  of  wocd  driven  into  a  wall  so  that  other  pieces  may  be  nailed 
to  it.    This  is  also  called  plugging. 

Draw-bridge.  A  bridge  made  to  draw  up  or  let  down,  much  used  in  fortified 
places.  In  navigable  rivers,  the  arch  over  the  deepest  channel  is  made  to  draw 
or  revolve,  in  order  to  let  the  masts  of  ships  pass  through. 

Drawing-room.'  A  room  appropriated  for  the  reception  of  company;  a  room 
to  which  company  withdraws  from  the  dining-room. 

Dresser.    A  cupboard  or  set  of  shelves  to  receive  dishes  and  cooking  utensils. 

Dressing.  Is  the  operation  of  squaring  and  smoothing  stones  for  building; 
also  applied  to  smoothing  lumber. 

Dressing-room.    An  apartment  appropriated  for  dressing  the  person. 

Drip.  A  name  given  to  the  member  of  a  cornice  which  has  a  projection 
beyond  the  other  parts  for  throwing  off  water  by  small  portions,  drop  by  drop. 
It  is  also  called  Larmier. 

Drip-Stone.  The  label  molding  which  serves  on  a  canopy  for  an  opening, 
and  to  throw  off  the  rain.    It  is  also  called  Weather  Molding. 

Drop-scene.  A  curtain  suspended  by  pulleys,  which  descends  or  drops  in 
front  of  the  stage  in  a  theater. 

Drum.  The  upright  part  of  a  cupola  over  a  dome;  also,  the  solid  part  or  vase 
of  the  Corinthian  and  Composite  capitals. 

Dry-rot.  A  rapid  decay  of  timber,  by  which  its  substance  is  converted  into 
a  dry  powder,  which  issues  from  minute  cavities  resembling  the  borings  of 
worms. 

Dungeon.  The  prison  in  a  castle  keep,  so  called  because  the  Norman  name 
for  the  latter  is  donjon,  and  the  dungeons,  or  prisons,  are  generally  in  its  lowest 
Btoty. 

Dwarf  Wall.  The  walls  enclosing  courts  above  wfaidi  are  raiHngs  of  iron; 
>ow  walls,  in  general,  receive  this  name. 
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Batm.  Id  iUting  and  shingling,  the  margin  or  lower  part  o£  tbe  ^u::| 
hanging  over  the  wall,  to  throw  the  water  off  from  the  masooiy  or  bcickvcrk 

Echinttt.  A  molding  of  eccentric  curve,  gener- 
ally cut  (when  it  is  carved)  into  the  forms  of  ^gs 
and  anchors  alternating,  whence  the  molding  is 
called  by  the  name  of  the  more  conspicuous.    It  is  ECHnrcs 

the  same  as  Ovolo. 

Edifice.  Is  synonymous  with  the  terms  building,  fabric,  crectioQ,  bet  -a 
more  strictly  applicable  to  architecture  distinguished  for  size,  dignity,  ^-^ 
grandeur. 

EflSorescence.  In  architecture,  the  fonnation  of  a  whitish  loose  powder,  ' 
crust,  on  the  surface  of  stone  or  brick  walls. 

Egyptian  Architecture.    The  earliest  civilization  and  cultivation  of  the  ir.i 
was  in  Upper  £g>'pt.    The  most  remarkable  and  most  ancient  monuments  of  -tt 
Egyptians,  with  the  exception  of  the  pyramids,  are  nearly  all  included  in  Vry^' 
£g3T>t-    The  buildings  of  Egypt  are  characterized  by  solidity  and  massh-'r^-^ 
of  construction,  originality  of  conception,  and  boldness  of  form.     The  waJK  ^^ 
pillars^  and  the  most  sacred  places  of  thdr  religious  buildings  were  cmaiuci.nr 
with  hierogl3rphics  and  symbolical  figures,  while  the  ceilings  of  the  portx  « 
exhibited  zodiacs  and  celestial  planispheres.    The  temples  of  Egypt  were  gran- 
ally  without  roofs,  and,  consequently,  the  interior  colonnades  had  no  pecfiflKs:^ 
supporting  merely  an  entablature,  composed  of  only  architrave,  frieae,  *:- 
cornice,  formed  of  immense  blocks  united  without  cement  and  ornamented  vtj 
hieroglyphics. 

Element.  The  outline  of  the  design  of  a  Decorated  window,  on  whirh  ti*r 
centers  for  the  tracery  are  formed.  These  centers  will  all  be  fouiu]  to  fJi  ' 
points  which,  in  some  way  or  other,  will  be  equimultiples  of  parts  of  the  operJr  r- 
To  draw  tracery  well,  or  understand  even  the  principles  of  its  composition,  n:..' 
attention  should  be  given  to  the  study  of  the  element. 

Elevation.  The  front  facade,  as  the  French  term  it,  of  a  structure;  a  geo- 
metrical drawing  of  the  external  upright  parts  of  a  building. 

Embattlement.    An  indented  parapet;  battlement. 

Emblazon.    To  adom  with  figures  of  heraldry,  or  ensigns  armorial. 

Embossing.  Sculpture  in  rilievo,  the  figures  standing  partly  out  from  tbe 
plane. 

Embrasure.  The  opening  in  a  battlement  between  the  two  raised  solid  pc^- 
tions  or  merlons,  sometimes  called  a  crenelle. 

Encaustic.  Pertaining  to  the  art  of  burning  in  colors,  applied  to  painting  c- 
glass,  porcelain,  or  tiles,  where  colors  are  fixed  by  heat;  hence,  encaustic  tBe^ 
bricks,  etc 

Engaged  Columns.  Are  those  attached  to,  or  built  into  walls  or  piers,  i 
portion  being  concealed. 

Enrichment.  The  addition  of  ornament,  carving,  etc.,  to  plain  work;  deten- 
tion; embellishment. 

Ensemble.  Means  the  whole  work  or  composition  considered  together,  aod 
not  in  parts. 

Entablature*    The  assemblage  of  parts  supported  by  the  rv^lmwn,    ii  fxj^ 
fiista  of  three  parts:  the  architrave,  frieze,  and  cornice. 
•    Entail.    In  Gothic  architecture,  delicate  carving. 


Glossary  1817 

Bntatis.  The  snreUing  of  a  oolumn,  etc.  In  medisval  architecture,  some 
spires,  particularly  those  called  "broach  spires/'  have  a  slight  swelling  in  the 
sides,  but  no  more  than  to  make  them  look  straight;  for,  from  a  particular 
"deceptio  visus,"  that  which  is  quite  straight,  when  viewed  at  a  height,  looks 
hollow. 

Entry.    A  hall  without  stairs  or  vestibule. 

Epistyle.  This  term  may  with  propriety  be  applied  to  the  whole  entablature, 
with  which  it  is  synonymous;  but  it  is  restricted  in  use  to  the  architrave,  or 
lowest  member  of  the  entablature. 

Esctttcheon.  (Her.)  The  field  or  ground  on  which  a  coat-of-arms  is  repre- 
sented. (Arch.)  The  shields  used  on  tombs,  in  the,  spandrels  of  doors,  or  in 
string-courses;  also,  the  ornamented  plates  from  the  centre  of  which  door  rings, 
knockers,  etc.,  are  suspended,  or  which  protect  the  wood  of  the  key-hole  from 
the  wear  of  the  key.  In  medisval  times  these  were  often  worked  in  a  very 
beautiful  manner. 

Etching.  A  mode  of  engraving  on  glass  or  metal  (generally  copper)  by  means 
of  lines,  eaten  in  or  corroded  by  means  of  some  strong  add. 

Eostyie.  A  species  of  intercolumniation  to  which  a  proportion  of  two  diam- 
eters and  a  quarter  is  assigned.  This  term,  together  with  the  others  of  similar 
import  —  pycnostyle,  systyle,  diastyle,  and  arsostyle  —  referring  to  the  distance 
of  colunms  from  one  another  in  composition,  is  from  Vitruvius,  who  assigns  to 
each  the  space  it  is  to  express.  It  will  be  seen,  however,  by  reference  to  them 
individually,  that  the  words  themselves,  though  perhaps  sufficiently  applic- 
able convey  no  idea  of  an  exactly  defined  space,  and,  by  reference  to  the 
columnar  structures  of  the  andents,  that  no  attention  was  paid  by  them  to 
such  limitations.  It  follows,  then,  that  the  proportions  assigned  to  each  are 
purely  conventional,  and  may  or  may  not  be  attended  to  without  vitiating  the 
power  of  applying  the  terms.  Eustyle  means  the  best  or  most  beautiful  ar- 
rangement; but,  as  the  efifect  of  a  columnar  composition  depends  on  many 
things  besides  the  diameter  of  the  columns,  the  same  proportioned  inter- 
columniation would  look  well  or  ill  according  to  those  other  drcumstances, 
so  that  the  limitation  of  Eustyle  to  two  diameters  and  a  quarter  is  absurd. 

Eztrados.  The  exterior  or  convex  curve  forming  the  upper  line  of  the  arch 
stones;  the  term  is  opposed  to  the  intrados,  or  concave  side. 

Eye  of  a  Dome.    The  aperture  at  its  summit. 
Eye  of  a  Volute.    The  circle  in  its  center. 

Facade,  or  Face.  The  whole  exterior  side  of  a  building  that  can  be  seen  at 
one  view;  strictly  speaking,  the  prindpal  front. 

Face  Mold.  The  pattern  for  marking  the  plank  or  board  out  of  which 
ornamental  hand-railings  for  stairs  and  other  works  are  cut. 

Fan  Tracery.  The  very  complicated  mode  of  roofing  used  in  the  Perpen- 
dicular style,  in  which  the  vault  is  covered  by  ribs  and  veins  of  tracery. 

Fasda.  A  flat,  broad  member  in  the  entablature  of  columns  or  other  parts  of 
buildings,  but  of  small  projection.  The  architraves  in  some  of  the  orders  are 
composed  of  three  bands,  or  f  asci»;  the  Tuscan  and  the  Doric  ought  to  have  only 
one.  Ornamental  projections  from  the  walls  of  brick  buildings  over  any  of  the 
windows,  except  the  uppermost,  are  called  Fascix. 

Fenestral.  A  frame,  or  "chassis,"  on  which  oiled  paper  or  thin  doth  was 
strained  to  keep  out  wind  and  rain  when  the  windows  were  not  glazed. 


1818  GlonarT  Far 


FMtooa.    An  ornament  of  ctrved  work,  repcescnting  a  urealfc  or 
flowers  or  leaves,  or  both,  interwoven  with  each 
other.    It  is  thickest  in  the  middle,  and  small 
at  each  extiemityp  where  it  is  tied,  a  part  often 
hanging  down  below  the  knot. 

Fillet.  A  narrow  vertical  band  or  listd  of 
frequent  use  in  congenes  of  moldings,  to  sepa- 
rate and  combine  them,  and  also  to  give  breadth 
and  firmness  to  the  upper  edge  of  a  crowning 

cyma  or  cavetto,  as  in  an  external  cornice.    The  narrow  slips  or  breadth  bet^  ■». 
the  flutes  of  Corinthian  and  Ionic  columns  are  also  called  fillets.     In  medL- 
work  the  fillet  is  a  small,  flat,  projecting  square,  chiefly  used  to  separate  be!!-  » 
and  rounds,  and  often  found  in  the  outer  parts  of  shafts  and  boatek.     In  " 
situation  the  center  fillet  has  been  termed  a  ked,  and  the  two  sde  ones,  wi-r- 
but,  apparently,  this  is  not  an  ancient  usage. 

Finial.  The  flower,  or  bunch  of  flowers,  with  which  a  spire,  pumade,  g^'.  - 
canopy,  etc.,  generally  terminates.  Where  there  are 
crockets,  the  finial  generally  bears  as  dose  a  resem- 
blance as  possible  to  them  in  point  of  design.  They 
are  found  in  early  work  where  there  are  no  crockets. 
The  simplest  form  more  resembles  a  bud  about  to 
burst  than  an  open  flower.  They  soon  became  more 
elaborate,  as  at  Lincoln,  and  still  more,  as  at  West- 
minster and  the  H6tel  Cluny  at  Paris.  Many  per- 
pendicular finials  are  like  four  crockets  bound  to- 
gether. Almost  every  known  example  of  a  finial  has  moAXs 
a  sort  of  necking  separating  it  from  the  parts  bdow 

Fith- joint.    A  spKce  where  the  pieces  are  joined  butt  end  to  end,  mod  air  o  -- 
nected  by  pieces  of  wood  or  iron  placed  on  each  side  and  firmly  bolted  to  :* 
timbers,  or  pieces  joined. 

Flags.    Flat  stones,  from  i  to  3  inches  thick,  for  floors. 

Flamboyant.  A  name  applied  to  the  Third  Pointed  style  in  France,  wr  i 
seems  to  have  been  developed  from  the  Second,  as  the  English  PerpendicuUr "« .  - 
from  the  Decorated.  The  great  characteristic  is,  that  the  element  of  the  tra--''. 
flows  upward  in  long  wavy  divisions  like  flames  of  fire.  In  most  cases,  also,  n  »*• 
division  has  only  one  cusp  on  each  side,  however  long  the  division  may  be.  T' 
moldings  seem  to  be  as  much  inferior  to  those  of  the  preceding  pekiod  a<  t  •. 
Perpendicular  moldings  were  to  the  Early  English,  a  fact  which  seons  to  fj*  * 
that  the  decadence  of  Gothic  architecture  was  not  confined  to  one  coantiy. 

Flange.  A  projecting  edge,  rib,  or  rim.  Flanges  are  often  cast  on  tbe  top  ' 
bottom  of  iron  columns,  to  fasten  them  to  those  above  or  below;  the  top  ir  i 
bottom  of  I-beams  and  channels  are  called  the  flange. 

Fla«lring».  Pieces  of  lead,  tin,  or  copper,  let  into  the  joints  of  a  waB  so  «i '  • 
lap  over  gutters  or  other  pieces;  also,  pieces  worked  in  the  slates  or  slmvrk^ 
around  dormers,  chimneys,  and  any  rising  part,  to  prevent  leaking. 

Flatting.    Painting  finished  without  leaving  a  gloss  on  the  surfaoe. 

Fl^he.  A  general  term  in  French  architecture  for  a  spire,  but  man  pn* 
ticularly  used  for  the  small,  slender  erection  rising  from  the  intersectkjo  (* 
the  nave  and  transepts  in  cathedrals  and  large  churches,  and  canying  tbe 
sanctus  bell. 

Pleur-de^    The  nqr.1  inscnU  of  Fiuov  m<ch  ttaed  m  deconUon. 
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Vligtat    A  nm  of  itepft  or  stairs  from  one  landing  to  a&jtaer. 

Flocting.  The  equal  spreading  of  plaster  or  stucco  on  the  surface  of  walls, 
by  means  of  a  board  called  a  float;  as  a  rule,  only  rough  plastering  is  floated. 

Floriated.    Having  florid  ornaments,  as  in  Gothic  pillars. 

Flue.  The  speux  or  passage  in  a  chimney  through  which  the  smoke  ascends. 
Each  passage  is  called  a  flue,  while  all  together  make  tl^  chinm^. 

Flush.    The  continued  suzfaoe,  in  the  same  plane,  of  two  contiguous  masses. 

Flvte.  A  concave  channel.  Colunms  whose  shafts  ^e  channeled  are  said 
to  be  fluted,  and  the  flutes  are  collectively  called  Flutings. 

Flying  Buttress.  An  arched  buttress  used  when  extra  strength  was  required 
for  the  upper  part  of  the  wail  of  the  nave,  etc,  to  resist  the  outward  thrust  of  a 
vaulted  ceiling.  The  flying  buttress  generally  rests  on  the  wall  and  buttress  of 
the  aisle. 

Foils.    The  small  axes  in  the  tracery  of  Gothic  windows,  panels,  etc 

Folisge.    An  ornamental  distribution  of  leaves  on  various  parts  of  buildings. 

FoUation.    The  use  of  small  arcs  or  foils  in  forming  tracery. 

Font.  The  vessel  used  in  the  rite  of  baptism.  The  earliest  extant  is  supposed 
to  be  that  in  which  Constantine  is  said  to  have  been  baptized;  this  is  a  porphyry 
labnmi  from  a  Roman  bath.  Those  in  the  baptisteries  in  Italy  are  all  large,  and 
were  intended  for  immersioa;  as  time  went  on,  they  seem  to  have  become 
smaller.  Fonts  are  sometimes  mere  plain  hollow  cylinders,  generally  a  little 
snaller  below  than  above;  others  are  massive  squares,  supported  on  a  thick  stem, 
round  which  sometimes  there  are  smaller  shafts.  In  the  Early  English  this  form 
is  still  pursued,  and  the  shafts  are  detached;  sometimes,  however,  they  are  hex- 
agonal and  octagonal,  and  in  this  and  the  later  styles  assume  the  form  of  a  vessel 
on  a  stem.  Norman  fonts  frequently  have  curious  carxings  on  them,  approach- 
ing the  grotesque;  in  later  times  the  foliages,  etc.,  partook  absolutely  of  the 
character  of  those  used  in  other  architectural  details  of  their  respective  periods. 
The  font  in  European  churches  is  usually  placed  close  to  a  pillar  near  the  en- 
trance, generally  that  nearest  but  one  to  the  tower  in  the  south  arcade;  or,  in 
large  buildings,  in  the  middle  of  the  nave,  opposite  the  entrance  porch,  and 
sometimes  in  a  separate  building.  In  Protestant  churches  in  this  countrj',  the 
font  is  generally  placed  inside  the  conunxmion  rail,  or  on  the  steps  of  the  chancel. 

Footings.  The  spreading  courses  at  the  base  or  foundation  of  a  wall.  When 
a  layer  of  different  material  from  that  of  the  wall  (as  a  bed  of  concrete)  is  used, 
it  is  called  the  Footing. 

Foundation.  That  part  of  a  building  or  wall  which  is  below  the  surface  of 
the  groimd. 

Foxtail  Wedging.  Is  a  peculiar  mode  of  mortising,  in  which  the  end  of  the 
tenon  is  notched  beyond  the  mortise,  and  is  split  and  a  wedge  inserted,  which, 
being  forcibly  driven  in,  enlarges  the  tenon  and  renders  the  joint  Arm  and  im- 
movable. 

Frame.  The  name  given  to  the  wood-work  of  windows,  doors,  etc.;  and  in 
carpentry,  to  the  timber  works  supporting  floors,  roofs,  etc. 

Framing.    The  rough  timber  work  of  a  house,  including  the  flooring,  roofing, 

partitioning,  ceiling,  and  beams  thereof. 

Freestone.  Stone  which  can  be  used  for  moldings,  tracery,  and  other  work 
required  to  be  executed  with  the  chisel.  The  oolitic  and  sandstones  are  those 
^ep^ally  induded  by  this  term. 
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Frefco.    The  method  of  paintiiig  on  a  wall  while  the  plaaterincr  is  wet.    T*i 
color  penetrates  through  the  material,  which,  therefore,  will  bear  rahhing  or  oc. 
izig  to  almost  any  extent    The  transparency,  the  chiaro-osciizo,  and  iucidi:?     i 
well  as  force,  which  can  be  obtained  by  this  method,  cannot  be  conceived  u^    i 
the  frescos  of  Fra  Angelico  or  Raphael  are  studied.    The  word,  however,  is  'j 
applied  improperly  to  painting  on  the  surface  in  distemper  or  body  color.  bl3 
with  size  or  white  of  tgg,  which  gives  an  opaque  effect. 

Fret  An  ornament  consisting  of  small  fillets  inter- 
secting each  other  at  light  angles. 

Frieze.  That  portion  of  an  entablature  between  the 
cornice  above  and  architrave  below.  It  derives  its 
name  from  being  the  recipient  of  the  sculptured  en- 
richments  either  of  foliage  or  figures  which  may  be 
relevant  to  the  object  of  the  sculpture.    The  frieze  b  also  called  Ihe  Zoophcr.; 

I   Frigidarium.    An  apartment  in  the  Roman  bath,  supplied  with  cold  water 

Furnitore.  A  name  given  to  the  metal  tiimmings  of  doors,  windom%  ir: 
other  similar  parts  of  a  house.  In  this  country  the  word  "haidwaxe"*  is  a»c^ 
generally  used  to  denote  the  same  thing. 

Furrings.  Flatpiecesof  timber  used  to  bring  an  irregular  framing  to  aaetcj 
surface. 

Gable.    When  a  roof  is  not  hipped  or  returned  on  itself  at  the  cands,  its  eri; 
are  stopped  by  carrying  up  the  walls  under  them  in  the  triangular  focm  of  t-^ 
roof  itself.    This  is  called  the  gable,  or,  in  the  case  of  the  ornamental  and  ors^ 
mented  gable,  the  pediment.    Of  necessity,  gables  follow  the  angles  of  the  sL;« 
of  the  roof,  and  differ  in  the  varioiis  styles.    In  Norman  work  they  are  gfnenJ-» 
about  half-pitch;  in  Early  English,  seldom  less  than  equilateral,  and  often  miOL 
In  Decorated  work  they  become  lower,  and  still  more  so  in  the  Perpendicua: 
style.    In  all  important  buildings  they  are  finished  with  copings  ot  pripfti    Is 
the  Later  Gothic  styles  gables  are  often  surmounted  with  battlements,  or  eniichr'i 
with  crockets;  they  are  also  often  paneled  or  perforated,  sometimes  very  rid  •^ 
The  gables  in  ecclesiastical  buildings  are  mostly  terminated  with  a  cross;  j: 
others,  by  a  finiai  or  pinnacle.    In  later  times  the  parapets  or  copings  were  hrok .  l 
into  a  sort  of  steps,  called  corbie  steps.    In  buildings  of  less  pretension  the  d!r> 
or  other  roof  covering  passed  over  the  front  of  the  wall,  which  then,  of  comv. 
had  no  coping.    In  this  case,  the  outer  pair  of  rafters  were  concealed  by  mcLCr. 
or  carved  verge  boards. 

Gable  ^ndow.  A  term  sometimes  applied  to  the  large  window  under  a  gabl . 
but  more  properly  to  the  windows  in  the  gable  itself. 

Gabled  Towers.  Those  which  are  finished  with  gables  instead  of  parapet* 
Many  of  the  German  Romanesque  towers  are  gablcxl. 

Gablets.  Triangular  terminations  to  buttresses,  much  in  use  in  the  E^jf. 
English  and  Decorated  periods,  after  which  the  buttresses  generally  terxnioate  in 
pinnacles.  The  Early  English  gablets  are  generally  plain,  and  very  sharp  ir 
pitch.  In  the  Decorated  period  they  are  often  enriched  with  panefiog  ir^ 
crockets.  They  are  sometimes  finished  with  small  crosses,  but  <rftener  mr.\ 
finials. 

Gain.  A  beveled  shoulder  on  the  end  of  a  mortised  brace,  for  the  poipose  t 
giving  additional  resistance  to  the  shoulder. 

Gallery.  Any  long  passage  looking  down  into  another  part  of  a  bmldini:.  or 
Into  the  court  outside.  In  like  manner,  any  stage  erected  to  carry  a  rood  or  u* 
organ,  or  to  receive  spectators,  was  latteriy  called  a  gallery,  though  origiDaay  a 
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loft.      la  later  times  the  name  was  given  to  uiy  very  long  loonis,  puticululy 
Ltiose  intended  for  piuposes  of  slate,  or  for  the  eihibiticui  of  picture*. 

G*mbrel  Roof.  A  nx>[  with  two  pitcbei,  similar  to  a  muisaid  or  cuib  roof. 
GATgoyle,  or  Gargoyle.  The  carved  tenninalton 
to  a.  apout  which  conveyed  away  the  water  from  the 
gutters,  supposed  to  be  called  >o  from  the  gurgling 
noise  made  by  the  wa^er  passiDg  through  It.  Gar- 
goyles are  mostly  grotesque  figures. 

GatB-hoDse.  A  building  lonning  the  entrance  to  J 
a  town,  the  door  of  an  abbey,  or  the  enceinte  of  a 
castle  or  other  important  edi&ce.  Tbey  generally  had 
a  large  gateway  protected  by  a  gate,  and  alio  a  port- 
cullis, over  which  were  battlemented  parapets  with 
holes  (machicolations)  for  throwingdown dam,  melted 
lead,  or  hot  sand  on  the  besiegers.  Gate-houses 
always  had  a  lodge,  with  apartments  for  the  porter,  cAscovu: 

and   guard-room*   for  the  soldiers;   and,  generally, 

rooms  over  lor  the  oCBcers,  and  often  places  (or  prisoners  beneath.    The  name  is 
now  commonly  applied  to  the  gste-lteeper's  lodge  on  large  estates. 

Gangs.  To  mil  plaster  ot  Paris  irith  common  plaster  to  make  it  set  quiet, 
tailed  gauged  mortar.  A  tool  used  by  carpenters,  to  strike  a  line  parallel  to  ibe 
edge  of  a  board. 

Girder.  A  large  timber  or  iron  beam,  either  »ng]e  or  built  up,  used  to  sup- 
port joists  or  walls  over  an  opening. 
Glyph.  A  vertical  channel  b  a  frieze- 
Gothic  Style.  The  name  of  Gothic  was  given  to  the  various  Medieval  styles 
at  a  period  in  the  sixteenth  century  when  a  great  clasuc  revival  was  going  on, 
and  everything  not  classic  was  conadered  barbarian,  or  Gothic.  The  term  was 
thus  originally  intended  ai  one  of  stigma,  and,  although  it  conveys  a  false  idea  of 
the  character  of  the  Medieval  styles,  it  has  long  been  used  to  distinguish  them 
from  the  Grecian  and  Roman.  The  true  principle  of  Gothic  architecture  is  the 
vertical  division,  relation  and  subordination  of  the  diSerenl  pa^t^  distinct  and 
yet  at  unity  with  each  otiier,  and  while  this  principle  was  adhered  to,  Gothic 
atchilecture  may  be  said  to  have  retained  its  vitality. 

Grange.  A  word  derived  from  (he  French,  signifying  a  large  bam  or  granary. 
Granges  were  usually  long  buildings  with  high  wooden  roofs,  sometimes  divided 
by  posts  or  columns  into  a  son  of  nave  and  aisles,  with  walls  strongly  buttressed. 
In  England  the  (erm  was  applied  not  only  to  the  bams,  but  to  the  whole  of  the 
buildings  which  formed  the  detachfd  (arm*  belonging  to  the  monasteries;  in 
most  cases  there  was  a  chapel  either  included  among  these  or  standing  apart  as  a 
separate  edifice- 
Grillage.  A  framework  of  beams  laid  longitudinally  and  crossed  by  similar 
beams  notched  upon  them,  used  to  sustain  walls  to  prevent  irregular  setting. 

OriUe.  The  iron-work  forming  the  enclosure  screen  to  a  chapel,  or  the  pro- 
tecting railing  to  a  tomb  or  shrine;  more  commonly  found  in  France  than  in 
England.  Tbey  are  of  wrought  iron,  ornamented  by  the  swage  and  punch,  and 
put  together  either  by  rivets  or  dips.  In  modem  times  grilles  are  used  eilen- 
siveiy  for  protectizig  the  lower  windows  in  city  houses,  also  the  glau  opening  ia 
out^?  doots. 

Grain.  By  some  described  as  the  line  of  intersection  of  two  vaults  where  tbey 
cnw  each  other,  which  others  call  the  groin  point;  by  othen  the  curved  sectioo 
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«r  spandrel  of  such  vaulting  is  called  a  groin,  and  by  ethos  the  wbole  s^rstern  i 

vaulting  is  so  named. 

Groin  Arch.  The  cross-rib  in  the  hiter  styles 
of  groining,  passing  at  right  angles  from  wall  to 
wall,  and  dividing  the  vault  into  bays  or  travees^ 

Grain  Ceiling.  A  ceiling  to  a  building  com* 
posed  of  oak  ribs»  the  spandrels  of  which  are  filled 
in  with  narrow,  thin  slips  of  wood.  There  are 
several  in  England;  one  at  the  Early  English  church 
at  Wannlngton,  and  one  at  Winchester  Cathedral, 
exactly  resembling  those  of  stone. 

Groin  Centring.    In  groining  without  ribs»  the 
whole   surface   is  supported   by  centring  during 
the  erection  of  the  vaulting.    In  ribbed  woric  the        croeod  vactjcg 
«tone  ribs  only  are  supported  by  timber  ribs  during 
the  progress  of  the  work,  any  light  stuff  being  used  while  fillini;  in  the  sp^ndrz^ 

Groin  Point.    The  name  given  by  woricmen  to  the  arris  or  line  of  lntcrsci.ti  '• 
of  one  vault  with  another  where  there  are  no  ribs. 

Groin  Rib.    The  rib  which  conceals  the  groin  point  or  joints,  where  the  %;_  .* 
drels  intersect. 

Groined  Vaulting.    The  system  of  covering  a  building  with  stooc  \a  Ji 
which  cross  and  intersect  each  other,  as  opposed  to  the  barrel  vaulting;  or  scr  > 
of  arches  placed  side  by  side.    The  earliest  groins  are  plain,  without  any  r  - 
^  except  occasionally  a  sort  of  wide  band  from  wall  to  wall,  to  strengthen  then  • 
struction.    In  later  Norman  times  ribs  were  added  on  the  line  of  intersecticr 
the  spandrels,  crossing  each  other,  and  having  a  boss  as  a  ke>'  rnmmott  to  bu>'  - 
these  ribs  the  French  authors  call  nerfs  em  ogive.    Their  introducticm.  homt^  r. 
caused  an  entire  change  in  the  sjrstem  of  vaulting;  instfad  of  arches  of  imiivr= 
thickness  and  great  weight,  these  ribs  were  first  put  up  as  the  main  constmctiuu 
and  spandreb  of  the  lightest  and  thinnest  possible  material  placed  upon  them,  tr; 
haunches  only  being  loaded  sufficiently  to  counterbalance  the  pcesaare  fnoca  t::f 
crown.    Shortly  after,  half-ribs  against  the  walls  (formercts)  were  intZDdacrd  : ; 
carry  the  spandrels  without  cutting  into  the  walling,  and  to  add  to  the  apptaxzn  t 
The  work  was  now  not  treated  as  continued  vaulting,  but  as  divided  into  b:.}.N 
and  it  was  formed  by  keeping  up  the  ogive,  or  intersecting  ribs  and  their  bos^L-. 
a  sort  of  construction  having  some  affinity  to  the  dome  was  formed,  which  adiin: 
much  to  the  strength  of  the  groining.    Of  course,  the  top  of  the  soffit  or  rid^  i 
the  vault  was  not  horizontal,  but  rose  from  the  level  of  the  top  of  the  ibnneret  ri< 
to  the  boss  and  fell  again;  but  this  could  not  be  perceived  from  below.    .\s  Lb' 
system  of  construction  got  more  into  use,  and  as  the  vaults  were  required  tohe^i 
greater  span  and  of  higher  pitch,  the  spandrels  became  larger,  and  required  cKt 
support.    To  give  this,  another  set  of  ribs  was  introduced,  pacing  from  tbe 
springers  of  the  ogive  ribs,  and  going  to  about  half-way  between  these  and  :.¥ 
ogive,  and  meeting  on  the  ridge  of  the  vault;  these  intermediate  ribs  are  caUri 
by  the  FVench  tiercerons,  and  began  to  come  into  use  in  the  transition  fran  Etr:> 
English  to  Decorated.    About  the  same  period  a  system  of  vaulting  caae  vbX> 
use  called  hexpartUe,  from  the  fact  that  every  bay  is  divided  into  six  eoDpvt- 
ments  instead  of  four.    It  was  invented  to  cover  the  naves  of  churches  of  unu5u'J 
width.    The  filling  of  the  spandrels  in  this  style  is  very  peculiar,  and,  where  tht 
different  compartments  meet  at  the  ridge,  some  pieces  of  harder  stone  ha*r 
been  used,  which  give  rather  a  pleasing  effect.    The  arches  Against  the  n^l 
being  of  smaller  ^>an  than  the  main  arches,  cause  the  centre  qsringers  to  be  per- 
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pendiciiUr  and  parallel  for  some  height,  and  the  spandrek  themselves  are  very 
hollow.  As  styles  progressed,  and  the  desire  for  greater  richness  increased, 
another  aeries  of  ribs,  called  liemes,  was  introduced;  these  passed  crossways  from 
the  ogives  to  Jhe  tiercerons,  and  thence  to  the  doubleaux,  dividing  the  spandrels 
nearly  horizontally.  These  various  ^sterns  increased  in  the  Perpendicular 
period,  so  that  the  walk  were  quite  a  net-work  of  ribs,  and  led  at  last  to  the 
Tudor,  or,  as  it  is  called  by  many,  fan-traoery  vaulting.  In  this  system  the  ribs 
are  no  part  of  the  real  construction,  but  are  merely  carved  upon  the  voussoirs, 
which  form  the  actual  vaulting.  Fan  Tracery  is  so  called  because  the  ribs 
radiate  from  the  springers,  and  spuread  out  like  the  sticks  of  a  fan.  These  later 
methods  are  not  strictly  groins,  for  the  pendentives  are  not  square  on  plan,  but 
circular,  and  there  is,  therefore,  no  arris  intersection  or  groin  point. 

Groins,  Welsh,  or  Underpitch.  When  the  main  longitudinal  vault  of  any 
groining  is  higher  than  the  cross  or  transverse  vaults  which  run  from  the  windows, 
the  system  of  vaulting  is  called  underpitch  groining,  or,  as  termed  by  the  work- 
men, Welsh  groining.  A  very  fine  example  is  at  St.  George's  Chapel,  Windsor, 
England. 

Groove.  In  joinery,  a  term  used  to  signify  a  sunk  channel  whose,  section  is 
rectangular.  It  is  usually  employed  on  the  edge  of  a  molding,  stile,  or  rail, 
etc.,  into  which  a  tongue  corresponding  to  its  section,  and  in  the  substance  of 
the  wood  to  which  it  is  joined,  is  inserted. 

Grotesque.  A  singular  and  fantastic  style  of  ornament  found  in  ancient 
buildings. 

Grotto,    An  artificial  cavern. 

« 

Ground  Floor.  The  floor  of  a  building  on  a  level,  or  nearly  so,  with  the 
ground. 

Groond  Joist.    Joist  that  is  blocked  up  from  the  ground. 

Grounds.  Pieces  of  wood  embedded  in  the  plastering  of  waOs  to  which 
skirting  and  other  joiner's  work  is  attached.  They  are  also  used  to  stop  the 
plastering  around  door  and  window  openings. 

Grouped  Columns.  Three,  four,  or  more  columns  put  together  on  the  same 
pedestal.    When  two  are  pkced  together,  they  are  said  to  be  coupled. 

Grout.  Mortar  made  so  thin  by  the  addition  of 
water  that  it  will  run  into  all  the  joints  and  cavities 
of  the  mason- work,  and  fill  it  up  solid. 

GuiUoche,  or  GuiUochos.  An  interlaced  orna- 
ment like  net-work,  used  most  frequently  to  enrich 
the  torus. 

Gutt«.    The  small  cylindrical  drops  used  to  en-  cuilloche 

rich  the  mutules  and  regula  of  the  Doric  entabla- 
ture are  so  called. 

Gutter.  The  channel  for  carrying  off  rain-water. 
The  mediaeval  gutters  differed  little  from  others,  except 
that  they  are  often  hollows  sunk  in  the  top  of  stone 
cornices,  in  which  case  they  are  generally  called  chan-  cvttx 

nek  in  English,  and  cheneaux  in  French. 

Gynuusium.  A  building  classed  in  the  first  rank  by  the  Greeks;  it  was  in 
them  they  instructed  the  youth  in  all  the  arts  of  peace  and  war;  a  building  for 
athletic  czerdses. 
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Hall.    The  principal  apartment  in  the  large  dweUmgs  d  the  Middle  \r^. 
used  for  the  purposes  of  receptions,  feasts,  etc    In  the  Nomuui  castle  the  r . 
was  generally  in  the  keq>  above  the  ground  floor,  where  the  recaincn  lived.  '_- 
basement  bcdng  devoted  to  stores  and  dungeons  for  r««  filing  prisooers.    Lz- " 

halls  —  indeed,  some  Norman  halls  (not  in  castles)  —  are  generally  on  the  gnv.- 
floor,  as  at  Westminster,  approached  by  a  porch  either  at  the  end.  as  in  th*>  L  ^ 
example,  or  at  the  side,  as  at  Guildhall,  London,  having  at  one  end  a  raised  -i-: 
or  estrade.  The  roofs  are  generally  open  and  more  or  less  ornamented.  In  i  ^^ 
middle  of  these  was  an  opening  to  let  out  the  smoke,  though  in  later  times  t  -  - 
halls  have  large  chimney-places  with  funnels  or  chimne>'-shafts  for  this  purpo*^ 
At  this  period  there  were  usually  two  deeply  recessed  bay  windows  at  each  t-. : 
of  the  dais,  and  doors  leading  into  the  withdrawing-rooms,  or  the  ladies'  ajan- 
ments;  they  are  also  generally  wainscoted  with  oak,  in  small  panels,  to  the  hLir^' 
of  5ve  or  six  feet,  the  panels  often  being  enriched.  Westminster  Hall  «-.> 
originally  divided  into  three  parts.  like  a  nave  and  side  aisles,  as  are  scene  uc  t-- 
Continent  of  Europe.  A  room  or  passage-way  at  the  entrance  of  a  houst,  >r 
suite  of  chambers.    A  place  of  public  assembly,  as  a  town-haU,  a  music-hall 

Halving.    The  junction  of  two  pieces  of  timber,  by  letting  one  into  the  oth^r 

Hammer  Beam.  A  beam  in  a  Gothic  roof,  not  extending  to  the  oppu^..^ 
side;  a  beam  at  the  foot  of  a  rafter. 

Hanging  Buttress.  A  buttress  not  rising  from  the  ground,  but  supported  - 
a  corbel,  applied  chiefly  as  a  decoration  and  used  only  in  the  Decorated  a.-.: 

Perpendicular  style. 

Hanging  Stile.    Of  a  door,  is  that  to  which  the  hinges  are  fixed. 

Hangings.  Tapestry;  originally  invented  to  hide  the  coarseness  of  the  w:J  - 
of  a  chamber.  DifTercnt  materials  were  employed  for  this  purpose,  sorac  w' 
them  exceedingly  costly  and  beautifully  worked  in  figures,  gold  and  sSk. 

Hatching.  Drawing  parallel  lines  close  together  for  the  purpose  of  indie. :- 
ing  a  section  of  anything.  The  lines  are  generally  drawn  at  an  angle  of  45'  wirn 
a  horizontal. 

Haunches.  The  sides  of  an  arch,  about  half-way  from  the  «r*^i>(Pnf  to  the 
crown. 

Headers.  In  masonry,  are  stones  or  bridu  extending  ovtf 
the  thickness  of  a  wall.  In  carpentry,  the  large  beam  into 
which  the  common  joists  are  framed  in  framing  openings  for 
stairs,  chimneys,  etc. 

Heading  Courses.  Courses  of  a  wall  in  which  the  stone 
or  brick  are  all  headers. 

Head-way.  Clear  space  or  height  under  an  arch,  or  over 
a  stairway,  and  the  like. 

Heel.  Of  a  rafter,  the  end  or  foot  that  rests  upon  the 
wall  plate. 

Height.  Of  an  arch,  a  line  drawn  from  the  middle  of  the 
chord  to  the  intrados. 

Helix.  A  small  volute  or  twist  like  a  stalk,  representing 
the  twisted  tops  of  the  acanthus,  placed  under  the  abacus  of 
the  Corinthian  capital. 

Hermes.  A  rough  quadrangular  stone  or  pillar,  having 
a  head,  usually  of  Hermes  or  Mercury,  sculptured  on  the 
top,  without  arms  or  body,  placed  by  the  Gre^s  in  front  of 
buildings. 
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Herriag-boiie  Work.  Bricks^  tile,  or  other  materials  arranged  diagonally 
in  building. 

Hexaatyla.    A  portico  of  six  oolunms  in  front  is  of  this  description. 

Sigh  Altar.  The  principal  altar  in  a  cathedral  or  church.  Where  there  is  a 
second,  it  is  generally  at  the  end  of  the  choir  or  chancel,  not  in  the  lady  chapel. 

SBp-lmob.  The  finial  on  the  hip  of  a  roof,  or  between  the  barge  boards  of  a 
gable. 

H3p-roof.  A  roof  which  rises  by  equally  inclined  planes  from  all  four  sides 
of  the  building. 

Sippodrome.    A  place  appropriated  by  the  ancients  for  equestrian  exercises. 

BUps.  Those  pieces  of  timber  placed  in  an  inclined  position  at  the  comers  or 
angles  of  a  hip-roof. 

Hood-mold.  A  word  used  to  signify  the  drip-stone  for  label  over  a  window 
or  door  opening,  whether  inside  or  out. 

Hdtel  de  Villa.  The  town-hall,  or  guild-hall,  in  France,  Germany,  and 
Northern  Italy.  The  building,  in  general,  serves  for  the  administration  of  justice, 
the  receipt  of  town  dues,  the  regulation  of  markets,  the  residence  of  magistrates, 
barracks  for  poBce,  prisons,  and  all  other  fiscal  purposes.  As  may  be  imagined, 
they  di£Fer  very  much  in  di£Ferent  towns,  but  they  have  almost  invariably 
attached  to  them,  or  closely  adjacent,  a  large  dock-tower  containing  one  or 
more  beUs,  for  calling  the  people  together  on  special  occasions. 

Hdtel  Dion.  The  name  for  a  hospital  in  mediaeval  times.  In  England  there 
are  but  few  remains  of  these  buildings,  one  of  which  is  at  Dover;  in  France  there 
are  many.  The  most  celebrated  is  the  one  at  Angers,  described  by  Parker. 
They  do  not  seem  to  differ  much  in  arrangement  of  plan  from  those  in  modem 
days,  the  accommodation  for  the  chaplain,  medicine,  nurses,  stores,  etc.,  being- 
much  the  same  in  all  ages,  except  that  in  some  of  the  earlier,  instead  of  the  sick 
being  placed  in  long  wards  like  galleries,  as  is  now  done,  they  occupied  large 
buildings,  with  naves  and  side  aisles,  like  churches. 

Housing.  The  space  taken  out  of  one  solid  to  admit  the  insertion  of  another. 
The  base  on  a  stair  is  generally  housed  into  the  treads  and  risers;  a  niche  for  a 
statue. 

Hypathrofl.  A  temple  open  to  the  air,  or  uncovered.  The  term  may  be  the 
more  easily  understood  by  supposing  the  roof  removed  from  over  the  nave  of  a 
church  in  which  columns  or  piers  go  up  from  the  floor  to  the  ceiling,  leaving  the 
aisles  still  covered. 

Hypogea.  Constructions  under  the  surface  of  the  earth,  or  in  the  sides  of  a 
hill  or  mountain. 

Ichnography.  A  horizontal  section  of  a  building  or  other  object,  showing  its 
true  dimensions  according  to  a  geometric  scale,  a  ground  plan. 

Implnvittin.  The  central  part  of  an  ancient  Roman  court,  which  was  un- 
covered. 

Impost.  A  term  in  classic  architecture  for  the  horizontal  moldings  of  piers 
or  pilasters,  from  the  top  of  which  spring  the  archivolts  or  moldings  which  go 
round  the  arch. 

In  Antis.  When  there  are  two  columns  between  the  ants  of  the  lateral  walls 
and  the  cella. 

Incise.    To  cut  in;  to  carve;  to  engiave. 

Indented.    Toothed  together. 
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InUyiaC.    Inierting  pieces  of  ivory,  meUl,  or  cboice  woocK  or  the  Bst.  :^- 

a  groundwork  of  some  other  material,  for  ornamentation. 

Insulated.    Detached  from  another  building.   A  chuicfa  is  insulated.  «ta  » 
contiguous  to  any  other  edi&ce.    A  column  is  said  to  be  insulated,  when 
free  from  the  wall;  thus,  the  columns  of  peripteral  tempks  wen 

Intaglio.    A  sculpture  or  carving  in  which  the  figures  are  sunk  below  the  pr. 
eral  surface,  such  as  a  seal  the  impression  of  which  in  wax  is  in  bas-relief;  •j^>- 
poaed  to  Cameo. 

Intercolanmiation.    The  distance  from  colunm  to  mltimn,  the  dear  ^ujr 
between  columns. 

Interlaced  Arches.    Arches  where  one  passes  over  two  openings  and  li^. 
consequently  cut  or  intersect  each  other. 

latrados.    Of  an  arch,  the  inner  or  concave  curve  of  the  arch  stooes. 

Inverted  Arches.    Those  whose  key-stone  or  brick  is  the  lowest  in  the  arc:3. 

Ionic  Order.    One  of  the  orders  of  Classical  architecture. 

Iron  Work.  In  medieval  architecture,  as  an  ornament,  is  chiefly  confined : j 
the  hinges,  etc.,  of  doors  and  of  church  chests,  etc  In  some  in^annrt  not  oc.y 
do  the  hinges  become  a  mass  of  scroll  work,  but  the  surface  of  the  doors  is  cwtnn: 
by  similar  ornaments.  In  almost  all  styles  the  smaller  and  lesa  ioEqMrtant  dx^ 
had  merely  plain  strap  hinges,  terminating  in  a  few  bent  scrolls,  and  latteriy  ir 
fleurs-de-lis.  Escutcheon  and  ring  handles,  and  the  other  furniture,  putau 
more  or  less  of  the  character  of  the  time.  On  the  Continent  ol  Euofie  th^ 
knockers  are  very  elaborate.  At  all  periods  doors  have  been  omamcBted  viu: 
nails  having  projecting  heads,  sometimes  square,  sometimes  po^gooal,  and  soccr- 
times  ornamented  with  roses,  etc.  The  iron  woric  of  windows  is  genaaUy  pLisL 
and  the  (Hnament  confined  to  simple  fieur-de-Iis  heads  to  the  stanrhjons  Tx 
iron  work  of  screens  enclosing  tombs  and  chapels  is  noticed  under  CriBe,  f  .t. 

Jack.    An  instrument  for  raismg  heavy  loads,  either  by  a  crank,  wen  sac 
pinion,  or  by  hydraulic  power,  and  in  all  cases  worked  by  hand. 

Jack  Rafter.    A  short  rafter,  used  especially  in  hip-roofs. 

Jamb.    The  side-post  or  fining  of  a  doorway  or  other  apertoxe.    The  jaisS^ 
of  a  window  outside  the  frame  are  called  Reveals. 

Jamb-shafts.    Small  shafts  to  doors  and  windows  with  caps  and  bases;  vbn 
in  the  inside  arris  of  the  jamb  of  a  window  they  are  sometimes  callol  Esoocscrv 

Joggle.    A  joint  between  two  bodies  so  constructed  by  means  of  jogs  ^ 
notches  as  to  prevent  their  sliding  past  each  other. 

Joinery.    That  branch  in  building  confined  to  the  nicer  and  more  omamoiL^ 
parts  of  carpentry. 

Joist.     A  small  timber  to  which  the  boards  of  a  floor  or  the  laths  of  ceiEog  ^t 
nailed.    It  rests  on  the  wail  or  on  girders. 

Keep.  The  inmost  and  strongest  part  of  a  mediaeval  castle,  answering  tn  the 
citadel  of  modern  times.  The  arrangement  is  said  to  have  originated  with  Gi:> 
dulf,  the  celdi>rated  Bishop  of  Rochester.  The  Norman  keep  is  generally  a  vcr.. 
massive  square  tower,  the  basement  or  stories  partly  below  ground  bebg  vsta 
for  stores  and  prisons.  The  main  story  is  generally  a  great  deal  above  grousi 
level,  with  a  projecting  entrance,  approached  by  a  flight  of  steps  and  diawbridfu 
This  floor  is  generally  supposed  to  have  been  the  guard-fxxxn  or  place  for  tbe 
soldiery;  above  this  was  the  hall,  which  generally  extended  over  the  wboie  am 
of  the  building,  and  is  sometimes  separated  by  columns;  above  this  are  otber 
^oartments  for  the  residents.    There  are  winding  staircases  in  the  angles  of  the 
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buiMing^  and  pBuagra  and  small  chamben  In  the  thtckneM  oT  the  mlb.  The 
keep  iras  ititended  for  tbe  lut  refuge,  in  CSM  the  witworiis  were  scaled  and  the 
other  buiUings  ttocDied.  There  u  geoeraily  a  well  in  ■  medizval  keep,  ingen- 
iously coacealed  in  the  thirlfpfm  oi  a  wall,  or  ia  a  pillar.  The  most  celebrated 
o(  Norman  timei  are  the  White  Towei  in  London,  the  castles  at  Rocbester, 
Arundel,  and  Newcastle,  Castle  Haiingham,  etc.  The  keep  wai  often  uccutar. 
Kay-ltona.  The  stone  placed  in  the  center  of  the  top  of  an  arch.  The  cbar- 
octcr  of  the  key-stone  vades  in  diHerent  orders.  In  Ibe  Tuscan  and  Doric  it  is 
only  a  simple  stone  projecting  beyond  the  leat;  in  the  Ionic  it  is  adorned  with 
moldings  in  the  manner  of  a  conaole;  in  the  Corinthian  and  Composite  it  is  a 
rich -sculptured  consde. 

King-poM.  The  middle  post  of  a  trussed  piece  of  framing  for  supporting  the 
Ue-beam  at  the  middle  and  the  lower  ends  of  the  struts. 

Knea.  A  piere  of  timber  naturaSy  or  artificially  bent  to  recave  anotlier  to 
v;lieve  a  weight  or  strain. 

Knob,  Knot    The  bunch  of  flowers  carved  on  a  corbel,  or  on  a  Boss. 
Kremlin.    The  Russiaii  name  for  the  dtadel  of  a  town  or  dly. 
I-ahtL     Gothic:  the  drip  or  hood-moMing  of  an  arch,  when  it  is  returned  to 
the  aquatc. 

Label  Teroiiiutloni.  Carvings  on  which  the  labels  terminate  near  the 
springing  of  the  windows.  In  Noman  timet  those  were  frequently  grotesque 
heads  of  Gsh,  birds,  etc.,  and  sometimes  stiff  foliage.  In  the  Early  EngKsh  and 
Decorated  periods  tbey  are  often  degant  knots  of  flowen,  or  heedi  of  kings, 
queens,  bishops,  and  other  persons  supposed  to  be  the  founders  of  churches.  In 
the  Perpendicular  period  tbey  axe  often  finished  with  a  short  «iuare.  mitred  retimi 
or  knee,  and  the  foliages  are  generally  leaves  of  square  or  octagooat  ionn, 

Leconai.  A  paneled  or  coS'ered  ceiling  or  soffit.  'Hte  panels  or  cassoons  of 
a  ceiling  are  by  Vitruvius  called  lacunatia. 

Lady-chapel.    A  small  chapel  dedicated  to  the 
Virgin  Mary,  generally  found  in  ancient  cathednls. 
Lancet.    A  high  and  narrow  window  pinnied  tike 
a  lancet,  often  called  a  lancet  window. 

Landing.     A  platform  in  a  Sigbt  of  stain  between   ' 
two  stories;   the  terminating  of  a  stair. 

Lanteni.  A  turret  raised  above  a  roof  or  lower 
and  very  much  pierced,  the  better  to  transmit  light. 
In  madem  practice  this  term  is  generally  applied  to 
any  raised  part  in  a  n»[  or  ceiling  containing  vertical 

wiodjA's.  but  covered  in  horizontally.  The  mtTvn-  was  also  often  applied  to  the 
louver  or  femercll  on  a  roof  to  cany  o&  the  smoke;  sometimes,  too,  to  the  open 
constructions  at  the  top  of  towers,  as  at  Ely  Cathedral,  probably  because  lights 
were  placed  in  them  at  night  Co  serve  as  beacons. 

Laatams  of  the  Dead.  Curious  *mall  slender  towers,  found  chiefly  in  tbe 
centre  and  west  of  France,  having  apertures  at  tbe  Cop,  where  a  light  was  ex- 
hibited at  night  to  mack  tbe  place  of  a  cemetery.  Some  have  suiqKised  CbaC  the 
roiuid  towers  m  Ireland  may  have  served  for  this  purpose. 
Latfa.  A  slip  of  wood  used  in  slating,  tiling,  and  plastering, 
lattice.  Any  work  of  wood  or  metal  made  by  crosung  laths,  rods,  or  bars, 
and  focnring  a  net-work.    A  reticulated  window,  made  of  laths  or  slipa  of  Iron, 
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aeptiated  by  slus  windows*  and  on^  used  where  air  rather  than  Ugbt  is  ic  be 
admitted,  as  in  cellars  and  dairies. 

LftTftbo.  The  lavatory  for  washing  hands,  generally  -erected  in  doister*  * 
monasteries.  A  very  curious  one  at  Fontenay,  surroundxni^  a  piliar,  is  gKxc  -  .■ 
Vtoilet-le^Duc.  In  general,  it  is  a  sort  of  trough,  and  in  some  places  has  j^ 
ahnry  for  towels,  etc 

Layatory.    A  place  for  washing  the  person. 

Lean-to.  A  small  building  whose  rafters  pitch  or  lean  against  ^nnifyirr  bof!:- 
ing,  or  against  a  wall. 

Lectern.    The  reading-desk  in  the  choir  of  churches. 

Ledge,  or  Ledgement.  A  projection  from  a  plane,  as  slips  on  the  aidir  : 
window  and  door  frames  to  keep  them  steady  in  their  pUces. 

Ledgers.  The  horizontal  pieces  fastened  to  the  standard  poks  or  timbers  .: 
scaffolding  raised  around  buildings  during  their  erection.  Those  which  nest  ■  z 
the  ledgers  are  called  putlogs,  and  on  these  the  boards  are  Laid. 

Lewis.    An  iron  clamp  dovetailed  into  a  large  stone  to  lift  it  by. 

Lich-gate.  A  covered  gate  at  the  entrance  of  a  cemetery,  under  the  sbcStt 
of  which  the  mourners  rested  with  the  corpse,  while  the  procession  of  the  cjrr.:» 
came  to  meet  them.    There  are  several  examples  in  England. 

Light.    A  division  or  space  in  a  sash  for  a  single  pane  of  glass;  also  a  por 

of  glass. 

Linen  Scroll.  An  ornament  formeriy  used  for  filling  panels^  and  ao  calk-i 
from  its  resemblance  to  the  convolutions  of  a  folded  napkin. 

Lining.  Covering  for  the  interior,  as  casing  is  covering  for 
the  exterior  surface  of  a  building;  also,  such  as  linings  of  a 
door  for  windows,  shutters,  and  similar  work. 

Lintel.    The  horizontal  piece  which  covers  the  opening  of  a 
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door  or  wmdow. 

Lip  Mold.    A  molding  of  the  Perpendicular  period  like  a  hanging  lq>. 

List,  or  Listel.  A  little  square  molding,  to  crown  a  larger;  also  tcneed  i 
fillet. 

Lithograph.    A  print  from  a  drawing  on  stone. 

Lobby.     An  open  space  surrounding  a  range  of  chambers,  or  seats  in  a  theater 

a  small  hall  or  waiting  room. 

Lodge.    A  small  house  in  a  park. 

Loft.  The  highest  room  in  a  house,  particularly  if  in  the  roof;  also,  a  gaCenr 
raised  up  in  a  church  to  contain  the  rood,  the  organ,  or  singers. 

Loggia.  An  outside  gallery  or  portico  above  the  ground,  and  contain:  i 
within  the  building. 

Loop-hole.  An  opening  in  the  wall  of  a  building,  very  narrow  on  the  out^r 
and  splayed  v/ithin,  from  which  arrows  or  darts  might  be  discharged  on  i^ 
enemy.  The>'  are  often  in  the  form  of  a  cross,  and  generally  have  round  h(Ac* 
at  the  ends. 

Lombard  Architecture.  A  name  given  to  the  round-arched,  architcctnit  d 
Italy,  introduced  by  the  conquering  Goths  and  Ostrogoths,  and  which  super- 
seded the  Romanesque.  It  reigned  between  the  eighth  and  twelfth  centuries, 
during  the  time  that  the  Saxon  and  Norman  styles  were  in  vogue  in  England,  and 
corresponded  with  them  in  iu  development  into  the  Coatiaeatal  Gothic 
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Lotui.     A  plant  of  great  celebrity  amoagit  the  andenls,   the  leaves  and 
bVussoms  of  wbith  generally  form  [he  capitals  oi  Egyptian  columni. ' 

I.o(iTer.    A  kind  of  vertical  window,  frequently  in  tbc  peaks  of  gables,  and  in 
the   top  of  towers,  and  provided  with  horiioiitai  slats  which 
permit  ventilation  aod  exclude  rain. 

Lozenge  Molding.  A  kind  of  molding  used  in  Norman 
architecture,  of  many  different  forms,  a.11  of  which  are  char- 
acterized by  lozcnge-shaped  ornamenU. 

Lunette.     The  Fren 
for  the  circular  opcnioj 

towers,  through  which  the  bi 

MiEhlcotatloil.  A  parapet 
or  gallery  proJKling  (mm  the  upper  part  of  the  wall  of  a  house  or  lortiSca- 
tioa,  supported  by  brackets  or  corbels,  and  perforated  in  the  lower  part  >o  that 
the  defenders  of  the  building  might  throw  down  darts,  stones,  and  sometioiet 
bot  sand,  molten  lead,  etc.,  upon  Cbelr  assulants  below. 

Han-hole.     A  hole  through  which  a  man  may  creep  into  a  drun,  cesvool. 
steam-bjiler,  etc 

Muior-hou««.    Theresidenceol  theiiuzerainorlardof  themanor;  in  France 
the  central  tower  or  keep  of  a  castle  la  ottea  called  the  mamnr. 

Hansud  Roof.    Curb  tooS.  invented  by  Francois  Mansard,  a  distinguished 
French  architect,  who  died  In  1666. 

M*n*ii>ll.    A  residence  at  caaiiderable  uie  and  pretco^oa. 
Maalel.     The  work  over  a  fireiJate  in  front  of  r  chimney;  especially,  a  shdt, 
usually  onumented,  above  the  fireplace. 

Marqustrj.     Inlaid  work  of  fine  hard  pieces  of  wood 
ol  diffeicnt  cobrs,  also  of  shells,  ivory,  and  the  like. 

HatiMlenm.    A  magnificent  tomb  or  sumptuous  sepul- 
chral monument. 

Hedkllion.    Any  circular  tablet  on  which  are  embossed 
gguies  or  busts. 

HedlBTal  Architactora.     The  architecture  of   Eng- 
land, France,  Germany,  etc.,  during  the  Middle  Ages,  including  the  Norman  and 
Eirly  Gothic  stylci    It  comprises  alsa  the  Romanesque,  Byiantinc  and  Sara- 
cenic, Lombard,  and  olber  styles. 

Hembart.     The  different  parts  of  a  building.  thediSerent  parts  of  an  entab- 
lature, the  diOerent  moldings  of  a  cornice,  etc. 

Uarlon.    That  part  of  a  parapet  which  lies  between    , 
two  embrasures. 

Hatop*.     The  square  recess  between  the  triglypus 
a  Doric  ftieie.     It  is  sometimes  occupied  by  sculptun 
Hnianiae.    A  low  story  between  two  lofty  a 
It  is  called  by  the  French  nUrtitl,  o[  ' 

Maizo-rilieTO.    Or  mean  relief.  In  o 
alto-iilievo,  or  high  relief. 
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Minaret.    Turkish:  a  circular  turret  rising  by  different  stages  or  di\isJ7 

each  of  which  has  a  balcony. 

Minster.    Probably  a  corruption  of  monasterium  —  the  lai^e   charvh    .* 
tached  to  any  ecclesiastical  fraternity.    If  the  latter  be  presided  over  :.. 
bishop,  it  ift  generally  called  a  Cathedral;  if  by  an  abbot,  an  Abbc>';  if  '•: 
prior,  a  Priory. 

Minute.  The  sixtieth  part  of  the  lower  diameter  of  a  column;  it 
is  the  measure  used  by  architects  to  determine  the  proportions  of 
an  order. 

Miserere.  A  seat  in  a  stall  <^  a  large  church  made  to  turn  ap 
and  afford  support  to  a  person  in  a  position  between  sitting  and 
standing.  The  under  side  is  generally  carved  with  some  ornament, 
and  very  often  with  grotesque  6gures  and  caricatures  of  different 
persons. 

Miter.  A  molding  returned  upon  itself  at  right  angles  is  said  to 
miter.  In  joinery,  the  ends  of  any  two  pieces  of  wood  of  correspond- 
ing form,  cut  off  at  45°,  necessarily  abut  upon  one  another  ao  as  to 
form  a  right  angle,  and  are  said  to  miter. 

Modjllion.    So  called  because  of  its  arrangement  in  regulated  distances: 
enriched  block  or  horizontal  bracket  generally  found 
under  the  cornice  of  the  Corinthian  entablature.    Less 
ornamented,  it  is  sometimes  used  in  the  Ionic 

Modttie.  This  is  a  term  which  has  been  generally 
used  by  architects  in  determining  the  relative  propor- 
tions of  the  various  parts  of  a  columnar  ordinance. 
The  semi-diameter  of  the  column  at  its  base  is  the 

module,  which  being  divided  into  thirty  parts  called  minutes,  any  part  of  t' ' 
compoeitioQ  is  said  to  be  of  so  many  modules  and  jninutes,  or  minutes  alooe. 
height,  breadth,  or  projection.    The  whole  diameter  is  now  generally  prcfcfTtx 
as  a  module,  it  being  a  better  rule  of  proportion  than  its  half. 

Monastery.    A  set  of  btuldings  adapted  for  the  recepdon  of  any  of  the  vir 

ous  orders  of  monks,  the  different  parts  of  which  are  described  in  the  scpir.*r 
article.  Abbey, 

Monotriglyph.  The  interoolumniations  of  the  Doric  order  are  determined  V. 
the  number  of  triglyphs  which  intervene,  instead  of  the  number  of  diameter?  < 
the  column,  as  in  other  cases;  and  this  term  designates  the  ordinary  intercol.;*:i 
niation  of  one  triglyp>h. 

Monument.  A  name  given  to  a  tomb,  particularly  to  those  fine  structu-T^ 
recessed  in  the  walls  of  medieval  churches. 

Mosaic.  Pictorial  representations,  or  ornaments,  formed  of  snudl  paece<  u 
stone,  marble,  or  enamel  of  various  colors.  In  Roman  houses  the  floors  arc  of  tc= 
entirely  of  mosaic,  the  pieces  being  cubical.  The  best  examples  of  mosaic  w>irk 
are  found  in  St.  Mark's,  at  Venice. 

Mosque.    A  Mahometan  temple,  or  place  of  worship. 

Molding.  When  any  work  is  wrought  into  long  regular  channeb  or  projfc- 
tions,  forming  curves  or  rounds,  hollows,  etc,  it  is  said  to  be  molded,  and  u^'^ 
separate  member  is  called  a  molding.  In  mediaeval  architecture  the  priiKiia^ 
moldings  are  those  of  the  arches,  doors,  wiadowSk  piers,  etc  In  the  £ar> 
English  style,  the  moldings,  for  some  time,  lonned  groups  set  back  in  squur\ 
and  frequently  very  deeply  undercut.    The  scroll  raaHing  is  also  comiswa 
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Small  fiOets  now  becoiBe  veiy  f leqiwnt  in  the  keel  moUing,  frara  Its  nKmUmcs 

in  section  to  the  bottom  of  a  ship;  sometime^  alio,  it  has  a  peculiar  boUow  on 

each  side,  like  two  wings.    Later  in  the  Decoiated 

mtyie  the  mofcttngs  are  more  varied  in  design,  though 

hollows  and  rounds  still  prevail.    The  undercutting  is 

not  so  deep,  fillets  aboond,  ogees  are  more  frequent, 

and  the  wave  mold,  double  ogee,  or  doable  nssovBt,  is 

often  seen.    In  many  places  the  strings  and  labels  are 

a  round,  the  lower  half  of  which  is  cut  off  by  a  plain 

chamfer.    The  moldings  in  the  later  styles  in  some 

degree  resemble  those  of  the  Decorated,  flattened  and  MOLDiNfis 

extended;   they  run  more  into  one  another,  having 

fewer  fillets,  and  being,  as  it  were,  less  groupwi.      «»  astragal;  6,  ogee; 

One  of  the  principal  features  of  the  change  is  the  *»  cyn»tium;  d,  cavet- 

substitution  of  one,  or  perhaps  two  (seldom  more),  ^J   •»  scotia,  or  ctse^ 

very  large  hollows  in  the  set  of  moldmgs.    These  hoi-  "n^^tJ    /»    apophyges; 

lows  are  neither  circular  nor  elliptical,  but  obovate,  ^»    ©^oks    or    quarter 

like  an  egg  cut  across,  so  that  one  half  is  lai«er  round;    A,    torus;     *» 

than  the  other.    The  brace  mold  also  has  a  small  neding;  j,  band. 

bead,  where  the  two  ogees  meet.    Another  sort  of 

molding,  which  has  been  called  a  lip  mold,  is  common  in  parapets,  bases,  and 

weatherings. 

Moldings,  Ornafflented.  The  Saxon  aiid  early  Norman  moldings  do  not 
iccm  to  have  been  much  enriched,  but  the  complete  and  later  styles  of  NoimSii 
are  remarkable  for  a  profusion  of  ornamentation,  the  most  usual  of  which  is 
what  is  called  the  aigzag.  This  seems  to  be  to  Nonnan  architecture  what  the 
meander  or  fret  was  to  the  Grecian;  but  it  was  probably  derived  from  the 
Saxons,  as  it  is  very  frequently  found  in  their  pottery.  Bezants*  quatrefoils, 
lozenges,  crescents,  billets*  heads  of  nails,  are  very  common  ornaments.  Besides 
these,  battlements,  cables;  large  ropes  round  which  smaller  ropes  are  turned,  or^ 
as  our  sailors  say,  "wormed";  scallops,  pellets,  chains,  a  sort  of  conical  barrels, 
quaint  stiff  foliages,  beaks  of  birds,  heads  of  fisheji,  ornaments  of  almost  every  con- 
ceivable kind,  are  sculptured  m  Norman  moldings;  and  they  are  used  in  such 
profusion  as  has  been  attempted  in  no  other  style.  The  decorations  on  Early 
English  moldings  are  chiefly  the  dog-tooth,  which  Is  one  of  the  great  charac- 
teristics of  this  style,  though  it  is  to  be  found  in  the  Transition  Norman.  It  is 
generally  placed  in  a  deep  hoUow  between  two  projecting*  moldings,  the  dark 
shadow  in  the  hollow  contrasting  in  a  very  beautiful  way  with  the  light  in  theM 
moldings.  In  this  period  and  in  the  next  the  tympanum  over  doorwajra,  par* 
ticularly  if  they  are  double  doors,  is  highly  ornamented.  Those  of  the  Decorated 
period  resemble  the  former,  except  that  the  foliage  is  more  natural  and  the  dog- 
tooth gives  way  to  the  ball-flower.  Some  of  the  hollows^  also,  are  ornamented 
with  rosettes  set  at  intervals,  which  are  sometimes  connected  by  a  running  tendril, 
as  the  ball-flowers  are  frequently.  Some  very  pleasing  leaf-like  ornaments  in  the  . 
labels  of  windows  are  often  found  in  Continental  architecture.  In  the  Perpen- 
dicular period  the  moldings  are  ornamented  very  frequently  by  square  four- 
leaved  flowers  set  at  intervals,  but  the  two  characteristic  ornaments  of  the  time 
are  running  patterns  of  vine  leaves,  tendrils,  and  grapes  in  the  hollows,  which 
by  old  writers  are  called  "vignettes  in  casements,"  and  upright  stiff  leaves, 
generally  called  the  Tudor  leaf.  On  the  Continent  moldings  partook  much  of 
the  same  character. 

MttUioii,  Mniiiofi.    The  perpendicular  pieces  of  stone,  somethnes  like  co1« 
amns,  sometimes  like  slender  piets,  which  divide  the  bays  or  lights  of  whidows 
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or  atfoen-wotk-from  tmdi  other.  In  all  atj^ett  in  leas  importnat  work,  Cke  aai- 
lions  are  often  simply  plain  chawfared,  «Bd  more  conmianly  have  a  veqrflat  hui- 
low  on  each  side.  In  larger  buildings  there  is  often  a  bead  or  boatdl  on  tfaec«^ 
and  often  a  single  very  small  column  with  a  capital.  As  tracery  grew  lidKr,  the 
windows  were  divided  by  a  larger  order  of  muUion,  between  which  came  a  lesKf 
or  subordinate  set  of  muUions»  which  ran  into  each  other.  The  tcna  is  aiao 
applied  to  a  wood  or  iron  division  between  two  windows. 

Multifoil.  A  leaf  ornament  consisting  of  more  than  five  cfivisioais,  appBed  to 
foils  in  windows. 

Mntule.  The  rectangular  impending  block  under  the  coraaa  of  the  Do-ic 
cornice,  from  which  guttc  or  drops  depend.  Mutuk  is  equivalent  to  modioli  ^2 
but  the  latter  term  is  ^)plied  more  particularly  to  enriched  blocks  or  bncketi, 
such  as  those  of  Ionic  and  Corinthian  entablatures. 

Narthtx.  The  long  arcadad.  porch  fotming  the  -entrance  into  the  Cfaristiia 
basilica.  Sometimes  there  was  an  inner  ntfrthet,  or  lobby,  before  entcnng  the 
church.  When  this  was  the  case,  the  former  was  called  exo-narthez,  and  the 
latter  eso-narthez.  In  the  Bysantine  churches  this  inner  narthez  forms  part  d 
the  solid  structure  of  the  church,  bdng  marked  off  by  a  wall  or  row  of  ootwea^ 
whereas  in  the  Latin  churches  it  was  usually  iormed  only  by  a  wooden  or  other 
temporary  screen. 

Natural  Beds.  In  stratified  rocks,  the  surface  of  a  stone  as  it  lies  ia  tba 
quarry.    If  not  laid  in  walls  in  their  natural  bed  the  lamins  separate. 

Nave.  The  central  part  between  the  arches  of  a  church,  which  fbrmerly  was 
sqMtfated  from  a  chancel  or  choir  by  a  screen.  It  is  so  called  from  its  fancied 
resemblance  to  a  ship.  In  the  nave  were  generally  placed  the  pulpit  and  locL 
In  continental  Europe  it  often  aim  contains  u  high  altar,  but  this  is  of  lair 
occurrence  in  England. 

Hecftiag.  The  annulet  or  roimd,  or  series  of  horizontal  moldings^  whtch 
separate  the  capital  of  a  column  from  the  plain  part  or  shaft. 

Newel.  In  mediaeval  architecture,  the  circular  ends  of  a  winding  staircase 
which  stand  over  each  other,  and  form  a  sort  of  cylindrical  column. 

Newel  Post.  The  post,  plain  or  ornamented,  placed  at  the  first,  or  lowest 
step,  to  receive  or  start  the  hand'srail  upon. 

Nicha.  A  recess  sunk  in  a  wall,  generally  for  the  reception  of  a  statue. 
Niches  sometimes  terminate  by  a  simple  label,  but  more  oonmaooly  by  a  canopy 
and  with  a  bracket  or  corbel  for  the  figure,  in  which  case  they  are  often  ca&d 
tabernacles. 

Norman  Stj^e.    Was  that  spedes  of  Romanesque  which  was  practiaed  by  tke 

Normans,  and  which  was  introduced  and  fully  developed  in  England  after  they 
had  established  themselves  in  it.  The  chief  features  of  this  style  are  plainness 
and  masstveness.  The  arches,  windows,  and  doorways  were  semicircular,  xht 
pillars  were  very  massive,  and  often  built  up  of  small  stones  laid  like  biickwori. 

Nosings.  The  rounded  and  projecting  edges  of  the  treads  of  a  stair,  or  the 
edge  of  a  landing. 

Obelisk.  Lofty  pillars  of  stone,  of  a  rectangular  form,  diminishing  toward  the 
top,  and  generally  ornamented  with  inscriptions  and  hieroglyphics  among  tbe 
ancient  Egjrptians. 

Observatory.    A  building  erected  on  an  elevated  spot  of  ground  for  aakiaf 

astronomical  observations. 

Octoatyle.    A  portico  x>f  dfM  columns  In  front. 
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OffiotB.  '  When  the  face  of  a  wall  is  not  one  amtinued  suila^  bat  sets  in  by 
horixontal  jogs»  as  the  wall  grows  higher  and  thinner,  the  jogs  axe  called  offsets. 

Ogee.  The  name  applied  to  a  molding,  partly  a  hollow  and  partly  a  round, 
amd  derived  no  doubt  from  its  resemblance  to  an  O  placed  over  a  G.  It  is  rarely 
found  in  Norman  work,  and  is  not  very  common  in  Early  English.  It  is  of  fre- 
Quent  use  in  Decorated  work,  where  it  becomes  sometimes  double,  and  is  called  a 
vrave  molding;  and  later  still,  two  waves  are  connected  with  a  small  bead,  which 
is  then  called  a  brace  molding.    In  ancient  MSS.  it  is  called  a  Ressaunt. 

Ovchettra.  In  andent  theaters,  where  the  chorus  used  to  dance;  in  modem 
theaters,  where  the  musicians  sit. 

Order.  A  column  with  its  entablature  and  stylobate  is  so  called.  The  tenn  is 
the  result  of  the  dogmatic  laws  deduced  from  the  writings  of  Vitruvius,  and  has 
been  exclusively  applied  to  those  arrangements  which  they  were  thought  to 
"warrant. 

Oriel  Window.  Gothic:  a  projecting  angular  window,  commonly  of  a  tri- 
agonal  or  pentagonal  form,  and  divided  by  mulUons  apd  transoms  into  different 
bays  and  compartments. 

Orthography.  A  geometrical  elevation  of  a  building  or  other  object  in  which 
it  is  represented  as  it  actually  exists  or  may  exist,  and  not  perspectively,  or  as  it 
would  appear. 

Orthostyle.  A  columnar  arrangement  in  which  the  columns  are  placed  in  a 
straight  line. 

Ovolo.    Same  as  Echinus. 

Pagoda.    A  name  given  to  temples  in  India  and  China. 

Palace.    The  dwelling  of  a  king,  prince,  or  bishop. 

Pale.    A  fence  picket,  sharpened  at  the  upper  end. 

Pane.  Probably  a  diminutive  of  panneau,  a  term  applied  to  the  different 
pieces  of  gUss  in  a  window;  same  as  Lighi. 

PaneL  Properly  a  piece  of  wood  framed  within  four  other  pieces  of  wood,  as 
in  the  styles  and  rails  of  a  door,  filling  up  the  aperture,  but  often  applied  both  to 
the  whole  square  frame  and  the  sinking  itself;  also  to  the  ranges  of  sunken  com- 
partments in  wainscoting,  cornices,  corbel  tables,  groined  vaults,  ceilings,  etc. 

Pantograph,  or  Pe^tagraph.  An  instrument  for  copying  on  the  same,  or  an 
enlarged  or  reduced  scale. 

Pantry.  An  apartment  or  closet  in  which  bread  and  other  provisions  are 
kept. 

Papier-mache*  A  hard  substance  made  of  a  pulp  from  rags  or  paper  mixed 
with  size  or  glue,  and  molded  into  any  desired  shape.  Much  used  for  architec- 
tural ornaments. 

Parapet.  A  dwarf  wall  along  the  edge  of  a  roof,  or  round  a  terrace  walk,  etc., 
to  prevent  persons  from  falling  over,  and  as  a  protection  to  the  defenders  in  case 
of  a  siege.  Parapets  are  either  plain,  embattled,  perforated,  or  paneled.  The 
last  two  are  found  in  all  styles  except  the  Norman.  Plain  parapets  are  simply 
portions  of  the  wall  generally  overhanging  a  little,  with  coping  at  the  top  and 
corbel  table  below.  Embattled  parapets  are  sometimes  paneled,  but  oftener 
pierced  for  the  discharge  of  arrows,  etc  Perforated  parapets  are  pierced  in 
various  devices — as  circles,  trefoils,  quatref oils,  and  other  designs  ^^  so  that  the 
light  is  seen  through. .  Paneled  parapets  ace.  those  ornamented  by  a  series  of 
panels,  dtner  oblong  or  square,  axid  moro  or  less  enriched,  but  are  not  perforated. 
These  are  common  in  the  Decorated  and  Perpendicular  periods. 
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Avgstfiic*  A  ipeciei  of  pbrtcring  deconted  by  inipnaaing  pattens  oo  it 
whea  wet.  Thase  teem  gencraUy  to  hAV€  been  made  by  arirking  a  namber  U 
pins  in  a  board  in  certain  lines  or  curves,  and  then  pressing  go  tbe  wet  plaster  a 
various  directions,  so  as  to  form  geometrical  figures.  Sometixnes  these  dnSv£& 
are  in  relief,  and  in  the  time  of  Elisabeth  represent  figures*  bizds^  loiiageSk  ei£. 
{Lough  plastering,  cnmmnnly  adopted  for  the  interior  surf^kce  of  ciumncya. 

Ptator.  A  room  in  a  honse  which  the  family  usuaOy  oocapy  for  socieCy  se j 
conversation,  and  for  reoelvfaig  visitors.  The  apartment  in  a  mooastay  or 
nunnery  where  the  inmates  are  permitted  to  meet  and  oonvcne  witk  eadi  ecber« 
or  with  visitors  and  friends  from  without. 

Paroehial.    Belonging  or  relating  to  a  parish. 

Parquetry,  or  Marquetry.  A  kind  of  inlaid  floor  composed  of  small  peecn 
of  wood  either  square  or  triangular,  which  are  capable  of  forming,  by  their  di?- 
position,  various  combinations  of  figures;  this  description  of  jainery  is  very 
suitable  for  the  floors  of  libraries,  halls,  and  public  apartment. 

Party  Walls. '  Partitions  of  brick  or  stone  between  buildings  on  two  adjdnr^ 

properties. 

Patera.  A  circular  ornament  resembling  a  dish,  often  worked  in  relief  ca 
friezes,  etc. 

Pavement.  Tessellated,  a  pavement  of  mosaic  work, 
used  by  the  ancients,  made  of  square  pieces  of  stone,  etc., 
called  Tessera. 

Pavilion.  A  turret  or  small  insulated  building,  and 
comprised  beneath  a  single  roof;  also,  the  projecting 
part  in  front  of  a  building  which  marks  the  centre,  and 
which  sometimes  flanks  a  comer,  when  it  is  termed  an 
angular  pavilion. 

Pedestal.  The  square  support  of  a  column,  statue, 
etc.;  and  the  base  or  lower  part  of  an  order  of  columns:  it  consists  of  a  pli&tb 
for  a  base,  the  die,  and  a  talon  crowned  for  a  cornice.  When  the  height  a:ia 
width  are  equal,  it  is  termed  a  square  pedestal ;  one  which  supports  two  coluzon^ 
a  double  pedestal;  and  U  it  supports  a  row  of  colunms  without  any  break,  it  is 
a  continued  pedestal. 

Pediment.  A  low  triangular  crowning,  ornamented,  in  front  of  a  buildir.s. 
and  over  doors  and  ^ndndovrs.  Pediments  are  sometimes  made  in  the  fonn  oi  \ 
segment;  the  space  enclosed  within  the  triangle  is  called  the  tympanum.  .\1>^\ 
the  gable  ends  of  classic  buildings,  where  the  horizontal  cornice  b  carried  acn>i5 
the  front,  forming  a  triangle  with  the  end  of  the  roof. 

Pendent.  A  name  given  to  an  elongated  boss,  either  molded  or  fofiated. 
such  as  hang  down  from  the  intersection  of  groins,  especially  in  fan  tracer;',  or 
at  the  end  of  hammer  beams.  Sometimes  long  corbeb,  under  the  wall  pieces, 
have  been  so  called.  The  name  has  also  been  given  to  the  large  masses  depcad- 
ing  from  enriched  ceilings,  in  the  later  works  of  the  Pointed  style. 

Pendent  Posts.  A  name  given  to  those  timbers  which  hang  down  the  aide  o: 
a  wall  from  the  plate  in  hammer  beam  trusses,  and  which  receive  the  haoBcr 
braces. 

Pendentiye.  A  name  given  to  an  arch  which  cuts  off,  as  it  were,  the  oorecrs 
of  a  square  building  internally,  so  that  the  superstructure  may  berianrMi  ectsgos 
or  a  dome.  In  medieval  arddtecture  these  arches,  when  under  a  wpite,  m  the 
interior  of  a  tower,  are  called  Sq[uinches. 
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Pttadentive  Bwnslrirtfiig,  or  Coy»  Brackttbig.  Springing  from  tlie  rec- 
^angular  walls  of  an  apartment  iipiward  to  the  oeiliiig,  and  forming  the  horizon- 
xmI  part  of  the  ceiling  into  a  circle  or  dlipse. 

Peataatyle.    Having  five  columns  in  front. 

Peat-roof.    A  roof  with  a  slope  on  one  side  only. 

Perch.  A  measure  used  in  measuring  stone  work,  being  24H  cu  ft  and  16H 
su  ft,  according  to  locality  and  custom. 

Petiytery.    An  edifice  or  temple  surrounded  by  a  peristyle. 

Perletyle.  A  range  of  columns  encircling  an  edifice,  such  as  that  which  sur- 
rounds the  cylindrical  drum  under  the  cupola  of  St.  Paul's.  The  columns  of  a 
Oreek  peripteral  temple  form  a  peristyle  also,  the  former  being  a  circular,  and 
-the  latter  a  quadrilateral  peristyle. 

Perpendicular  Style.  The  third  and  last  of  the  Pointed  or  Gothic  styles; 
adso  called  the  Florid  style. 

Penpective  Drawing.  The  art  of  making  such  a  representation  of  an  object 
upon  a  plane  surface  as  shall  present  precisely  the  same  appearance  that  the 
object  itself  would  to  the  eye  situated  at  a  particular  point. 

Pews.  A  word  of  uncertain  origin,  signifjdng  fixed  seats  in  churches,  com- 
posed of  wood  framing,  mostly  with  ornamented  ends.  They  seem  to  have  come 
into  general  use  early  in  the  reign  of  Henry  VI,  and  to  have  been  rented  and 
"well  paid  for"  before  the  Reformation.  Some  bench  ends  are  certainly  of  a 
decorated  character,  and  some  have  been  considered  to  be  of  the  Early  English 
period.  They  are  sometimes  of  plain  oak  board,  two  and  a  half  to  three  inches 
thick,  chamfered,  and  with  a  necking  and  finial,  generally  caHed  a  poppy  head; 
osiers  are  plainly  paneled  with  bold  cappings;  in  others  the  paneb  are  orna- 
mented with  tracecy  or  with  the  linen  pattern,  and  sometimes  with  running 
toliages.  The  divisions  are  filled  in  with  thin  chamfered  boarding,  sometimes 
reaching  to  the  floor,  and  sometimes  only  from  the  capping  to  the  seat. 

Picket  A  naxTow  board,  often  pointed,  used  in  making  fences;  a  pale  or 
paling. 

Pier-glaM.    A  minor  hanging  between  windows. 

Piers.  The  solid  parts  of  a  wall  between  windows,  and  between  voids  gener* 
ally.  The  term  is  also  applied  to  masses  of  brick-work  or  masonry  which  are 
insulated  to  form  supports  to  gates  or  to  carry  arches,  posts,  gixxiers,  etc. 

PQssters.  Are  flat  square  columns,  attached  to  a  wall,  behind  a  column,  or 
along  the  side  of  a  building,  and  projecting  from  the  wall  about  a  fourth  or  a 
sixth  part  of  their  breadth.  The  Greeks  had  a  slightly  different  design  for  the 
capitak  of  pilasters,  and  made  them  the  same  width  at  top  as  at  bottom,  but  the 
Komans  gave  them  the  same  capitals  as  the  columns,  and  made  them  of  di- 
minished width  at  the  top,  similar  to  the  colunms. 

Pile.  A  large  stake  or  trunk  of  a  tree,  driven  into  soft  ground,  as  at  the 
bottom  of  a  river,  or  in  made  land,  for  the  support  of  a  bxzilding.    (See  p.  x88.) 

Pillar,  or  PyHer.  A  word  generally  used  to  express  the  round  or  polygonal 
piers,  or  those  surrounded  with  clustered  columns,  which  carry  the  main  arches 
of  a  building.  Saxon  and  Early  Norman  pillars  are  generally  stout  cylindrical 
ohafts  buflt  up  of  small  stones.  Sometimes,  however,  they  are  quite. square, 
aometimes  with  other  squares  breaking  out  of  them  (this  is  more  common  in 
French  and  Gcmsn  work)»  sometimes  with  angular  shafts^  and  sometimes  they 
are  plain  octagons  In  Romanesque  Norman  work  the  pillar  is  sometimes 
aquare.  with  two  or  more  semicircular  or  haU*colunms  attached.    Xn  the  Early 
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EDgBah  period  the  pflkn  become  loftier  and  U^hterp  and  in 
buiidings  are  a  series  of  clustered  columss,  frequently  of  marble,  plaoed  side  :* 
side,  sometimes  set  at  intervals  round  a  circular  centre,  and  ^ranrtliBfs  ah:  >-- 
touching  each  other.  These  shafts  are  often  whoUy  detached  fram  the  ocLtr. 
pillar,  though  grouped  round  it,  in  which  case  they  are  almost  always  of  Parbo:i. 
or  Bethersden  marbles.  In  Decorated  work  the  shafts  oa  plan  are  VEr>'  r.ii-r< 
placed  round  a  square  set  anglewise,  or  a  losenge,  the  long  way  down  the  &a- 
the  centre  or  core  itself  is  often  worked  into  hollows  or  other  mokfings^tD  ah  * 
between  the  shafts,  and  to  form  part  of  the  compositioa.  In  this  and  the  Ut:^ 
part  of  the  previous  style  there  is  generally  a  fillet  on  the  outer  part  of  the  siur. 
forming  what  has  been  called  a  keel  molding.  They  are  also  often,  as  it  ver- 
tied  together  by  bands  formed  of  rings  of  stone  and  sometimes  of  mffal  Ttz 
small  pillars  at  the  jambs  of  doors  and  windows,  and  in  arcadesi»  and  also  th.< 
lUendtf  columns  attached  to  pillars,  or  standing  detached,  are  generally  cz^k. 
shafts. 

Pin.  A  cylindrical  piece  of  wood,  iron,  or  steel,  used  to  hold  two  or  el:-; 
pieces  together,  by  passing  through  a  hole  in  each  of  than,  as  in  a  OMHtisp  jj:*: 
tenon  joint,  or  a  pin  joint  of  a  truss. 

Pinnade.  An  ornament  originally  forming  the  cap  or  crown  of  a 
small  turret,  but  afterwards  used  on  parapets  at  the  comers  of 
towers  and  in  many  other  situations.  It  was  a  weight  to  oomiter- 
act  the  thrust  of  the  groining  of  roofs,  particulariy  where  there 
were  flying  buttresses;  it  stopped  the  tendency  to  slip  of  the  stone 
copings  of  the  gables,  and  counterpoised  the  thrust  of  spires;  it 
formed  the  piers  to  steady  the  elegant  perforated  parapets  of 
later  periods;  and  in  France,  e^)ecially,  served  to  counterbalance 
the  weight  of  overhanging  corbel  tables,  huge  gargoyles,  etc  In 
the  Early  Engish  period  the  smaller  butCresses  frequently  finished 
with  gablets,  and  the  more  important  with  pinnacles  supported 
with  clustered  shafts.  At  this  period  the  pinnacles  were  often 
supported  on  these  shafts  alone,  and  were  open  below;  and  in 
larger  work  in  this  and  the  subsequent  periods  they  frequently  form 
niches  and  contain  statues.  In  France,  pinnacles,  like  spires, 
seem  to  have  been  in  use  earlier  than  in  England.  There  are  small 
pinnacles  at  the  angles  of  the  tower  in  the  Abbey  of  Saintes.  At 
Roullet  there  are  fHunades  in  a  similar  position,  each  composed  of 
four  small  shafts,  with  caps  and  bas»  surmounted  wi^  small 
pyramidal  spires.  In  all  these  examples  the  towers  have  semidrcnlar  he&d-  i 
*vindows. 

Fitch  of  a  Roof.  The  pr(^x>rtion  obtained  by  dividing  the  height  by  ::= 
span;  thus,  we  speak  of  its  being  one-half,  one-third,  one-fourtii.  When  t^-- 
lenxth  of  the  rafters  is  equal  to  the  breadth  of  the  building  it  is  dcnonuzur^ 

Gothic. 

Pitching-piece*  A  horuontai  tiaber,  with  one  of  its  ends  wedded  int>'  t  .' 
wall  at  the  top  of  a  flight  of  stairs,  to  sui»purt  the  upper  end  of  the  rough  sth:^~< 

Place.  An  open  piece  of  ground  surrounded  by  buikiings»  generally  decor.i  -: 
with  a  statue,  colunm,  or  other  oniament. 

Plan.  A  horizontal  geometrical  section  of  the  waHs  of  a  building;  or  r  i< 
cations,  on  a  horizontal  plane,  of  the  relative  positions  of  the  walls  and  pardti  r% 
with  the  various  openings,  such  as  windows  and  doors,  recesses  and  proiectii.  3^ 
chimneys  and  chimney-breasts,  columns^  pilasters,  etc  Tins  tenn  is  ciua 
kDoorrectly  used  in  the  sense  of  Deslan. 
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Flaacetr.  Is  wmetimes  used  in  the  same  sense  as  soffit,  bat  is  more  correctly 
applied  to  the  soffit  of  the  corona  in  a  cornice. 

Flattering.  A  mixture  of  lime,  hair,  and  sand,  to  cover  lath-work  between 
timbers  or  rough  walling,  used  from  the  earliest  times,  and  very  common  in 
Roman  work.  In  the  Middle  Ages,  too,  it  was  used  not  only  in  private,  but  in 
public  constructions.  On  the  inside  face  of  old  rubble  walls  it  was  not  only  used 
for  purposes  of  cleanliness,  rough  work  holding  dirt  and  dust,  but  as  a  ground 
for  distemper  painting  (tempera,  or,  as  it  is  often  improperly  called,  fresco),  a 
species  of  ornament  often  used  in  the  Middle  Ages.  At  St.  Albans  Abbey,  £ng- 
land,  the  Norman  work  is  plastered,  and  covered  with  lines  imitating  the  joints 
of  stone.  The  same  thing  is  found  in  English  Perpendicular  work.  On  the  out' 
side  of  rubble  walls,  and  often  of  wood  framing,  it  was  used  as  roughcast;  when 
ornamented  in  patterns  outside,  it  is  called  pargeting- 

PTftte*  The  piece  of  timber  in  a  building  "which  supports  the  end  of  the 
rafters. 

Plinth.  The  square  block  at  the  base  of  a  column  or  pedestal.  In  a  wall,  the 
term  plinth  is  applied  to  the  projecting  base  or  water  table,  generally  at  the  level 
of  the  first  floor. 

Plumb.  Perpendicular;  that  is,  standing  according  to  a  plumb  line,  as,  the 
post  of  a  house  or  wall  is  plumb. 

Plumbing.  *  The  lead  and  iron  i»pes  and  other  apparatus  employed  in  con* 
veying  water,  and  for  toilet  purposes  in  a  building;  originally  the  art  of  casting 
and  working  in  lead. 

Ply.  Used  to  denote  the  number  of  thicknesses  of  roofing  paper,  as  three  ply. 
four  ply,  etc. 

Podium.  A  continued  pedestal;  a  projection  from  a  wall,  forming  a  kind  of 
gallery. 

Polytrii^ypli.  An  intercolumniation  in  the  Doric  order  of  more  than  two 
triglyphs. 

Poppy  Heads.  Probably  from  the  French  peupits  the  finials  or  other  orna- 
ments which  terminate  the  tops  of  bench  ends,  either  to  pews  or 
stalls.  They  are  sometimes  small  human  heads,  sometimes  richly 
carved  images,  knots  of  foliage,  or  finials,  and  sometimes  fleurs- 
de-lis  simply  cut  out  of  the  thickness  of  the  bench  end  and  cham- 
fered. 

Porcb.  A  covered  erection  forming  a  shelter  to  the  entrance 
door  of  a  large  building.  The  earliest  known  are  the  long  arcaded 
porches  in  front  of  the  early  Christian  basilicas,  called  Narthex. 
In  later  times  they  assume  two  forms — one,  the  projecting  erection 
covering  the  entrance  at  the  west  front  of  cathedrals,  and  divided 
into  three  or  more  doorways,  etc.;  and  the  other,  a  kind  of  covered 
chambers  open  at  the  ends,  and  having  small  windows  at  the  sides  ^o^^Y  heap 
as  a  protection  from  rain. 

Portal.  A  name  given  to  the  deeply  recessed  and  richly  decorated  entrance 
doors  to  the  cathedrals  in  Continental  Europe. 

portcullis.  A  strong-framed  grating  of  oak,  the  lower  points  shod  with  iron, 
and  sometimes  entirely  made  of  metal,  hung  »>  as  to  slide  up  and  down  in  grooves 
with  counterbalances,  and  intended  to  protect  the  gateways  of  castles,  etc. 

portico.  An  open  space  before  the  door  or  other  entrance  to  any  building, 
f  roated  with  columns.    A  portico  is  distinguished  as  prostyle  or  in  antis  accord- 
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in<  as  it  projects  from  or  recedes  within  the  buUding;  and  is  f ostber  deagci:  f 
by  the  number  o£  columns  its  front  may  consist  of. 

Pott.  Square  timbers  set  on  end.  The  term  is  especially  applied  to  t:^  - 
which  support  the  comers  of  a  building,  and  are  framed  into  bfressumc^rs  .: 
crossbeams  under  the  walls. 

Posticuiii.    A  portico  behind  a  temple. 

PfMbytery.  A  word  appUed  to  various  parts  of  larse  churdies  in  a  vr-. 
ambiguous  way.  Some  consider  it  to  be  the  choir  itsdf;  odms,  what  is  :  « 
named  the  sacrvium.  Traditionally,  however,  it  seems  to  be  appKed  to  !^' 
vacant  space  between  the  back  of  the  high  ahar  and  the  entrance  to  the  l  -f*  - 
chapel,  as  at  Lincoln  and  Chichester;  in  other  words*  the  back-  or  retn>><r  .' 

Priming.  The  lasring  on  of  the  first  shade  of  color,  in  ml  paint,  and  gece-.l , 
consbting  mostly  of  oil,  to  protect  and  fill  the  wood. 

Priory.    A  monastic  establishment,  generally  in  connection  with  an  ah^' 
and  presided  over  by  a  prior,  who  was  a  subordinate  to  the  abbot,  and  hdd  ir  i>  t 
the  same  relation  to  tluit  dignitary  as  a  dean  does  to  a  bishop. 

Profile.  The  outline;  the  contour  of  a  part,  or  the  parts  compoang  an  or:.* 
as  of  a  base,  cornice,  etc.;  also,  the  i>erpendicular  section.  It  is  in  thr  r.  * 
proportion  of  their  profiles  that  the  chief  beauties  of  the  different  orden  : 
architecture  depend.  The  ancients  were  most  careful  of  the  pcofiles  of  u.> 
moldings. 

ProtcenittflL  The  front  part  of  the  stage  of  andent  theaten»  on  vhidi  *^t 
actors  performed. 

Prottyltt.  A  portico  in  which  the  columns  project  from  the  boildiiig  to  v*-  i  r 
it  is  attached. 

Protractor.  A  mathematical  instrument  for  laying  down  and  mea<urr; 
angles  on  paper,  used  in  drawing  or  plotting. 

PModo-4i|itefml.  False  double-winged.  When  the  inner  row  of  oofaur?-  i 
a  dipteral  arrangement  is  omitted  and  the  space  from  the  wall  of  the  buildin;  :  > 
the  columns  b  preserved,  it  is  paeudo-dipteral. 

Paddle.    To  settle  loose  dirt  by  turning  on  water,  so  as  to  render  it  firm  .-i 

solid. 

Pugging.  A  coarse  kind  of  mortar  laid  on  the  boarding,  between  floor  jx-*'. 
to  prevent  the  passage  of  sound;  also  called  dfafening. 

Pulpit.  A  raised  platform  with  enclosed  front,  whence  sermons,  homilies,  .t . . 
were  delivered.  Pulpits  were  probably  derived  in  their  modem  form  from  x^ 
ambones  in  the  early  Christian  church.  Thore  are  many  old  pu^ts  of  stor.  . 
though  the  majority  are  of  wood.  Those  in  the  churches  are  generally  bex::^ - 
or  octagonal;  and  some  stand  on  stone  bases,  and  others  on  sfendcr  wl*-*!.^. 
stems,  like  columns.  The  designs  vary  according  to  the  periods  in  which  t'lc  • 
were  erected,  having  paneling,  tracery,  cuspings,  crockets,  and  other  omamr'-i 
then  in  use.  Some  are  extremely  rich,  and  ornamented  with  color  and  gib^t  '■ 
A  few  also  have,  fine  canopies  or  sounding  boards.  Their  usual 'place  is  in  'r-* 
nave,  mostly  on  the  north  side,  against  the  second  pier  from  the  chancel  &r. . 
Pulpits  for  addressing  the  people  in  the  open  air  were  common  in  the  Medix .  .1 
period,  and  stood  near  a  road  or  cross.  ThuSi  there  was  one  at  SpitatteU^  &r  i 
one  at  St.  Paul's,  London.  External  pulpits  still  remain  at  Magdalen  Cvlie^« 
Oxford,  and  at  Shrewsbury,  England. 

Purlina.  Those  pieces  of  timbers  which  support  the  rafters  to  prevent  tfaea 
from  sinking. 
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Putlog.  Horizontal  pieces  for  supporting  tlie  floor  of  a  scaffold,  one  end  being 
inserted  into  putlog  holes,  left  for  that  purpose  in  the  masonry. 

Ptttty  i&  Plaatexing.  Lump  lime  slacked  with  water  to  the  consistency  of 
cream,  and  then  left  to  harden  by  evaporation  till  it  becomes  like  soft  putty.  It 
is  then  mixed  with  plaster  of  Paris,  or  sand,  for  the  finishing  coat. 

PlizzoUiuu    A  grayish  earth  used  for  building  under  water. 

Pynunid.  A  solid,  having  one  of  its  sides,  called  a  base,  a  plane  figure,  and 
the  other  sides  triangles,  these  points  joining  in  one  point  at  the  top,  called  the 
vertex.  Pyramids  are  called  triangular,  square,  etc.,  according  to  the  form  of 
their  bases.  * 

Pyx.  In  Roman  Catholic  churches,  the  box  in  which  the  host,  or  consecrated 
waier,  is  kept. 

Qtsadrangle.  A  square  or  quadrangular  court  surrounded  by  buildings,  as 
was  often  done  formerly  in  monasteries,  colleges,  etc. 

Qtuirry.    A  pane  of  glass  cut  in  a  diamond  or  lozenge  form. 

Quflrry-face.  Ashlar  as  it  comes  from  the  quarry,  squared  off  for  the  joints 
only,  with  split  face.  In  distinction  from  Rock-face,  in  that  the  latter  may  be 
weather-worn,  while  Quarry-face  should  be  fresh  split.  The  terms  are  often 
used  indiscriminately. 

Quatref  oil.  Any  small  panel  or  perforation  in  the  form  of^a  four-leaved  flower. 
Sometimes  used  alone,  sometimes  in  circles  and  over  the  aisle  windows,  but  more 
frequently  in  square  panels.  They  are  generally  cusped,  and  the  cusps  are  often 
feathered. 

Queen  Truss.  A  truss  framed  with  two  vertical  de-posts,  in  distinction  from 
the  king-post,  which  has  but  one.    The  upright  ties  are  called  Queen-posts. 

Quirk  Moldings.  The  convex  part  of  Grecian  moldings  when  they  recede  at 
the  top,  forming  a  reentrant  angle,  with  the  suriace  which  covers  the  moldings. 

Quoins.  Large  squared  stones  at  the  angles  of  buildings,  buttresses,  etc., 
generally  used  to  stop  the  rubble  or  rough  stone  work,  and  that  the  angles  may 
be  true  and  stronger.  Saxon  quoin  stones  are  said  to  have  been  composed  of 
one  long  and  one  short  stone  alternately.  Early  quoins  are  generally  roughly 
axed;  in  later  times  they  had  a  draught  tooled  by  the  chisel  round  the  outside 
edges,  and  later  still  were  worked  fine  from  the  saw. 

Rafters.  The  joist  to  which  the  roof  boarding  is  nailed.  Principal  rafters 
are  the  upper  timbers  in  a  truss,  having  the  same  inclination  as  the  common 
rafters. 

Rait.  A  piece  of  timber  or  metal  extending  from  one  post  to  another,  as  in 
fences,  balustrades,  staircases,  etc.  In  framing  and  paneling,  the  horizontal 
pieces  are  called  rails,  and  the  perpendicular,  sHles. 

Raking.    Moldings  whose  arrises  are  inclined  to  the  horizon. 

Ramp.  A  concavity  on  the  upper  side  of  hand  railings  formed  over  risers, 
made  by  a  sudden  rise  of  the  steps  above.  Any  concave  bend  or  slope  in  the  cap 
or  upper  member  of  any  piece  of  ascending  or  descending  workmanship. 

Rtmpant.  A  term  applied  to  an  arch  whose  abutments  spring  from  an 
inclined  plane. 

Random  Work.  A  term  used  by  stone-masons  for  stones  fitted  together  at 
random  without  any  attempt  at  laying  them  in  courses.  Random  Coursed  Work 
is  a  like  term  applied  to  work  coursed  in  horizontal  beds,  but  the  stones  are  of  any 
height,  and  fitted  tn  one  another. 
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Sauce  Worki    AaUarkidiahorizonUlcounes;  same  «a  oooned  MbUr. 

Rebate.    A  groove  on  the  edges  of  a  board. 

Receas.    A  depth  of  some  inches  in  the  thidmess  of  a  waD,  as  a  nkbe;  cic. 

Refectory.    The  hall  of  a  monastery,  convent,  etc,  where  the  refisxras  t  *  • 
their  chief  meals  together.    It  much  resembled  the  great  halls  of  macf::-. 
castles,  etc.,  except  that  there  frequently  was  a  sort  of  ambo,  appraacted  - . 
steps,  from  which  to  read  the  Legenda  Sanctorum,  etc.  during  mcak. 

Reglet.    A  flat,  narrow  molding,  used  to  separate  from  each  otber  tbe  ps."  • 
or  members  of  compartments  and  panels,  to  form  frets»  knots^  etc 

Renaissance  (a  new  birth).    A  name  given  to  the  revival  oi  Roaaazi  arrV- 
ture  which  sprang  into  existence  in  Italy  as  early  as  the  beginning  of  the  biter:  : 
century,  and  reached  its  zenith  in  that  country  at  the  dose  of  the  cert.^ 
There  are  several  divisions  of  this  style  as  developed  in  different  hwaBlirs:  »i. . 

The  FloretUine  Renaissance,  of  which  the  Pitti  Palace,  by  BrancQesda.  b  £<f 
of  the  best  examples. 

The  Vendian  Renaissance,  characterized  by  its  elegance  and  ricbnesa. 

The-  Raman  Renaissance,  which  originated  in  Rome,  under  tbe  arcM'r.t- 
known  as  Bronte,  Vignola,  and  Michael  Angdo.  Of  this  style  tbe  Famesie  I*:^  r 
St.  Peter's,  and  the  modem  Capitol  at  Rome  are  the  best  examples. 

The  French  Renaissance,  introduced  into  France  in  the  latter  part  of  thf  r 
teenth  century,  by  Italian  architects,  where  it  flourished  until  the  middle  cti  '.'-j 
seventeenth  century.    The  Renaissance  style  was  introduced  into  Gcr:^' 
about  the  middle  of  the  sixteenth  century,  and  into  England  about  tbe  ?« * 
time  by  John  of  Padua,  architect  to  Henry  VIII.    This  style  in  England  s>  r 
erally  known  imder  the  name  of  Elizabethan. 

Rendering.    In  drawing,  finishing  a  perspective  drawing  m  ink  or  colu'  * 
bring  out  the  spirit  and  effect  of  the  dedgn.    The  first  coat  of  ptaatrr  on  br  £ 
or  stone  work. 

Reredos,  Dorsal,  or  Dossel.  The  screen  or  other  ocnamcnul  work  at  ->- 
back  of  an  altar.  In  some  large  English  cathedrals,  as  Winchester,  Dnriiam.  ^:. 
Albans,  etc.,  this  is  a  mass  of  splendid  tabernacle  work,  reaching  neari>'  ^^  •-' 
groining.  In  smaller  churches  there  are  sometimes  ranges  <rf  arcades  or  pmnd.-.:' 
behind  the  altars;  but,  in  general,  the  walls  at  the  back  and  sides  of  tbcm  wc  n 
plain  masonry,  and  adorned  with  hangings  or  paraments.  In  tbe  large  chcj^h  i 
of  Continental  Europe  the  high  altar  usually  stands  under  a  sort  of  canory  i.- 
dborium,  and  the  sacrarium  is  hung  round  at  the  back  and  sides  with  curtair^  -  * 
movable  rods. 

Reticulated  Work.    That  in  which  the  courses  are  arranged  in  a  fom  P'.e 
the  meshes  of  a  net.    The  stones  or  bricks  are  square  and  placed  k»enge-«::«^ 

Return.    The  continuation  of  a  molding,  projection,  etc.,  in  an  oppi.'S.:; 

direction. 

Return  Head.    One  that  appears  both  on  the  face  and  edge  of  a  wqcIl. 

Reveal.    The  two  vertical  sides  of  an  aperture*  between  the  front  of  a  wall  a:id 
the  window  or  door  frame. 

Rib.  A  molding  or  projecting  piece  upon  the  interior  of  a  Tanlt,  or  xaed  to 
form  tracery  and  the  like.  The  earliest  groining  had  no  ribs.  In  early  Nomuc 
times  plain  flat  arches  crossed  each  other,  forming  ogive  ribs.  These  by  dttrrrri 
became  narrower,  had  greater  projection,  and  were  chamfered.  In  later  Nor- 
man work  the  ribs  were  often  formed  of  a  large  roll  placed  upon  the  flat  baod, 
and  then  of  two  rolls  side  by  side  with  a  smaller  roll  or  a  fillet  between  thcia, 
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x^uch  like  the  lower  member.  Sometimes  they  ue  enriched  with  agtags  end 
>tl&cr  Norman  deoorationa*  and  about  thU  time  booses  became  of  veiy  general 
Lxscs.  As  styles  progressed,  the  moldings  were  more  imdercut,  richer,  and  more 
ela.tx>rate,  and  had  the  dog-tooth  or  ball-flower  or  other  characteristic  ornament 
In  the  hollows.  In  all  instances  the  moldings  are  of  similar  contours  to  those 
of  arches,  etc.,  of  the  respective  periods.  Later,  wooden  roofs  are  often  formed 
ir&t.o  cants  or  polygonal  barrel  vaults,  and  in  these  the  ribs  are  generally  a  cluster 
of  rounds,  and  form  square  or  stellar  panels,  with  carved  bosses  or  shields  at  the 
intersections. 

Hidge.    The  top  of  a  roof  which  rises  to  an  acute  angle. 

Ridge-pole.  The  highest  horizontal  timber  in  a  roof,  extending  from  top  to 
top  of  the  several  pairs  of  rafters  of  the  trusses,  for  supporting  the  heads  of  the 
Jack  rafters. 

Rilievo,  or  Relief.    The  projection  of  an  architectural  ornament. 

Rise.    The  distance  through  which  ansrthing  rises,  as  the  rise  of  a  stair,  or 
inclined  plane. 

Riser.    The  vertical  board  under  the  tread  in  stairs. 

Rococo  Style.    A  name  given  to  that  variety  of  the  Renaissance  which  was  in 
-vogue  during  the  seventeenth  and  the  latter  part  of  the  sixteenth  century. 

Romanesqae  Style.  The  term  Romanesque  embraces  all  those  styles  of  ar- 
chitecture which  prevailed  between  the  destruction  of  the  Roman  Empire  and  the 
beginning  of  Gothic  architecture.  In  it  are  included  the  Early  Roman  Christian 
architecture,  Byzantine,  Mahometan,  and  the  later  Romanesque  architecture 
proper,  which  was  developed  in  Italy,  France^  En^and,  and  Germany.  This 
later  Romanesque,  which  was  quite  different  from  the  preceding,  came  into  vogue 
during  the  tenth  century,  and  reached  its  height  during  the  twelfth  century,  and 
in  the  thirteenth  century  gave  way  to  the  Pointed  or  Gothic  style.  In  England, 
Romanesque  architecture  is  known  under  the  name  of  the  Saxon,  Norman,  and 
Lombard  styles,  according  to  the  different  political  periods. 

Rood.  A  name  applied  to  a  crucifix,  particularly  to  those  which  were  placed 
in  the  rood-loft  or  chancel  screens.  These  generally  had  not  only  the  image  of 
the  crucified  Saviour,  but  also  those  of  St.  John  and  the  Virgin  Mary  standing 
one  on  each  side.  Sometimes  other  saints  and  angels  are  by  them,  and  the  top 
of  the  screen  is  set  with  candlesticks  or  other  decoration. 

Rood-loft,  Rood-tcreen,  Rood-beem,  Jube  Oellery,  etc.  The  arrange- 
ment to  carry  the  crucifix  or  rood,  and  to  screen  off  the  chancel  from  the  rest  of 
the  church  during  the  breviary  sendees,  and  as  a  place  whence  to  read  certain 
parts  of  those  services.  Sometimes  the  crucifix  is  carried  simply  on  a  strong  trans- 
verse beam,  with  or  without  a  low  screen,  with  folding-doors  below  but  forming  no 
part  of  such  support.  In  European  churches  the  general  construction  of  wooden 
screens  is  dose  paneling  beneath,  about  3  feet  to  3  feet  6  niches  high,  on  which 
stands  screen  work  composed  of  slender  turned  balusters  or  regular  wooden 
mullions,  supporting  tracety  more  or  less  rich,  with  cornices,  cresting,  etc,  and 
often  painted  in  brilliant  colors  and  gilded.  These  not  only  enclose  the  chancels, 
but  also  chapels,  chantries,  and  sometimes  even  tombs.  In  English  mansions, 
and  some  i>rivate  hoiiscs,  the  great  halls  were  screened  off  by  a  low  passage  at  the 
end  opposite  to  the  dais,  over  which  was  a  gallery  for  the  use  of  minstrels  or 
spectators.    These  screens  were  sometimes  dose  and  sometimes  glazed. 

Rood^tower.  A  name  given  by  some  writers  to  the  central  tower,  or  that 
over  the  intersection  ol  the  nave  and  chancel  with  the  transepts. 
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Boof  .    The  OQfveriBg  or  upper  ptrt  oi  taay  hiriVfing. 
Rooflag.    The  material  put  on  a  roof  to  make  it  wateMiglit. 

Rose  Window.    A  name  given  to  a  circular  window  with  rad^tins  tnsxry, 

called  also  wheel  window. 

Rostmin.    An  elevated  platform  from  which  a  speaker  addreaaes  an  aafio^x. 

Rotunda.  A  building  which  is  round  both  withm  and  without.  A  circ  J^ 
room  mider  a  dome  in  large  buildings  is  also  called  the  rotunda. 

Roughcast.  A  sort  of  external  plastering  in  which  small  sharp  stones  ajt 
mixed,  and  which,  when  wet,  is  forcibly  thrown  or  cast  from  a  trowel  again<  !^  t 
watt,  to  which  it  forms  a  coating  of  pleasing  appearance.  Roiighf— t  work  h^^ 
been  used  in  Europe  for  several  centuries,  where  it  was  much  used  in  timber 
houses,  and  when  well  executed  the  work  is  sound  and  durable.  The  nMrtar  f-jr 
roughcast  work  should  always  have  cement  nixed  with  it. 

Rubble  Work.  Masonry  of  rough,  undressed  stones.  When  only  the  looif  b- 
est  irregularities  are  knocked  off,  it  is  called  scabbled  rubble,  and  when  the  sUPrs 
in  each  course  are  rudely  dressed  to  near^  a  uniform  height,  ranged  rubUe. 

Rudenture.  The  figure  of  a  rope  or  staff,  which  is  frequently  used  to  HI  l? 
the  flutings  of  columns,  the  convexity  of  which  contrasts  with  the  oonca\-it>  : 
the  flutings,  and  serves  to  strengthen  the  edges.  Sometimes,  instead  at  a  cxm\  ex 
shape,  the  flutings  are  filled  with  a  flat  surface;  sometimes  they  are  ocnaoMBt^L/ 
carved,  and  sometimes  on  pilasters,  etc  Rudentures  are  used  in  reSef  witb<  ur 
flutings,  as  their  use  is  to  give  greater  solidity  to  the  lower  part  of  the  shaft  ^r  i 
secure  the  edges.  They  are  generally  only  used  in  columns  which  rise  from  I'-e 
ground  and  are  not  to  reach  above  one-third  of  the  height  of  the  shaft. 

Rustic  or  Rock  Work.  A  mode  of  bmlding  m  imitation  of  nature.  TVii 
term  is  applied  to  those  courses  of  stone  work  the  face  of  which  is  jagged  r 
picked  so  as  to  present  a  rough  surface.  That  work  is  also  called  rustic  in  wh>  i 
the  horizontal  and  vertical  channels  are  cut  in  the  joinings  of  stones,  so  that  wbt  i 
placed  together  an  angular  channel  b  formed  at  each  joint.  Frosts  rustic  Tcx^i 
has  the  margins  of  the  stones  reduced  to  a  plane  parallel  to  the  plane  of  the  wxX 
the  intermediate  parts  having  an  irregular  surface.  Vermicmlaled  nuHc  work  h  &j 
these  intermediate  parts  so  worked  as  to  have  the  appeannoe  of  having  bcca 
eaten  by  worms.  Rustic  chamfered  work,  in  which  the  face  of  the  atones  n 
smooth,  and  parallel  to  the  face  of  the  wall,  and  the  angles  beveled  to  an  angle  of 
one  hundred  and  thirty-five  degrees  with  the  face  so  that  two  stones  oaaiinj 
together  on  the  wall,  the  beveling  will  form  an  internal  right  argie. 

Sacristy.  A  small  chamber  attached  to  churches,  where  the  diafices,  Te<- 
ments,  books,  etc.,  were  kept  by  the  officer  called  the  sacristan.  In  the  early 
Christian  basilicas  there  were  two  semicircular  recesses  or  apsidcs»  one  on  eadi 
side  of  the  altar.  One  of  these  served  as  a  sacristy,  and  the  other  as  the  hibbo- 
theca  or  library.  Some  have  supposed  the  sacristy  to  have  been  the  place  where 
the  vestments  were  k^t,  and  the  vestry  that  where  the  priests  put  them  on;  bet 
we  find  from  Durandus  that  the  sacrarium  was  used  for  both  these  porpo^esL 
Sometimes  the  place  where  the  altar  stands  enclosed  by  the  raib  has  been  called 
sacrarium. 

Saddle  Bars.  Narrow  horizontal  iron  bars  passing  from  mulEon  to  muIHoa. 
and  often  through  the  whole  window,  from  side  to  side,  to  steady  the  stone  work, 
and  to  form  sta3rs,  to  which  the  lead  work  is  secured.  When  the  bays  of  the 
windows  are  wide,  the  lead  lights  are  further  strengthened  by  upri^  bars 
passing  through  eyes  forged  on  the  saddle  bars^  and  called  ManirhioBs    Wbcs 
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saddle  W«  pASft  right  tlmmgh  tlie  nmUiotis  it  oob  piece,  uid  are  aecurdd  to  this 
Jambflr  th^  have  tometiBacs  been  callod  stay  ban. 

StLgg^g,    The  bending  of  a  body  in  the  middle  by  ita  Mm  weight,  or  the  load 
upon  it. 

Saliant.    A  projection. 

dalon.  A  spadous  and  elegant  apartment  for  the  reception  of  company,  or 
for  state  purposes,  or  for  the  reception  of  paintings,  and  usually  extending 
through  two  stories  of  the  house.    It  may  be  square,  obkmg,  polygonal,  or 

dftnctnattf .  That  part  of  a  chuMh  nrhcr*  the  altar  is  placed;  aUo,  the  most 
sacred  or  retired  part  of  a  temple.    A  place  for  divine  WcMhip;  a  church. 

Sftnctttg  B«ll-€Ot,  or  Totr^t.  A  turret  or  enclosure  to  hold  the  small  bdl 
sounded  at  various  parts  of  the  service,  particularly  Where  the  words  "Sanctns," 
etc.,  are  read.  This  differs  but  little  from  the  common  bdl-cot,  otcept  that  H  is 
etaaenUy  on  the  top  of  the  arch  dividing  the  nave  from  the  chancd.  Sometimes^ 
liowevet,  the  bdl  seems  to  have  been  placed  in  a  cot  outside  the  walL  In  Eng^ 
land  sanctus  bells  have  also  been  placed  over  the  gables  of  porches.  In  Conti« 
nental  Europe  they  run  up  into  a  sort  of  maU  slender  sphre,  called  ftec/ie  ia 
France,  and  gugtio  in  Italy. 

Saracenic  Arefaiteeture.  That  Eastern  style  employed  by  the  Sftradens,  and 
wtaich  distributed  itsdf  over  the  world  wHh  the  religion  of  Mahomet.  It  Ift  a 
modification  and  combination  ol  the  various  styled  of  the  countries  which  they 
Goniiuered. 

SareophtgHi.  A  tomb  or  coffin  made  of  stone,  and  mtended  to  tontain  th4 
body. 

Sash.    The  framework  which  holds  the  glass  in  a  window. 

Scabble.  To  dress  off  the  rougher  projections  of  stones  for  rubble  masonry 
with  a  stone  axe  or  scabbllng  hammer. 

Scafl^ola.  An  imitation  of  colored  marbles  in  plaster  work,  made  by  a  com- 
bination of  gypsum,  glue,  isinglass,  and  coloring  matter,  and  finished  with  a  high 
polish,  invented  between  1600  and  1649. 

ScontUng.  The  dimensions  of  a  piece  of  timber  in  breadth  and  thickness; 
also,  studding  for  a  partition^  when  under  five  inches  square. 

9car^g.  The  Joining  and  bolting  of  two  pieces  of  timber  together  trans- 
versely, so  that  the  two  appear  ti&  one. 

Stones.    A  filed  hangfaig  or  projecting  candlestick. 

Scotia.  A  concave  molding,  most  conunonly  used  in  bases,  which  projects  d 
deep  shadow  on  itself,  and  is  thereby  a  most  effective  molding  under  the  eye^ 
as  in  a  base.  It  is  like  a  reversed  ovok>,  or,  rather,  what  the  mold  of  an  ovol6 
would  present. 

Scratch  Cott.  The  first  coat  of  plaster,  which  is  scratched  to  afford  a  bond 
for  the  second  coat. 

Screeds.  Long  narrow  strips  of  plaster  put  on  horizontally  along  a  wall,  and 
carefully  faced  out  of  wind,  to  serve  as  guided  for  plastering  the  wide  intervals 
between  them. 

Screen.  Any  construction  subdividing  one  part  of  a  building  from  another, 
as  a  choir,  chantry,  chapel,  etc.  The  earlier  screens  are  the  tow  maAIe  podia 
sbflttiiig  oft  the  chonis  cantantium  in  the  Roman  bsaiicaa,  and  the  pedtintfed 
canceK  cncMng:  the  benui,  alur,^  and  searts  of  the  biahope  aM  prcsbyten.  Thd 
diid  screens  in  a  chttrch  are  those  which  endose  the  choir'  of  the  phictf  whcM 
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the  breviary  services  are  redted.  In  Contineatal  Europe  this  Is  done  not  onb-^T 
doors  and  screen  work,  but  also,  when  these  are  of  open  work,  by  nrtaiiw.  th: 
Hity  having  no  part  in  these  services.  In  England  screens  were  of  two  load- 
one,  of  open  wood-work,  generally  called  rood-screens  or  jubes,  aiMl  wfaidi  lt  .* 
French  call  grilles,  ddtures  du  chaur;  the  other,  massive  enclosures  of  stooe  were 
enriched  with  niches,  tabernacles,  canopies,  pinnacles,  statues,  crestiogs,  etc.,  2s 
at  Canterbury,  York,  Gloucester,  and  many  other  places. 

Scribing.    Fitting  wood-work  to  an  irregular  surface. 

Section.  A  drawing  lowing  the  internal  heights  of  the  vnrkMis  peits  of  a 
building.  It  supposes  the  building  to  be  cut  through  eotirdy.  so  as  to  eak'^-: 
the  wallSk  the  heights  of  the  internal  doors  and  other  aqxTtures^  the  height-^  -.; 
the  stories,  thicknesses  of  the  floors,  etc.  It  is  one  of  the  species  of  dravl:  c- 
necessary  to  the  exhibition  of  a  Design. 

SediliA.  Scats  used  by  the  celebrants  during  the  pauses  in  the  mass.  Tbcv 
are  generally  three  in  number  —  for  the  priest,  deacon,  and  sub-deaam  —  a>i 
are  in  England  almost  always  a  species  of  niches  cut  into  the  sonth  walb  ■/. 
churches,  separated  by  shafts  or  by  a  spedes  of  muUions^  and  crowned  wit^ 
canopies,  pinnacles,  and  other  enrichments  more  or  less  clabormte.  The  pbdn^ 
and  ambry  sometimes  are  attached  to  them.  In  Continental  Eurcqie  the  sedilu 
are  often  movable  seats;  a  single  stone  seat  has  rarely  been  found. 

Set-off.  The  horizontal  line  shown  ii^ere  a  wall  is  reduced  in  thSckneai;  aad. 
consequently,  the  part  of  the  thicker  portion  appears  projectiDg  before  ix 
thinner.  In  plinths  this  is  generally  simply  chamfered.  In  other  parts  of  m>r& 
the  set-off  is  gefieraliy  concealed  by  a  projecting  string.  Wherev  as  in  parapets 
the  upper  part  projects  before  the  lower,  the  break  is  generally  hid  by  a  corfcc. 
table.  The  portions  of  buttress  caps  which  recede  one  behind  ^im^h^  aie  &.s} 
called  set-offs. 

Shaft.  In  Classical  architecture  that  part  of  a  colunm  between  the  ncciir^ 
and  the  apophyge  at  the  top  of  the  base.  In  later  times  the  term  is  appfied  t . 
slender  columns  cither  standing  alone  or  in  connection  with  iMllars^  buttresais. 
jambs,  vaulting,  etc. 

Shed  Roof,  or  Lean-to.  A  roof  with  only  one  set  of  ralteis,  falfing  fz^^a 
a  higher  to  a  lower  wall,  like  an  aisle  roof. 

Shore.  A  piece  of  timber  placed  in  an  oblique  direction  to  support  a  buiUinc 
or  wall  temporarily  while  it  is  being  repaired  or  altered. 

Shrine.  A  sort  of  ark  or  chest  to  hold  relics.  It  is  sometimes  merdy  a  sma.1 
box,  generally  with  a  raised  top  like  a  roof;  sometimes  an  actual  modd  d 
churches;  sometimes  a  large  construction,  like  that  of  Edward  the  Confessor  at 
Westminster,  of  St.  Genevieve  at  Paris,  etc.  Many  are  covered  with  jewcb  in 
the  richest  way;  that  of  San  Carlo  Borromeo,  at  Milan,  is  of  beaten  silver. 

Sills.  Are  the  timbers  on  the  ground  which  support  the  posts  and  superstTur- 
turt  of  a  timber  building.  The  term  is  most  frequently  applied  to  those  pi^cs 
of  timber  or  stone  at  the  bottom  of  doors  or  windows. 

Skewback.    The  inclined  stone  from  which  an  arch  springs. " 

Sldrtings.  The  narrow  boards  which  form  a  plinth  around  the  margin  of  a 
floor,  now  generally  called  the  base. 

Sleeper.    A  piece  of  timber  laid  on  the  groimd  to  receive  floor  joists. 

Sofflt.  The  lower  horiaontal  face  of  ansrthing  as,  for  example,  of  aa  entab- 
lature resting  on  and  lying  open  between  the  columns*  or  the  under  &Me  of  aa  arch 
*here  its  thicknfus  ].«  w«ui. 
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Board.    The  covering  of  a  pulpit  to  deflect  the  sound  into  a  GhutcA. 

Spill      Bad  or  broken  brick;  stone  chips. 

Spfts.     The  distance  between  the  supports  of  a  beam,  girder,  arch,  truss,  etc. 

Spmdrel,  or  SpandrH.  The  space  between  any  arch  or  curved  brace  and  the 
level  label,  beams,  etc.,  over  the  same.  The  spandrels  over  doorways  in  Perpen- 
dicular works  are  generally  richly  decorated. 

Specification.  Architect's.  The  designation  of  the  kind,  quality,  and 
quantity  of  work  and  material  to  go  in  a  building,  in  conjimction  with  the  working 


Spire.  A  sharply  pointed  pyramid  or  large  pinnacle,  generally  octagonal  in 
England,  and  forming  a  finish  to  the  tops  of  towers.  Timber  spires  are  very 
common  in  England.  Some  arc  covered  with  lead  in  flat  sheets,  others  with  the 
same  metal  in  narrow  strips  laid  diagonally.  Very  many  are  covered  with 
shiixsles.  In  Continental  Europe  there  are  some  elegant  examples  of  spires  of 
open  timber  woric  covered  with  lead. 

Splayed.    The  jamb  of  a  door,  or  anything  else  of  wliich  one  side  makes  an 
oblique  angle  with  the  other. 

Springer.  The  stone  from  which  an  arch  springs;  in  some  cases  this  is  a 
capital,  or  impost;  in  other  cases  the  moldings  continue  down  the  pier.  The 
lowest  stone  of  the  gable  is  sometimes  called  a  springer. 

Sqninches.  Small  arches  or  corbeled  set-o.?s  running  diagonally  and,  as  it 
were,  cutting  off  the  comers  of  the  interior  of  towers,  to  bring  them  from  the 
square  to  the  octagon,  etc.,  to  cany  the  spire. 

Squint.  An  oblique  opening  in  the  wall  of  a  church;  especially,  in  mediaeval 
architecture,  an  opening  so  placed  as  to  afford  a  view  of  the  high  altar  from  the 
transept  or  aisles. 

Staging.  A  structure  of  posts  and  boards  for  supporting  workmen  and 
material  in  building. 

Stall.  A  fixed  seat  in  the  choir  for  the  use  of  the  clergy.  In  early  Christian 
times  the  thronus  cathedra,  or  seat  of  the  bishopk  was  in  the  center  of  the  apsis 
or  bema  behind  the  altar,  and  against  the  wall;  those  of  the  presbyters  also  were 
against  the  wall,  branching  off  from  side  to  side  around  the  semicircle.  In  later 
times  the  stalls  occupied  both  sides  of  the  choir,  return  seats  being  placed  at  the 
ends  for  the  prior,  dean,  precentor,  chancellor,  or  other  oflicers.  In  general,  in 
cathedrals,  each  stall  is  surmounted  by  tabernacle  work,  and  rich  canopies, 
generally  of  oak. 

Stanchion.  A  word  derived  from  the  French  ttancon,  a  wooden  post,  applied 
to  the  upright  iron  bars  wliich  pass  through  the  eyes  of  the  saddle  bars  or  hori* 
zontal  irons  to  steady  the  lead  lights.  The  French  call  the  latter  traverses,  the 
stanchions  moniants,  and  the  whole  arrangement  armature.  Stanchions  fre- 
quently finish  with  ornamental  heads  forged  out  of  the  iron. 

Steeple.    A  general  name  for  the  whole  arrangement  of  tower,  belfry,  spire,  etc. 

Stereobate.    A  basement,  distinguished  from  the  nearly  equivalent  term  sty« 
lobate  by  the  absence  of  columns. 

Stile.    The  upright  piece  in  framing  or  paneling. 

4 

StQted.    Anything  raised  above  its  usual  level.    An  arch  is  stilted  when  its 
centre  is  raised  above  the  line  from  which  the  arch  appears  to  spring. 

Stoop.    A  seat  before  the  door;  often  a  porch  with  a  balustrade  and  seats  on 

the  sides. 
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Stoo^.    A  basin  for  holy  water  at  the  entrance  ol  Roman  rathoKr  > 

Into  which  all  who  enter  dip  their  fingers  and  cross  themselves* 

Straight  Arch.    A  fonn  of  arch  in  which  the  intradoe  is  stimigfat,  but  «kh  its 

joints  radiating  as  in  a  common  arch. 

Strap.  An  iron  plate  for  connecting  two  or  more  timbers,  to  wfeoch  it  h 
screwed  by  bolts.    It  generally  passes  around  one  of  the  timbers. 

Stretcher.    A  brick  or  block  of  masonry  laid  lengthwise  of  a  waU. 

String  BoanL  A  board  placed  next  to  the  well-hole  in  wooden  stalz^  teniB- 
nating  the  ends  of  the  steps.  The  string  piece  is  the  picice  of  board  pat  imier 
the  treads  and  risers  for  a  support,  and  f onning  the  support  of  the  stair. 

String-coune.  A  narrow,  vertically  faced  and  sUg^Uy  projecting  oavsr  ir 
an  devation.  If  window-sills  are  made  continuous,  thQr  form  a  stiiiig-ooarsr. 
but  if  this  course  is  made  thicker  or  deeper  than  ordinary  window-^iUs^  or  corer^ 
a  set-off  Id  the  wall,  it  becomes  a  biocking-courae.  Also,  horiaaatal  mnictirr' 
running  under  windows,  separating  the  walls  from  the  plain  part  ol  the  paiapet^ 
dividing  towers  into  stories  or  stages,  etc.  Their  section  is  moch  the  anr  i« 
the  labels  of  the  respective  periods;  in  fact,  these  last,  after  paiwtig  roand  tin 
windows,  frequently  run  on  horizontally  and  form  strings.  Like  labcls»  the>-  arc 
often  decorated  with  foliages,  ball-flowers,  etc 

Studs,  or  Studding.  The  small  timbers  used  in  partitions  and  outside  woodea 
walls,  to  which  the  laths  and  boards  are  nailed. 

Style.  The  term  style  in  architecture  has  obtained  a  conventional  meaain^ 
beyond  its  simpler  one,  which  applies  only  to  columns  and  columnar  airaoct- 
mcnts.  Itjs  now  used  to  signify  the  differences  in  the  moldings,  general  oct 
lines,  ornaments,  and  other  details  which  exist  between  the  works  ol  varii v- 
nations,  and  also  those  differences  which  are  found  to  exist  between  the  wort^  •  5 
any  nation  at  different  times. 

Stylobate.  A  basement  to  columns.  Stylobate  is  synonymous  with  pedestil 
but  is  applied  to  a  continued  and  unbroken  substructure  or  basement  to  ccrfumr.-. 
while  the  latter  term  is  confined  to  insulated  supports.  The  Greek  temples  ^n- 
erally  had  three  or  more  steps  all  around  the  temple,  the  base  of  the  colonn 
resting  on  the  top  step;  thb  was  the  stylobate. 

SubseUium.  A  name  sometimes  given  to  the  seat  in  the  stalls  of  churchrv; 
same  as  miserere. 

Summer.    A  girder  or  main-beam  of  a  floor;  if  supported  on  two-stoQr  posu 

and  open  below,  it  is  called  a  Brace-summer. 

Surbaae.  A  cornice  or  series  of  moldings  on  the  top  of  the  base  of  a  pedestal 
podium,  etc;  a  molding  above  the  base. 

Surface.    To  make  plane  and  smooth. 

Systyle.    An  intercolimmxation  to  which  two  diameters  are  assigned. 

Tabernacle.  A  species  of  niche  or  recess  in  which  an  image  may  be  placed 
They  are  generally  highly  ornamented  and  often  surmounted  with  crocketcd 
gables.  The  word  tabernacle  is  also  often  used  to  denote  the  receptacle  for  iriic^ 
which  was  often  made  in  the  form  of  a  small  house  or  church. 

Tabernacle  Work.  The  rich  ornamental  tracery  forming  the  canopy,  etc , 
to  a  tabernacle,  is  called  tabernacle  work;  it  is  common  in  the  stalls  and  saecas 
of  cathedrals,  and  in  them  is  generally  open  or  pierced  through. 

Tail  Trimmer.    A  trimmer  next  to  the  wall,  into  which  the  ends  of  joists  are 

fastened  to  avoid  flues. 
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T^iap.  T»paaiid  thawRhdowBuntDdairallafUiit  hubcen  tfannRiIn. 
T^pMtrj.  A  Uad  o(  woven  huigfnss  of  wool  or  sOk,  orruuneated  irith  figum, 
d  tiMd  ionaet\y  to  cover  tnd  ulom  the  walla  of  roonu.  They  weze  often  of 
e  nKMt  costl)'  materials  and  beautifully  embnudered. 

T«mpl*.  An  edifice  deslined,  in  the  earliest  times,  foi  the  public  ciercisc  of 
Usous  wonhip. 

Tamidot,  or  Tsmtdat*.  Arnold  u*ed  by  nuions  for  cutting  oiHttioswatk. 
short  fuco  of  timbv  wnietimn  bid  undn  a  gitdn. 

Tamunal.    Figures  of  whkh  the  uppei  parts  only,  or  periupt  the  head  and 
loulders  alone,  are  carved,  the  rest  running  into 
EkarBllelopiped,  and  lomelimes  into  a  diminishing 
fdestal,  with  feel  indicated  bdow.  or  even  wlth- 

XaiTk-^otta.  Baked  day  of  ■  fine  qualltj'. 
1  uch  used  for  ba^felids  for  Bdoming  the  friezes 
f  temples.  In  modem  tnnea  employed  for  archi- 
ectural  omaments,  ttatues,  vaies,  etc. 

ToMdlatsd  PaTementa.  Those  foitned  of 
easeTE,  or,  as  some  write  it,  tessdla,  or  small 
ubes  from  hall  an  Inch  to  an  Inch  stjuare,  like 
Uce,  of  pottery,  stone,  marble,  enamel,  etc. 
TBtraityla.  A  portico  of  four  columns  in  front. 
Tholobat*.  That  od  which  a  dome  or  cupola 
rests.  This  is  a  term  not  in  geDeral  use,  but  it  is  not 
:he  less  of  useful  aiqilkatioa.     What  is  generally 

termied  the  attic  above  the  peristyle  and  under  the  cupola  of  St.  Paul's,  London, 
■vould  be  oocrectly  designated  the  tholobate.  A  tholobate  of  a  different  deaCTi[>< 
tion,  and  one  to  which  no  other  name  can  well  be  applied,  is  the  drcular  sub- 
atructure  to  the  cupola  of  the  University  College,  London. 

Tbfotl.  A  channel  or  gipove  made  on  the  under-^e  of  a  string-course, 
coping,  etc,  to  prevent  mtcr  tram  running  inward  toward  the  walls. 

Tl«.  A  thnber,  rod,  chain,  etc.,  binding  two  bodies  together,  which  have  a 
tendency  to  separate  or  diverse  from  each  other.  The  lit-beam  connects  the 
bottom  of  a  pair  of  principal  rafters,  and  prevents  ttiem  from  bursting  out  the 
vail. 

lilM.  Flat  plecea  of  day  burned  in  kilns,  to  cover  roofs  in  placa  of  slates  or 
lead.  Also,  flat  pieces  of  burned  day,  either  plain  or  omaraented,  t^aied  or 
unglaied,  used  for  floors,  wainscoting,  and  about  Sreplaccs,  etc.  Small  squaiv 
pieces  of  marble  are  also  oUled  tile. 

Tongna.     The  part  of  a  board  left  projecting,  to  be  mserted  rate  a  groove. 
Tooth  DnumsnL     One  of  the  peculiar  marks  of  the  Early  English  period  of 
(kithic  architecture,  gEoerally  inserted  in  the  hollow  moldings  of  diMrwayi, 
windows,  etc 

Tono.    A  mutilated  statue  of  which  nothing  remains  but  the  trunk.    Columns 

with  twisted  shafts  have  also  this  term.    Of  this  kind  there  are  several  varieties. 

Toro*.     A    protuberance    or    swelling,    a    molding    >■  .    ... 

whose  form  Is  convex,  and  generally  nearly  approaches  (  j   !} 

a  vraiidrcle.     It  is  most  frequently  used  in  bases,  and  ^"i. .T 

K,  generally  thr  lowest  molding  In  a  base.  icaoi 


18i8  GkMflur  P^si  3 


Toww.    An  devated  btdldliig  oiigiiiaUy  deaignitd  for  pmpuii  of  defffs* 
Thoae  buiklings  are  of  the  remotest  antiquity,  and  are.  indtfcd,  mentkMBfld  i:^ :  - 
eartieit  Scriptures.    In  medigva^  times  they  were  generaily  «f  tyhaci  to  Aagiar- 
to  cemeteries,  to  castles^  or  used  as  bell-towers  in  public  plaoes  id  lar^e  ci\r< 
In  churches,  the  towers  of  the  Saxon  period  were  geacrally  square.     Nom  _ 
towers  were  also  generally  square.    Many  were  entirely  without  buttre^% 
others  had  broad,  flat,  shallow  projections  which  served  for  this  purpose.     I  . 
lower  windows  were  very  narrow,  with  extremely  wids  splays  inside,  probaMy  n 
tended  to  be  defended  by  ardiers.    The  upper  windows,  Hke  those  ol  the  prrt- 
ing  style,  were  generally  separated  into  two  lights,  but  by  a  shaft  or  short  cgIl-- 
and  not  by  a  baluster.    Early  English  towers  were  generally  taller,  and  ci  m  r. 
elegant  proportions.    They  almost  always  had  lai^e  projectinc  bnttresses.  ir 
frequently  stone  staircases.    The  lower  windows,  as  in  the  faraner  styfe.  wr- 
frequently  mere  arrow-slits;  the  upper  were  in  couplets  or  triplets,  and  sotcetfr^ 
the  tower  top  had  an  arcade  all  aroimd.   Tlie  spires  weresenerally  broach  s(.%r- « 
but  sometimes  the  tower  tops  finished  with  oorbd  courses  and  plain  paxapeii.  ^zz 
(rarely)  with  pinnacles.    There  are  a  few  Early  Kngiiah  tow«rs  which  bccaiL  c  *  - 
the  octagon  from  the  square  toward  the  top^  and  still  fewer  whicJi  finish  wi:h  :• 
gables.    Both  these  methods  of  termination,  however,  are  comnxm  in  CoDtii.:^:-' 
Europe.    At  Venddme,  Chartres,  and  Senlis  the  towers  have  octagonal  u;.r- 
stages  surrounded  with  pinnacles,  from  which  elegant  spires  arise.     In  the  X  ~  r  3 
of  Italy,  and  in  Rome,  they  are  generally  tall  square  shafts  in  four  to  six  sTj:^  ^. 
without  buttresses,  with  couplets  or  triplets  of  semicircular  windows  h  c-— ' 
stage,  generally  crenellated  at  top,  and  covered  with  a  low  pynunidsl  roof.    T:? 
well-known  leaning  tower  at  Pisa  is  cylindrical,  in  five  stories  of  arcadod  cck  - 
nades.     In  Ireland  there  are  in  some  of  the  churchyards  wry  curious  ru-J 
towers. 

•    

Tracery.  The  ornamental  filling  in  of  the  heads  of  windows,  panels^  drca .  - 
windows,  etc.,  which  has  given  such  characteristic  beauty  to  the  arduteaart .: 
the  fourteenth  century.  Like  almost  everything  connected  with  mcdix^'al  ar\ ' 
tecture,  this  elegant  and  sometimes  fairy-like  decoration  seems  to  have  sp>n. %; 
from  the  smallest  beginnings.  The  circular-headed  window  of  the  Nonr^-- 
gradually  gave  way  to  the  narrow-pointed  lancets  oC  the  Early  KngBgfc  poi. . 
an4  as  less  light  was  afforded  by  the  latter  S3rstem  than  by  the  farmer,  h  «-' 
necessary  to  have  a  greater  number  of  windows;  and  it  was  found  CDOvenfen:  :j 
group  them  together  in  couplets,  triplets,  etc  When  these  couplets  vert  ^•>- 
sembled  under  one  label,  a  sort  of  vacant  space  or  spandrel  was  formed  over  it.- 
•  lancets  and  under  the  label.  To  relieve  this,  the  first  attempts  were  simply  u 
perforate  this  flat  spandrel,  first  by  a  simple  lozenge^shaped  or  circular  optr: .:. 
and  afterward  by  a  quatrefoil.  By  piercing  the  whole  of  the  vacant  spacr-  1 
the  window  head,  cfurrying  moldings  around  the  tracery,  and  adding  cusps  t-^  r.. 
the  formation  of  tracery  was  complete,  and  its  earliest  result  was  the  beajt  J 
geometrical  work  such  as  is  found  at  Westminster  Abb^. 

Transept.  That  portion  of  a  church  which  passes  transversely  hetwuii  th: 
nave  and  choir  at  right  angles,  and  so  forms  a  cross  on  the  plan. 

Transom.  The  horizontal  canstruction  which  divides  a  window  ^t^ 
heights  or  stages.  Transoms  are  sometimes  simple  pieces  of  multioas  pb.^t! 
transversely  as  cross-bars,  and  in  later  times  are  richly  decorated  v^ls 
cuspings,  etc. 

Traverse.  To  plane  in  a  dtrectian  across  the  grain  of  the  wood,  as  to  traverse 
a  floor  by  planing  across  the  boards. 

Tread,    The  horizontal  part  of  a  step  of  a  stair. 
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TrafoU.  A  copping  the  outline  of  which  b  derived  from  a  three4eaved  flower 
OiT  leaf,  as  the  quatiefoii  and  dnque-foil  are  from  those  with  lour  and  five. 

TMttt*    Lattice-work  of  metal  or  wood  for  vines  to  run  on. 

TrMtl«.  A  nwvable  frame  or  support  for  anything;  when  made  of  a  cross 
piece  with  four  legs  it  is  called  by  cari)enters  a  horse. 

TrtfocimiLi  The  arcaded  story  between  the  lower  range  of  piers  and  arches 
and  the  dere-stoiy.  The  name  has  been  supposed  to  be  derived  from  iMS  and 
fores  —  three  doors^  or  openings  —  that  being  a  frequent  number  of  arches  in 
each  bay. 

Trlglypli.  The  vertically  channeled  tablets  of  the  Doric  frieze  are  called 
trigljrphs,  because  of  the  three  angular  channels  in  them  —  two  perfect  and  one 
divided  —  the  two  chamfered  angles  or  hemiglyphs  being  reckoned  as  one.  The 
square  sunk  spaces  between  the  triglyphs  on  a  frieze  are  called  metopes. 

Trim.    Of  a  door,  sometimes  used  to  denote  the  locks,  knobs,  and  hinges. 

Trinuiier.  .  The  beam  or  floor  joist  into  which  a  header  is  framed. 

Trimmer  Arch.  An  arch  built  in  front  of  a  fireplace,  .in  the  thickness  of  the 
floor,  between  two  trimmers.  The  bottom  of  the  arch  starting  from  the  chimney 
and  the  top  pressing  against  the  header. 

Tock-pointing.  Marking  the  joints  of  brickwork  with  a  narrow  parallel 
ridge  of  fine  putty. 

Tudor  Style.  The  architecture  which  prevailed  in  England  during  the  reign 
of  the  Tudors;  its  period  is  generally  restricted  to  the  end  of  the  reign  of  Heniy 
VIII. 

Torral*  A  small  tower,  especially  at  the  angles  of  larger  buildings,  sometimes 
overhanging  and  built  on  corbels,  and  sometimes  rising  from  the  ground. 

Tuscan  Order.    The  plainest  of  the  five  orders  of  Classic  architecture. 

TympAnum.  The  triangular  recessed  space  enclosed  by  the  cornice  which 
bounds  a  pediment.  The  Greeks  often  placed  sculptures  representing  subjects 
connected  with  the  purposes  of  the  edifice  in  the  tympana  of  temples,  as  at  the 
Parthenon  and  i£gina. 

tJnder-croft.    A  vaulted  chamber  under  ground. 

Upset.  To  thicken,  and  shorten  as  by  hanunering  a  heated  bar  of  iron  on  the 
end. 

Vsgins.  The  upper  part  of  the  shaft  of  a  terminus,  from  which  the  bust  or 
figure  seems  to  rise. 

Valley.    The  internal  angle  formed  by  two  inclined  sides  of  a  roof. 

Valley  Rafters.  Those  which  are  disposed  in  the  internal  angle  of  a  roof  to 
form  the  valleys. 

Vans.  The  weathercock  on  a  steeple.  In  early  times  it  seems  to  have  been 
of  various  forms,  as  dragons,  etc.;  but  in  the  Tudor  period  the  favorite  design 
was  a  beast  or  bird  sitting  on  a  slender  pedestal,  and  carrying  an  upright  rod,  on 
which  a  thin  plate  of  metal  is  hung  like  a  flag,  ornamented  in  various  ways. 

Vault.  An  arched  ceiling  or  roof.  A  vault  is,  indeed,  a  laterally  conjomed 
series  of  arches.  The  arch  of  a  bridge  is,  strictly  speaking,  a  vault.  Intersecting 
vaults  are  said  to  be  groined.  See  Grained  Vaulting  for  fuller  description  of 
vaults. 

Verge.  The  edge  of  the  tiling,  slate  or  shingles,  projecting  over  the  gable  of  a 
roof,  that  on  the  horizontal  portion  being  called  eaves. 


1850  Gkmmry  P^r: 


V«ffi«Botid.  OftcDoorrapCedmtoBfttgeBMid;  tfeboodoMlertkrvsR 
of  gaUet,  aometliiies  mokkd,  and  ofua  vciy  richly  catved*  pcrfaiated.  aad 
cusped,  and  frequently  having  pfndanta,  and  ■■nrthnri  fiaiaii^  al  the 

VermicuUtad.    Stones,  etc.,  worked  ao  aa  to  have  the 
been  worked  by  worms. 

Vettibiila.    An  anti-hal^  bbby,  or  porch. 

Vastly*  A  room  adjoining  a  church,  where  the  vtst> 
menta  of  the  ainiilev  are  kept  and  parish  meettngi  held. 
In  American  Protestant  churches,  the  Sunday-school 
room  ia  often  called  the  veitiy. 

Vladtict  A  structure  of  coniideKaUe  magnitude,  aad 
uaually  of  masonry,  for  canyiog  a  railway  actoas  a 
valley. 

Vlgaetta.  A  running  omament,  repre»iiting,  aa  its  name  inpofts,  a  Br'; 
vine,  with  branches,  leaves,  and  grapes.  It  is  common  in  the  Tudor  perioc 
and  runs  or  roves  in  a  large  hollow  or  casement.    It  is  also  called  Trayle. 

Villa.    A  country  house  for  the  retreat  of  the  rich. 

Volute.  The  convolved  or  spiral  ornament  which  forma  the  cliaractaistk  ' 
the  Ionic  capital.  Volute,  scroll,  beliz,  and  cauliculua  arc  used  imfiffrreotiy  kr 
the  angylar  homs  of  the  Corinthian  capital. 

VonsBoir.  One  of  the  wedge>like  stones  which  form  an  arch;  the  aoiddk  oat 
is  called  the  key-stone. 

Wainacot.    The  wooden  lining  of  walls,  generally  m  panels. 

Wan  Platea.    Pieces  of  timber  which  are  placed  on  topof  back  or  stuoe  vl  < 

ao  as  to  form  the  support  to  the  roof  of  aboilding. 

Warped.    Twisted  out  of  shape  by  seawming. 

Water  Table.  A  slight  projectkm  of  the  lower  masonry  or  bfickiiDck  en  tb< 
outside  of  a  wall  a  few  feet  above  the  ground  aa  a  protectioa  "g*'"**  rain. 

Weather  Boarding.  Boards  lapped  over  eadi  other  to  pRvcnt  nm,  ctc^ 
from  passing  through. 

Weathering.  A  slight  fall  on  the  top  of  conuoes,  wMovT'sfll^  etc,  to  thr?* 
off  the  rain. 

Wicket.  A  small  door  opening  in  a  larger.  They  are  fxwnmon  in  medirv  j 
doors,  and  were  intended  to  admit  single  persons,  and  guard  against  siadct-. 
surprises. 

Wind.    A  turn,  a  bend.    A  wall  is  ani  oj  wind  when  it  ia  a  pcrfectbr  &t 

surface. 

Wing.    A  side  building  less  than  the  main  building. 
Withes.    The  partition  between  two  chimn^  flues  in  the 
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Terms  Defined 


[Th£  fdUwing  Urms  ckattct  to  be  dotted  m  sundry  huUding  codes,  which  are 
neniioned  in  each  case.  The  foci  that  other  codes  are  not  menHoned  is  not  neces* 
tartly  a  proof  thai  the  term  is  not  also  elsewhere  in  use  as  defined.] 

Adjoining  Owner.  The  owner  of  the  premises  adjoining  those  on  which 
work  is  doing  or  to  be  done.    \Pistria  of  Columbia,] 

Alteration.  Any  change  or  addition  except  necessary  repairs  in,  to,  or  upon 
aay  buiMing  affecting  an  cxteroal,  party,  or  partition  wall,  chimney,  floor,  or 
stairway,  and  **to  alter"  means  to  make  mch  change  or  addition.  [Boston  and 
Denver.] 

Appendages.  Dormer-windows,  cornices,  moldings,  bay-windows,  towers, 
spires,  ventilators,  etc    [Chicago  and  Minneapolis^] 

Areas.  Sub-surface  excavations  adjacent  to  the  building-line  for  Ughting  or 
ventilation  of  cellars  or  basements,    [fiiiirici  of  Cehmhia.] 

Attic  Story.  A  story  situated  either  in  whole  or  in  part  in  the  roof.  [Denver 
ai$d  Districl  of  Cohtmbia.] 

Base.  "The  base  of  a  brick  wall"  means  the  course  immediately  above  the 
foundation  wall.    [Cincinnati  and  Cleveland.] 

Basement  Story.  One  whose  floor  is  ta"  or  more  bebw  the  sidewalk,  and 
whose  height  does  not  exceed  13'  in  the  dear;  all  such  stories  that  exceed  12' 
high  shall  be  considered  as  first  stories.    [Chicago  and  LouisviUe.] 

A  story  whose  floor  is  la"  or  more  below  the  grade  of  sklewalk.    [Milwauhee.] 

A  story  whose  floor  is  3'  or  more  below  the  sidewalk,  and  whose  height  does 
not  exceed  11'  in  the  clear;  all  such  stories  that  exceed  ix'  high  shall  be  con- 
sidered as  first  stories.    [Minneapolis.] 

A  story  suiuble  for  habitation,  partially  below  the  level  of  the  adjoining  street 
or  ground.*    [District  of  Columbia  and  Denver.] 

(See  Cellar.) 

Bay-window.  A  first-floor  projection  for  a  window  other  than  a  tower-pro- 
jection or  show-window.    [District  of  Columbia.] 

Any  projection  for  a  window  other  than  a  show-window.    [Denver.] 

Bearing  Walls.  Those  on  which  beams,  trusses,  or  girders  rest  [New  Torh 
and  San  Francisco.] 

Brick  Bnilding.  A  building  the  walls  of  which  are  built  of  brick,  stone,  ux>n, 
or  other  substantial  and  incombustible  materiab.  [Boston,  Denver,  and  Kansas 
City.] 

*  And  bdow  the  ftnt  floor  of  joists.    [District  of  Columbia^ 
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Bnildinc.    Any  oonatmctioii  within  the  loope  and  pmvSew  of 

tions.    [District  of  Columbia.] 

Biiiidinc  line.    The  line  of  demarcatioii  between  public  end  pdwfee 

[District  of  Coiumbic.] 

Building  Owner.  The  owner  of  premises  on  which  worii  is  <ioiiig  or  to  ite 
done.    [District  of  Columbia.] 

Buaineet  buildings  shall  embrace  all  buildings  used  prindpAHy  for  busiaes 
purposes,  thus  including,  among  others*  hotels,  theaters*  and  office-fautkiic^ 
[Chicago,  LouisvUU,  MUwaukee,  and  Minneapolis.] 

CelUr.  Basement  or  lower  story  of  any  building,  of  which  one-half  or  mor* 
of  the  height  from  the  floor  to  the  ceiling  is  below  the  levd  of  the  street*  2d> 
joining.!    [Boston,  Denver,  and  Kansas  Ciiy.] 

Portion  of  building  below  first  floor  of  joists,  if  partially  or  entirely  bdow  the 
level  of  the  adjoining  parking,  street,  or  ground,  and  not  suitable  for  habitatMc 
[District  of  Colwnbia.] 

Cement-mortar.    A  proper  proportion  of  cement  and  sand  witfaont  the  lA- 

mixture  of  lime.    [Kansas  City.] 

Division  Wall.  One  that  separates  part  of  any  building  from  another  port 
of  the  same  building.    [Cincinnaii  and  CUvdami.] 

Floor-bearing  walls  extending  through  buildings  from  front  to  rear,  and  sepa- 
rating stores  and  tenements  in  buildings  or  blocks  owned  l^  the  same  party- 

Minneapolis.] 

(See  Partition-wall.) 

'    Dwelling-house  Class.    AH  buildings  except  public  buildings  and  biakfi::^ 
of  the  warehouse  class.    [Cincinnati  and  CUvdand.] 
Shall  not  apply  to  buildings  accommodating  more  than  three  fa— Am**     \Sm 

Francisco.] 

External  Wall.  Every  outer  wall  or  vertical  enclosure  of  a  building  o'brr 
than  a  party-wall.  [Boston,  Cincinnati^  Cleveland,  Denver,  DUtid  of  CotmmfU, 
Kansas  City,  and  Providence.] 

First  Story.  The  story  the  floor  of  which  is  at  or  first  above  the  level  of  thi 
sidewalk  or  adjoining  ground,  the  other  stories  to  be  numbered  in  regular  six- 
cession,  counting  upwud.     [Denver  and  District  of  Columbia.] 

Footing  Course.  A  projecting  course  or  courses  under  base  of  foundatijc 
wall.    [Cincinnati  and  Cleveland.] 

Foundation.  That  portion  of  wall  below  level  of  street  curb,t  and,  whcR  the 
wall  is  not  on  a  street,  that  portion  of  wall  below  the  level  of  the  highest  grotsd 
next  to  the  wall.     [Boston,  Kansas  City,  New  York,  and  Providence.] 

Portion  of  exterior  wall  below  surface  of  adjoining  earth  or  pavement,  aiKJI 
portion  of  partition  or  party  wall  below  level  of  basement  or  cellar  floor.  [Dis- 
trict of  Columbia  and  Denver.] 

Foundation,  Basement,  or  Cellar  WsUs.  That  part  of  walk  of  building  that 
is  below  the  floor  or  joists,  which  are  on  or  next  above  the  grade  line,    ^kt^  1 

Portion  of  the  wall  below  the  level  of  street  curb,  in  front  of  the  central  fine  of 
building.    [San  Francisco.] 

*  Ground.    [Provideiiee.l 
t  And  not  suitable  for  habitation.    [Dem9er.] 

t  "And  serve  as  supports  for  plen,  columns,  ghden,  beaim,  or  ether  «ib>* 
Ufew  York.] 
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IncomlmttibU  Scanning  Partition.  One  plastered  on  both  sides  upon  iron 
iath  or  wire  doth,  and  fiUed  in  with  brickwork  S"  high  from  floor,  provided  the 
building  is  not  over  80'  high.    [Chicago.] 

Incombustible  Roofing.  Covered  with  not  less  than  three  (3)  thicknesses 
roofing-felt,  and  good  coat  of  tar  and  gravel,  or  with  tin,  corrugated-iron,  or  other 
fire-resisting  material  with  standing-seam  or  lap-joint.    [Denver.] 

Lengths.  Walls  are  deemed  to  be  divided  into  distinct  lengths  by  return 
walls,  and  the  length  of  every  wail  is  measured  from  the  center  of  one  return  wall 
to  the  center  of  another,  provided  that  such  return  walls  are  external  or  party 
cross-walls  of  the  thickness  herein  required,  and  bonded  into  the  walls  so  deemed 
to  be  divided.    [CifuinruUi  and  Cleveland.] 

Inflammable  Material.  Dry  goods,  clothing,  millinery,  and  the  like  in 
stores,  fisrings  or  goods  in  factories,  or  other  substance  readily  ignited  by  drop- 
pings or  flyings  from  electric  lights.    [Minneapolis.] 

Lodging-honse.  A  building  in  which  persons  are  temporarily  accommodated 
with  sleeping  *  apartments,  and  includes  hotels.     [Boston  and  Kansas  City.] 

Any  building  or  portion  tiiereof  in  which  persons  are  lodged  for  hire  for  less 
than  a  week  at  one  time.     [District  0/  Columbia  and  Providence.] 

Any  building  or  portion  thereof  in  which  persons  are  lodged  for  hire  tempo- 
rarily, and  includes  hotels.     [Denver.] 

Mansard  Roof.  One  formed  with  an  upper  and  under  set  of  rafters,  the 
upper  set  more  inclined  to  the  horizon  than  the  lower  set.  [Denver  and  District 
of  Columbia.] 

Oriel  Window.  A  projection  for  a  window  above  the  first  floor.  [Distria 
of  Columbia.] 

Partition.  An  interior  division  constructed  of  iron,  glass,  wood,  lath  and 
plaster,  or  other  destructible  natures.    [District  oj  Columbia.] 

Partition-wall.    Any   interior  wall  of  masonry  in   a  building.    [Boston, 

Kansas  City,  and  Providence.] 

An  interior  wall  of  non-combustible  material.     [District  of  Columbia.] 

Any  interior  division  constructed  of  iron,  glass,  wood,  lath  and  plaster,  or 

any  combination  of  those  materials.    [Denver.] 

(See  Division  WaU.) 

Party-wall.  Every  wall  used,  or  built,  in  order  to  be  used,  as  a  separation  of 
two  or  more  buildings.!  [Boston,  Cincinnati,  Cleveland,  Denver,  Kansas  City, 
and  Providence.] 

A  wall  built  upon  dividing  line  between  adjoining  premises  for  their  common 
use.    [District  of  Columbia.] 

Parking.  The  space  between  the  sidewalk  and  the  building  line.  [District 
of  Columbia.] 

Parking  Line.  The  line  separating  parking  and  sidewalk.  [District  of 
Columbia.] 

PttbUc  Building.  Every  building  used  as  church,  chapel,  or  other  place  of 
public  worship;  also  every  building  used  as  a  college,  school,  public  hall,  hospital, 
theater,  public  concert-room,  public  ball-room,  public  lecture-room,  or  for  any 
public  assemblage.  [Boston,  Chicago,  Cincinnati,  Cleveland,  Denver  Kansas 
City,  and  Minneapolis.] 

*  Staying  apartments.    [Kansas  City.] 

t  To  be  used  jointly  by  separate  buildings.    [Cincinnati  and  Ctevdand^ 
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Such  bufldings  as  shall  be  owned  and  occupied  for  public  puifNMPi  for  tk, 
Sute.  the  United  Sutes,  the  coxpocmtion  of  the  City  of  BrooMya.  or  ocbcr  pc:^- 

schools  within  said  city.    [Brooklyn.] 

Pabiie  Hall.  Every  theater,  opeia4K>uae;  haO,  chorcli*  scbodl  or  otlcr  haft: 
hig  intended  to  be  used  for  public  assemblage.    [MUwaattrnt  amd  LomnAe.\ 

Retnm  Wall.  No  wail  subdividing  any  building  shafl  be  deencd  a  mat 
wail,  as  before  mentioned,  unless  it  is  two<thitds  the  hog^  of  the  cateoal  ,r 
party-walls.    [Cimcmnaii  tmd  CUiotlond,] 

Shed.    A  skeleton  structure  for  storage  or  shdter.    {DUiria  of  CokmMi  \ 
Open  structure,  enclosed  only  on  one  side  and  end,  and  eivctied  on  thegnwsi 

[5(m  Fran(i$co\ 
Open  or  closed  board  structure.    ]fyaner\ 

Show-window.    A  store-window  in  which  goods  are  displayed  lor  safe  x 

advertisement.    [District  of  Colttmbia  omd  Domer»\ 

Square  thereof.    The  square  or  level  o£  the  walls  before  cwmraring  ^ 
pitch  for  roof.    [District  of  Columhia,\ 

Standard  Depth  for  Feundationa.  For  brick  and  stooe  buiMmgs  u 
below  curb  line.    [San  Francisco,] 

Standard  Depth  of  Ceflars.  i6',  measured  down  from  sidewalk  grade  a 
property  line.    [Memphis.] 

Standard  Iron  Door.  Made  of  No.  x3  plate>iron.  frame  or  cnatiBBo^ 
2"  X  3"  X  H"  angle-iron,  firmly  riveted.  Two  panel  doors,  to  have  proper  cioe- 
bars,  one  panel  on  either  side,  fastened  together  with  hocdcs  or  proper  bote  top 
and  bottomt  and  with  not  less  than  two  lever-bars.  AU  doots  kuog  ee  irx 
frames  of  H"  x  4"  iron,  securely  bolted  together  through  wall,  swuog  on  tbiw 
hinges,  fitting  close  to  frame  all  around;  sill  between  doors,  iroi^  brick,  or  sidse. 
to  rise  not  less  than  two  (2)  inches  above  floor  on  each  side  of  opening.  Ucia 
over  door,  brick,  iron,  or  stone.  Floors  of  basement,  when  doors  are  to  swisj, 
stone  or  cement,  in  no  case  wood.     [Den'xr.] 

Standard  Skylight.  Constructed  of  wrought-iron  frames,  with  hammered 
or  desk-light  glass  not  less  than  W  thick;  not  larger  than  10'  by  12',  except  ty 
special  permission  of  the  Inspector.    \Penver.] 

Storehouse.    (See  Warehouse  Class.) 

Street.    All  streets,  avenues,  and  public  alleys.    [.l/iiMi«a>0^.J 

Tenement-hoQse.  A  building  which,  or  any  portion  of  which,  is  to  be  occa- 
pied,  or  is  occupied,  as  a  dwelling  by  more  than  three*  families  living  indepesi 
ently  of  one  another,  and  doing  their  cooking  upon  the  jHemiaea.  [Sfsom. 
Denver^  and  Kansas  Ci/y.] 

Or  by  more  than  two  familiesf  above  the  second  floor,  so  living  and  coo^i&c- 
[Boston  and  Kansas  City.] 

Building  which  shall  contain  more  than  two  rooms  In  front  on  each  floor,  or 
which  shall  be  built  with  a  passage  or  arched  way  between  distinct  parts  of  the 
same  building,  or  which  building  shall  be  intended  for  the  separate  accoauncidi- 
tion  of  different  families  or  occupants.    [CkarUsion.] 

Theater.  I^IbIic  hall  containing  movable  scenery  or  fixed  sieueijr  wHA  s 
not  made  of  metal,  plaster,  or  other  incombustible  material.  {jCkiooio,  Lnas- 
tittf,  and  Milwaukee.] 

*  Tw0  instead  of  three.    IDistrid  of  Columbia  amd  Minmoafolis.] 
f  Upon  one  floor,  but  having  a  oommoa  light  in  the  halls,  stairways,  yaHs»  cte.   Hhmh 
.] 
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ThickneM  of  a  Wall.  The  minimum  thickness  of  such  wall.*  [Bifshn, 
Cincinnati,  Cleveland,  Kansas  City,  Milwaukee,  and  Providence.] 

Tinned  Covered  Fire-door.  Wood  doors  or  shutters,  double  thickness  of 
wood,  cross  or  diagonal  construction,  covered  on  both  sides  and  all  edges  with 
sheet-tin,  joints  securely  clinched  and  nailed.     [Denver.] 

Tower  Projection.  A  projection  designed  for  an  ornamental  door-entrance^ 
for  ornamental  windows,  or  for  buttresses.     [District  of  Columbia.] 

Vault.  An  underground  construction  beneath  parking  or  sidewalk.  [District 
oj  Columbia.] 

Veneered  Building.  Frame  structure,  the  walls  covered  above  the  sill  by  a 
4'  wall  of  brick,  instead  of  clapboards.  [Common  understanding  in  Chicago, 
Milwaukee,  and  Minneapolis,  but  not  defined  by  law.] 

Warehouae  Claea.  Buildings  used  for  the  storage  of  merchandise,  manufac- 
tories in  which  machinery  b  operated,  breweries,  and  dbtilleries.  [Cincinnati 
and  St.  Louis.] 

Width  of  buildings  shall  be  computed  by  the  way  the  beams  are  placed;  the 
lengthwise  of  the  beams  shall  be  considered  and  taken  to  be  the  widthwise  of  the 
building.    [New  York  and  San  Francisco.] 

Wholeaala  itore,  or  storehouse,  shall  embrace  all  buildings  used  (or  intended 
to  be  used)  exclusively  for  purpose  of  mercantile  business  or  storage  of  goods. 
[Chicago,  Louisville,  and  Milwaukee.] 

Wooden  Building.  A  wooden  or  framef  building.  [Boston,  Kansas  City, 
and  Minneapolis.] 

Any  building  of  which  an  external  or  pvty  wall  is  constructed  in  whole  or  in 
part  of  wood.     [Denver  and  District  of  Columbia.] 

Having  more  wood  on  the  outside  than  that  required  for  the  door  and  window 
frames,  doors,  shutters,  sash  porticos,  and  wooden  steps,  and  all  frame  buildings 
or  sheds,  although  the  sides  and  ends  are  proposed  to  be  covered  with  corrugated 
^n  or.other  metal,  shall  be  deemed  a  wooden  building  imder  this  law.  [Charlet' 
ton  and  Nashville.] 

*  As  applied  to  solid  walb.    [Minneapolis  and  Providenc$.] 
t  Or  veneered.    [Min$uapolis.l 
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bacnt  (Glossary),  1796 
blirevifttioiis  of  ttnns,  laa,  xsj 
btttments,  arch,  305 
pier,  306 

eetylenc  pm,  1431 
coustica,  architectural,  X486~X500 
AvmttkKcag,  ethics,  1729 
.etiui  radiator,  xs66 
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kCrMiBMli,  I7SI 
Lir-comproMor,  water«i|>ply,  1396 
kir,  conditioning,  135a 

density,  1J47,  I339 

flow,  reustance,  1331 

hot-water  systems,  removal,  1307 

properties,  x  254-1256 

quantity,  symbol,  X347 

specific  heat,  xaso,  1355 

ventilation,  requirements,  xs6o,  X354t 
X3S6 

vitiated,  effects,  X35S 
kir-dttcta,  X333-X34X 
Ur-lift,  1396 

Ur-lock,.  pneumatic  caisson,  six 
lir-pretaure,  pneumatic  caisson,  sxx 
yabaster,  X3X,  xsox 
lUca  lime,  1553 
lUcotaol,  specific  gravity  and  weight, 

X50X 
Umonry  (Glossary),  1797 
(Uteratioaa,  defined,  185  x 
lUuminnm,  specific  gravity  and  weight, 

X50X 
Axnericaa  Blower  Co.,  heater,   X329- 

X33a 
iUntclcaa     XasUtuto     of     Architects, 

canons  of  ethics,  X730 
chapters,  17  88 
competitions,  X733 
documents,  1767 
professional  practice,  X7a7 
schedule  of  charges,  X738,  1731 
stsndard  documents,  1748 


American  Steel  ft  Wire  Co'a  gavffe. 

401,  40a 
Amperes,  defined,  X457 
Anchor,  box,  753.  79o.  79 «•  793 

reinforced'concrete,  9x9 

steel  beams,  6x9 

trusses,  X150,  xi5a,  xx68 

wooden  beams,  6x6.  76a,  783-800 
Anchox^bolta,  adhesion,  340 

placing,  XX  94 

steel  beams,  6x9 

steel  stacks,  X377 
Ancient  meaeurea  and  weighta,  34 
Aneroid,  barometer,  xa49 
Angle  in  geemetry,  36 

bisected,  69 

critical,  domes,  xaxs 

friction,  retaining  walls,  353 

measure,  two-foot  rules,  68 

repose,  matenals,  353,  354,  356 
Angle  of  atmctural  ateel,  361-367 

beams,  safe  loads,  566,  586-590 

connections,  beams,  6x6 

double,  properties,  370-373 

moment  of  inertia,  339,  363-367 

obliqne  loading,  593 

price,  1 304,  X3XX 

properties  of,  steel,  363-367 

shelf,  787-790 

struts,  48S,  50T-503 

tension-members,  loads,  385,  399 
deduction,  399,  400,  703 
Angle-encfaor,  6x9 
Angle-«nd*]date  oolonma,  475,  476 
Angla-bar  (Glossary),  X797 
Angle-bracket,  433 
Angular  measure,  30,  68 
Anhydrite,  X3x 
Axmealing,  rivets,  383,  4x4 
Antlixmcite  coal,  combustibles,  X37x 

for  hot-air  heating,  X317 
Apartment-housee,  fioor-joists,  737 

live  loads,  X49,  XX98 

I  beams  in  floor,  sise,  864 

steel,  weight,  X307 
Apntita,  X3X 
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Apostlet  and  Saints*  symbols,  1737 
ApoUiecaries*  weight*  29 
Apple-tree,  wood,  hardness,  1558 
Apron,  retaining-walls.  263 
Aragonite,  131 
Arbitration,  contract,  1763 
Arbitration-bar,  cast-iron  test,  380 
Arc,  arcs,  circuUr,  38,  69,  70 

lengths,  54 
Arc-lampa,  1462 

Arch,  arches,  masonry,  305-3 sx  (Glos- 
sary), 1799 

angle  of  friction,  31  x 

briclc,  306 

center  of  pressure,  3XX,.3X3 

centers,  308 

concrete,  reinforced,  sax 

out-stone,  3x0 

depth  of  keystone,  308-3x0 

elliptical,  306 

failure  of,  3xx-'3X3 

Ooor,  827-844 

forms  of,  306 

groined,  1235*1240 

inverted,  in  footings,  237,  3a8 

keystone,  305.  308-3x0 

line  of  fracture,  3x6 

line  of  pressure,  31 1-3^1 

line  of  resistance,  3x1-321 

load,  actual,  masonry,  3x8 

loaded,  3x7 

middle  third,  principle  of,  3XX-3X5, 

X2a5,  X227,  X240 
New  York  City  requirements,  307 
plate-girder  arches,  1x31 
pointed,  failure  of,  3x2 
rings,  308,  317 
rise,  307 

segmental,  305,  306,  307i  3ax 
semicircular,  306 
semielliptical,  321 
solid  ribs,  X132 

stability,  determiiuition,  3xx-3ax 
strength,  306 
surcharged,  3x7 
three-centered,  306 
thrust,  305,  307,  3i>~3ax 
tie-rods,  for  I  biukms,  6x9,  865 

roof -trusses,  xx20 

segmental  arches,  307 
trussed,  XX2X 
unloaded,  3xx 
voussoirs,  305,  3xx 
Arched  trusses,  X035-X043 
stresses,  xxx8-xi20 
wooden, 1020-1024 
Architects,  canons  of  ethics,  X730 
certificates,  X77x 
charges,  schedule,  1728,  X73X 
competitions,  T733-X747 
drawings,  X7x8,  X728,  X73i»  X754 


Architects,  estimates,  X7s8 

examinations,  177a 

inspection  of  wock,  X7S5 

organisations,  Z7S8-X795 

professional  practice,  X7>7 

registration  laws.  X76A-X779 

status  and  decisions,  I754 

superintendence,  X728 
AicfaHectiml  aoonsticni  X4'86-x5<oo 
Architectnral  engiaeeriac.  tetss.  izt- 

X28 
Architectiual  feUewataipS,  X779-ir^^ 

medals,  X779-X7&8 
Arehitectainl  ■oriiiti—»  irM-'TfS 
Architectural  tanas   (doaaniy).  i7¥^ 
X850 

building  laws,  x  851-1 85  s 
Architecture,  schools  of.  X779 
Areaa.  circles,  tables,  4*^S4 

elementary,  332 

geometrical   figures,   jA-S^.   Sf-^'-- 

334-338,  348-35* 
net   sectional,   ai    tenaioD-sBeBhcn 

386 

ArithxnetiCt  practical,  3-S4 
Annoriea,  steel,  weight,  isoS 
ArtiflciBl  cwinwtn,  S36-a#o 
Aabeatie  plaster,  818,  819 
Aabeatoa,  building4tuikbcr,  8x9 

corrugated  sheathing,  819 

metal,  8x9 

products,  8x9 

roofing-shingles,  8x9 

sheathing,:  8i9>  iSm.  x$67 

specific  gxaTlty  and  weight,  xsotx 
Aah  (wood)  deflection  in  hfaw^,  664 

hardness,  X558 

specific  gravity,  1501 

ultimate  unit  stresses,  651 

weight,  65X.  xsoi,  xss8 
Adiea,  angle  of  repose.  156 

specific  gravity,  rsox 

weight,  65  X,  X501,  X558 
Ashlar  (Glossary),  Z799 

masonry,  233,  269,  44i,  1538,  iss? 
Asphalt,  x6o8 

floors,  x6o8,  X609 

mastic,  x6o8 

pavements,  x6o8 

rock,  x6o8 

roofing,  x6o8 

specific  gravity  and  weight,  1501 
Aaphalt-gravel  rooflng,  871.  x59^ 
Asphaltnm,  x6o8,  X799 

specific  gravity  and  weight,  rsox 
Aaaembly-halls,  joists,  739.  744 

live-loads,  7x9.  720.  XX98 
Asylums,  non-fire-proof,  height,  Sij 

ventilating  and  heating.  1355 
Asymptote  (Glossary),  1799 
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Ctontt  bniMioi  Md«»  load*  on  founda- 
tion-beds, 143 

office- building  load*,  151 
aditorinflUi   heating  and  Yentflating 
requirements,  1354 

lighting.  145X 

live  loads,  719*  7^0,  2x98 
licit**  131 

atomobile  factory*  design  and  cost,  803 
otonaobilot,  dimensions,  1641 
Toirdttpois  woight,  98 
ziAl  foreo,  definition,  375 
xiSv  conjugate,  38 

neutral,  295,  332-338,  555.  8ax 

transverse,  38 

ack,  arch,  305 

Aitiinore,  fire,  reinforced  concrete  in, 

957 

building  code,  steel  columns,  481 
4uid  of  coltunn  (Glossary),  zSot 
4tfOflMter,  1349 

pressure,  measurement,  1249,  1253 
iAnis*  cost,  x6i3 
larreC  dimensions,  1644 
>axTel  Taolt,  xa3t-xa3S 
larrott  spociAcatlons,  roofing,  Z595 
lars  (steel),  385-398 

areas,  x 5x4-1511 

base  price,  1205 

circumferences,  z5X4'-X5az 

lacing,  385 

reinforcing,  9t5-9« 

safe  loads,  388-39> 

standard,  classification  and  cost,  lazx 

weights,  15x4-1521 
lartixan  (Glossary),  x8oz 
laaalt,  X3X 

specific  gravity  and  weight,  1501 
laao,  columns  (Glossary),  i8ox 

cast-iron  column,  457,  459 

material,  1195 

miU-construction,  782-788 

pipe  columns,  470,  471,  47> 

pressures.  265,  44X,  X200 

steel  columns,  473-477 
Saso-platos,  440-445.  1S24 
lasemeiit,  defined,  X85X 

walls,  228,  229 
)aaia*slabs,  marble,  1641 
lath,  foot.  X64X 

plunge.  X422 

seat.  164X 
lath-tubs,  dimensions,  1640 

symbols  for,  X426 
Batter,  1801 

cellar  walls,  229 

retaining- walls,  259 
Battlemetit  (Glossary),  1802 
Bay  window  (Glossary),  x8o2 
Beam,  beams  (see  also  GIrdtrt) 


Beam,  bearing  on  wall,  634*  887 
bearing-plate  areas,  440-444 
bending  moment,  3>4-33Xi  555*  939 

continuous  beams,  673 

influence-lines,  XX34 

reinforced-concrete,  935 
Bethlehem,  357,  358,  592-60S 
buckling,  183,  565,  567.  5^9 

girders,  686,  705 

separators,  6x2 

wooden,  637 
cantilever  (see  CantQerer,  beams) 
Carnegie,  352-356,  574-591,  605,  606 
cast-iron  (see  Lintels) 
channel  (see  Channels) 
clamps  for  connecting,  6x6 
coefficient  of  strength,  556,  628 
compound,  652-654,  763 
compression  in,  555 
concrete  fire-protection,  860 
concrete,  not  reinforced,  628,  637 
connections,  steel  beams  (see  Fram- 
ing, steel  beams) 

wooden  beams,  749-757.  789,  790 
continuous,  555,  671-680,  979,  980 
cross-section  irregular,  557 
cylindrical,  667 
deck,  56s 
deflection,  663-670 

allowed,  566,  628,  664,  736 

continuous  Orders,  674-676 

steel,  566,  6x2,  668-670,  676 

wooden,  636.  653,  654,  664,  667 
double,  564,  603,  604,  607-6XX 
elasticity,  555.  663 
external  forces,  325 
factors  of  safety,  556 
fixed,  strengths,  331.  634 

flexure,  324-331.  332-334,  555 

reinforced-concrete  beams,  924-94X 

steel  beams,  564-573 

wooden  beams,  627-637,  652-656 
floor,  steel,  specifications,  X20X,  X203 
girder  (see  I  beams;    also  Girders) 
grillage,  foundations,  X65-X69,  x8x- 

X85,  678-680 
H  beams,  356,  474.  585.  1204 
I  beams  (see  I  beams) 
inclined,  564,  665 
influence-lines,  1x34 
internal  forces,  335 
keyed,  653-855 
lateral  deflection,  566,  670 
loads,  general  principles,  555,  565a 
593.  629,  665 

tables  (see  Beams,  steel,  etc.) 
materials  used  for,  564 
neutral  axis,  definition,  555 
neutral  suiface,  definition,  555 
overhanging  (see  CantDover,  beams) 
reactions,  321-334 


A 


1800 


lodes 


TCOUngvlUt  xcUtive    itTeastli. 
633t  634 
stiflneM,  665,  666 
reinforced-concrete,  9  34-941 ,  971-975 
resisting  moment,  333,  555,  635,  683, 

939 
shear,  183,  4",  4X3.  S6s»  567-57© 
simple,  323-«o.  555 

•P»n,  555 
span-limit,  566 
steel,  anchors  for,  6x9 
base  price,  1304 
bending  moments,  table  of  roMgd' 

mum,  574-576 
Bethlehem,  357,  358,  592-603 
buckling,  183,  565,  567,  569,  612, 

637 
Carnegie,  353-356,  574,  59^,  605, 

606 
channels  (see  Channels) 
connections    (see    Framing,    steel 

beams) 
crippling  (same  as  buckling) 
deflection,  vertical  (see  above) 
dimensions,  352,  565 
economy  and  strength,  565 
end-reactions,  569,  574-576 
fiber-stress,  556,  557*  569 
fireproofing,     780-783,    827-842, 

844.  849.  854-860 
flange-thickness,  593 
forms  of,  565 
framing      and      connecting      (see 

Framing) 
H  beams,  474.  585.  1304 
H  beams,  properties,  356 
heavy,  565 

I  beams  (see  I  beans) 
lateral  deflection,  566,  670 
light,  565 

loads,  safe,  565,  577-591.  594-6o3 
separators,  612-6x4,  X203 
shearing-stresses,    i8x-x85,    567, 

568,  569,  574,  575 
standard,  353 

strength   affected   by   dimensions, 

556,  565 
strut,  57X,  573 
T  beams,  337.  36S,  369,  591.  '^x'. 

X2I2 

tie,  573 

tie-rods,  6x9,  865 

unit  stresses,  Z200 

web-buckling,  x8x-i85,  565,  567, 

569,  612 
web-thickness,  593 

Btiflness,  565,  63s,  663-670 
stone,  637 

coeflicicnts  of  strength,  556,  638 
stresses,  555-557.  567,  569.  603,  604. 
628,  635 


itnit,  ited  sf  X.  St* 
wooden.  633 
supplementaiy,  s^**  S^x 
T  beam,  3i7,  36«.  3*9.  S»«.  "J- 

X3I3 

tension  in,  555 
tie-beams,  steel,  57a 

wooden,  430-433,  434,  435.  633 
wall-support,  61  a 
wooden,  62  7 -668,  7 17-7  57,  j&a,:*— 

795 
anchors,  616,  76s,  783-800 
bolted.  429,  653,  655 
buckling,  627 
built-up,  653.  656 
cantilever.  629 
cedar,  628,  640,  664 
chestnut,  deflectioa,  664 

distributed  loads,  6^x 
coefficients,  628 
compound,  653-654*  763 
connections.  749-757.  7 89.  79 J   -*- 

also  Framingt  floors,  wuk^u 
conversion  factors,  637.  €68 
cross-sections,  6*7,  637 
cut  from  log.  strongest,  634 
cylindrical.  634,  667 
cypress,  distributed  loads,  641 
deflection,  636,  653.  654,  664.  'i- 
Douglas  fir,  distributed  loaci*.  v. 

643,  664 
dressed,  667 
Eastern  fir.  loads,  639 
end-bearing.  634 
fUtch-plate,  655 
framing.  749-757 

framing  to  steel  i«**w^   75^.,  -.. 
hangers  (see  Hanc^ers) 
hemlock,  loads,  638.  638,  6€j. 
keyed,  653-655 
loads,  safe,  638-646,  667 
mill-construction,  758-769 
nominal    dimcnstona,    636.    ^i- 

736,  X559 
Norway  pine,  loads,  641.  664 
redwood,  loads,  640 
shear,  horizontal,  4x2,  635 
sixes,    nominal   and    actual,  t  *> 

667.  736,  1559 
spans,  maximum,  737-746 
spruce,  loads,  628,  639,  664 
stiffness,  664 

strongest  cut  from  lof,  654 
strut,  633 
tension,  635 

tie.  430-43*,  434,  43$.  6$j 

truMed,  656-663 

unit  stresses,  557, 637. 635. 647-*^ J 

white  oak,  loads,  643.  664 
white  pine,  loads,  659,  664 
yellow  pine,  638 
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BAm,  wooden,  yellow  pine,  deflection, 
664 
loads,  64a,  645,  666 
wrought  iron,  6a8 
deflection,  664 
eam-box.  753,  762.  790,  79>,  793 
enm  girdefs  (see  I  banmi) 
oam-hnncen  (see  Hnngen) 
Mtfinf-binckttn,    cast-iron    columns, 

445-447 
Mrinc-liUtot,  440-44S.  X5»4 
pressures,  441,  zsoo 
earing  Talues  (see  materials  in  ques- 
tion) 
ad,  masonry  (Glossary),  1802 
edstMids,  dimensions,  1638, 1640 
eechwood,  hnrdnats,  1558  . 
•U-eot  or  gable  (Glossary)/ 1803 
ells,  X7as 

•It,  for  shafting,  1721 
miO-constniction,  764,  765 
•ndiag   moBsaat^    beams,    324-331, 

555.  939 
bolts  in  wooden  constntction,  429. 

43  X 
channels,  table,  576 
columns,  485 
continuous  girders,  673 
diagrams  for  beams  and  girders,  328, 

330,  564,  678,  690,  695.  698 
footings,  174.  17 5,  X 78 
I  beams,  table  of    maximum,  574, 

575 
influence  lines,  1x34 
moving  loads,  1134-1x35 
pins,  423-429 

reinforced  concrete,  934.  935 
slabs,  concrete,  932,   936,  984-991, 

994 

T  beams,  concrete,  99a 
•rger'a  itnddlag,  881 

metal  lumber,  852,  858,  88x 
(•Momer  tteol,  380 
lethlehem  beams,  357*  3S8f  592,  594- 

604 
'«thlehem  colttmiiB,  475.  479>  482-488, 

loads,  4831  506-5x5 
terels,  90 

lillard-tablet,  dimensions,  1638 
tirchwood,  hardness,  1558 
litomen,  1608,  1609 
lituminoos  coal,  combustibles,  1271 
ilackboards,  dimensions,  1644, 1645 
ilack-line  printsy  17x9 
llock-tin,  pipe,  14x9 
(locks,  hollow  building,  filling,  287 

concrete  (see  Concrete,  blocks) 
llower  tyitom,  beating,  1324 
Uue-prints,  17x8 
llaestone,  beams,  coefficient  for,  62S 

flagging.  282,  X539 


Board-metmM,  table,  1560-1561 
Boiler,  X273-X283 

connection^,  X279 

covering,  X36X 

horsepower,  X274 

incrustation,  X429 

location,  X357 
in  mills,  76s 
in  warehouses,  780 

rating,  X30X 

residence,  specification,  1361 

shops,  steel,  weight,  x2o8 

symbols,  X35X 

water,  for  ranges,  X642 
BoIler-plAnts,  mill-construction,  765 
Bolston,  mill-construction,  454,  795 
Bolt,  bolts,  anchoring,  240 

bearing  strength,  429,  439,  XX38 

bending,  XX38 

bending  moment,  429,  431 

beveled  washers,  X202 

built-up  beams,  652,  654 

expansion,  XS34 

fiber-stress,  XX38 

foot  of  rafter,  437 

girders,  43a,  433 

heads,  xsa5-x528 

safe  bearing  in  timber,  430 

screw-ends,  upset,  387 

shearing  value,  4x2,  4S9~439>  XZ3S 

shock  loads,  X202 

steel,  table,  431 
stresses,  6x8,  XZ38,  xsoo 

strap-joints  in  trusses,  436 

•wedge,  6x9 

tension,  43 x,  1x38 

truss-joints  (see  IUKif<^%tMMa) 

weight,  X537 

wrought  iron,  table,  43X,  1x38 
Bolt-heada,  X525-X528, 

standard  dimensions,  X5a5-X5a6 

weight,  X526-X528 
Bonanza  reiaforcod-coment  tilM,  868 
Bond,  brickwork,  268,  306 

masonry  (Glossary),  X803 

timber  (Glossary),  1803 
Bond-stottes  in  plora,  269 
Bonds,  form,  X763 

guaranty,  X757 
Book-atacks,  library,  X696  . 
Book-tile,  roofing,  868 
Borings,  for  foundations,  Z44 
Boas  (Glossary),  1804 
Boston  building  eode,  cohimn-formula, 
460,  481,  493-496 

loads  on  foundation-beds,  143 

loads  on  masonry,  267 

office-buildings,  assumed  loads,  151 

rivets,  bearing  and  shear,  4x9 

steel  column  formula.  48X,  493-496 

thickness  of  walls,  330.  851,  33a 
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Boitoa*  Chamber  of  CoaaMroc  Build- 
ing, 192 
BoBtwick  Uitli,  884 
Boolden,  134,  156,  141 

safe  loads  on,  fouDdations,  141 
Bowline-Alleys,  dimensions,  1643 
Bowatrinc  truBB,  1035 

stresses,  1094,  1096 
Box  andion,  beam-sapports,  753,  762, 

79o»  79a»  793 
Box  colmana,  467 »  479i  4&4 

moment  of  inertia,  343 

plate-and-angle,  479 
Box  cirdera,  68x>7x6 

bending  moment,  683,  695,  697*  ^» 

699 
buckling,  6S6,  705 
construction,  details  of,  6Ba 
cover-i^tes,  696 
end-reactions,  maximum,  703,  706- 

7x6 
examples,  694-703 
flange-area,  683,  69a,  696,  699, 
framing  and  connections,  6x5 
moment  of  inertia,  section,  341,  34a 
rivet-holes,  loss  of  area,  703 
shear,  684-687,  690,  69X,  696,  698 
specification,  zaox,  zaoa,  iao3 
steel-Lsam,  607-6x1 
stiff eners,  68 x,  686,  691,  696,  xaox, 

X203 

web-plate,  buckling  value,  686,  705 
shearing  value,  684,  703 

weight,  687,  70X 
Box-hAngen  (see  Boam-boxoa) 
Bracing,  steel  structures,  xaoa 

wind,  buUdings,  ZX7X-XX93 
Btacketa,  cast-iron  columns,  445-447 

terra-cotta,  378 
Brada,  X5a9 
Brass*  castings,  shrinkage,  zsax 

specific  gravity,  1502,  X5X0,  15x1 

weight,  1302,  xsxo,  i$xx 
Breaat-walls,  a6a-a63 
Breeching,  dimensions,  1366 
Breuchaud  motibod,  underpinning,  aaz 
Brick,  bricks,  angle  of  friction,  253 

arches,  laying,  306-307 

burning,  1540 

clay,  275,  1S40 

coefficient  of  friction,  153 

color,  XS40,  1543,  1544»  IS47 

cost,  X544 

crushing'hcight,  269 

crushing  strength,  270,  a7x 

dry-pressed,  X540 

enameled,  X543 

fiber-stresses,  557 

fire,  1540 

fire-resistance,  8x4 

flexure,  178 


Bikk,  footings,  s^  aay 
glased,  X543 
Ume-mortar,  1S4Z 
machine-made,  1540 
manufactore,  Z54S 
molded,  1540 
paving.  XS40 
piers,  168-276^  S7S 
piling,  space  required*  zs4I 
repressed,  1540 
retaining-walls,  359,  s6o 
sand-Kme,  154X 

pcoperties  of,  1543 
sixe.  XS40,  XS43 
soft-mud,  X540 
specific  gravity,  1502 
strength,  ultimate,  a  70 
stiff -miid,  X340 
tests,  270,  ?7S,  aSx,  Z54a 
vaults,  X238 
weight,  xsoa,  x$4Z 
Brickworic*  XS40-ZS48   Csec,  also,  M» 
soBzy,  Walla,  cu.) 
arches,  306 

bond,  effect  on  sUneagtk.  26S 
cement  mortar  seqoard,  ajf 
compared  with  concrete,  968 
cost,  X 544-1 547 

miU-buildings,  808-^x0 
crushing  strength,  s  7^^x76 
data,  z  540-1548 
cffloMscence,  XS47 
estimating  quantities  axmI  cost,  i54> 

X546 
fire-resistance,  8x4 
floor-arches,  827-828 
footings,  226,  227 
lintels  s«m)ortiag,  6x3 
loads,  safe,  265-268.  287*  44X 
moisture,  Z547 
mortar,  239,  276,  8xS 
mortar<«^on  lor,  S547 
piers,  267-276,  278 

bond-stones,  a69 

crushing  strength,  27x^376 

safe  loads,  967-966 

tests,  272-278 
pressures,  265.  441,  zaoo 
quantity  estimates,  X544'-i547 
specific  gravity,  xsoa 
strength,  safe,  265-268,  a8;,  44.x 
tcnsional  strength,  178 
walls,  sale  loads,  265,  44X 
warehouse,  778 
weight,  1502 
Bridging  (Ghmaiy.  1S04)  floor-i^- <ts, 

748,  749 
Britlah  ttMizaal  anx^  33.  1950^  1^51. 

X25S,  Z684 
BraBsa,  door-frames,  895 
specific  gravity  and  weight,  xsca 
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BrooM*  window^fiaina,  8gs 

Brown  &  Sharpe  wir»-gAiice»  401,  403, 

1469.  I473r  IS09.  1 5 10 
Brown-UiiA  priatfl»  xyao 
Brtfwmtonc,  cnuhing  strength,  379,  sSz 
BfirkHm,  pUte  girden,  686,  70s 

steel  beams,  565,  5(7-569*  61 3,  637 
web,  box  girders,  705 

pUte  girders,  705 
wooden  beams,  637 
Buffalo  boildaac  code,  loads  on  founda- 
tion, X43 
masonry  loads,  367,  387 
ofltoe^bvildings,  assumed  loads,  151 
Buildingi  alterations,  1851 
steel,  drafting,  1307 
cost,  16x1-1634 

of  slow'buming,  758,  803,  x6x9 
per  cvbic  foot,  i6xi'x634 
per  square  foot,  X687-X634 
reinforced-conczete,  z6x8 
cubage,  x6x» 
depreciation,  1634 
drainage,  1407-14x4,  14X9-X43Z 
factory,  968 

fire-proof,  cost,  80a,  8x3,  16x9-1635 
fureproofing,  8x1-905 
government,  cost,  1638- x 634 
heating,  x  347-1363 

temperatures,  1356 
iron  and  steel,  X637 
legal  definition,  1853 
loads,  XX96 

iDxll-consinictiott,  z6x8 
non4ire-proof,  8x3,  8xj 
office,  specifications,  xx94-*xax< 
papers,  X564 
protection  from  outside  kaaard,  90X- 

903 
reinforced-concrete,  968'-997 
shrinkage  in,  X437-X438 
signing  by  architects,  17  39 
steel,  cost,  x3o6 
weight,  X307 
structural-steel  specifications,  X194- 

X3X3 

veneered,  369,  1855 
ventilating.  1348- 13  54,  i3S6 
wind  bracing,  1X7X-Z19S,  xsoa 
wooden,  defined,  1855 
BtiUding  laws,  bearing  on  masonry,  44X 
bcaring'waUs,  369 
brickwork,  367 
column*prot«ctioin,  8sa-896 
concrete  columns,  length  of,  941 
concrete  fire-protection,  953*^60 

floor-slabs,  937 
electric  work,  x 480*1481 
elevator-installation,  1663 
fire-proof      construction,      8iX'-905, 
16x8^x630 


Building  laws,  fire-proof  ^aint,  831 

fire-proof  wood,  820 

floor  fire  tests,  837 

flooring,  fire-proof,  893-893 

floor-loads,  7t9>  73o,  Z198 

footings,  assumed  loads  on,  151 

formulas,  steel  columns,  481 

foundation-beds,  loads  on,  141 

hooped  columns,  943 

loads,  on  brickwork,  369 
on  floors,  7x9,  730 
on  foundation-beds.  X43 
on  masonry,  367,  387 

non-fire-proof  buildings,  areas,  8za 
heights,  8x3,  8x3 

reinforced-concrete  columns,  940,  941 

sand  in  concrete,  908 

terms  defined,  tSsx-iSss 

unit  stresses  for  woods,  647 

walls,  thickness.  330,  331,  333 

wind-bracing,  xz7X-zx73 
Bnilding  materlalB,  Z634-X637 

depreciation,  1634 

estimating,  1635 

quantity  system,  X635-X637 

wear  and  tear,  X634 
Bafidinc  papers*  1564-X568 
Bureaua,  dimensions,  1638,  1640 
Buttemnt  wood,  hardness,  15  58 

unit  stresses,  65  x 
Buttressaa,  X804 

center  of  gravity,  300,  303 

stability,  397-304 

Cablea,  carrying  capacity,  1473 

measure,  35 
Caisaons,  3x0-3x4 
Cakareoua  mfaianls,  130,  X3X 
Calcite,  131 

specific  gimvity  and  weight,  xsoa 
Calendar,  old  and  new,  30 
California,  registration  law,  1778 
Cambered     tniaa     (see     Roof-tnxaS| 

cambered) 
Calocimetzy,  X350 
Candle-power,  X439>  X440.  X463 
Canopy  (Glossar^,  X805 
CantUever,  beams, '55s.  X043 

momenU.  335.  336,  558,  559 
wooden,  639 

buildings  as  cantilevers,  1x73 

compound  footings,  X78 

flat  slabs,  concrete,  950 

foundations.  165- X69.  978 

trust,  X043-X045,  ZXOS-XX07 
Canvaa  roofs,  80  x 
Cap,  cast-iron  columns,  459 
mill-construction,  763 

steel-pipe  columns,  470,  471 

stone  (see  Coping) 

wooden  eolumns,  454 
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Ct^-pUtM,  795 
Capital  (Glossary),  x8o6 
C«r-bans,  steel,  weight,  XS09 
Carbon,  in  steel,  381 
Carnegie  iluipes  (see  Beama,  etc.) 
Carpenter'a  role,  heat4oss,  xa6x 
Carpentof'a  work*  data  on  lumber  and 
work,  1558^x564 

cost  of  labor,  1564 
Carriagea,  dimensions,  1641 
Care,  railroad,  capacities,  1643 

dimensions,  1642 
Caae-woA,  dimensions,  1640 
Caat  iron,  379 

appearance,  379 

castings,  379*  380 
shrinkage,  xsaz 

columns  (s^  ColmBaa) 

crushing^oads,  449 

defects,  379 

fiber-stresses,  5 $7 

fire-resistance,  8x9-890 

lintels,  620-628 

manufacture,  379 

modulus  of  elasticity,  664 

plates,  weight,  x$94 

shearing-stresses,  1505 

specific  gravity,  X50S 

specifications,  379 

strength,  376,  379i  4" 

tension,  376 

weight,  150S,  X52X,  1524 
estimating,  1505,  X5sx 

weight  of  castings,  X53X 
Caati]if%  shrinkage,  istt 

specifications,  fur  cast  iron,  379^  1x96 

steel,  stresses,  1x38,  xsoo 

structural,  painting,  1403 

weights,  X521 
Cathediala,  seating  capacity,  x6s4 
Cedar,  beams,  deflection,  664 
fiber-stress,  flexure,  557 
safe  loads,  640 

columns,  safe  loads,  450,  45s 

crushing  strength,  449,  454 

hardness,  1558 

specific  gravity,  xsy 

unit  stresses,  557,'  047 •  650 

weight,  650,  xsoa 
CeUing  (Glossary),  1807 

corrugated  metal,  1604 

loads,  X197 

matched,  XS63 

suspended,  87X-872 
CeHing-joiata,  wooden,  framing  to  roof* 
trusses,  X004 

maximum  spans,  736,  73 7i  743 
Cellar,  defined,  185 J 

walls,  139.  238.  239 
CeUar-dfaJner,  X42Z 
Celaina  dtenaoxBeter,  1250 


Cament,  235-240, 907,  90S 

artificial,  236 

chemical  composition,  ts7*  906 

constancy  of  voluna,  907 

corrosion  of  steel.  960 

cost,  338,  348,  9x0 

fineness,  237.  907 

grappier,  236 

La  Farge,  236,  238 

manufacture,  336 

mixing,  338 

mortars,  f  reeling.  339 
proportions,  235,  247 
specific  gravity  and  ■weight,  1506 
water  required,  338 

natural,  235,  284  (1 

n«»t,  237,  907 

painting  of.  X573 

Portland  (see 

Puxxolan,  236,  237 

quantities  in  concrete,  347,  348,  34? 

reinforced-concrete,  907 

setting.  237,  907 

slag.  236.  237,  238 

specific  gravity,  237,  9o7,  isoa 

specifications,  236,  907 

stainless,  238 

strength.  235,  237.  ^40,  s8j.  S84.90; 

tests,  237,  240,  907 

water  required,  338 

waterproofing,  17  xx.  1717 

weight,  33s.  723.  iS" 
Cement  blocks,  369 
Cement-ffon,  column-protection,  8s6 
Cement-flaats,  steel,  wcfgkt,  1SC9 
Center,  striking  for  axch«  308 
Center  of  gravity,  X37,  39S-296 

circle,  sector  and  segmeot  of,  s9j 

compound  figures,  294.  295 

found  by  moments,  394 

irregular  figures,  393,  395 

lines,  293 

particles,  heavy.  293,  394 

quadrant  of  circle,  393 

quadrilaterals,  293 

regular  figures,  39  s 

surface,  292 

table  of,  293 

triangles.  293,  393 

voussoir  of  arch,  3x3,  3x8 

watt  and  buttress,  300-301 
Center  of  preeaare,. arches,  3xx,  3x3 

pier-joints.  300 
Centignde  tfiMinoinifer,  itso 
Ceramic  tile,  X605,  x6o7 
CertUkatee.  architects,  X77X 
Chain,  408-4x0 
Chain-blocka,  1723 
Cfaaia-cabiea,  409 
Chaifr-hoiats,  X723 
Cbain-books,  X724 
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GlMin»  diliieiiiioiiit  s^8,  t6s9»  1653 

specific  gravity  and  weight,  150a 
Chambw  of  Cemmiatf  Buildiac  Bos- 
ton, piling-plan,  19  a 
Cfaamfer  (Glossary),  1807 
Chaimol,  beans,  safe  loads,  58S-584 

bending  moments,  table,  576 

buckling,  576 

columns,  467,  476-480,  486-489 
safe  loads,  499>  Soo,  533-S54 

deflection,  coefficients,  583-584 

depth,  576 

dimensions  of  standard,  353,  360 

double  Mctions,  359,  373.  374f  499- 
500 

end-bearing,  576 

moment  of  faiertia,  337,  338 

oblique  loading,  573 

properties  of,  359i  360,  373,  499.  Soo 

radius  of  gyration,  337,  338 

sections,  359 

set  flatwise,  57a 

•bearing,  576 

small  grooved,  360 

steel,  prices,  xao4,  xsxs 

web-resistance,  table,  576 

weight,  360,  576 
Chapel  (GlosMry),  x8o8 
Charcoal,  combustion,  127a 
ChaigM,  achedule,  1728,  1731 
Charles'  law,  gaies,  xa54 
Cbeck-BvtSp  shock-loads,  xaoa 
Chert,  X30 

Chestnut,  beams,  coefficients  for,  6a8 
deflection,  664 
distributed  loads,  641 
fiber-stress,  safe,  flexure,  557 

columns,  safe  loads,  450,  453 

crushing  strength,  across  the  grain, 

454 
crushing-loads,  with  the  grain,  449 
hardness,  X558 
specific  gravity,  1503 
tension,  376 

unit  stresses,  647*  648,  651 
weight,  65 X,  X503,  X558 
Cbeny,  hardness,  1558 

weight,  x5oa 
Cheml-glawes,   dimensioos  of,   1638, 

X640 
Chicafo  Imildiaff  cede,  bearing  pressure, 
masonry,  441 
column-formula,  450,  460,  481,  483 
safe  loads,  493^495 
steel-pipe  column,  469,  474,  497. 
498 
compression,  steel  members,  495 
concrete  flat  slabs,  997 
xnaseary-foads,  367,  387,441 
awthod  of  CKavatiBga  309 


ChicafO  bvfldiBff  eodef  eflice-bnildiags 
assumed  loads,  X5x 

piers,  strength,  368 

skeleton  construction,  334 

thickness  of  walls,  330,  33  x,  33  a 
ChlffoaierB,  dimensions,  X638,  X640 
Chimneyi>  X38i,  X364-X380 

for  boilers,  X28x,  xa82,  X383,  1367 

for  fire  places,  X383 

for  kitchen  ranges,  1383 

formula,  X366,  1368 

for  tall  buildings,  X383,  X368 

gas-velocity,  X364 

height,  draft-relation,  X28x,  X364 

radial-britk,  x  368-13  73,  X377 

reinforced-concrete,  X373-X375 

steel,  X376 

wind  load,  XX99,  X368 

Ull,  list  of,  X379 
Chlorite,  131 
Choids,  of  arcs,  38 

of  truss,  definitions,  998 

table,  81-89 
Charches  (Glossary),  x8o8 

air-changes,  X260,  X353 

cost,  x6x3 

floor4oads,  7x9,  720,  XX98 

seating-space,  x653(  1654 
Cfaicinasti  ImJIdhac  code,   office-build- 
ings, assumed  loads,  xsx 

loads  on  foundation-beds,  143 
Cinder,  cinders,  angle  of  repose,  256 

Concrete,  343,  350,  909,  930 

corrosive  action,  8x8, 960 

reinforced  work,  343 

weight,  350 

weight  of  loose,  356 
Circles  and  parts,  37, 38, 41 

areas,  tables,  43-54 

arcs,  mensuration,  54-59 

chords,  tables,  8X-89 

circumferences,  43-54 

geometrical  problems,  66-74 

moment  of  inertia,  337 

radius  of  gyration,  337 

section-modulus,  337 
Circuit-breakers,  X46X 
Circular  measurei  30 
Circolar  mil,  1469,  Z473 
Cirenlar  xIbc  6z 
CircttxnfereBce,  37 

circles,  43-54 
Cisterns,  capacity  of,  1404-1405 
Chipboards,  X563 
Classtcal  moMhtgi,  1697 
Classical  ordexs,  X698-X704 
Claj*  angle  of  repose,  356 

bricks,  375 

foundation-beds,  X35,  Z38»  139 

moisture  in,  138 

safe  kiads,  Z41, 143 
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day,  spedfie  gnvfty,  1503 

weight,  loose,  256,  1503 
Clanstofy  or  Cl6antocy,(GloiMry),zSo9 
Cledc  of  ttk%  works,  1738, 1733 
CleTflflAttd    building    code,    loads    on 
fouadation-beds,  143 

office-buildings,  assumed  loads,  151 
CterlMtv  standard,  387,  398 
Climax,  cellar-drainer,  1421 

floor  system,  855 
Clinched  lath.  886 
Clinton  stiffened  latli,  887 
Clips,  for  steel  beams,  6x6 
Clocks,  tower,  1695 
Closet,  water,  14IX,  X438,  1641 
Closet-ranges,  dimensions,  1641 
Coach-screws,  1535 
Coal,  calorific  value,  xs7Z 

classification,  1271 

composition,  1271 

specific  gravity  and  weight,  1503 
Coal-bonkers,  steel  weight,  z  209 

loads,  1x98 
Coal-fl^ds,  137Z 
Coal-gas,  12  73,  143Z 
Codes,  building  terms,  x8sx-i8s5 
Coefficient  of  elasticity  (see  Modulus) 
Coefficients,  beams,  556,  6a8 

deflection,  steel  beams,  668 

expansion,  steel,  383 

flow  of  water,  1383 

friction,  253 

sound  absorption,  x 488-1 493 
Coins,  weights,  39 
Coke,  combustion,  1273 

specific  gravity  and  weight,  1503 
Cold-air  ducts,  furnaces,  X319 
Cold-bending  tests,  iron  and  steel,  378, 

3&4.  385,  9x4 
Cold-storage,  temperature,  1693 
Collar-beam,  18x0 
Colleges,  architectural,  1779 
Color,  light>sources,  X438 

mortar,  1547 
Colorado,  registration  law,  X778 
Column,  columns. 

bases  (see  Bases,  columns) 
base-plates,  440-445,  1524 
bearing-brackets,  445-447 
bearing-plates,  440-445,  1524 
bending  moments,  485 
Bethlehem,  475.  479f  482-488 
loads,  tables,  483,  506-5 '5 
box,  342,  467,  479,  484 
caps  (see  Column-caps) 
cast-iron.  455,  466 
advantages  and  disadvantages,  455 
bearing-brackets,  445-447 
breaking-loads,  462 
connections,    445.    447.    437.    458. 
945-946 


CoteflUit  CBSt-iraD,  c]f9indEicaI«  4^  t'  - 

459.  461,  X5a3 
design,  45^4S9 
failure  by  fire,  780 
fireproofiag  for,  781,  8as-Sa6 
H-shape,  456,  458 
inspection,  456 
reinforced-conczete,    coaaedBoas, 

945 

safe  loads,  46x^466 

square,  hollow,  456,  458, 46Z.  Z522 

strength,  459-466,  480-48J 

weight,  Z532.  Z523 
channel  (see  Chaniwl,  coimnuis) 
dassificatioa,  448 
concrete,  not  reinforced,  3S4 
cross-sections,    moments    of    iaeriBL. 

342.  343 
radii  of  gyration,  344,  345 
definitions,  448,  4^7.  47 7<  i8ro 
eccentric  loading,  pipe  oolaa&as.  4T* 
eccentric  loading,  sted  colnasns,  4^^- 

488 
eccentric  loading,    wooden   coIukcl* 

453.  454 
fireproofing  for,  468,  780-781,  82^- 

826,  959.  960 
footings  (see  CotamB-fDOtSags) 
general  principles,  448 
H  columns,  456,  458,  459 

economy.  458.  474,  483 

safe  loads,  cast-iron,  46c 

safe  loads,  sted,  506-5x5 
I-beam  columns,  474,  488,  $04.  505 
Lally,  467,  474,  477 

loads,  488,  5x6 
lattice.  477-479 
lengths,  schedule  for,  491 
loads,  live,  propoxtfon,  Z48-Z5a,  489. 
490,  Z196,  ZZ98 

tables,  488-490,  493-554 
mlU-constroction,  78s-7tt,  969,  9?^ 
978,  980,  98Z 

xost,  8x0 
pipe,  469-474.  488 

loads,  488,  497.  498 
plate-and-angle  (see  Celoana.  steel' 
rei^forced-concrete,    941 -946^    96s 
980 

calculations  for,  976,  977 

fire-proofed,  958-959 

metal-core,  944*943 
safe  loads,  tables,  48a.  4901,  405* 

554 
slenderness-ratm,  44B 
steel,  467-554 

bases  for,  473-477 

beam  columns,  safe  leads,  904-90$ 

box,  34».  345.  467,  479 

channel  (see  Chsniiel,  cotamaa) 

choice  of  type,  467->4i68 
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471,  475-478,  945-946 
ooanections  in  wmd-bncing,  1174. 

X175,  XX79,  "B9,  1190 
cost,  467,  468,  zao7 
design,  483-485 
eccentric  loading,  485-488 
exampleft*  488-488 
failure,  469,  8x9 
fireproofing  for,  468,  780,  78a,  819, 

823-826 
formulas,  480-48S,  485,  493-496 

diagram,  496 

Gordon's  formula,  481, 4841  485* 
486,  487,  493-485,  496 

Rankine's  formula,  481,  484, 493, 

496 
straight-line,  481,  48a,  493,  496, 

XX39 
H-column,   table   of   loads,   483, 

504-5x5 
lattice,  477-479 
loads,  1x96,  1x98,  xaoz 
londs,  fMToportlon,  148-153,  489- 

490, 1x96,  1198 
loads,  tables,  488-490,  493-554 
platsHind-angle,  467. 488, 5x7-53* 

(see  PUtte-and-aiigle  oolnmn) 
reinforced  concrete,  946 
section,  467,  468 
splices,  xaoz 
strength,  general  principles,  480- 

48a 
stresses,  6x8, 1x38,  isoo 
struts,  angle,  safe  loads,  488,  501- 

503 
types,  467,  477 
steel-pipe.  469-474 

loads,  488.  497,  498 
struts  in  trusses,  480,  499-503 
wind-bncing,  1x74,  x  183,  1x89,  XZ90 
wooden,  bases  for,  783-788 
bolsters.  454.  795 
eccentric  loading,  453,  454 
factor  of  safety.  448 
formulas,  450,  XX39 
meUl  caps,  454,  76a,  783-788,  795- 

800 
mill-construction,  783-788 
safe  loads,  448,  449*  45o 

tables,  45 X,  45  » 
strength,  genersi  principles,  448- 

450 
wrought-iron,  fireproofing,  780,8x9 
ColitfliA-buM  (see  Bases) 
Colomnrcaps,  metal  for  wood,  454,  763, 
783-788.  795-*oo 
for  steel-pipe  columns,  470,471, 473 
Colnma-footiBfs,     bearing-pistes    for, 

440-445 
design,  i78-x8a 


Cotaom^ootiiigib  loads  for  dedgn,  i$t, 
153,  x6o 

moments,  176-178 

plan,  XX9S 

proportioning,  133-164 

raiitforced  concrete,  x86,'974, 978-982 
Colvma-slieets,  490 
Combined  stresses,  xa8,  480^  57a,  11x4 
Commercial  weights  aad  meeanres, 

38 
Commodes,  dimensions,  X638,  X640 
Competltiotts,  architectural,  X733-X747 

ethics,  1739 
Composite  Order,  1703 
Composite  piles,  timber  and  concrete; 

198 
Compositioix,  forces,  a  88 
Compound  seetieiis,  moment  of  inertia, 

,339 
radius  of  gyration,  344 
Cemprasaioa,  137 

members,  steel,  spedficstion,  xaoz- 

Z303 

sig*i,  X065,  Z068 
Concrete    (see,   also.  Reinforced  con- 
crete), 340 
adhesion  to  steel,  9x3,  9x9,  9ao,  938, 

940 
aggregates,  34X,  387,  908,  909,  945 

effect  of  heat,  8x7 

strength,  a87 
beam-protection,  860 
beams,  not  reinforced,  6a8, 6^7 

coefficients  for,  6a8 

fiber-stresses,  557 
bearing  surface,  385 
blocks,  8x6,  956 

fire  test,  956,  957 

machinery  for,  8x6 

walls,  333 
bonding  old  and  new,  965 
capping  of  piles,  x^ 
cinder,  343,  a  50,  9^,  930 

corrosion  of  steel,  8x8,  960,  961 

fire-resistance,  8x8 

weight,  350 
column-protection,    780-783,    8a  a- 

8a6 
columns,  384 
compression-tests,  383 
compressive  strength,  383,  387,  441 

tests,  384-386 

working   stresses,'  365-367,   S87, 
44X,  9XX 
consistency,  343,  s86 
corrosion  of  steel,  8x8, 960,  96s 
cost,  349-350.  9x0 
dehydration  of,  345 
design  of  massive,  346 
electrical  action,  Z7Z3 
finish  of  suriaccs,  346,  965 
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Coocrale^  fireproofinf ,  ootaan^protec- 

tion,  780,  78a,  8» 2^826 

concrete  blocks,  816,  956 

roof  I,  866,  871 

teste,  245,  955-960 

warehoiue-coDstruction,  780^89 
flour-mixtures,  1712 
forms,  345,  962-965 
freeziiic-tcmpeniture,  344 
gravel,  341,  286,  908 
heat,  conductivity,  345 

effect  of,  345.  817.  957^56 
I-beam  protection,  780,  847 

ceilings,  849 

roofs,  871 
I  beams,  854 
laitance,  344 
limestone,  weight,  350 
mass,  strength,  367 

design,  346 
materials,  proportions,  345,  347,  907, 

909-9x0. 945 
mechanical  analysis,  910 
mixers,  963 
mixing,  343,  343,  963 
mixtures,    909-910,    945,    963-964. 

X7I3 

modulus  of  elasticity,  934,  935 

blocks,  heated,  956 

design,  assumption,  934 

ratio  to  steel,  9x3 
modulus  of  rupture,  3Q4 
molds  for,  963-966 
natural  cement,  235,  367,  384 
painting,  1573 
partitiont,  876,  881 
penetrative  washes,  17x3 
permeability,  causes,  17x0 
pile-capping,  191 
pUes  (see  PUes) 
pipe-column  filling,  469 
placing,  244 
plant-cost,  250 
Portland-cement,  340-351 
pouring,  964 
preparing,  342 
properties,  240 
proportions,  240,  343.  247-a49.  907. 

910.945.  X7ia 
protective  coatings,  17x3 
ramming,  964 

reinforced  (see  Rdnfocoed  ooocwte) 
xetempering,  344 
rubble,  244 
saline  waters,  17x3 
sand  in,  341,  347,  908 

grading,  34x 
shearing  strength.  384 
shrinkage,  345 
sUg,  fire-resistance,  8x7 
spedfic  gravity,  X5Q5 


C«Bcrtlt,  stone  (see 

gaU) 
strength  (see 
tensile,  384 
surface-finish,  346,  965,  XSSS 
temperature-chances,  245 
tensile  strength,  384 
test  for  hardeninc*  345 
teste,  283-287.  817 
tile,  strength  of,  Siy 
tiles.  8x6 

tools,  963-964 
cost,  250 

transporting,  964 

trap-rock,  250.  8x7 

tremie,  use  of,  344 

under-water.  344 

uses,  240,  906 

walls,  228-239,  946-947»  9*5.  9« 
cost,  350 

water  used  in,  343.  909 

waterproofing,  346,  J  709-17x7 

weight,  350,  X503 
Coodnctain,  electiicity,  1458 

lightning,  X704-X707 

water,  roofs,  1658 
Condaits,  electiic-wiring,  X479 
Cone»38 

center  of  gravity,  S95 

frustum.  38,  fix,  6^ 

surface.  6x 

Tolume,  63 
Conic  sections,  38 
Conif  exooa  woodi^  ultioiatc  wit  alTr<«r« 

649 

(see     under      Celeans, 
etc.) 
Consoles  (Glossary).  x8xx 

terra-cotta,  378 
Constmction,  insurance  during,  i-^^ 
Contfatnoiis  beaaui  sad  gitdsia,  55:. 

67X-680,  979»  93o 
Contract  drawings.  17  53 
Contracts,  arbitration,  x  763 
architect  and  owner.  X740,  x;46 
contractor  and  owner,  X75X 
forms,  X750.  X752 
owner  and  competitor.  X740,  1:46 
subcontractor  and  contractor,  x:^s 
uniform,  X749 
Contractor  vs.  Aichitect,  relation.  17.-9 
Contrsictor's  Insanaos,  2756 
Conrecaion  taUos,  metxic,  3J-35 
Copinc  (Glossaxy),  x8xx 

stone,  X539 
Copper,  roofs,  x6o4 
sheets,  X049,  xsxo-x5xx 
spedfic  gravity  and   wcicht,  ijci,  \ 

15x0 
wire.  40X.  X469.  X474.  SSIJ 
Cttxitnt  capacity,  X470 
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orb«l  (Gtoutry),  1811 
ords,  sash  (see  8«ab-eovda) 
or»-borings,   foundation-bed   testing, 

4»r«s,  steel,  in  concrete  columns,  441 

reduction  for,  in  castings,  1521 
lorintfiUui  Order,  170a,  1703 
iocnf-b—iiia,  dimmisions,  164Z 
tomer-elabt,  dimensions,  1641 
U>niic6t  (Glossary),  i8zi 
mills,  764,  769 
916.  933 

8S3 
UsRoaiofiv  cinder  concrete  on  steel,  818, 

960,  961 
ycmwatmd  befa»9i6 
^Ofxucated  iron  and  steel  rooAac,  1046, 

1049 »  X  599-1804 
ZomgiLtmd  sheeta,  x  599- 1804 

anti-condens:  tion  lining,  1603 
ceilings,  1604 
covering  capacity,  1603 
floors  and  roofs,  851 
l^alvanizing,  x6oo,  1604 
gauges,  402,  15x0,  x6oo 
laying,  x6oz 
•idea,  building,  1603 
weight,  z8oo,  X603 

tables  of  naturaU  1x7 
tables  of  natural,  95 
Cost,  costs,  brickwork,  X544''X547 

mill-buildings,  808-8x0 
buildings,  cubic  foot,  x6xx-x634 
building-papers,  1568 
carpenters'  work,  1564 
cement,  238,  248,  9x0 
columns,  miU-constmction,  810 
concrete,  249-250,  9x0,  x6x3,  x6i8 
cubic  foot,  buildings,  x6xz'x634 
cut  stonework,  1539 
drafting,  structural  steel,  x2o6 
driving  wooden  piies,  X95 
dwellings,  16x3 
elevators,  1659,  1670 
enameled  bricks,  1544 
erecting  structural  steel,  1206 
estimating,  buildings,  x6xx-x635 
excavating,  X5j6 
exposition-buildings,  x6a7 
Federal  buildings,  x6x3,  X626-X633 
felts,  X565,  X568 
fire-proof  partitions,  889 
flagstones,  ZS39 
floors  in  mills,  8x0 
glass,  1574-X577 

polished  plate,  1576 

sheet,  X575 

skylight,  Z580 

window,  Z577 
incandescent  Ugbttng,  1489 
labor,  X564 


Coft,  lathing  and  plastering,  1557 
library-stacks,  1697 
mill-construction,  reinforced-concfcte, 
777,  x6x3,  z6x8 
slow-burning,  758,  777,  809-8x0 
mineral  wool,  z6xo 
office-buildings,  16x3 
partitions,  sound-deadening,  889 
piles,  driving,  195 
pitch-slag,  roofs,  X598 
plumbing-fixtures,  8x0 
public  building,  16x3,  Z628-Z634 
xcfrigeiation,  1695 
reinforced  concrete,  250,  9x0,  16x3, 

x6x8 
roofs,  mill-buOdlngs,  777,  8x0 
xoo&ng,  asphalt-gravel,  X599 
gravel,  Z598 
slag,  X598 
slate,  X046,  Z585 
tile,  X046,  X587,  X607 
tin,  X046,  XS89.  XS95>  Z594 
saw-tooth  roofs,  777 
school-buildings,  x6x3,  16x4,  x6z6 
slates,  X046,  X585 
slow-bunung  construction,  758,  80a- 

8x0,  x6x9 
square  foot,  buildings,  x6a7'x634 
steel,  structural,  X204-X2ia 
stonework,  X538 
tiles,  X046,  X587,  X607 
tin,  gutter-strips,  1594 
rolls,  XS94 

roofing,  X046,  X589,  X593.  X594 
trusses,  steel,  xsofi 
warehouses,  777,  8oa-8xo 
CoCangenta,  tables  of  natural,  1x5 
Cotton,  weight,  722 
Cotlon-iBill,  design  and  cost,  803 
Cotton  rope,  406 
Cowiterbfacea,  wooden  trusses,  xoo»- 

X006,  X034,  XX04 
Coontexforts,  retaining  walls,  a63 
Cooatei^tlea,  386 

Coosterthnwt,  30s 
Cover-plates,  box  girders,  896 

plate  girders,  687 

riveting,  421, 4aj 
Crane,  chain,  4x0 

clearance-diagram,  1195 

load,  XX97,  zsoz 

truss,  X069 
Creosote,  1570 

oil,  X503 
CfockBcy,  weight,  7a3 
Craes  (Glossary),  x8x9 
Cress  sections,  339-374 
Ciowii,  of  arch,  305 

Cmshing  streogth  (see  under  each  ma- 
terial) 
Cvbage,  xfixa 
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Cube,  cbbct,  s8 
Cube  loot,  4 

tal>let,  8-«4 
Cubic  moasore,  ajr 

metric,  jx 
Cmnmfaif  system,  winfoidiig,  935 
CupoU  process,  iron,  1379 
CurMa^ctoiies,  1539 
Cycloid,  definition,  80 

problems  on,  80 
Cylindort,  38,  63 

contents  of,  various  diameters  1403 
Cypress,  beams,  distributed  loads,  641 
deflection,  664 
flexure-stress,  557,  650 

columns,  safe  loads,  450,  453 

crushing-loads,  across  the  grain,  454 
with  the  grain,  449 

specific  gravity,  1503 

ultimate  stresses,  650 

weight,  650,  1503 

working  stresses,  647 

Dablstrom  BMtml  doocB,  896 
Dams,  concrete,  cost  of,  250 
Dead  lead,  definitioB,  xs6 
Deadening  partitiona,  890 
Deadeninf-^tiitts,  1565 
Decagon,  37 

Decimals  of  inch,  table,  26 
Deck-beama,  steel.  loads,  565 
Deflection,  beams,  663-'67o 
allowed,  566,  62B,  664,  736 
steel,  566,  6x2,  668^70,  677 
wooden,  636,  653,  654-657 

continuons  girder,  674-676 

diagram,  670 
Deformation,  definition,  135 
Degree,  degrees,  ol  heat,  xajo 
Density,  1247 

Dett?er  batttUnc  eode,  masonry-loads, 
267,  287 

thickness  of  walls,  33x-a3i 
Department-stores,  steel, '^ght,  xso8 
Depreciation  of  buddrngs,  1634 
Derrick,  rope  lor,  408 
Desks,  sizes,  1640,  X645 
DetaOs,  structural,  specifications,  xao2 
Diagonala,  37 
Diameters,  37, 18x4 
Diamond  bar,  reinfoicement,  917 
Diamond  bits,  foundation-bed, testing,  X45 
Diaxnond-mesh  lath,  884 
Dimensions,  useful,  X637-X6S8 
Dodecagon,  37 
Dogwood,  hardness,  1558 
Dolomite,  131,  132 
Domes,  1213-123X 

(Glossary),  18x4 

anicle,  critical,  X213 

rdmorced  concrete.  X2X7,  X235~t>3t 
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Domec,  ribbed,  is»s 

secondary  sticaiBB.  11 

smootb-sbell,  X2is 

steel,  X333 
weight,  1334 
Door,  doon, 

iron,  standard, 

metal  and 
90X-903 

school-buildiBga,  X64S 
Door^^rsmea,  cement,  89S 

metal,  897 

terra-cotta,  898-899 
Doer«flls,  stone,  X5J9 
Doric  Order,  1699-1700 
Dooble~pleniiAH 

ing.  X337 
Doni^  flr,  beams,  distribofted  Ue.^ 
64  s 
deflection  in,  664 
flexure,  557,  628,  647.  650 
columns,  safe  loada,  451 
crushing-loads,  witb  tfae  grain.  4.1,(1 
crushing  strcnqgtli,  acxoaa  the  ietiuz. 

454 

specific  gravity,  X503 

unit  stresses,  376,  4x2*  647.  650 

weight,  650,  X503 
Dovetailinc  (Gloasaiy),  x8xs 
Dowel  (Glossaxy),  18x5 
Documwwtig     A] 

Architects,  list,  X767 

standard,     American 
Architects,  X748 
Dxaft,  definition.  X364 

natural,  air-vdodty,  1302 
Dxaftinc,  stractsral,  cast,  t2o6 
Drain,  drains,  X407-X414 

area,  X408 

cellar,  14  2  x 

house,  X407>X4X4«  X4X9~X4tx 
DraixHpipes  (see  Pipes) 
Draixuice  ol  buildings*  X407~Z4X4.  X4x.- 

X421 
Drainer,  cellar,  X43X 
Drawtttga,  architect's,  X7s«^  1714 

competitive,  X737t  X744,  174$.  x?^ 

contract,  X753 

property  ci  architect,  X7S3 

shop,  X754 

working,  steelwork,  1x95 
Drift-pixis,  4x4,  683 
Drin-rooms,  floor-loads,  7x9 
Dxep-taammer,  pile^drivfas,  190 
Dfum-tnpk  14x3 
Diy  measore,  37 
Dxy-«ot,  759 

Du  Loxtg*s  fonnuln,  html  at  coal,  i.-: 
Duchemin's  fonnxda,  wind,  1x99 
Ducts,  air,  design,  135^^x342 

cold-air,  furnaces,  13x9 
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lets*  fresh-air,  siset,  t$aa 
hot-air,  area,  1301 
metal  gauge,  1336 
system,  design,  1346 
ireUings  (see  also  Rasidaiieat) 
cellar  walls,  a  29 
cost  of  constructing,  1613*  z6x4 
floor-joists,  737,  743 
floor-loads,  149,  719.  IX9S 
heating,  1256,  xs53i  i36l~X363 
will-thickness,  230,  332 
restuffa,  weight  oi,  7  S3 

urthy  materialf  132 
weight,  I  S3  7 
tstern  flr»  ssf  e  load,  639 
safe  stress,  647 

cceatric  loads  (see  Loads,  eccentric) 
choas,  acoustics,  Z4S7 
ducation,  registration  laws,  1769 
ducational  iastitationSy  1779 
fllorascenca*  briclLwork,  1547 
'gyptisa  long  measures,  34 
Isyptisn  style,  architecture,  1704 
lastic  limit,  definition,  126,  3BX.  9x3 
l&sticity,  coefiicient  or  modulus  of, 
126,  626,  662 
reinforced  concrete,  9x2,  934 
steel.  38X,  9x2,  934 

timber.  647,  73X-734 
Elbows,  heating,  pressure-loss,  1338 
Electric  work  for  boildingSf  X4S7-X465 

cabinet-wiring,  X477,  1481 

center  of  distributftlA,  147 X 

circuit-breakers,  1461 

code-requirements,  1480-1482 

conductors,  1458 

conduit  system,  1479 

cost,  of  lighting-equipment,  X482 
of  wiring,  1482 

design  of  lighting  systems,  Z446-1448 

drop  of  potential,  X470 

feed'wires,  X478 

fuse,  enclosed,  X46X 

fuse-block,  1481 

insulators,  1438 

interior  wiring,  148a 

knife-switch,  X477>  X479 

lamp-arrangement,  X465,  X466 

lamps,  number  of,  1446,  Z449i  X475 

national  electrical  code,  1480 

power-computations,  X459 

specifications,  1482 

switches,  X478,  X479 

systems  of  lighting,  X464-X469 

wire-calculations,  146^1472 

wire,  dimensions,  weights,  Z474t  1475, 

1477 
carrying  capacity,  1470,  X473.  X47S 
wirins-diagram,  1476 
symbols,  X476-X478.  X484 


Blectricity,  1457-1464 
Electrolysis,    reinforced<ooiicrete  foot- 
ings, x86 
Elevator,  x  659-167  7 

car-platform,  x66x,  x666,  X675,  X676 

comparison   of   types,    1660,    X664, 
X670 

cost,  X659,  Z670 

counterweights,  protection  of,  X662 

development  of  systems,  X667-1669 

economic  considerations,  1671 

efficiency,  X659 

electric,  1659,  x666, 1669,  X676,  1677 
versus  hydraulic,  x66o,  1664, 1670 
passenger  systems,  x 667 -1670 

express,  x66x,  X673,  1675 

geared,  1659,  1669 

gearless,  1659,  X665 

hatchway,  size,  x66o,  1667,  x675,  X676 

hoist  way,  x66o,  z66s 

hydraulic  plunger,  X670 

versus  electric,  z66o,  X664,  X670 

installation-data,  1663,  1674,  167^ 

laws  governing,  1663 

loads,  X662,  1674 

local,  x66x,  X673,  1675 

machinery-room,  z66o 

motors,  current-consumption,  1677 
feeders,  1677 
sizes,  X676,  X677 

number  required,  z66x,  X673 

operating-costs,  1670 

power-diagrams,  X67Z 

push-button  control,  x666 

safety-appliance,  1664,  1669,  X672 

service,  formulas  for,  1673 

signal-systems,  1672 

sizes,  i66z,  1667, 1675 

specificatioxis,  1663 

speeds,  1662,  1674 

standard  designs,  1663 

time-schedule,  1671 

towers  for,  in  mills,  764,  765,  768 

traction,  1665,  1669,  1670 

traffic-capacity,  X672 

types,  x66o,  1668 

use  of,  X667 
Bletrator-tower,  mill-construction,  764, 

76s 

storehouse,  768 
Ellipse,  38 

center  of  gravity,  293 

problems  on,  74~79 
Ellipsoids,  60,  65 
Elm,  hardneis,  X558 

specific  gravity,  1503 

ultimate  unit  stresses,  651 

weight,  65  X,  1503 

working  stress,  flexure.  557 
Eloogstion,  eye-bars.  386 

steel.  381,  384.913 
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BnameU  painting,  1570 
Bnaineled  til«,  1605 -1607 
Energy,  work,  1248 

and  power,  relation,  xaso 
Ea^nMring.  architectural,  terms  uted, 

124, 128 
Bngineednc    News   fomuila   for   pile 

fonndatione,  193 
^""g'^i^,  fire,  dimensions,  164a 

foundations  for,  17x6 

hot-air,  1393 
Knneagon,  37 
Bntasia  (Glossary),  18x7 
Batropj,  of  steam,  1254 
Equilibrium,  X24 

of  parallel  forces,  290 

polygon,  forces,  289,   299,  3 13-31 5, 

3x9 
Eetimates,  architects',  X728 

guaranteed,  173X 
Bstixnating  (see  Costs) 

quantity  system  of,  x 63  $-1637 
Ethics,  professional,  1729,  173X 
Bttstyle  (Glossary),  18x7 
ETaporation,  X35X-X2S4 

equivalent,  boHer,  X274 
Evolution,  mathematics,  3-5 
Eatunination,    architects,    New    York 

state,  X772 
BaKSTStion,  200-222 
below  water,  203 
bracing,  20X 
Chicago  method,  209 
data  on,  1536 
dredged  wells,  2x0 
earth-pressure,  20X,  205 
freezing  process,  2x4 
needling,  2x8-222 
open-caisson  method,  2x0 
pneumatic-caisson  method,  3 x  1-2x4 
poling-board  method,  209 
protecting  adjoining  structures,  2i4-< 

222 
quicksand,  X37,  2xx 
rock,  IS37 

sheet  piling,  200-209 
shoring,  214-222 
underpinning,  2x4,  2x8-223 
volume  of,  computing,  65 
well-curb  method,  2x0 
well-digger's  method,  2xx 
Expanded  metal,  846-847,  883-884,  9x9 
Expansion-bolts,  1534 
Expansion-tank,  X360 

hot-water  heating,  X307,  X308 
Exposition-bttildixigs,  cost  of,  1627 
Expenses,  architects,  X73X 
Expert,  in  competitions,  1735 

services,  payment,  1728 
Extrados,  arch,  305 
Bye-bars,  386,  395 


Face,  axch,  s^ 
Face-wan,  definitMm,  S55 
Factor  of  safetj»  126,  375*  SS^ 
Factories,  air-cbangea,  1260^  1353 
brickj  8oS>8xo 

heating,  direct  radiatioii,  X2«4 
hot-blast,  I3a4.  1336,  X54«-xm7 
temperature,  1256 
non-fireproof,  beigbt,  8x3 
reinforced-concrete,  968-997 
steel,  X2XO,  X627 

wooden  constmctioa,  75^-^x0,  x6;i 
Fahrenheit  thennoBMter,  1250 
Fan,  maximum  speed,  1357 

ventilation,  X34X-X347,  1357 
Fan  system,  heating.  X324-X34X 
Fan  trusses,  xo25-xoa9,xx45 

stresses,  xos8-io6o,  X078,  it 4c 
Federal  buildinja,  cost,  1613,  x6^  16 ^  t 
Feed-wirea,  electilCi  1478 
Fees,  architects',  1731 
Feet  conTSfted  into  nisini,  54,  35 
Feldspar,  X3x 

specific  gravity  and  wei^t,  150^ 
Fellowships,  architect ncal,  1779- x;&" 
Felts,  asbestos,  XS67 
building,  X564-X56S 
cost,  X56S,  X568 
Ferroindave,  floors,  850-851 
roofs,  85  X 

stair-construction,  900  901 
Fiber-stresses    (see,  also,   wsdcr  cac."- 

material),  X26,  556,  557 
Field^vets  (sec  Rivels) 
FiOers,  wrb-stiffeaers,  686 
FOters,  water,  X42X 
Finial  (Glossary),  x8x8 
Fink  truss,  X025-X030,  xx€x-xx64 
cambered,  stresses,  xo7^xo8x 
stresses,  1058-X06X 
steel  members,  1x48,  1x61-1x64 
Fir,  Douglas  (see  Doo^ss  flr) 
Eastern,  beams,  safe  loads,  619 
unit  stresses,  647 
Ffaw-clay,  flue-linings,  tati 
Fire-doors,     mctal-covcxcd,     894-89'. 
90 X -902 
stairways,  779 
tin-covered,  90X,  1855 
Fire-engines,  dimensions,  1642 
Fire-escapes,    warebooses,    764,    7^'. 

778.  779 
Fire-extinguishers,  903-90$ 
Fire-protection,  alarm  system,  ckctric, 

903-90S 
doors  (see  Fir»-doon) 
fire-extinguishers,  903-905 
fire-retardants,  759 
hose.  768 
hose-reels.  905 
outside  hasard,  901-903 
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yire-protoction,  partltloiu,  8oi 
pumps  for  fire-»tre*ms,  759,  1401 
roof  noszlea,  801 
scuppers,  767 

shutters,  759.  778,  801,  90X,  901 
signaling  systems,  90s 
sprinklers,  801,  903-905 
mill-buildings,  759,  768 
timber-spacing,  777 
tanks,  779 
stairwajrs,  764.  7«5.  778,  779 
standpipes,  768,  Sox,  905 
steam-pumps,  1401 
steelwork.  468,  760,  780-782,  819, 

822-826 
tanks,  779,  Z402 
water-supplies,  802 
wire-glass,  759>  778,  821 
Fire-pomps,  steam,  759,  1401 
Fire-reaistance  of  materials  (see  Firs- 

proofinc) 
Fire-stops,  mill-construction,  759 
Fire-streams,  1397 
pumps  for,  140X 
Fir»-tests  (sec  Tests) 
Fire-towers,  764.  765,  778,  779 
Fire-wans,  storehouses,  765 
Fireplaces,  flues,  1282 
Rreprooflnct  asbestic  plaster,  8x8 
asbestos,  8x9 
beams  and  girders,  780-782,  827*842, 

844,  849.  854-860 
brickwork,  8x4 
buildings,  8x1-905 

cost  of.  802,  8x2,  X6X9-X625 
percentages  of  cost,  x6x9 
ceilings,  87  x -87  2 
columns,  cast-iron,  781,  842-826 
steel,  468,  780-782.  822-826 
wrought-iron,  780,  8x9 
concrete,  column-protection,  824-826 
concrete  blocks,  816-8x8,  956 
floors,  860-866 
roofs,  866 

tests,  245.  955-960 

warehouse-construction,  780-782 
flooring,  892-893 
floors,  826-866 

interior  finish  and  fittings,  893-901 
materials,  8x1-905 

fire-resistance,  245,  8x4-822,  955- 
960 
mortars,  8x8 

municipal  definitions,  8xx,  X853 
paint,  82X-822,  894 
partitions,  873-892 
plaster,  8x8.  878-882,  889-891 
plaster  of  Paris,  8x8 
prism  glass,  821 

retnforced-concretc,  781,  811,  95S' 
960 


firepfeofiiif,  roofs,  801,866-879.  X597 
stairs,  899-900.  947,  983 
steel,  468,  760,  780,  822-826 
•tone,  8x4 
terra-cotta,     234,     814-815,     828, 

874 

trusses,  860 

wall-coverings,  88X-893 

wire-glass,  821 

wood,  fire-proof,  820,  894-895 
Fires,  cast-iron  in,  8x9 

steel  and  wrought-iron  in,  8x9 

concrete  affected,  245,  955-^60 
Flab-|tete,  roof -trusses,  1x55 
Flagpoles,  dimensions,  X644 
FIsgstDxies,  282,  X539 
Flashings  (Glossary),  x8x8 
Flati,  steel,  safe  loads,  389 
Flezore,  X26,  3a4-J3X,  33a-S34.  S5S 

reinforced-concrete  beams,  924-941 

steel  beams,  564-573 

wooden  beams,  627-637,  647-656 
FUiit,  X30 

specific  gravity  and  weight,  1504 

tile,  X605 
Flitch-plates,  beams  and  girders,   655, 

656 
Floor,  floors,  asphalt,  x6o8 

Akme  system,  949 

beam-and-slab.  968 

Berger's  metal  lumber  and  concrete, 
852,  858 

brick  arches,  827 

cantilever  flat  slab,  950 

Oimax  system,  855 

Corr-plate  system,  950 

Excelsior,  tile,  838 

expanded-metal  and  concrete,  847 

Ferroinclave,  850-851 

fire-proof,  brick  and  tile,  826-842 
concrete,  842-866 

fire  tests,  827 

flat  reinforced,  845-846,  949^95' 

Floredome  system,  953 

Floretyle  system,  952-955 

framing,  steel  (see  Framing) 

girderiess,  968,  993-997 

girders,    steel,    specifications,    X2ox, 

X202 

Guastavino,  84X-842,  843,  1243 
heat-transmission,  X259 
heating  pipes  through,  1360 
Herculean,  838-839 
I-beam  system,  concrete,  854-855 
Johnson  construction,  837-841 
jobu  (see  Floor-jotets) 
keys,  tile,  835 
loads  (see  Loads) 
lock-woven  fabric,  849-850 
M  sjrstem,  948-949 
metal  lumber,  858 
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noor,  Biill,78e»  76e.  766.  769*  7«>-794 
(see  Mill-coBstraction) 
New  York,  tile,  840 
mnforced<oiicrete,    842-856,    994- 
940.  948-955.  968,  971 

cost,  250 

design,  985-997 

four-way  idBfoieeaeBt,  949 

girderless,  968,  993*997 

mushrooia  system,  950,  993-997 

S.  M.  I.  system,  930 

top  coat,  239 

triangular-mesh  fabric,  850 
reinforced  tile,  838-842 
sectional  systems,  853-854 
segmental,  concrete,  844-845 

tile,  831,  832 
separately-molded,  953 
side<onstniction,  830-^33 
Stegwart  sjrstem.  855 
skewbacks,  tile,  834.  835 
square-panel  sjrstem,  96S 
steel  framing,  computations,  861-866 
System  M,  948 

terra-cotta,  828-840,  x 604-1607 
tie-roda,  307,  832 
tile,  828-840,  953,  1604- 1607 
tile-and-concrete,  951-952 

end-construction,  829,  833,  837 
Vaugban  system,  856 
Waite'a  concrete  I-beam  system,  854 
warehouses,  764,  777 
Watson  system,  856 
weight  (see  Loada) 

of  wooden  construction,  7x8 
welded-metal  fabric,  848 
wire  fabrics,  848-850 
wooden,  coet,  8x0 

estimating,  1563 

framing,  7ai-73x,  746-757 

mill-construction,  730,  760,  766 

old,  strength,  749 

phuik,  730-735 

strength  and  stifinees,  717-757 

warehouses,  764.  777i  893 
workshop,  769 
Floor-joists,  woodsxit  assembly-halls, 
manmum  span,  739*  744 
bridging,  748,  749.  1804 
churches,  738,  743 
continuous,  7x7 
corridors,  739.  744 
dwellings,  span,  737.  74« 
framing-details,  749-757.  782-795 
hangers,  7SO-757,  782-794 
nominal  and  actual  siaes,  637 
office-buildings,  738,  743 
plans.  7»7,  727.  747 
school-buildings,  7x7.  737.  742 
M«.  637 
spans,  maximum,  736-746 


63s.  638-646 
stirrups,  750,  751.  7S4-7S7.  7*7"  Tr* 
stores,  span,  739>  744 
strength,  Uhlcs,  635*  63A-646 
tenements,  737,  74s 
theaters,  maixmiuB  ^MUi,  738,  74s 
weight,  wooden,  7 18 


(1 
sUbs) 
Floor-tiliqf  (seeVlootinc) 
Flooringv  banks,  893 
cement,  831,  893 
composition,  893 
concrete  finish,  965 
fire-proof,  893 
hotds,  893 
matched,  1563 
mortar  over  concrete,  96s 
Mosaic,  1607 
slate,  x6o6 
terrazso,  1607 
tiling,  1604-1607 
toilet-rooms,  893 
wareliouses,  764.  777,  89s,  893 
wooden,  cost,  8ie 
estimating,  1563 
miIl*constructum,  760,  766 
old,  strength,  749 
plank.  730-735 

stxength  and  stiffacfls,  7X7-757 
953 
Floretyte,  95>-953 
FlocfflnaM,  1579 
Vinos,  1S8X-X383,  1365 
gas-velocity,  1364 
vent,  X356.  X3S7 
Fhdd  BssMivs,  38 
FliifllioiiMlar«  Kcnney,  1420 
Font  (Glossary),  18x9 
Fbot-bftllm*  dfrnrnsinns,  X64S 
Foot-esBdl«»  1439, 1440 
Footiacs,  X29,  223  (see  also, 
tlons) 
areas,  minimum,  151 
beadiag-stiesses,  172-178 
brick,  226,  227 
cantilever,  x 65-169,  978 
columns,  design,  178-188 

loads  for  design,  xsx,  ist,  160 
pn^HMtioning,  x  55-264 
moments,  X76r-X78 
reinfofced-coocretc,  974*  978-9&J 
compound,  178 
concentric  loads,  x6o 
concrete,  225.  226 
cost,  250 
design,  X79 

reinforced,  x86,  946,  9 78 
conditioBs  sAccting,  x88 
continuous  beams,  979 
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Footiiiti,  eoancft.  if9»  i69*i79»  MS 

crmckt  in,  a  24 

crushing,  lailun  by,  171 

defined,  iSsa 

depth  of,  minimiun,  z88 

design  of,  178,  978 

eccentric  loads,  x6a 

factor  of  safety,  17S 

failure  9i,  170-173 

flexural  strength,  178-179 

SiiUage,  steel,  i66-i69f  181-185 

homogeneous  slabs,  178 

inverted  arches,  aa7-as8 

light  buildings,  sas 

loads,  X48-X65,  X70,  »t3,  365-267, 978 

offsets,  163-165,  Z79,  aa3-aa7 

piers   (see  Footingat  columns,  and 
Piers,  footings) 

projection  and  depth,  mtio,  x8o-x8x 

reinforced-concrete,  z86, 946, 978 
electrolysis  186 

retaining- walls,  a6x,  36a 

settlement,  i5a-x6o 

shear,  failure  by,  x  70-171 

tixc  and  form,  X69 

slabs,  homogeneous,  X78 

spreading,  failure  by,  X7X 

steel  beams  in,  X8X-185 

stone,  333-334 

stresses.  169-178 

timber,  x86-x88 

unit   and    separate-layer  compared, 
x8o 
Voot-pound,  390 
Toot-pound-Mcond  iyilem«  1347,  X350 

to  B.t.u.,  Z35Z 
Povee,  forces,  X34 

axial,  375 

center  of  gravity,  137,  39x-*9^ 

composition,  388,  X065 

€ompression,  137,  Z065,  X068-1073 

equilibrium,  X34,  389*  999*  3IS-SJ15* 

3x9 
external,  135,  335,  xo66 
graphic  statics,  X065 
internal,  X35,  335,  xo66 
lever,  principle  of,  165,  390-394 
line  0^  action,  389 
magnitude,  388 
moments  of,  X37,  389,  333 
parallel,  390-39 x 
parallelogram  of,  389 
point  of  application,  389 
polygon  of,  389,  1070 
reactions,  beams,  32>-SS4 

trusses,  xo66 
KSOlutioB,  388, 1065 
resultant,  288 
sense  of,  289 

signs  for.  1065,  X06S,  I07i 
•hear,  138 


Pon«i  stress  (see  Stratt) 
tension,  X37,  X065,  xo68,  X072 
torsion,  xsS 
triangle  of,  389 
Forge-abop,  steel,  weight,  X209 
Foikad  loop,  tension-member,  387 
Forms  for  concrete,  245,  962-965 
Fonilifaroat  limMtonea,  X33 
Foundation    (lee,   also,   Footinga  aad 
Foondation-beda),  X29-333 
adjoining  excavations,  X30,  147 
adjoining  structures,  protecting,  3x4 

brick,  326-237 

caisson,  3x0-2x4 
cantilevers  in,  165-169,  978 
Cathedral  of  St.  John  the  Divine,  35X 
columns,  16X-Z63,  176-178,  184,  974, 

978-982 
concrete,  a 2 5,  226,  249-351 

early  examples,  35 x 

pile,  x88,  X96-200 

reinforced,  x86,  X96,  978 
conditions  affecting,  z88 
definition,  129,  1852 
depth,  x88 

engine,  water-proof  cement,  X7x6 
excavating  for,    200-3x4    (Me,  also, 

BxcavntioB) 
footings  (see  Footiafa) 
general  requirements,  X29,  X30 
girdering-method,  z66-x69 
grillage,  steel,  166-169,  x8x-x85,  678 
light  buildings,  223-239 
Manhattan  Life  Insurance  Building, 

25X 

mining  districts,  X47 

needling,  3x8-333 

piers,  X29,  x88  300 

pile,  reinforced-concrete,  X96-300 

sheet,  30X-209 

wooden,  X88-X96 
reinforced-concrete,  x86, 946-947,978 
screw-jacks,  2x5,  3x6,  32 x 
settlement,  equal,  X52-X60 
sewers,  147 
shafts,  Z47 

shoring,  314-323 

spread,  Z66-169,  x8x-x88,  978,  980 
subways,  X48 
temporary  buildings,  X87 
timber,  spread,  x86-x88 
trenches,  147 
tunnels,  148 

undtfpinning,  3x4,  3x8-333 
walls,  Z29,  200,  228,  229,  979 
Washington  Monument,  251 
waterproofing,  X709-X717 
wedges,  3x5 
welb.  Z47 
Foondation-beda   (^ee.  also.    Fonnda- 

tions),  X39-Z48.  833 
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FoondatiOA-bedi,  boulders,  154,  136, 
14X 

day,  i35>  138*  X39>  U^*  X43 

dirt,  135 

drill  tests,  145 

earthy  material,  132-133,  135,  138' 
Z40 

filled  ground,  140 

geological  considerations,  X30 

glacial  deposits,  133 

hard-pan,  135.  141,  X43 

gravel,  134,  136.  141.  i43 

loads  on,  140-143,  148-160,  333 
tests,  X43-Z46 

loam,  I3S.  X43 

materials  composing,  130-140 

mould,  13  5 

mud,  135.  X39 

peat,  13s.  X39 

pipe-borings,  144.  X45 

quicksand,  136,  137,  X4X,  143 

river-deposits,  133 

rock,  I30-I32,  X34.  X35,  X4X 

sand,  134.  X36-X38,  X4X,  X43 

shale,  Z35 

sUt,  X3S,  X39 

soil,  132,  135.  X43 

testing,  X4X-X46 

topographical  conditions,  X46 

trenches  for  footings,  226 

varying  pressure  on,  163-164 
Fouxidxy-caitinga,  379 
Pouzidry,  heating-temperature,  1256 

lighting.  145  X 

steel,  weight,  1209 
Pnunea,  door,  898,  899 

window  (see  Window-framet) 
Framing,  floors,  wooden,  721-731,  746- 

7S7 
mill-construction,    760-764,    766, 

769,  782-794 
saw>tooth  roof,  772-777 
steel  beams,  6x2-6x8 
cast-iron  columns,  445,  447,  457, 

458,  946 
fire-proof  floors,  86  x -866 
Lally  columns,  474,  477 
steel  columns,  468,  470,  471,  473- 

478,  945,  946 
wooden  floors,  616,  752,  753,  755, 
786-792 
truss-joints,  XX49-XX70 
arched,  X024,  X039 
heel,  434-439»  X003,  XX50-1170 
iron  ties,  xox9 
lattice  truss,  xoo8,  X009 
pin -connected,  433-429 
wind-bracing,  XX74-X176,  XX83-IX93 
Freight  rates,  structural  steel,  X2os 
Freiflit-cara,  capacity,  1643 
French  tmsa,  1026 


FriedOB,  theoKm,  «ss'9S4 

water  in  pipes,  1388 
FrMtprooliac  pipes,  1400 
Frnstun.  of  cone,  38,  fix,  63-64 

of  pyramid,  38,  fix,  64 
FnelBt  Z27x-xa73 

air  required,  X279 

boiler-rating  affected,  1177 

calorific  value,  tajt,  1272,  1273 

combustion,  127  2,  1273 

consumption,  hrating-boilcrs,  1278 

heating,  example.  13x7 
Folcnun,  grillage,  166 
Foniace,  combination.  1358 

pipes.  X3XX,  13x8,  ijsa,  1358-1360 

ratings,  13x4 

registers.    13  x  7-1390,    1355,    1338, 
Z360 
air-velocity,  1367 
pressure  loss,  X338 
symbol,  X350 

stack.  X3X2,  X317,  1322.  I J  58 

work,  specifications,  1357-1359 
Fnmnce-hentlac*  13x0-1324 

fueb,  X3X7 

specifications,  1357-1359 

where  used,  1355 
Fnmnce-lraiia  379 

Ftunnce-lenden.  X3XI,  13x7. 1324, 135! 
Fnmltnre,  dimensions,  X637-X640 

metallic,  898-899 

weight.  X49 
FoRinc  metal,  881.  89s 

mill-construction,  759 

outside  waUs,  891 
Fnaes,  electric  work,  1461 
Fusion,  latent  heat,  1251 

Gable  (Glossary),  1820 

Gallon,  capacity,  x  247 

Gshrsnlsed  ixon  sad  stael.  tfioo.  xfio4 

Gnrace,  floor4oad,  1x98 

Gargoyle  (Glossary),  x8si 

Gas,  acetylene,  1431 

coal,  X43X  • 

as  fuel,  X273 

gasoline,  X432 

illuminating,  X431-X436 

illumination  by,  X448,  X450,  1451 

lamps,  145X 

natural,  X43t 

perfect,  1256 

piping  for,  X43>-X43fi«  X44S 

velocities,  flue  and  chimney,  1,564 

water,  X43Z 

weight,  X273 
Gas-pipe,  separators,  steel  beam,  6x4 
Gas-piping.  X432-X436 

symbols,  Z445 
Gaskets,  pipe,  X389 
Gssolias,  X432 
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Q^tftncesy  American  Steel  and  Wire,  40X, 
'402,.  xsrs 

Brown   &  Shari>e,  40X,  40a,   Z469, 
X473,  1509,  xsio 

circular-mil,  wire,  X469,  Z473 

corrugated  sheets,  15x0,  z6oo 

for  air -duct  metal,  1356 

piano  wire,  40X 

pressure,  1248 

railroad-tracks,  1642, 1643 

Roebling's  wire,  403,  1509 

sheet-thickness,  X509 

standard,  compared,  400,  402 

U.  S.  standard,  metal  sheets,  403, 
x6oo 

Washburn  &  Moen,  wire,  40a,  X509 
0«ar8,  size  and  speed,  xyao 
G^«nerAtor,  electric,  1463 

heat.  X309,  X316 
Geological  data,  foundations,  X30-X40 
Oeoaitftrical  probleixis,  66-^0 
Oeonxetry  and  Measuratioa,  36-63 
Girder,  girders  (ftce,  also,  Beaxns) 

bearing,  634,  687 

Bethlehem  girder  beams,  358,  594- 

597 
box  (see  Box  girders) 
built-up,  wooden,  652-656 
continuous,  555,  67X-680,  979-980 
deflection,  663-670 

continuous  girders,  674-676 
double-beam,  564,  603,  604 

tables,  607-61 X 
fireproofing  for,  780-782,  827-842, 

849.  854-860 
framing  (see  under  Fraxniog) 
grillage-foundations,  678 
I  beam,  603 -6xx 
latticed,  xoo8-xozo,  X089-X09X,  xx8x 

wind-bracing,  X176,  zi8i,  X183 
loads,  tables  of  safe,  574-59 1>  594i 

692,  605-61 X 
plate  (^ee  Plate  girders) 
reioforced-concrete,  973-974 
riveted  (see  Box  ^nd  Plate  girders) 
steel  (sM  Beams,  steel) 
wall-support,  613,  793 
wind-bracing,  xifx 
wooden  (ie^  Beams,  wooden) 
Girdering,  cantilever  foundations,  x66, 

X69,  978 
Glacial  deposits,  133 
Glass,  cast,  x6o6 
cost,  XS74-I577 
crystal-sheet,  X575 
defects,  X575 
diffusion  of  light,  X453-X456,  1577- 

X580 
figured  rolled,  X577 
grades,  X574 
leaded,  X573 


Glais,  mills  and  warehouses,  759,  763 
764,  769,  772 
saw-tooth  roof,  775 

mirrors,  X580 

Novus  sanitary,  x6o6 

plate,  X576 

prism,  83X,  X454-X456,  x578-k58o 

prism-plate,  XS77 

polished-plate,  X576 

saw-tooth  roof,  775 

sheet,  X574 

sizes,  X574-1577 

skylights,  xs8o 

speci&c  gravity,  X504 

tile,  x6o6 

types  of,  for  lighting,  1454 

weight,  723,  X504.  x6sx 

window,  X577 

wire,  fire-protection,  759,  8a x 
Glossary,  1796-1850 
Gneiss,  X33,  282 

specific  gravity  and  weight,  1504 
Gold,    specific     gravity    and    weight, 

1504 
Gordon's  formola,  cast-iron  and  st^el 
columns,  460,  461,  48X,  484, 485, 
487.  493-495.  496 
Government  buikliiigs,  cost,  X628-X634 
Grain,  weight,  723 
Graxiite,  13  x 

angle  of  friction,  253 

beams,  coeflicieats  for,  628 
fiber-stress,  557 

compressive  strength,  266,  280,  28X, 
282 
allowed,  267,  287 

curbing  for  sidewalks,  1539 

fire-resistance,  814 

modulus,  of  elasticity,  282 
of  rupture,  282 

shearing  strength,  282 

specific  gravity,  282,  X504 

tension,  282 

weight.  282.  X504 
Graphical  analysis,  arches,  3XX-32X 

bending  moments  in  beams,  328- 
336.  564,  678,  690,  695.  698 

bending  moments,  in  pins,  426-429 

column  formulas,  496 

deflection  of  beams,  670 

domes,  X224 

forces,  352,  288-29X 

friction,  252 

moment  of  inertia,  345 

piers  and  buttresses,  297-304 

retaining-walls,  257-259 

roof-trusses,  X065-XX37 

vaults,  X234-X243 
Graphite,  specific  gravity  and  weight, 

XS04 
Giappler  cemtnt,  S36 
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Grate,  furnace,  1331 

surface,  heating-lomace,  13x5 
Ofmvel,  angle  of  repose,  256 

beds  of,  133,  r34 

concrete  aggregate,  386.  908 
graded,  241 

cost,  349,  350 

definition  of,  134,  136 

roofing,  871,  1037,  X59S-X599 

safe  loads  for  foundations,  141,  143 

specific  gravity,  1504 

weight,  356,  1504,  1537 
OraTity,  center  of  (see  Center  of  gnv- 

Gravity,  tpecUlc,  substances,  1500- 1508 
Gray-iron  caattagB,  379 

specific  gravity  and  weight,  1503 
Grease-traps,  14x4 
Grecian  long  measures,  34 
Greek  letters,  symbols,  133 
GriUages,  beams,  spacing,  183 

cantilever  foundations,  166 

column-footings,  184 

foundations.  166-X69,  i8x-x85 
continuous  girders,  678 

fulcrum,  foundations,  X67 
Groin  (Glossary),  183  x 
Groined  vanlts,  X33S-X340,  x833 
Groins,  1335 
Groutinc,  369 

brick  footings,  237 
Goastavino  tile-arch  system,  84X,  843, 

"43 
Gum  wood,  unit  stresses,  651 

weight,  65  X 
Gimntte,  column-protection,  826 
Ounter's  chain,  measure,  33 
Gusset-plates,  truss-joints,  xx6o,  tx6x 

wind-bracing,  1x76,  xx79~xx86,xx89, 
XX90, XX93 
Gutters,  1590 

mill-building,  769 

proportioning,  X658 

saw-tooth  roof,  775 
Gutter«strips,  tin,  cost,  1594 
Guys,  wire,  406 
GypsinHe,  partitions,  877-878 
Gypsum,  X3X 

floors,  856 

plaster,  818,  X555 

slabs,  heat-transmission,  1259 

specific  gravity  and  weight,  X50S 
Gypsum-block,  partitions.  876 
Gyration,  radius  of  (see  Radius  of  gyra- 
tion) 

H  beams,  base  price,  X204 
loads,  table,  585 
properties,  3S6 
struts  and  colurnos.  -474 


H  COhUBBS.  4S<.  4S8.  4S9 

fiethlehem,  475.  479.  4*»-4*4-  4*7 

taUe  of  loads.  4S3,  50^-5x5 
cast-iron,  456,  458,  4S9 
safe  loads,  466 
Hair  in  plaster,  rsss 
Halls,  air-changes,  ra6o.  1353 
Hammer-beam  tmas.  xoxj-xoi8,  xaSr- 

X089 
Hammers,  ptie-dxivers.  190,  r93,  204 

sheeting-i^nk,  902.  203 
Hangers,  beam  and  joist,  7So~757.  ri^ 
795 
box,  753.  790.  79a.  793 
Duplex,  7Sa-754.  7*4,  7»-79».  7>5. 

794 
Goetz,  75*.  79».  793 
I-beam.  752,  753.  755,  T^Sr^no 
Ideal,  754.  786 
Lane,  756 

mill-construction,  782,  785,  789 
National.  755,  756 
atirrap,  750,  75^757 
strength,  756 

Van  Dom,  755,  7«6,  79«.  79» 
wall.  750-757.  783-7M,  792-794 
Hsrd-9an,  X35,  X4x,  X4S 
Hardwoods^  unit  stresses.  649 
Hatchway,  elevators,  x66o,  1667. 167^ 

X676 
Haunch,  arch,  305,  3x3 
arches,  filling  <rf,  83  a 
HaTormeyer  bar,  9x7 
Hawser-cope,  404 
Hazlewood,  hardness.  155S 
Headers  (Glossary),  X824 
brick  footings,  226 
floor-framing,  728,  747,  749 
Heat,  X  249-1  >5x 
absolute,  X250 

British  thermal  unit,  33.  taso,  TJI4 
concrete  fireproofing.  effect  oa,  245. 

827.  937.  955-959 
furnace-rating.  X3X4 
horse-power  equivalent,  tist 
insulation,  1360,  X363,  X430.  ^6x0 
intensity,  1249-1 251 
latent,  X2SX-X252 
loss,  X356-X264 

furnace  heatinif,  13x2 

walls,  X256 
measurement,  x  247-1230 
mechanical  equivalent.  12 st 
of  evaporation,  X35x 
of  liquefaction,  16S4 
of  the  liquid.  X25X 
of  vaporization,  1684 
sensible,  X251 
specific.  X3SO.  X684 
steam,  x  249-0 54 
thermometers,  iiso 
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aat,  total,  vapor,  xfl$4 

t.ransCer  of»  ias6*is64,  1684 

t.raasim9sioa  by  walb»  1256*1264, 1684 

Bater-foom*  location,  1357 

»atara»  hot-blast,  1339 

BAtinc*  1^47-1363 

air-changes    per  hour,  ia6o,  1961, 

I3S3,  1354 
bloarer  system,  X334 
cold-air  supply,  xsi9»  X333 
direct'iadircct  radiation,  1364 
direct  radiation,  1164,  1983,  1296 
fan  systam,  13 24-1 341 
furnace  heating,    i3iO'Z334,     X355 

(see  Fniaaca  haatiag ) 
gravity  systems,  1283,  1298 
hot-air,  1310-1324 
hot-aad-coid  system,  1327 
hot-blast  system,  1324-1341, 1346 

example,  1342-1347 
bot-water,  1 302-1320 
radiators,  1264, 1270 
specification,  1339 
Treasury  Department,  1303, 1308 
U.  S.  Gov't  Buildings,  1303-1306, 

X308 
where  used,  13SS 
mains  and  branches,  1284, 1289,  X29x, 

13SO 
radiating-surface,    vails   and    win- 
dows, 1236,  1258,  1259 
radiators  (aoe  Radiatort) 
rei^isters  (see  Registan) 
residences,  air -changes,  1353 
hot-air,  1310-1324,  i357 
hot-water,  1302-13x0,  1359 
temperatures,  1256 
rules,  1354 
steam,  1361-1363 
fequtremeats,   buildings,   1256-1264, 

1354 
saw-tooth  roofs*  776 
specifications  (sm  under  each  system) 
steam,  1264,  1 283-1302 

Bishop  -  Babcock  -  Becker  system, 

1287 
direct,  1283-1291 
gravity  system,  1283, 1298 
hot-blast,  1324 

low-pressure  system,  1291-1298 
one-pipe  gravity  system,  1283-1285 
Paul  system,  1286 
pipes  (see  npea> 
special  gravity  ssrstem,  1286 
specification,  X36X-X363 
two-pipe  gravity  system,  xa86 
where  used.  1355 
structures,  large,  1324 
symbol!  used,  t$i^ 
tsniis.  1400 
vacuiua  system,  1287-1291 


Haatiiif,  water,  by  steaoKotb,  1430 

workshops,  769*  776 
Hemlock*  beams,  coefficients  lor,  628 
deiection,  664 
fleiural  strength,  557,  648 

columns,  safe  loads,  452 

compression,  449 •  454*  647.  648,  650 

crushing  stcength,  across  grain,  454, 
648 

crushing  strength,  with  grain,  449, 648 

modulus  of  elasticity,  647 

safe  loads,  638 

shearing-stresses,  412,  647*  648,  650 

specific  gravity,  1505 

tensile  strength,  376,  647,  648,  650 

weight,  650, 1505,  1558 
Hemp  rope,  406-408 
Heanabiqut  ayst«ii»  930,  940 
Heptagon,  37 

Heiculaan  floor-arch,  838-839 
Herriagbone  malal  lath,  884, 885 
Hexagon,  37 
Hickory t  hardness,  1558 

specific  gravity,  1505 

unit  stress,  651 

weight,  651,  X  50s 
Hides,  weight,  723  . 
Hip-iafters,  lengths  and  bevels,  90 
Hoists,  1723 

rope  for,  404,  407 
Hollow  ttta  (see  Tarxa-cotta) 
Homes,    heating   and   ventilating   re- 
quirements, Z3S4 
Honeywell  heat-gaaaxatoca,  1309, 13x0 
Hook-spttea,  toof-trussea,  XX55 
Hooks,  for  chains,  1723-1725 
Hoops,  water-tanks,  1398 
Hornblende,  131 

specific  gravity  and  weight,  x5os 
Hofsa-power,  1248,  1250,  1460,  1720- 
X722 

boilers,  1274 

chimney,  1368 

electrical,  1460 

beat-equivalent,  xxsx 

machinery,  1720 

pumps,  X397 

raising  water,  1397 

transmitted,  by  belting,  172X 
by  shafting,  1722 

windmills,  X594 
A^rsa-stalls,  dimensions,  1643 
Hose,  768 

Hosa-csxriagaa,  dimensions,  1642 
Hose-reels.  905 

Hospitals,  heating-temperature,  1256 
and      ventilating      requirements, 

1354-135? 
non-fire-proof,  height,  813 
ventilation,  X349.  X352,  I3S3>  X354- 

13$7 
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Hot-air  eoffiiiM,  ts93 
Hot-^air  heatiac,  z3xo'i3a4 

fuels,  131 7 
Ho^«nd-cokl  system,  heating,  1397 
Hot-blast  lieating,  1324-X34X 

example,  X343-K347 

radiation,  1334 
Hot-watar  heating,  direct,  X3oa-x3zo 

radiators,  1264 

specification,  X359 

U.  S.  Gov't  Buildings,  1303*  1306, 
1308 

where  used,  1355 
Hotels,  fire-hose  in,  90s 

floor-loads,  live,  7x9*  1X9^ 

flooring,  fire-proof,  892-893 

furniture,  weicbt  of,  149 

non-fire-proof,  height,  8x3 

steel,  weight,  1208 

ventilation,  1353 
Houae-tanka,  size,  X41S 
Howe  tmas,  999-1008 

design  of,  z  1 4 2-1 X43 

joint -details,  XXSZ-ZZ56 

stresses  by  computation,  X063,  1065 
by  graphics,  xo75>xo77,  xtoa-zios 

types,  1000- Z008 

weight,  X057 
Hninidifyiag-appaxatus,  hot -blast  heat- 
ing, X324 
Humidity,  temperature-relation,  1359 
^diants,  mills,  759 
Hydrated  lime,  X55X 
Hydraulic  jacks,  shoring,  2x5,  9x6.  »ax 
Hydraulic  lime,  235  (see  Cements) 
Hydraulic  limestone,  132 
Hydraulic  ram,  X390 
Hydraulics,  Z38Z-Z406 
Hyperbola,  38 

problems  on,  79-80 
Hyperboloid  of  revolution,  volume,  65 
Hy-rib,    concrete-reinforcement,     853, 
886 

I  beams,  anchors  for,  6x9 

bending   moments,  maztmam,   574- 

S75 
Bethlehem,  592 

loads,  safe,  $9^,  593.  598-602 

proi>erties,  357 
buckling  of  web,  x8x-x85,  565,  567- 
569,6x2 

table,  574,  575 
Carnegie,  dimensions,  352*353 

properties,  354,  355 

safe  loads,  577--581 
concrete,  854 
connections,  anchors,  6x9 

floor-framing,  6x2-6x9 

limiting  values.  6x8 

separators,  612-614.  X202 


tions,  standard.  6 1€  f- 
with  Bethldfeeos  H  calamas,  473 
with  built-up  colummi,  475,  4t« 
with  cast-iron  colnmaa.  4^.  447. 

457.  4S» 
with  plate  and  box  girdcn,  615 
continuous,  677—680 
cost,  base  price,  1204 
crippling  of  web  (same  ms  boc^ISii;' 
deflection,  lateral,  566.  670 

vertical,  566.  577-s8».  668,  fc^ 
dimensions,  35a,  353,  565 
double-beam     girderv     loads,    5^  . 

603.  604,  607-611 
economy,  relative,  $65 
end-bearing,  minim um.  S74~57S 
end-reactions,  569,  574,  S75 
fireproofing  *  (see  Baaaaa*  atccL  irt- 

proofing) 
framing,  between  oolumns.  6x4 
to  wooden  beams  aad  ioists,  €z\ 
75  *t  753.  755»  786-79^ 
girders,  603-611 

double,  safe  loads,  607-611 
single,  safe  loads,  605-606 
grillage  foundatjons,    167-169,   irz- 

X85,  678-680 
light  versus  heavy,  565 
loads,  Bethlehem,  table,  594-602 
Carnegie,  table.  577-5*« 
examples  solved,  57^-573 
moment  of  inertia,  336 
needling,  2x8-aaz 
oblique  loading,  573 
properties,  35a-3S5.  357.  35* 
radius  of  gyration,  336 
separators  for,  6x2-6x4,  xaoa 
shearing,  X81-X85,  567,  56*.  5*9 

Uble,  574-575 
single-beam  girders  loads,  605,  6e6 
span-lengths,  limiting,  6x8 
standard,  dimenskms,  3Sa~353 
properties,  Bethlehem,  357-358 
properties,  Carnegie,  352-355 
supplementary.  359 
tie-rods  for,  619,  865 
web-resistance.  z8x-x85,  567-569 
table,  574-575 
Ice,  melting-temperatnre,  xssx 

specific  gravity  and  weight,  1505 
Ice-malring,  X693-X695 
Idaho,  registration  law,  1778 
Igneous  rocks,  X31 
Illinois,  registration  law,  1778 
niinninanta,  hygiene  el,  X45S 

selection,  145a 
nhuninatinf  gas,  Ugfatiat,    X43t-i43<. 

X451 
muminatioa  (see  Tighthig  aad  IBBBr> 
nation) 
I  Incandescent  laaqm,  146s,  X47t.  149: 
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■iPtlBf  (909  LiKonns) 
ach«  equivalents,  9s,  26 
Dch-povndp  290 
nclinsd  plwM*  friction,  252 
acmntntiooa  boilen,  1439 
iMrtiA,   moment  of    (gee  Momeat  of 

inoftiA) 
Eifliioaco  UiiM,  1x34-1x37 
nstitiitlonst  educationai,  architectural, 

1779 
asulatiac  qnUtat  X565 
Dmilatioii,  X683,  1690 

heat,  Z430,  1566 

mineral  wool,  z6io 

pipe,  X430 
aanlaton,  electik,  1458 
Dsunuic*  during  constructioii,  X756 
atorphoaos,  1707 
i&trados,  arch,  305 
nyeno  squares,  law.  light,  1440 
avolutum»  arithmetic,  3 
onic  Order,  1699-1702 
onic  Vobtte,  1702 
ron,  cast  (see  Cast  iron) 

galvanized,  1604 

properties,  37s 

wire,  400 
ron,  wrought  (see  Wrought  iron) 
soscelss  triangle,  393 

Tack,  jacks,  hydraulic,  2x6,  221 

rack-rafters,  lengths  and  bevels,  90 

fack-acrews,  shoring,  215,  2x6,  23x 

racket,  furnace,  13 10,  13x1 

fewish  long  measures,  34 

fohuaon    floor-con8tructioii»    837-840, 

84  X 
Foint,  rupture,  dome,  12x3 
[oiots  (see  under  each  subject) 
foist  (Glossary),  x8a6 
Foists,  floor  (see  Floor-joists) 

ceiling  (see  CeiUuf-joists) 
roist-hangsrs  (see  Hangers) 
fottle,  1250 
fury,  competitions,  1737*  I743 

Cahn  bar,  921 
system,  940 
BLaUunetn  iron,  894-895 
Ceene's  cement  plasters,  1556 
Celaey  warm-air  genentor,  1316 
Cenney  flushometer,  X430 
Kent's  chimney-formula,  1366 
Key  ezpanded-metal  lath,  884 
Keyed  beams,  653-85$ 
Keys,  compound  beams,  654 
Keystone  arches,  305,  308,  3x0  (Glos- 
sary), 1827 

Rankine's  formila,  308 

Trautwine's  formtda,  309 
KeyitoiM  hair  iaaiilglor,  1566 


Uowatts,  defined,  1460 
King-post  truss  (see  Roof-trass) 
King-rod  trass  (see  Koof-trass) 
Kitchsn  ranges,  flues,  X282 
KitchsD»siaks,  dimensions,  1641 
Knee-braoes,  trusses,  X025-X027  xzx6- 
ixx8,  XX64,  1x68 
wind-bracing,  XX79,  xx8x,  XX85-XX90 
Kxiife-switch,  X477i  X479 
Kno-burn  lath,  884 
Kw>-fur  lath,  88s 

Labor,  cost,  1564 
Laboratofies,  lighting  for,  1451 
Ladng-bsrs,  385 

Ladder-wsgons,  dimensions,  x64a 
La  Farge  cement,  236,  238 
Lag-screws,  X535 

roof -trusses,  XX57 
Laitance,  244 
Lally  columns,  467,  474,  477 

loads,  488,  516 
Lamps,  arc,  X462, 1463 

arrangement,  1465,  Z466 

bowl-sixe,  X443 

brilliancy,  X439 

gas,  X451 

height,  X444 

incandescent,  X462,  X47X,  X483 

kinetic  burner,  X4$i 

location,  1442,  X443,  X446 

number,  X446,  T449,  X47S 

sizes,  1443,  X444 

tungsten,  X444,  X447 

Welsboch,  Z444,  X4SX 
Land,  measure,  27 
Lard-oil,  weight,  723 
Lath,  meul  (see  Metal  lath) 

wire  (see  Metal  lath) 

wooden,  1554 
LatUng,  X554 

cost,  XS57 
Lattioe-bars,  columns,  477-479 

specifications,  X202 
Lattice  colunxns,  477-479 
Lattice  girders,  xoo8-xoxo,  X089-X09Z 

wind-bracing,  XX76,  xx8x,  xxSs 
Lattice  trusses,  xoo8-xoxo,  X089-X09X 
Laundry-tubs,  dimensions,  X64X 
Lava,  X3X 

crushing  strength,  280 
Lavatories,  dimensions,  X64Z 
Laws,  building  (see  Buihlfaig  laws) 

registration,  architects,  X768-X779 

ventilation,  X354 
I<ead,  anchor-bolts,  240 

castings,  shrinkage,  152  x 

pipe.  X408,  I4X3*  14x6-1418 

sheet,  X4x8,  xsxx 

specific  gravity  1  1505 

weight,  1505, 15  xz 
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Leaden*  funutce,  t3it,  X317,  i824i 

Leather*  weight,  723 

Length,  unit  of*  1247 

Lever.  prindplA  o(,  x6s.  s9q»  ^s*  ^94 

Libnuieet  book^steckt,  XO96 

ventiUtion,  1353 
Lkeaee  law,  architects,  176^x779 
Lieaa,  1758 
Light*  briltiancy,  1439 

candle-power,  1439, 1440^  1462 

diffusion.  i4S3-i4S<>.  iS77-X58o 

heat,  enussion,  xa6x 

intensity,  1439 

nature  of,  1438 

refraction,  X4S3-~X456,  x577'Xs8o 

sources,  1438 
colors,  X438 
flighting  and  illmniaation.  X437-X456 

accounting-offices,  1446 

auditorittsiSt  145  x 

bibliography,  X456 

ceiling-lights,  1446 

ceiling-outlets,  X449 

class-rooms,  X45X 

coloring  of  ceilings,  1442 

design  of  system,  X444>  X446 

diffusion  by  glass,  X453-X456,  X577- 
X580 

direct,  X44X,  X44a.  X446'i448 

drafting-rooms,  1451 

electric-lighting  systems,  X464-X469 
cost,  X48a 
design,  1446-X448 

electric  power  required,  X44X 

factories,  969 

feed- wires,  1478 

fixtures,  care  of,  X443 
in  direct  systems,  X446-X448 
in  semiindirect  systems,  i448~X45o 

foundries,  X45X 

gas,  1448.  X4SO.  X45X 
amount  of  gas  xequired,  X44X 
calculations,  1448 
pipe,  sLees,  iaS^-US^ 
piping,  symbols,  X44S 

general  principles,  X4J7 

heights  of  lamps,  1444 

Holophane  reflector,  X447 

hygiene  of,  X45a 

indirect,  X44X,  X44s,'S448-X45o 

intensity,  X439*  X440 

laboratories,  X4sx 

law  of  inverse  squares,  X440 

lecture-halls,  X45X 

machine-shops,  X45X 

mill-buildings,  969 

outlets,  X44a.  X443,  144* 

piping  for  gas,  X43>~X436,  X445 

reflectors.  X447»  X448 

roof -lights.  77S  . 


roofs,  77».  77S 

school-rooma,  X45X 

semiindirect,  X44S»  x^ 

single-phase  system,  X464 

swiUhes,  X478,  X479*  i4&x 

systems,  1464-1469 

three-phase  system,  x^ft^^xeis 

three-wire  93Pstem«  i46e-iei9 

two-wire  sjrstem,  X464 

windows.  775.  X4SJ-X4$6 

wiring,  cost,  X489 

workshops,  769,  X45X 
Liglrttting-condDclDCS,  x 704-2707 
Lignite,  combustible,  X27X.  X272 
Ltgnnm-Tits,    ultimate 

651 
weight,  65 X 

Lime,  1548-1553 

Alca,  X5S3 

chemical  {Mnpettiea,  1550 

classification,  X549 

daU,  XS53 

hydrated,  1531 

hydraulic,  235 

inspection,  X550,  2552 

nature,  1548 

propertim,  XS48,  xsso,  1554 

sampling,  1549 

specific  gravity,  1506 

specifications,  X549-XS5X 

tests,  X549 

weight,  723,  X506 
Uaeetone,  X32 

beams,  coeffideats  for,  6aS 

cakite,  X3X 

calcium,  X549 

compressive  strength,  266,  jSo^  ii: 
282,  287 

constituents,  X548 

dolomitic,  X3K,  X549 

fiber-stresses,  537 

fire-resistance,  8x4 

modulus  of  elasticity,  28a 
of  rvpture,  i^2 

shearing  strength,  282 

specific  gravity  and  weight,  a^a,  1  ccs 
X506 

tensile  strength,  282 
Line  of  fmctvre,  aichca,  316 
Linear  meaearea»  25 

metric,  31 

Gunter's  chaia,  9$ 

ropes  and  cables,  25 
Unea,  center  of  gravity  o(«  292 

geometrical  problems,  66 
Linea  of  preeaore,  arches,  31 1-321 

buttresses,  297-3014 
Linka,  strength  of,  chaina,  4x0 
Uneeed-^  1568,  X369 

specific  gravity  aAd  weight,  150J 
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cast-iroD,  630-697 

cross'MCtioB,  ideal,  690 
deflection,  628,  664 
formulaa,  620-621 
lafe  load,  tables,  624-697 
reinforced-coDcrete,  975 
•tone,  IS39 
Lrignid  maasnr**  27 

metric,  32 
UquaCactioii,  heat  .of,  1684 
LiTO  loadt  (see  member  loaded) 
definition,  126,  149 
(     Load,  loadii   (see,  also,  each    member 
loaded:  also  Weight) 
cast-iron  columns,  461 

footings,  162-165 
eccentric,  columns,  489,  946 
footings,  1 62- X 65 
steel  column,  485-489 
steel-pipe  column,  472 
wooden  column,  453 
oblique,  steel  beams.  573,  593 
on  columns,  method  of  computing, 

148-159,  489,  490 
on    floors,   fire-proof,    833,  837-844, 
850-852, 856,  863-865 
mill-buildings,  802-808 
reinforced  concrete,  936,  948,  967, 

971,  984-987 
steel,  X197 

various  buildings,  149 
wooden,  7t7-749 
on  foundation-beds,  I4t-i43,  14^x60 
on  masonry,  965-267,  987,  441,  449, 

1200 
on  roofs,   740-74«,    745,    746,    1048- 

X057,  ix9fi 
on   reinforced-concrete  slabs,   984- 

987 
safe-load,  definition,  X25 
snow-loads,  1049,  1052-1057 
tests,  fire-proof  floors,  897,  866,  956- 

9S8,  9fi7 
foundation-beds,  X4X-X46 
wind-loads,    148-160,    1049,    1052- 

1057,  iX7i-"73,  X198 
Lock-woren  fabric,  849 
Locomothrea,  dimensions,  1649 
Loctut,  safe  fiber-stress,  flexure,   557, 
648 

specific  gravity,  1506 

unit  stresses,  651 

weight,  651,  1506 
l4>dfiiiff-houae,  defined.  1853 
l^ft-lmildiiiga,  chimneys,  1368 
Lofti,  cost,  x6x3 

live  loa^  on  floors,  149,  XX97 
Locwood,  extract  of,  793 
Loop-eyes,  386 
I'Oop-rodi,  386,  396 


Loaiiiuui»  fetUtzatlon  law,  1778 
Louiavilla  code,  loads  on  foundation- 
beds,  X43 

masonry  loads,  287 
Lumber  (see,  also.  Timber  and  differ> 
ent  woods) 

asbestos,  8x9 

data,  X558-X564 

framing,  X559 

hardness,  relative,  X558 

measurement,  15  59-1563 

meUl,  858 

specific  gravity,  X50Z-1508 

weight,  X50X-X508,  1558 
Ltttan  tnias,  923 

• 
McGill  Univaraity,  tests  on  brick  piers, 

975 
Machine-shop,  design  and  cost,  809-803 

saw-tooth  roofs,  774 

steel,  weight,  1209 
Maddaeiy,  vibration  of,  763 
Machines,  dynamo-electric,  X463 

refrigerating,  1685- x  690 
Mackolite,  partition-blocks,  877 
Mahogany,  unit  stresses,  651 

specific  gravity,  1506 

weight,  651,  X506 
Majl-chutes,  1677-1679 
Mains,  steam,  1284,  1289,  X99x,  X350 
Manhattan   Ljfe   Insoraace   Bnildiag* 

foundations,  95 x 
Manila  rope,  406-408 
Mansard  loof,  tiles  for,  870 
Mantel-tUe,  X605 
Maple,  deflection  in  beams,  664 

hardness,  15  58 

unit  stresses,  65  x 

weight,  65X,  X558 
Marble,  beams,  coefficients  for,  698 

compression,  266,  282 

crushing  strength,  280,  989 

fiber-stresses,  flexure,  557 

fire-resistance,  8x4 

loads,  safe,  masonry,  966 

shearing  strength,  289 

specific  gravity,  289, 1506 

strength,  267 

tension,  282 

tile,  X605 

weight,  289,  X506 
Marbleithic  tile,  x6o6,  x6o7 
Masonry,  X53S,  1539  (see,  also,  Bfidc* 
work.  Stonework,  Walls,  etc.) 

arches  (see  Arches) 

bearing  pressure,  allowable,  441-444 

bed  (Glossary),  x8o9 

bond  (Glossary),  X803 

bond-stones,  effect  of,  969 

building  codes,  267,  287 

cement  mortar  required,  939,  947 
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Itttonfy,  cUaHiGAtioa,  1538 
coefficJeats  of  Cricdoa,  953 
coxnpreuive  ttrengtb,  265,  441 
cost,  1538.  IS39 

cniBhing  strength  of  stone,  279-981 
footings,  X78,  a  23-33 5 

tensional  strength,  1 78-179 
grouting,  369 
measurement,  1538 
mortar  for,  239-239,  347 
piers,  370 
pressures   allowed,    365,    967*    2871 

441,  laoo 
safe  working  loads,  365-367*  287, 

44X 

strength,  36s-'282,  44t»  1200 

stresses  in,  365 

thickness  of  walls,  229-334 

walls,  338-334 

weight,  1506 
Maaft-concreta,  strength,  367 
Mathematical  sicna  and  chaiactcn,  3 
Mathflmatira,  practical,  3-5 

McGill  University,  tesU  on  brick 
piers,  375 
Measure,  measures,  35-35 

ancient,  34 

circular  and  angular,  30 

conversion  tables,  33-35 

cubic,  37 
metric,  31 

dry,  27 
metric,  33 

Egyptian  long,  34 

fluid,  38 

Grecian  long,  34 

Jewish  long,  34 

land,  37 

linear,  metric,  31 

liquid,  27 
metric,  32 

metric  system,  30-33 

miscellaneous,  26,  28,  34 

nautical,  26 

Roman  long  and  weight,  34 

Scripture  and  ancient,  34 

surface,  27,  31 

time,  30 

value,  29 

volume,  27,  31 

weight,  38-29 
metric,  32 
Mechanical  refrictmtion,  1684-1695 
Machanica,  applied,  definition,  1 24 
Mechanics  of  materials,  terms  used,  124 
Medals,  architectural,  1779-1788. 
MeUm  arch,  844 
Mensuration,  38-65 

definition,  38 

solids,  61-65 

surfaces,  38-61 


M^nhaaSam,  weigbts.  rsi-Tsj 
Msfchsal-lMr  inia^  377 
Metsip  asbcatos-praCcctcd.  &X9 

data,  X509 

doors,  894-897,  901,  903 

finish,  896 

sheet,  standard  gavgcs,  402 
Metal  frames,  fire-proof  butldiags,  5^4 
Metsl  funinc,  S81,  89 2 
Metal  lath,  882-892,  9x9 

column-protection,  823 

expanded,  884 

fireproofing,  781 

partitions,  878,  882,  888.  890 

sheet,  402,  886.  xsxo,  X599 

woven-wire,  887 
Metal  lusaber,  858 
Metal-rib  pisslsr-bosrd,  888 
Metal  sashes,  fire-proof  baildiniES.  ^-«4 
Metallic  fnnutare  sod  ft""i£f  898-»y^ 
Metsmorphic  racks,  131, 13a 
Metric  systeon,  30-32 

conversion  tables,  33-35 
Mies,  13 1 

specific  gravity  and  weight,  1506 
Mios-schist,  132 
Middle  third,  theorem  cf ,  234 

arches.  3x1-315 

buttresses,  301,  304 

domes,  1225.  1227 

footings,  164 

retaining-walls,  359 

vaults.  X233.  X354«  X240 
MiU-boUdincs    (see,    also,    Mat-oes* 
struction),  brick,  80S-810 

cost,  808-810.  X206 

depreciation,  1634 

reinforced  concrete,  968-997 

steel,  cost,  1206 

weight,  X3o8,  1209,  xiio 

wooden,  758-810 
Miil-constraction.        reiaforced  coe 
Crete,  948,  968-997 

columns,  969.  976.  978,  980 
loads,  distribution.  976 

coat,  777.  1613,  x6i8 

floors,  968,  9 7 X.  993 
beams,  secondary,  971 
formulas  for  design.  985-997 
gtrderless,  968.  993^997 

footings,  978,  98a 

girders,  074.  975 

lighting,  969 

lintels,  975 

sUirs,  899-90X,  982.  983 
Min-eoBstroctioii,  slow^bvnuic  75$- 
8x0 

belts,  shafts,  785 

boiler-plant,  765.  780 

columns,  cost,  8x0 
fireprocfing,  780,  781. 833-826 
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Iflin-conttrnctioii,    ■low-bwniiic    coK 

•  uDuia,  framing,  769,  782-800 
conductors,  775 
cornices,  764,  769 
cost,  758,  777,  803-8x0,  i6xi,  x6i8 
doors,  801 
dry-rot,  759 

elevator-towers,  764,  768 
fire-protection,  768,  777,  779.  Sox, 

903-905 
fire-retardants,  759 
fire-shutters,  759,  778,  8ox,  90X,  903 
fire-stops,  7  59 

fireprooAng  metal  members,  780-782 
floors,  760-764,  766 

cost,  810 

estimating,  X563 

framing  (see  Framing,  floors) 

old.  strength,  749 

pl^nk,  730  -735 

strength  and  stiffness,  717-757 

surfacing,  769 

warehouses,  777 
frames  and  shutters,  764 
framing,  steel,  786,  788 
general  description,  758-760 
girder-supports,  792 
glass.  759,  763,  764,  769,  77a.  775 
gutUrs.  769,  775 
hangers,  78a,  785.  7^9 
heating.  769,  776 
height,  of  buildings,  777*778,  8x3 

of  stories,  765,  8x0 
joist -supports,  793-794 
painting,  759,  763 
partitions,  759,  8ox 
plumbing-fijttures,  8x0 
post  and  girder-connections,  795-800 
post-caps  and  bases,  782-788,  791, 
795-800 

pumps,  759 

roofing-materials,  760,  800-80X 
roofs,  760 

cost,  810 

example,  769 

materials  (see  Roofing,  materials) 

timber  framing,  765 

walls,  768 
saw-tooth,  772-777 
scuppers,  767 
shafting,  765 
skylights,  765 

aprinklers,  768,  777,  779.  801,  904 
stairways,  759,  8x0 

tower,  764,  768,  778,  779 
steam-pipes,  764 
stirrups,    wrought-iron,    750,    754- 

757,  ••87-794 
storehouses,  765-788 
structural  details,    782-792,   1x94- 
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MiO-conttrvetion*  slow^bimixic    tim* 
bers,   759.   762,  763 

towers,  764,  768,  7  78,  779 

trusses,  772 

ventilation,  769,  775,  776 
of  timbers,  763 

walls,  760,  765,  76S,  778,  809 

warehouses,  777-782 

weave-shed,  773 

windows,  763,  769,  772,  775,  778 
fire-guards,  759 
frames,  764 
Milwaukee  building  code,  formula  for 

steel  columns,  48X 
Mineral  wool,  1566,  1609,  x6xo 
Minneapolis  bvdlding  code,  formula  for 
steel  columns,  481 

loads  on  foundation-beds,  X43 

office-buildings,  assumed  loads,  151 

thickness  of  walls,  231-232 
Mineral  oil*  fuel,  1272 
Minerals,  forming  rock,  130 
Mtrrora,  X580 
Modulus  of  elasticity,  126.  626,  663 

concrete,  912,  924,  934,  935,  956 

definition,  X26 

notation,  symbols,  X22 

steel,  381,  91a.  934 

stone,  282-283 

various  materials,  647,  664 
Modulus  of  rapture,  X26 

concrete,  mortar,  and  stone,  282-283 

woods,  650-651 
Modulus,  section  (see  Section-xnoduhis) 
Molding  (Glossary).  X830 
Moldings,  classical,  X697,  X698 

plaster,  X556 
Molds,  concrete,  962-966 
Moment  of  force,  definitions.  127,  289, 

322 
Moments,  bending   (see  Bending  mo* 
ments) 

of  inertia  (see  Moments  of  inertis) 

of  resistance,  333,  ss^ 

principle  of,  289-29X,  394,  30X,  332- 

324 
Moments  of  Ineitin,  areas,  332-352 

compound  sections,  339-34S 

definitions,  332-333 

determined  graphically,  345 

notation,  X22 

rectangles,  tables,  346-347 

structural  shapes,  354-359,  362-369 

transferring,  338-345 
Moments    of    resistance,    flexure-for- 
mula, 333,  556 
Money,  United  States,  29 
Moiitaxui  registration  law,  1778 
Mortar,  adhesive  strength,  340 

aggregates.  34X 

alca  lime.  X553 
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MortaTt  brickwork,  sa?.  97> 

cement,  335>a40 

cement-gun.  8a6 

colon.  XS47 

durability.  8i8 

fire-resistance,  8i8 

floor-tiles,  899 

for  pUatering,  t$9,  T554''IS5A 

freezing,  effect  of,  239 

grouting,  927.  269 

hair  in.  is 55 

hot  water  in,  339 

hydrated  lime,  1551 

lime,  compressive  strength.  98a 

mixing,  cement,  239 

naturml^cement,  »$$ 
compressive  strength,  983 

Portland-cement,  238 
oompresdve  strength,  383 

quantity  required,  339,  347 

relative     compressive     and     tenaile 
strength,  383 

salt  in.  239 

specific  gravity,  1506 

stone  waUs.  229,  230 

water  required,  238 

weight,  1506 
Mortar-colofB,  1547 
Mortuary*  refrigerator,  1683 
Mosaics  (see,  also.  Tile) 

Ceramic.  1605,  1607 

Florentine,  1605 

Roman,  1605,  1607 

terrazao,  1607 
Motion,  definition,  124 

rate,  1247 
Motor,  X463 

for  elevator,  1676,  1677 

for  fan-drive,  1347 

heat-emission.  1261 
Mud,  X39 

MuUion  and  munion  (Glossary),  1831 
Mushroom  system,  reinforced  concrete, 
950,  993-997 

Wails,  i5»9-iS34 

National  Board  of  Fire  UnderwritefS 
code,  masonry-load.  287 

concrete,  958 
National  Electric  code,  1480.  1481 
Natural  cement,  235 

concrete,  235,  267,  384 

mortar,  235 
compressive  strength.  383 

production.  335 

strength,  335,  384 

weight,  335 

where  used.  335 
Natural  gas,  X43x 
Nautical  measures,  26 
Needling,  3x8-333 


Neatnl  axis,  bcnm  stctloiis.  313-338 

555.  6«« 
New  Jersey  rectstrntsoa  la«r^  177$ 
New  Orieana  bnilding  eoAe,  load    z 
foundation-bed,  142 
thickness  of  walls,  231 
New  Tofk  City  boildiac  cede,  nrrhcx, 
307 
bearing  pressure  on  raaoonry.  4J  t.  444 
column -formula,  cast-troo,  460 
compression,  steel  members.  495 
formula  for  sted  columns.  481.  xyt, 

49^ 

loads  on  foundation-beds,  143 

masonry-loads.  267 

office-buildings,  assumed  loads,  xci 

pipe-column  formula,  469,  474,  *?:. 
498 

rivet<i,  l>earing  and  shear.  4r9 

skeleton  construction,  354,  1171 

terra-cotta.  376 

thickness  of  walls,  a 50.  331-353 

wind  bracing.  1x71 
New  York  State,  regbtralioa  ta«.  t;6B- 

1776.  1778 
Nickel  tobisc,  X4X  f 
Nicldac  test,  wrought  irof*,  378 

Nonatsn,37 

North  CaroUna,  registration  law.  1778 
Nor^  Dakota,  registration  law.  1778 
NoTos  aanitary  glass,  x6o6 
Nonmy  vine,  beams,  loads.  641 
deflection,  G64 
fiber-stress,  safe.  557 

columns,  safe  loads.  450,  45a 

cntshing-load,  449 

crushing  strength,  across  grain,  454 

specific  gravity,  1507 

uixit  stresses,  376,  64  7.  650 

weight,  650,  1507 
Notation  mathematical,  iit,  133 
Noztles,  roof.  Sot 
Nuts,  X525 

standard  dimen«ions.  1526 

weight.  X527 

Oak,  beams,  coefficients  for,  6a8 

deflection,  664 

distributed  loads,  safe.  643 

fiber-stresses,  557 
columns,  safe  loads,  450,  451 
crushing-load,  with  the  grain.  449 
crashing  streofftk,  across  tbe  gmia. 

454 

hardness.  1558 

shearing-stresses.  413 

specific  gravity,  1506 

unit  stresses,  376.  4x3,  647,  648,  €51 

weight.  651.  X506.  1558 
Obsidisn,  131 
Octsfoa  37 
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>fllce-'bv&(iiiigit  chimney,  1368 

cost,  x6z3 

fire-hose  in,  905 

floor-joisU.  738.  743 

floor-loads,  X49t  X5X|  7i9t  730,  1x98 

furniture,  weight,  149 

I  beams,  sizes,  864 

steel,  weight,  X207,  1208 
DfficeSy  air-<hangc,  X353 
Offsets,  footings,  16^165,  179,  a 33-227 
Olmif  defined,  1458 
Oil,  mineral,  as  fuel,  ZS73 
Open-hearth,  steel,  380 
Opexm-houaes,  difnensions,  x6s7 

chairs,  1653 

seating  capacity,  1654-1636 
OrdexB,  classical,  'x698>i704 
Ocecen  Pine  (see  Douclat  fir) 
Organiaatlons,  architectural ,  x  7 88- 1795 
Ottawa  sand,  235*  34X,  908 
Overdraft,  in  furnace,  13x0 
Owner,  competitions,  Z739t  1740,  1746 
Ownex'a  riglit,  in  contract,  1760 

Paint,  Painting,  1568-1573 
cement  and  concrete,  X573 
driers;  X569 
enamel,  X570 
fire-proof,  821-822,  894 
inside,  X570 
mill-construction,  759 
old  work,  X57Z 
outsid<;,  X569 
paints,  1568-1570 
pigments,  X568 
plastered  walls,  X57X 
priming,  X569 
repainting,  X57X 
steelwork,  X203,  X306,  157 a 
tirohers,  763 

tin  roofs,  15  70,  1589,  1590 
varnish,  X568,  1570,  1573 
vehicle,  1568 
Pantry-aittka,  dimensions,  X64X 
Paper,  building,  1564-1568 

weight,  722 
Paper-mUla,  cost,  805 
steel,  weight,  xaxo 
Psnbola,  38 
center  of  gravity,  293 
problems,  79 
Paxaboloid  of  revelation,  volume,  65 
ParaJMofi«jn«  37,  39 

of  forces,  289 
PiraOala,  36 
Parapets  on  milla,  768 

srchitecture.  X833 
Parchment,  water-proof  sheathing,  X568 
Parkfaif,  defined,  1853 
Partltioaa,  brick,  873 
concrete,  876,  880 


Partitions,  defined.  1853 
double,  880,  890 
fire-prbof,  873-893 
fire  test,  873,  889 
gypsum-block,  876 
heating  pipes  through,  1358,  1360 
hollow-tile,  873-874^  890 
mackolite,  877 

metal-lath.  878.  882-888,  890 
mill-construction,  7S9>  801 
rib-stud,  88 x 
soundproofing,  889-89 x 
scantling,     incombustible,     defined, 

1853 

solid  plaster,  878,  880,  890 

terra-cotta,  873,  875,  890 

types.  873 

wooden,  725-7*7,  748 
Partition-waU,  defined,  x8s3 
Party  walla,  873 

defined,  1853 

fioor-loads  on,  234 
Patent  rights,  payment,  X759 
Pftttema,  castings,  1521 
Paul,  air-line  system,  heating,  1286 
Pavement-prisma,  X579 
Pavementa,  asphalt,  x6o8 
Payments,  on  contract,  1758 
Pearl-alum,  weight,  723 
Peat,  139.  X372 
PedastaKpilea,  198 
Peerless  radiators*  1265,  1266 
Pentagon,  37 
Perimeter,  37 

of  triangles,  center  of  gravity,  293 
Peraett8,^eat>emlssioa,  1261 
Pawa  (Glossary),  1835 
Philadelphia    building    code,    bearing 
pressure  on  masonry,  444 

formula  for  steel  columns,  481,  493 

loads  on  foundation-beds,  X43 

masonry-loads,  267 

pipe-column  formula,  469,  474 
Phosphorus  in  steel,  381,  383 
Pfanos,  dimensions,  1638 
Piers,  arch,  305 

brick.  268-269,  271-376,  278 
bond-stones,  269 

.    safe  loads,  265.  268 
strength,  268,  271-276,  278 
tests,  27s 

cabson,  2x2,  214 

center  of  gravity,  300,  301,  302 

footings  for,  161,  162,  X76-178,  184, 

185 
foundation.  X29,  x88,  200 
line  of  pressure,  300 
on  concrete  and  wooden  piles,  X99 

grillage,  184,  185 
pneumatic-caisson  method,  tia,  2X4 
reinforced-concrete,  980 
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Pfen,  sUbUity,  397-304 
stone,  370 
tem-cotta,  376-278 
thrust,  397,  298 
Pffoimiti,  paints,  1568-1570 
Piluttn  (Glossary),  1835 
PSto-driren,  190,  Z94-X96,  303-304 
PUet,  durability,  x88,  196 
iron-pipe,  199 

reinforced  concrete,  196-300,  945 
versus  wooden,  strength,  196 
wooden,  188-196 
capping,  190-193,  198 

timber-grillage,  191,  193 
cost  of  driving,  195 
crushing  strength,  196 
driving,  189, 190, 194-196,  303-304 
durability,  z88,  196 
Engineering  News  formula,  193 
municipal  requirements,  189 
plan  of,  for  building,  193 
safe,  loads,  189,  193,  195 
specifications,  193 
strength  venuis  concrete  piles,  196 
under  piers,  199 
woods  used,  189 
Pillag,  sheet,  300-309 
Pillars  (Glossary),  1835 
ViOt  pins,  in  trusses.  433-439 

steel,  stresses,  6x8,  X138,  xsoo 
Pine,  specific  gravity  and  weight,  1507 
Norway  (see  Norway  vino) 
white  (see  White  pine) 
yellow  (see  Yellow  pine) 
Pinnacle  (Glossary),  1836 
Pipe,  pipes  (see,  also,  DuctB)^ 
block-tin,  14x8,  X419 
brass,  1439 
capacity,  1383,  X403 
cast-iron,  X389,  1407,  Z437, 1438 
conduits,  X479 

coverings,  1360,  1363, 1430, 16x0 
drain,  1407-14x8,  14x9,  1430 
expansion,  X437-X439 
flow  of  water  through,   Z383-1400, 

X430 
friction  in,  X388 
frostproofing,  X400 
furnace,    xjxx,    13x8,    133s,    1358, 

X360 
gas.  X433-X436 
hot-water    heating,   covering,    X360, 

X430 

sixe,  X305,  X306 

specifications,  X359 
hot-water  supply.  14x5,  Z438,  1439 
lead,  1408.  X413,  14x5,  X416-X4X8 
location,  fireproof,  836 
sewer,  X407-X409,  14x9,  Z430-1433 
sheet-metal,  1337 
smoke,  136s 


Pipe,  SOU.  X407--X4X0.  1437 

steam-heating,  764.  1363 
covering,  X363 
pressure-loss,  1293 
siae.  X294 
specifications,  X362 

steel,  X408 

supply,  1390-X398.  1415 

symbols,  X350,  x 4 24-1436 

tests,  X388,  X4i^ 

tin-lined,  X4x8 

vent,  1407,  X4X0 

warm-air,  size,  13x8 

waste,  X407-X4ti.  X416,  1417.  I4»T 

wTought-iron,  X408.  Z429«  I43a-i4j6 
Pipe-cohunna,  469-474,  48S 

loads,  488,  497-498 
Pipe  coverings,  stcem-pipcs,  t  j6o,  1365. 

X430.  x6xo 
Pitch  of  roofs,  867.  869,  x<m6.  1053 
Pitch,  gravel  roofs,  1 595-' 599 

slag  roofs,  x  59  5-1 599 

specific  gravity  and  weight,  1507 
Plane,  36 

inclined,  353 
Plaster,  alca>ltme«  1553 

asbestic,  8x8 

fire-resistance,  8x8 

gjrpsum,  8x8,  X55S 

hard-wall,  1556 

hydrated-lime,  1551 

Keene's  cement,  1556 

machine-made.  1555 

measuring,  1556 

morUr  for,  339.  X5S4-t5S8 

staff,  X5s8 

wall,  1555 

weight,  7*3 
Ptastar-blocka,  876 
Plaster  ni  Paris,  column-pfl«tection,  S21 

fire-resbtancc  8x8 
Ptastwint,  X554-I5S8 

coats,  X554 

cornices  and  moldings,  155^ 

cost,  X5S7 
Plate,  base,  forms  of,  441 

bearing,  440 
pressures,  44X,  xsoo 

cast-iron,  weight,  1534 

cover,  riveted  joints.  421 

ateel,  384.  385 
bate  price,  1304.  1205 
punching,  effect,  382.  4x4,  688 

wall  (see  Wall-piates) 
Plate-and-angle  folnnms,  46,,  479 

connections,  477 

moment  of  inertia,  343 

vadius  of  gyration,  344 

tables.  488,  <  1 7- S3  a 
Plate  girders,  681-7x6 

construction,  details.  683-683 


lodei 


1889 


PlaM  girdMSyOltmenU,  706-7x6 

end-reactions,  maximum,  70^,    706- 

7x6 
examples,  688-694 
framing  and  connections,.6z4-6x6, 683 
moment  of  inertia,  section,  340-342 
safe  loads,  706-7x6 
shear,  684-687,  690,  69X,  696,  698, 

703 
aiKcifications,  x2ox«  xaoa,  X303 
splice-plates,  693 

stiffeners,  68x,  686,  691,  696,  xaox, 
iao3 

stresses,  design,  683,  xsoz 

web,  681,  703-705 
buckling,  686,  705 
shearing  value,  703-704 
stresses,  684,  686,  691 

weight,  687 
PUtforau,  stone,  1539 
Plennm  chamber,  1350 
Plenum  ajstem,  ventilating,  X356 
Phtmbing,  1407 -1430 

definition  of  terms,  X407 
«  fixtures  (see  Plumbing-Fiztiires) 

pipes  (see  PIpM) 

symbols,  X4a3-X426 

testing,  X412 
Plttmblfig-llztiirea,    X4Z0-X4X5,    14^0- 
X4a6 

cost,  mill-buildings,  810 

dimensions,  X640-1643 
Plaage-hath,  X4aa 
Ptotottic  rocks  X3x,  132 
Poetunatic,  caiaaon,  ax  1-2x4 

water-supply,  1396 
Point,  36 

PoUnc-board  matbod,  foundations,  309 
Poljfons,  definition,  36 

equilibrium,  a89,  399,  3x3-3x5*  5X9 

factors  for  determining  elements,  40 

force,  389,  X070 
Poljhedroiu,  regular,  63 
Po^r  (see.  also,  Whitewood) 

columns,  safe  loads,  450.  452 

crushing-loads,  with  the  grain,  449 

hardness,  X558 

specific  gravity,  1507 

unit  stresses,  65  x 

weight.  65Z,  Z507,  X558 
Portal  bracing,  1x76,  X183 
Portland,  Or*.,  building  code,  loads  on 

foundation-beds,  X43 
Portland  cement,  336-  240 

adhesive  strength,  340 

composition,  336 

concrete,  reinforced,  907,  908 

concrete  blocks,  333 

cost,  338 

defined,  337 

fineness,  337,  907 


PortUad  cemeal,  manufacture,  336 

mixing,  338 
■  mortar,  338 

compressive  strength,  383 

proportions,  335,  347 

specific  gravity  and  weight,  1506 

quantities  in  concrete,  347,  348,  349 

setting-time,  337,  907 

specific  gravity,  337,  907*  1503 

specifications,  336,  907 

strength,  337,  340,  383,  384,  907 

testing,  337,  340,  907 

weight,  335.  723.  X503 
Poat-capa,  783-788,  79X,  795-800 
Post-offlce  buildings,  cost,  X630 
Posts  (see  Colnmns) 
Poond-feet,  390 
Pound-inches,  390 
Power,  xa48,  xa5o 
Power-hammer,  underpinning,  33 z 
Power-houses,  steel,  weight,  xsxo 
Pratt  truss,  zo36,  X039,  X031,  zo^a 

economy,  X055 

with  inclined  ties,  X077 
Pressure,  barometric,  X349 

earth,  301,  205 

gauges,  X348 
Priam,  38,  63 
Prism-glass,  Z454-Z456,  ZS78-Z5S0 

fire-resistance.  Sax 
Prismoid,  quadrangtdar,  63 
Prisons,  ventilation,  Z3S3 
Prizes,  architecture,  X779-X788 
Professional  practice,  A.I.  A.,  1727 
Proframme,  competitions,  X737,  X74Z 
Public  k  JMfaig  (see,  also,  Fedenl  build- 
ings) 

cost,  x6x3,  X638-X634 

defined,  X853 

registers,  heating,  1355 
thiUeys,  arrangement,  Z733 

sash,  X649 

size  ^nd  speed,  X730 
Pulpit  (Glossary),  Z838 
Pnmice,  X3Z 
Pumps,  air-lift,  Z395 

deep- well,  Z39X 

fire,  X40X 

jniUs,  759 

plunger,  X39X 

pneumatic  system,  X396 

private  water-supply,  X390 

single-acting,  X393 

slip,  X347 

steam,  X40X 

vacuum,  sixe,  Z390 
Punching,  effect  on  steel  plates,  383, 

4x4,  688 
Purlins  (Glossary,  X838),  998,  1838 

channels,  as  69 

connections,  Z153,  1x69,  ZZ70 
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PofUns*  desifn,  1144, 1169, 1x70 

I-beam,  1x69 

oblique,  stress,  573,  593 

spacing,  X003-X004,  X006 

steel,  specifications,  X2ox,  X304 

supports,  X004,  1046,  X047 

weight,  1050,  105s 

wooden,  X003.  XX44,  XX53,  1x69 

workshops,  771 

Z-bar,  1 1 69 
Pozfotan  c«m«it,  236,  237 
^raxnidp  38 

center  of  gravity,  293 
frustum,  38 

surface-area,  6x 

volume,  64 
surface-area,  6x 
vertex,  38 
volume,  64 
PyrometM,  1249,  X2So 


Qttadfanguiar  vrinnoid,  62 
Quadrangular  truas,  103  2,  X033,  109 1, 

X094 
Quadrant  of  circle,  center  of  gravity, 

293 
Quadrilaterals,  36 

center  of  gravity,  292-293 
Quantity  tystam  at  estimatinf,  1633- 

X637 
Quartz,  130 

speci6c  gravity  and  weight,  X507 
Quartzita,  X32 
Queen  tmsa,  999~roo4 

example,  of  analysis,  105$,  1x39 

graphic  analysis,  X07X        % 

wind-stresses,  xxx 2-1x16 
Quicklime,  XS49 
Quicksand,  136 

excavations  in,  137,  2xx 

foundation-beds  in,  X37,  X4X 

pockets,  X37 

safe  load  on,  X4X 
Quilts,  building,  X564-X568 
Quoins  (Glossary),  X839 

Radial  Brick  Chimney,  X369-1373,  X377 
Radiation,  1264-1 271 

versus  hot-blast  heating,  X324 
Radiators,  X264-X27X 

air-removal,  1285 

cast-iron,  I26s~x267 

concealed,  X270 

connections,  X264,  X283 

direct,  1264,  1283 

direct -indirect,  X264,  1268 

hot-water,  1264,  1270 

indirect  heating,    X264,    X299,    X300, 

1356 
location,  X3ss  • 

specifications,  1360,  1362 


Radiators,  ixHBrect  hcatiBg,iynxbtti,  1559 

matertiUs.  1264 

meaaurement,  126$ 

pipe  coil.  X267.  X269 

pressed-metal,  1264,  Z26s.  1267,  X268 

rating,  X26s 

types,  X26S-X370 

waU,  X268 
Radios  d  gyratioa,  sss 

areas,  334-338- (see.  also,  Mwiati 
d  inertia) 

compound  sections,  344 

definition,  333 

hoUow-round  sections,  table.  S4<8-347 

hollow-square    sections,    tabic.    345. 

350-3SX 

notation,  X22 

steel-pipe  columns,  472,  497-498 

structural  shapes,  354-3S9.  3fi*-3:4 
double  angles,  371.  372.  503 
double  channels.  373,  374,  499.  500 
plates  and  angles.  544.  5X7*552 
plates  and  channels.  553-554 
Rafters,  X003,  1046.  X836 

bevel  and  length.  90 

details,  XX50-XX54 

hammer-beam  truss,  iox4-xot€ 

on  steel  purlins.  XX69 

spsn,  maximum,  740.  74«.  745.  746 

stresses,  XX40,  xx4X 

weight,  X050 
Rags,  weight,  7t2 
Rams,  hydrauUc,  X390 
Random  woik  (Glossary).  11(39 
Range-boileft,  dimensions.  x64a 
Rankine's  fonnnla,  aut-xroo  columns 
460-46X 

depth  of  kty%*  ne,  308-509 

steel  columns,  48  x,  4841.  493-496 
Raymond  concrsfs  pils,  197 
Raactkms,  beams,  322.  671 
Reaming,  steel,  382.  4x4,  4*3.  *8a 
Reaumur  thennomwticr,  x2So 
Reciprocala,  7.  8,  34 
Rectangles,  37,  39 

axis  of  moments,  335 

moment  of  inertia,  335,  546 

radius  of  gyration,  33s 

section-modulus,  335 
Redwood,  beams,  loads,  640 
deflection,  664 
fiber-stress,  safe,  557 

columns,  safe  loads,  450.  452 

crushing-loads,  with  the  grain.  449 

crushing  strength,  across  the  giaia. 

454 
shear,  647 

tension,  safe  stress.  3  76.  647 
unit  stresses.  647,  650 
weight,  650 
Reflection«  multiple  (acoustics).  1487 
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Rehaclloa  of  liglM^  t4SS''i4S6«  iS7f- 

1580 
Refriferatioii*  mechanical,  1684-1695 
Refi1c«raton,  z679'i6S3, 169X-Z695 
Regtotor-bosM,  1358 
RegistOTB,  air-velocity,  1557 
furnace,  1317-1390 
pressure-loss,  1338 
in  public  buildings,  1355 
size,  X358 
specifications,  1360 
symbol,  1330 
Registration  of  architecti,  1768-1 776 
ReUifMted  oottcrct*  <see,  also,  CoaeraCa 
and  Rainforeement),  906-997 
adhesion  (see  bond,  below) 
aggregate,  44 «,  ^87,  908,  909,  945 
beams,  924-941 

bending  moments,  935-936 
compression-rods,  921-933,  941 
diagonal  tension,  991,  938 
bond, 940 
allowed  stresses,  9x1,  9x9 
tests,  9x9 
use  in  design,  938 
cantilever  flat-slab  system,  950 
cast-iron  column-connections,945-946 
-cement  used,  907 
chimneys,  »373'«375 
cinders,  949,  950,  909,  930 

corrosion  of  steel,  818,  960-961 
columns,  94X-946,  969,  980 
calculations,  976 
fire-proofed,  958,  959 
metal-cored,  944-945 
compressive  strength,  910-9x1 
conductivity,  955 
connections,  944-947 
construction  in  general,  906^67 
corronon-protection,  960-^69 
cost,  250,  9x0,  16x3,  r6x8 
Cummings  system,  993,  945 
design  of,  924^947 
diagonal  tension,  99X,  938 
electrolysis,  x86 
erection,  906,  969-963 
factors  of  safety,  9xx 
factory-construction,  968-997 
fire  tests,  956,  957.  9<^ 
Fire  Underwriters'  requirements,  958 
fireproofing,  78X,  8xx,  955,  957-958 
flat -slab  construction,  949 
floors,    849-856,    9*4-940,    948-955 
(see  slabs,  below) 
load  tests,  967 
surface-finish,  939,  946,  965 
footings,  x86,  946-947,  978 
forms,  945,  96»,  984-^65,  9^ 

permanent  centering,  859,  853 
foundations,  x86,  196,  946-947,  978 
four-way  system,  949*  95o,  993-997 


Rtiflfoiced  eeacMt*,  gravel,  908 
heat,  effect  of,  945,  827,  937,  955- 

959 
Hennebique  system,  9x9-990,  940 
historical  notes,  906 
hollow-tile  and  concrete,  95X-959 
I  beams,  reinforced,  854 
inspection,  965-966 
jc^aing  new  work  to  old,  965 
Kabn  system,  991,  940 
metal-core  columns,  944-945 
materials  used,  907-993 
mill-construction,  948,  968^97 
mixing,  963,  964 

mixtures,  909-9x0,  94s.  9*3 »  9*4 
modulus  of  elasticity,  919,  994,  934, 

935.  956 
molds,  969,  963,  964-965.  966 

permanent  centering,  859,  853 
Mushroom  system,  950,  993-997 
piers,  978 
piles,  X 96-900,  945 
pouring  and  ramming,  964.  966 
proportions  of  materials,  940,  947- 

949.  910,  X7X9 

protected  from  fire,  958 

reinforcements  (see  Raiafortemeiit) 

retaining-walls,  26X-963 

roofs,  866-872,  968,  976 

sand,  908 

sectional  systems,  853-854 

separately  moulded  system,  953-955 

shear,  9x9,  99X,  937-940 

shrinkage-stresses,  937 

skeleton  construction,  948 

slabs  (see,  also,  floors,  above) 

bending  moments,  939,  936,  984. 

987 
cost,  950 

design,  example,  97  x 
diagrams  for  strength,  984-987 
flat-slab  construction,   845,   846, 

949-9 S» 
girderless  floors,  968,  993-997 
loads,  safe,  984-987 
rectangular,  formulas,  939 
separately  molded,  953 
strength,  933,  97X,  984-987 
in  T-beam  design,  934,  975 

stairs,  900,  947,  98a,  983 

stirrups,  921-933,  939,  940,  973 

stone,  908-909,  935 

superintendence,  965-966 

System  M,  948-949 

T  beams,  932,  933.  937,  940,  97X» 
975.  988-99X 

temperature-stresses,  937 

tension-members,  9x3-9x5 

tensional  stress,  994 

tests,  adhesion,  990 
corrosion,  961 
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Idaimo&d  concrete,  teito,  fire-resbt- 

ance,  955-960 

hooped  columns,  94a 

ioadi,  967 
thickness  of  concrete,  958 
tile-and-concretc  floors,  95a 
tile-protection,  959 
two>wAy  tile  system*  949-955 
types  of  construction,  943-955t  9^8 
unit  system  of  reinforcement,  922-933 
Vaufthan  system,  856 
Waite's  concrete  I  beam,  854 
waU'piers,  978 

walls,  946,  948,  968,  975-978 
water  for,  909 

wet-concrete  mixtures,  963-964 
working  stresses,  9xi-9X3f  935 
wrought  iron,  907 
leJaforcamettt,     9X3-9S4     (see,    also. 
Reinforced  concrete) 
adhesion    (see  Reinforced  concrete, 

bond) 
Akme  system,  949-950 
bars,  9x5-921 

area,  x5X4-x5ax 
compression,  92X,  92a,  941 
Corr-mesh,  853 
corrosion,  960,  961 
corrugated  bars,  9x6 
Cummings  system,  923,  945 
deformed  bars,  9x5,  9x9 
Diamond  bar,  9x7 
dovetailed  corrugated  sheets,  850 
expanded  metal,  846,  883,  884,  9x9 
Ferroinclave,  850-851 
grades  used,  9x3 
Havermeyer  bar,  9x7 
Hennebique  system,  9x9,  930,  940 
hoUow-tile  and  reinforced,  95 x 
Hy -rib.  8S3 
Kahn  bar,  921,  940 
Kalman  bar,  9x8 
lock-woven  fabric,  849 
loop  truss,  923 
Luten  truss,  923 
metal  fabric,  welded,  848 
metal  lath,  88a-888,  922 
Monotype,  9x8 
multiplex,  Berger's,  85  a 
Ovcid  bar,  918 
peicenUge,  925,  937 
permanent  centering.  85a,  853 
Ransome  bar.  9x5 
Rib-bar,  9x7-918 
rib-metal,  847-848 
rib-truss,  8s3 
rivet-grip  bar,  919 
rods,  number,  937-938 
rust.  x86 

Self-Centering,  Duplex.  833 
Self-Sentering,  853,  885-886 
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specification,  904 

System  M,  948 
triangle  mesh,  850 
types,  843,  8S5»  880-89011  9S3-9U 
unit  sjrstem,  9a3-9a3 
welded-metal  fabric,  84S 
wire-fabric,  850 
wire-mesh,  919 
working  stresses,  9x3,  9x3 
wrought-iron,  907 
Repoee,  slopes  and  angles,  253,  »S4t 

Reeidencee  (see,  also.  DweOiagn) 
air-change,  X353 
heat-temperatuxc,  xas6 
non-fireproof,  height.  8x3 
steam-heating    spcctficatioos,    X361- 

1363 
Retistinc  moneBft,  ssi,  5S6 
Reeolntion,  forces,  aS8,  289.  X065 
Rest,  definition,  xa4 
Resultant,  force,  a88,  a89 
Retainini^walls.  353-264 

angles  of  friction,  253 

angles  of  repose,  as6,  S59-260 

batter,  359-260 

breast  walls,  362-263 

cleavage-plane.  257-258 

coefficients  of  fxicCisn,  253 

construction,  detaib,  259 

footings,  26x-26a 

friction,  theorem  of,  25a 
angles  of,  353 

grouted,  269 

internal  stresses,  257 

pressures  on,  257 

principles  of,  252-255 

proportions,  26X 

reinforced-concrete,  261-26^ 

slopes  of  repose,  256 

thickness,  >6o 

theories,  255 

vault-walls,  263-264 
Re▼erberatiol^  acoustka,  1487 
RlMinboid,  37 
Rhombus,  37 
Rib-bar.  9x8 

Rib-metil,  properties,  847-848 
Rib-stttd,  plaster  partitioes,  88x-8Sj 
Rib-trass,  853 

Richmond    bnaldlnc    cede,    loads    on 
foundation-beds,  X43 

office-buildings,  assumed  loads,  X5X 
Risers,  stairs,  rules,  1648 

table,  X646-X647 
Rhrer-depeeits,  133 
Rivet,  riveU  (see,  also,  RivedHg).  4x3 

American     Bridge     Co., 
table,  420 

annealing,  382,  414 
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Sivet.  arnngenent,  4x4, 4x5 
base-price,  1205 
bearing  value,  415,  4x6 

area  used,  4x6 

Boston  law,  4x8 

by  proportion,  69  a 

column-connections,  469 

Cambria,  4x8 

Carnegie,  4x8 

determination  of,  4x5 

field-rivets,  6x8 

formula  for,  4x6 

live  loads,  4x5 

New  York  law,  4x8 

riveted  girderSf  table,  4x8 

shop-rivets,  6x8 

■teel-beam  connections,  table,  4x9 

steel  trusses,  table,  4x9 

tables,  4x8,  4x9 

wrought  iron,  4x5 

wrought  iron,  table,  4x8 
bending-stress,  422,  433 
bridge-work,  ^2$ 
butt-joints,    comparative    efficiency, 

42X 

chain,  definition,  4a x 

clearance,  4x4 

columns,  number  of  rows,  diagrams, 

467 
conventional  sign,  4x7 
cost,  base-price  for  rivets,  1205 

punching  holes,  xao4 
cover-pla|es,  diagrams,  42X,  422 
diameters,  plate  and  box  girders,  682 

standard  connections,  6x7 
distance  from  edge  of  plate,  682 
drift-pins,  4x4,  68a 
driving-tools,  1203 
failure  of  joints,  1^x5 
field,  435 

lengths,  table,  430 

shearing  value,  6x8 

symbols,  6x7 

weight,  percentage  added,  6x7 
grips,  table,  420 
beads,  4x3,  4x4,  682 

diagram,  416 

eccentric,  4x4 
holes,  413 

alineraent,  4x4 

allowance  for  errors,  6x  5 

deductions,   plate   girders,  tables, 
702,  703,  704 

deductions,     plates     and     angles, 
Ubles,  399»  400,  70a 

deductions,  from  various  authorities, 
60J,  604 

diameter,  4x4,  4x5,  682 

punching,  3^2,  4i4i  4X5*  X303 
in  flange-angles,  687.  691 

spacing,  specifications,  xsoa 


Rivets  In  plate  girden,  diagram,  6x5 
in  stiffeners,  687 
initial  slip,  432 
inspection,  4x4 

lap-joints,  diagrant  4ai 
lengths,  4x3 

field-rivets,  table,  420 
loose,  4x4 

machine-driven,  4x4,  683 
material  of,  4x3 
number  of,  column-connections,  469 

equation  for  determining,  687 

examples,  699,  700,  70X 
joints,  421,  42  a 
plate  girders,  69 x,  696,  70X 

for  double  shear,  4x6 

standard  connections,  6x6,  6x7 
pitch  (see  spacing) 
proportions,  diagrams,  4x6 
punching,  diameter  of  die,  4x4,  68a 
reaming,  382,  4x4,  4^3,  68a 
shanks,  diagram,  4x6 
shearing  value,  4xx,  4x3,  4x6,  693 

area  used,  4x6 

by  proportion,  69a 

column-conxMCtioBs,  469 

determination  of,  4x5 

double  shear,  4xx,  4x6 

field-rivets,  6x8 

live  loads,  4x5 

shop-rivets,  6x8 

single  shear,  4x1,  4x6 

steel-beam  connections,  table,  4x9 

steel  trusses,  table,  4x9 

tables,  4x8,  4x9 

wrought  iron,  4x5 
shop,  4x4.  4x7,  4*3 

bearing  value,  6x8 

shearing  value,  6x8 
signs,  conventional  diagram,  4x7 
sixes,  determination  of,  4x5,  xaoi 

diagrams,  4x6 

for  plate-thicknesses,  4x5 

shop-practice,  4x5 

table,  420 
spacing.  4x4 

cover-plates  of  plate  girders,  683 

flange-angle,  examples,   696,   697, 
699-70X 

plate  girder,  example,  69X,  692,  693 

specifications,  xaoa 

standard  connections,  6x7 

steel  columns,  469 
staggering,  4x4 

standard  connections,  6x6,  6x7,  6x8 
symbols,  4x7 
taper-rivetf,  433 
weights,  standard  connections,  6x7 

steel  rivets,  xs28 
working  sUesses,  4x5*  4x6,  4^$,  6x8, 

XX38,  X200 


1884 


Index 


BiwC^  wotklBg  stfMMs,  c<rfiimn<coDnee- 
tions,  469 
compared,  69a 
for  bridges,  423 

standard  oonnections,  table.  61 S 
RiTetliic  (see,  also,  Riveta),  4x3-433 

definitions,  4x3,  491 

field,  compared  with  shop,  423 

machines,  414 

shop,  4x4,  4x5.  4^3 

single,  definition,  421 
Robertaon  Process  Metal,  8x9 
.Rock,  angle  of  repose,  256 

argUlaceous,  13  x,  139 

boulders,  134,  X36 

classification,  i3X-X3a,  134 

composttioa,  130 

disintegration,  133,  134 

excavation,  cost,  1537 

foundation-bed,  zso~i32,  X34,X35,I4X 
Ioads,X43 

igneous,  131 

inclined  strata,  146 

ledge,  X34.  X3S 

loose,  134,  X35 

metamorphic,  X3X,  133 

plutonic,  X3X,  X31 

rotten,  134,  135,  256 

safe  loads,  X41,  143 

sedimentary,  13X 

siliceous,  X3X 

testing,  X45 

under  caisson-piers,  3x4 

weight,  loose,  956 
Rococo  radiator,  x  965 
Rods  and  bars,  steel,  385*398 

forked-loop,  387 

looped,  386,  396 

safe  loads,  388-399 

screw-ends.  387,  393-398 

weights,  X514-X59X 
Roebling*8  Sons,  wire*gauge,  400 

standard  wire  lath,  887 
Roman  long  measures,  34 

weight,  34 
Roof,  roofs  (see,  also,  Rootef  and  Roof- 
tmsses) 

cost,  777,  8ro 

conductors,  1658 

dampness,  800 

fire-proof,  866-879 

fire-protected,  8ox,  1597 

flooding,  80X 

gutters,  X658 

heat-transmission.  X959 

leaks,  800 

loads,  740,  74X,  74S,  746,  X048-10S7, 
1x96 

mansard.  870-871 

mill-construction,  760  (see  MJU-eon- 
straction) 


S9 

Si 

s 


M-tn 

Roqk,  mill^OBBtractioB,  coiA,  810         '  kiag-i 
example,  769  stn 

materials  (see  Rcwifcifc  matetisb)    knee- 
timbczs  and  framiaf ,  765 
walls,  768  Uter 

noxxles,  801  ,  Uiti< 

pitch  or  slope,  867,  869.  1046,  xos3,  loadi 
rafters  (see  Rsiftefs)  '  nen 

reinfoTced-concrcte.  866-879. 968,  97I  aqu 
saw-tooth,  77t-777  pin- 

trusses  (see  Roof-Brasses)  ^^ 

Roof-kwds  (see  Losds)  p^^ 

Roof-trasses,  998-xx7e  (see,  also.RosI  p^ 
mad  Rootef ).  qu^ 

'  anchoring,  x  1 50-x  i s 9.  x  x68  q^^ 

■  arched  trusses,  X035-X043  ] 

stresses  in,  XX  x8-xx 93  , 

wooden^  X09O-ZO94  te^ 

arches,  trussed,  xy9I-xx33 
bending  moments,  moving  load.  11 54* 

XX35  Tc 

bc^t-connectioDs,  499-439.  X138 
Bow's  notation,  xo66  I 

bowstring,  X035,  X094.  X09S 
cambered,    XOXX-X019,    1096.    xo:^, 
X033-X03S    (see,   also.  Scissors 
truss)  , 

stresses  in,  xos6,  xo6o,  xo6x,  xo7«r-      , 
X086.  X093-X093 
cantfleyer,  X043-X045,  x  105-1x08 
car-barn,  X098,  X056,  X909 

cost,   X908 

couaterbracing,  1000-1004^x034 ,  x  xc4 

crane,  X069 

diagrams,  lettering,  xo66 

fan  (see  Fan  trass) 

Fink  (see  Pink  trass) 

fireproofing  for,  860,  86t 

fixed  arch,  X043,  x^3X 

fixed  and   free  ends,   wtnd-s>trcsse«, 

XX09,  xxxo 
flat  roofs,  examine,  XO57.  XX43 

stresses,  graphics,  X075, 1077,  roSy- 

X099,  XX09-XX04 
types,  X030-X034 
forces  acting,  xo66,  X070 
French,  X096 
hammer-beam    (see    TTsnimsi  Iwm 

trass)  I 

hinged,  X038-X043,  xtsx-xtso 
hook -splice,  xxjs 
horixontal  chorda,  X004 
Iforixontal      deflection,       S0S5-  x  csf  $^ 

XXX9, 1x99 
horizontal  thrust,  Z085-X0S8,    txxc., 

IX99-XX30 
Howe  (see  Hows  trass) 
influence-lines,  TX34-IX37 
joints,  steel,  493-499,  x  160-9x70 

wooden,  4x9,  413,  4i9-439,   xx*v- 

xx6e 
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faKrf-trnim,  king-post,  998,  xooo 
king-rod»  998.  1x53,  x  154 

stresses,  xo48»  X069,  X099 
knee-braces,   X025-X037,  xxx6~xxx8, 

X164,  xx68 
lateral  bracing,  X053 
lattice,  X008-XOX0,  xo89'X09x 
loads  (see  Loads) 
nemben,  proportJoaiog,  1139 
notation,  Bow's,  xo66 
pin-connections,  433-429 

uac,  X030,  xo3a,  1034 
Pratt,  xoa6,  X031,  X033,  xorr 
parltna  (see  PuUiu) 
quadrangular,  1032,  XOS33,  X09X-X094 
queen,  999-1004,  xx39t  XX40 

load-distribution,  X055 

stresses,  1071,  xxx3-xxx6 
reactions,  1066 
•    unsymmetrical  loads,  X096,  X098 

wind-loada,  xxxo 
roUer-bearing,    wind-aticases,     xixx, 

xxx8 
sag-tie,  X035 
saw-tooth  roofs,  779*777 
scissors  (see  SciMon  fnuMi) 
shed,  X035 

spacing,  X047,  X048,  losx 
spBdng  in  wooden,  1x55 
steel,  X025-X045,    xx44'XX49,    xx6o- 
XX70 

cost,  X906 

saw-tooth  roob,  772-777 

aecoiMary  stresses,  1x37 

shop-drawings,  X162,  xao7 

specifications,  xaox 

weight,  X050,  X05X,  X909 
steel  columns  in  trusses,  1x39 
stresses,  xo46-xx37f  1x38 

influence-lines,  x  134-1 137 

coefficients,  X058-X06S 

graphics,  X065-1137 

unit,  timber,  1x38 

wind-load,  xix8,  XX23-XX98 
suspended,  X032,  X089 
types,  998-1045 

unsymmetrical,     X096-X098,     xxoo- 
X107 

loads,  X096,  X098 
wall-plates,    XX50-XX52,   XX56,   XX58, 

xi6s,  xx68 
Warren  (see  Wursa  tnias) 
weight,  X050-X05X 
white-pine,  1x38 
wooden,  439 

bolted  connections,  499-'439 

cantilever,  X044 

design,  xx38-xt44 

joints,  1x49- XX  60 

types,  998-X094 

iBBit  stresses.  1x38 


voodea,  wUhtn,  ss$7- 
xx6o 
weight,  X050-XOS7 
Roofluft  X58X-X604   (see,  also,  Roofe 
and  Ro<rf  tf  uMM) 
asbestos,  comigKted  sheathing,  8x9 

shingles,  8x9 
asphalt>gxavel,  87X,  XS98 
asphaltic  materials,  x6o8 
Barrett,  X595 
Bonanza  tile,  868,  869 
book-tik,  868 
canvas,  8ox 
cement  tiles,  868,  869 
copper,  xo49i  X604 
corrugated  iron,   xc»46,   X049,   xs99- 

X604 
dampness,  800 
felt,  weight,  X049 
flat  roofs,  866,  X046 
galvanised,  X604 
gravel,  87 x,  1097,  X59S*X599 

fire-resistance,  X597 
incosabnstiUe,  defined,  1853 
leaks,  800 

materials,  800,  X046,  X567«  X58X-X604, 
x6o8 
fire-resistant,  8x9,  8x7,  X597 
weight,  X049 
min-constroction,  760,  800 
pitched  roofs,  867-869,  X046 
prepared,  X599 

ready,  xoa7,  X046, 1049.  1599 
reinforced-cement  tiles,  867,  868 
aheathing,  xo49>  io5S»  XS67 

paper,  XS67 
shingles,  X046,  xs8x 
slag,  Sox,  X59S-X599 
slate,  87  X,  X046,  X049,  X 382-1586 
steel  sheets,  X599-X604 
asbestos-covered,  8x9 
tar-and-gravel,  87 x,  X097 
tile,  866,  867,  87X,  X586 
tin,  80X,  X046,  X049,  X588,  X595  (see 

also,  tin,  roofing) 
warehouses,  800 
Rools,  heat-transmission,  X339 
Room,  fresh  air  for  furnace,  X393 
Rope,  for  bells,  1726 

cotton,  hemp  and  Manila,  406-408 
weight,  723 
wire,  404-406 
Ropes  and  onblee,  measnres,  35 
Rotin,  weight,  723 
Rotary  converter,  1463 
Rotten  rock,  X34,  X35,  356 
Royalties,  payments,  X759 
Round  rods,  safe  loads,  388 
Rubble  (Glossary),  x843 
Rubblework,  266,  44X,  1538, 1849 
cement,  235 
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R«9tare«  Modttlas  of  Owe 

niplim) 
Rust,  reinforced  ooocretc  footings,  i86 

Safe  load,  definkkm,  rts 
Safety*  factor  of,  defimtion,  xa6,  375, 
SS6 
appliances,   elevators,    1664,    1669, 
1673 
St  John  the  Dirinep  Cathodial.  foanda- 

tions,  2 St 
St  Louis  building  code,  loads  on  foun- 
dation-beds, 143 
loads  on  masoaury,  s€7 
office-buildings,  assumed  loads,  15 1 
thickness  of  walls,  230*331 
St  Paul  building  code,  loads  on  foun- 
dation-beds, X43 
office-buildings,  assumed  loads,  151 
Saints,  symbols,  x?^? 
San  Francisco  buttding  code,  loads  on 
foundation-beds,  143 
thickness  of  walls,  331 
San  gninffiaro  flra,  tesu  of  materials, 

957 
Send,  X34»  IS53 
angle  of  repose,  256 
beds  of,  X34 
chemical  analysis,  X38 
classification  and  composition,  136 
cost,  249 

foundation-beds  on,  X4X 
in  reinforced  concrete,  908 
Ottawa,  235>  ^41,  908 
proportions,  in  concrete,  341-243,  •47- 
asx,9o8 
in  lime  mortar,  1553 
quicksand,  X36, 137.  X4X,  axx 
safe  loads  on,  X4X,  X43 
screening,  1553 
sieve  tests,  X38,  241 
source  of,  130,  X553 
specific  gravity,  1507 
voids,  347'>49 

weight.  348.  256.  1507*  IS37«  1554 
Sand-bars,  formation  of,  133 
Sand  finish,  plastering,  xsss 
Sandstone,  X3x 

beams,  coefficients  for,  628 
fiber-stresses,  S57 
tensional  strength,  282 
bituminous,  paving,  x6o9 
crushing  strength,  266,  370,  S79~a&3 
fire-resistance,  8x4 
loads,  safe,  266,  367»  S79*  28s 
modulus,  of  elasticity,  282 

of  rupture,  282 
shearing  strength,  s8a 
specific  gravity,  282,  1507.  1508 
weight,  282,  1507,  1508 
'^•ah,  hollow-metal.  897 


Suh,  weights  for,  1649,  zSgi 
165a 
1650 

1649 

Seah-piilieys,  1649 
Saab-ribbons,  x6so 
Sashpwcights,  1649,  1651 
Saw-tooth  roofs,  77S-777 
Schednle  ef  cbaofM,  eichttects,  X72I 
173X 
13  a 

thode,  photocraithuig  xir- 
disturbances,  X495-t499 
Sfholarshtps,  architectcaal,  i779-t7^ 
Schoel-bnfldi— s,  x644->fi48 

cost,  x6x3,  x6x4«  x6i6 

doors,  1648 

flagpoles,  1644 

floor-joists,  717 
spans,  737.  742 

floor-loads,  live,  7x9  720,  zt^ 

heating-temperature,  1236 

hot-blast  heating,  1324 

non-fire-proof,  h^ht,  Sx3 

sise  of  rooms,  717 

stain,  1648 

ventilation,  X353 

water-closets,  1641 
Scboolroona,  blackbonrda,  1644.  X645 

desks,  x64S 

dimensions  of,  7x7,  1644 

floor-loads,  7x9,  720,  1198 

heating,  zasfi,  1324 

lighting,  Z451  * 

seats,  1645 

ventilation,  X349, 1353 
Schools,  afchitectuni,  X769,  X77S.  ir~^. 

X779*X788 
Sdssors  tnMMflb  xoo4«  10x0-10x3.  toss, 
X056 

stresses,  xoSz-xoflj 

wall- joint,  xxs6 
Screen  (Glossary),  1843 
Screw-eads,  386-398 
Screw-jacka,  2x5.  216,  22X 
Screwa,  xs35,  1536 

Ug,  XX57,  X535 

threads,  standard,  X52S 
Scripture  nxeesQiee  end  wei^tti,  34 
Scuppers,  767 

Seat-baths,  dimensions,  1641 
Seatfng  capacity,  i6s3-x^56 
Seatint-epece,  churches,  tfisj.  1654 

schools,  164s 

theaters,  X653-X656 
Seats,    dimensioos    of,     1638,    x€45. 

x6s3 
Seattle  bnildfaig  «ode,  masonry  lead*. 

287 
Secants,  Ubie  of  natural,  xxfi 
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elementary  sections,  334^338 

structural  shapes,  3$4-359,  363-369 
Sector  of  circle,  38 

center  of  gravity,  393 
Sedio&eiitary  rocks,  131 
Segneat  of  circle,  38 

center  of  gravity,  393 
Sezneatal  arch,  305.  307*  3ai 
Seleaite,  131 

SeoiicirctA,  center  ol  gravity,  293 
Sepirstors  for  steel  beams,  612-614, 

I303 

Sarricei.  architects,  1731 
Sairige,  ejectment  oC,  1422 
Seirer-plpes,    1407-2409,    X4r9t    i4eo; 

Z422 
Sesrers,  as  affecting  fouadat&ons,  X47 

h^ase,  1409 
Sastfon,  37 

Shift,  elevator,  1659,  x66o,  1666, 1675, 
X676 

fire-proof,  889,  890 

for  mills,  764,  768 
Shifting,  loads,  1x97 

machinery,  1720-1732 
Shale,  133,  X43 

brinks,  27s 

specific  gravity  and  weight,  X508 
Sheir,  128,  41  z 

beams  (see  Beaois) 

bolts  (sec  Bolts) 

buildings,  wind-pressure,  XX76-XZ83 

cast  iron,  4x2 

double,  4XX 

failures,  illustrations,  170,  X7x,  4x2, 
4x3 

girders  (see  BeaoKS) 

horizontal,  wooden  beams,  4x3,  635 

pins.  433i  424 

plate  girders,  684-687*  690, 69  x,  696, 
698,  703 

reinforced-concrete,  9x3, 921, 937-940 

rivets  (see  Rivets) 

siasle,  .,xx 

steel.  382,  4x2,  567,  569,  XZ38 
specifications,  1203 

vertical,  beams,  41  x,  565*  367 
diagrams,  685,  686,  690,  698 
wind-bracing,  XX76-IX83 

web-plates,  in  plate  girders,  703 

wind-bracing,  xz  76-1x83 

woods,  4x2,  647-651,  X138 
Shearing,  effect  on  steel,  383,  4x4,  688 
Sheathing,  asbestos  corrugated,  8x9 

mill-construction,  759 

papers,  1564-1568 

roof,  weight,  X049 

wooden,  Z049,  X563 
Sheathing-qoilt,  X564-X568 
Sheet  lath,  886 


Sheet,  metal,  409,886, 1510,  xsix^ifM 

tile,  xs8y 
Sheet-piling,  300-309 
Sheet  iron  and  steel,  ssbestos-covcred, 
8x9 

base-price,  X305 

ceiling,  1604 

corrugated,  1599-Z604 

galvanised,  1604 

gauges,  402,  15x0,  x6oo 

roofing,  XS99-1604 

aiding,  X603 
Shelf-angle,  beam-framing,  787-790 
Shelf-hangers,  752,  788,  790 
Shingles,  X58X 

asbestos,  8x9 

dimensions,  1582 

naib  required,  zs8x,  x$83 

sixes,  X58X 

staining,  xs7o 

tin,  X046,  X049 

weight,  Z046,  X049,  xsSx 

wooden,  1046, 1049, 1570, 158X 
Shop  drawings,  1734 
Shops,  hot*blast  heating,- X3 24 
Shorfakg,  excavations,  3x4-223 
Shot-drUla,  foundation-bed  teetiitg,  X45 
Shnttexs,  fire,  759f  778,  801,  901-90* 
Sideboarda,  dimensions,  X638,  X640 
Sidewalks,  flagstones,  XS39 

granite  curbing,  x  539 

vault-walls,  363-364 
Siding,  bevdcd  and  drop,  wooden,  1565 

corrugated  metal,  1603 
Silica  mineiala,  130 
Silicatea,  X30 
Sills,  stone,  X539 
Silt,  X39 
Silver,   specific    gravity   and    weight, 

1508 
Simplex  concrete  pile  method,  X97 
Sinea,  table  of  natural,  95 
Sinka,  X4X3,  X64X 
Sirocco,  fans,  X34X,  1344 
Skeleton  coastmctien*  334*  948,  xxrx 
Stewback,  arch,  305,  3Q7 

floor-arches,  834-835 

vaults,  X232 
Skylight^  glass  for,  1580 

mills  and  warehouses,  765 

saw-tooth,  769,  772-777 

standard,  defined,  X854 

weight,  Z049 
Sky-signs,  wind  load,  1x99 
Slabs,  reinforced-concrete  (see    Reio- 

focced  concrete) 
Slag,  in  cement,  236,  237 

roofing,  80X,  X  59 5- 1599 
Slag  ceme&ts,  characteristics,  336,  337, 

338 
Slag  concrete,  fire-resistance,  8x7 
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beams,  coeficienti  for,  6aS 
•ale  fibcr-fttrcM,  S59 

cost,  1046,  15BS 

cnuhing  itrength,  28a 

flooring,  z6o6 

grading  of,  1585 

laying,  1583 
Old  English  method,  15S4 

measuremeat,  1584 

modulus  of  elasticity,  s8a 

modulus  of  rupture,  aSa 

■ails  requited,  158s 

ininching,  1585 

roofs,  871,  X046,  Z049,  xs8a-is86 

sizes,  Z583 

specific  gravity,  38a,  Z508 

strength,  aSa,  $S7 

thickness,  1583 

tile.  z6o6 

weight,  a8a,  Z049,  zsod,  1585 
Stoero-imts,  386, 38?.  39? 
SIsiMlamwi  gatio,  cohunas,  448 
8lipk  in  pump  action,  xa47 
Slop-«iiiks»  dimansioBS  of,  1641 
Slope,  of  roofs,  867,  869,  1046,  xoss 

of  repose,  856 

(1 


S; 


) 

Smoke-pipa,  zjSa 
Snow-loada,  Z049,  iosa-zo57 
Soapatone,  Z31 

SoclatiM,  aichltectural,  t788-i795 
Sofas,  dimensions,  1640 
Somt,  arch,  305 
Softwoodst  ultimate  unit  styeasea,  649- 

6sx 
SoiU  Z3a 

angle  of  npose,  356 

foundation-beds,  X35-Z48,  980 

weight  of  IcMMO,  856 
Soil-pipea,  Z407,  Z410,  i4a7 
Solids,  mensuration  of,  6x 
Sonnd  (see  Aconslks) 
Sonadpraoiag,  partitions,  891 
South  Carolina,  registration  law,  Z779 
Span,  arch,  305 

beams,  definition,  555 

wooden  joists,  736^746 
Spandrela,  arch,  305 
Spociflcationa,  cast  iron,  379 

column-connections,    cast-iron,    457, 
458 

electric  wiring,  Z48a 

elevator-Installation,  i663*z664 

fire-shutters,  tinned,  9oz>9oa 

furnace-heating,  Z357>i359 

gravel  roofing,  Z595-Z599 

hot- water  beating,  Z3S9 

hydrated  lime,  zssz 

lime,  Z549 


plate  gMoas,  6fla 
ptambing-iztnics,  1640 
Portland  cement,  a^^,  907 
reinforcing-staci,  914 
roofing-tiles,  X586 
slag  roofing,  I59S-I599 
standard,  A.LA.,  1758-1764 
steam-heating,  1361 
steel,  in  reinforced  concrete,  9x4 

stfuctoial,  383*  xx94-X3a4 
tile  roofing,  1586 
wiring,  dectric  work,  Z48a 
wooden-pile  f oondntiona,  199 
wrottght  iron,  377 


Spedfle  heat,  zaso,  Z6S4 
SperMlf  ■iiinws,  gases,  xas* 
Svheraa,  38,  60,  64 
Spherolda,  60,  6s 
Spiier,  doeaes,  1992 
Spikee,  cut  steel,  zs3a 

steel-wire,  1533 
SpiBniatHDiUa,  cost,  805 
Spring-line,  arch,  305 
Spring  aeedlea,  sax 
Springen,  arch,  305 
SpriaUera,  automatic,  8ox.  909-909 

framing  to  accoaaaBOdatc,  777 

mill",  759.  768 

tanks,  779 
Sprace,  beams,  coefficiente  for,  6sS 

deflection,  664 
distributed  loads,  safe,  639 
fiber-stiess,  S57.  647.  648 
oolumns,  sale  leads,  45X 
crushing-loads,  with  the  grain,  449 
crushing  strength,  acroes  the  gxaia, 

4S4 

modulus  of  elasticity.  647.  664 
shcariag  strength,  axa,  647.  648 
specific  gravity,  zso8 

itiflneaa,  664 

tension,  376,  647t  648 

unit  stresses.  376.  4x2.  647,  648,  650 

weight,  650,  1508*  1558 
Square,  squares,  37,  39 

hollow,  moment  ol  inertia,  SSS 

measnres,  a7 

moment  of  inertia,  334 

radhm  of  gyration,  334 

section-modules,  334 

tables  <^,  8-a4 
8qnanroeta,3 

tables,  fl-a4 
Stability  of  aUnctoee,  deflnitaoa,  xa5 
Stack,  boiler,  Z283 

furnace,  Z3za,  Z3X7,  X3aa,  1358 

steel,  Z376 
anchor-bolts,  X377 

tall  buildings,  1283,  Z368 
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U  issS 

SUinlew  eMiMali»  938 

Stain,  dimenaioBs,  1646,  i^7f  X64S 

Ferroinclave  fcMimiatfam,  900 

fire-proof,  899-900.  947.  9*3 

hand-nul,  1648 

hoUow-ttte  step*.  899, 904 

miU-coQstmctkNi,  759,  810 
tower.  764,  768.  778.  779 

x<eiiiloiced<ooncicte,  9oo»  947. 98J 

risers,    1648 
Ublc«  z€46,  1647 

ichoot-houses,  1848 

towen  lor,  764,  768,  778,  779 

treads,  899,  1648 
table,  1646,  1647 
Stdrvrayib  kiads,  1198 

protection,  fire.  764.  7*S,  778,  779 
StaadplpM,  768.  801,  905 
StmtM,  registration  of  aiclutecta,  1788, 

1777 
Sftiittoa,  definition,  1S4 
Status,  architects,  I7a8,  X754 
Stsam,  xa5i-i9S4 

consumption,  eagiiica,  1347 

lieating,  1364,  xa8j-z3oa  ^ee  H«at- 
iiig,  steam) 

saturated,  properties,  xas5 
8tMi&<coila»  healing  water  by,  1344 
SCMm-hMtiag  (see  HmUm) 
StMlf  adhesion  to  concrete,  9ts,  9x9, 
9>o.  938,  940 

bars,  385-398 
areas,  etc.,  x 5x4-15*1 
safe  loads,  388-393 
weight,  X5X4-X53X 

base*price,  1304,  isio-xaia 

beams  (see  Bmjbm) 

Bessemer  process,  380 

branding,  385 

carbon-content,  381 

dwmical  pvopeitiea,  383 

chimneys,  1376 

coeflicient  of  espanaioa  38a 

cold* bend  test,  378.  384,  385* 9M 

columns  (see  CehuMM) 

compreaaive  strength,  44^ 

oemaion  in  concrete,  960^981 

corrugated*  baa»i>rica,  laos 
wei^U,  x6oe,  1603 

cost,  x304-isxa 

defined,  380 

elastic  l>ehavior,  381 

dastic  limit,  381,  9x3 

elongation,  381,  384, 913 

cya-Wa,  386,  595 

finished  material,  384 

fire-resistanoe,  8x9 

form  of  test-specinen,  384 

man«fact«re,  380,  383 

merchant,  coat,  laio 


StMU  modulus  of  claatidty,  381,  9Z3« 

934 
open-hearth  process,  380 
lOates,  384,  385,  xao4 
pbosphorua^ontent,  381,  383 
properties,  chemical  and  physical,  383 
punching,  effect  on  plates,  382, 4x4, 

688 
rainforciag  (see  BelBfercnmanl) 
roof-trusses  (see  Sod-iniaaei) 
rope,  404-406 
rupture-stress,  381 
shearing,  383.  413,  567,  589*  X138 
sheet,  X599-X604 

asbestos-covered,  819 

base-prioe.  XS05 

corrugated,  1305,  1599-1604 

gtBiges,  403,  X5IO 
specifications,  383 
specimens  for  tests,  383,  384,  407 
strength,  407.  9X4 

carbon  and  phosphorus,  effect,  38X 

specification,  383 

ultimate,  38a 

wire,  40Z,  406 

working,  376,  41a*  557,  XX38,  zz99 
stnoM-stnin  diagram,  383 
stresses  (see  strength) 
stractoaJ  (see  fltraatunl  stMl) 
tesu,  383-385,  X195 
thickness,  corrosive  agents,  xaoa 
weight,  s8a,  I5x»-i5az 

estimating,  rule  for,  1531 

■haeti,  X5SO,  S511 

variation  in,  385 
wire,  400-406,  X5t3 

weight,  X5X3 
yield-point,  38X,  383.  9X3,  9x3 
Still  gipe  eelnwa,  469-474.  488 

safe  loads,  488,  497.  498 
Steelwork,  xx94-x3o6 
bolted  connections,  1304,  xao6 
buildings,  weight,  1307-1309 
coat-data,  X304-X3xa 
cut  to  length,  xao6 
design,  xsox 
drafting,  cost,  xaofi 
erection,  1203,  zao6 
fifa*pretectiaB,  468,  760.  7^t  6*^ 

836 
foundations,  1303 
freight-rates,  1305 
inspection,  X303, 1205 
miU-bttildinff,  786.  788,  laxo 
painting,  X303,  X2o6,  X572,  1573 
specifications,  383,  xx94-sao4 
stresses.  6x8.  XX38,  X199 
weight,  estimates,  xao7-zaxo 
workmanship,  xaos 
Steps,  heUow-tile,  899 
stone,  X539 
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'  Stev6dttr0^op6|  407 
Stiffenen,  girder'webs,  68z,  686,  691, 

9»i-9»3.  939.  940,  973 
Stilfneu,  definition,  125 
Stirreps,     reinforced-concrete     beams, 

9*1-923,  939,  940,  973 
wooden  beams,  750,   7S4-7S7i  787- 

794 
Stone  (see,  also,  dtonewotk   and  each 
kind  of  stone) 
angle  of  friction,  353 
beams,  628 

fiber-stress,  557 
building-data,  a 8a 
caps,  1539 

coefficient  of  friction,  255 
concrete,  908 
coping,  1 539 
cost,  1538,  1613 
crushed,  cost,  249 
crushing  height,  269 
crushing  strength,  279-282 
fire-resistance,  8x4 
footings,  223,  224 
lintels,  1539 

masonry,  265-270,  1538 
modulus  of  elasticity,  282,  283 
piers,  270 

quantities  in  concrete,  247-349 
Mils,  1539 
steps,  1539 

strength,  26s-?yo,  279-282 
weights,  282 
Stonework  (see,  also,  Ifasonfy,  Ston«, 
Walla,  etc.) 
ashlar,  441.  1538 
bluestone,  cut,  1539 
coeffi<:ients  of  friction,  353 
cost,  data  for  estimating,  1538 
crushing  strength,  265 
cut -work,  1538 
data,  1538-1539 
hammer-dressed,  T538 
loads,  safe,  266 
measurement,  1538 
rubble,  441,  1538 
sidewalks*  1539 
Storehottse-conatmetiofi,  765-788 
*8fniichMinef oramfai,  cast-inoii  eotanuu, 
460-461 
depth  of  keystone,  308-309 
steel  columns,  481-482,  493-496 
Strain,  definition,  125 
Strength,  beams,  law  of  variation,  565 
breaking,  556 
coefficient  of,  556,  628 
compressive.  448 
definition,  125 
elastic,  126 

elongation-relation,  steel,  381 
flexural,  definition,  125,  $56,  6sJ 


Streaftb,  of  materials,  definitkm,  125 
shearing,  4x1,  635,  657,  667 
tensile,  375 
ultimate,  definitxms,  125,  375.  sSx, 

4",  448 

working,  definition,  125,  375 
Strengtfi  oif  ointastels  (see  name  of  ma- 
terial in  question) 

definition,  125 
Stren,    stresses,    ras,    254    (see.  als«;, 
materials  in  question) 

bearing.  41S 

bending,  265,  628,  647 

combined,  128,  480,  572,  1114 

compressive,  127.  647 

constants,  wooden  beams.  628 

diagrams  and  formulas,  io65-n57 

distribution  of,  254 

elastic  limit,  126.  381 

fiber,  126,  3»s.  555,  556 

flexural.  126.  325.  333,  55$ 

intensity,  definitions.  125,  254,  375 

modulus  of  rupture,  x  26 

notation,  122 

resultant,  254,  rxSj 

reversal  of.  1x04 

rupture,  381 

secondary.  1x37 

shearing,  128,  411,  41 «.  ft^y 
horizontal,  63s.  687 

shrinkage,  in  concrete,  937 

stress-strain  diagram,  382 

temperature,  in  concrete,  957 
trusses,  1x28 

tensional,  X27,  375,  4x5,  647 

torsion,  X38 

transverse,  265,  480,  555,  628 

ultimate,  375 

uniform,  254 

unit,  definitions,  125,  126.  575, 1x72 

varying,  254 

wind,  trusses,  z to9-x  x  xS^  1 1 23-1 1 28 

wind-bracing,  1x76-1x83 

working,  definitions,  125,  37s 

yfeld-point,  381 
Stresn-ctrain  dinctam,  382 
Striac-connn  (Glossary).  1846 
Stmctonl  afanpen,  33^-374  (se< 

Stnictnnl  ntod  (see  Otaalwtk) 
Structures,  definition,  134 

domical,  1 2x3-1 3^ x 

laxge,  heating,  1524 

theory  of,  X24 

vaulted.  1 331-1243 
Struts,  angle,  tables.  488.  sot-^ets 

as  beams,  571,  57» 

bracing,  formulas,  495 

cast-iron,  trussed  girders,  661 

channel,  loads,  table.  499-500 

compression-formulM,  496 
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Strnti,  dottble^teel-Miglc,  k>ftcte>  sciS 

eccentric  loads,  453t  4^9 

I-beam,  strength  of,  489 

in  trusses,  steel,  480 

loads,  X30I 

Ubles,  4S8.  491-495 

siagle-steel-angle,  loads,  50X 

trusses,  998 

wood,  633 
stnngtb  of,  448-453 
trussed  girders,  66x 
Sobcontnctor's  acrMBMOt,  176$ 
SabcoatrmctB»  1761 
Sagar,  specific  gravity,  x$o8 

weight  of,  723,  xsoft 
Sulphur,  anchonAg-b<4Qs,  340 
Superintaudeat,  architects,  X7a8 
SnrcliarKaa»  306 
Sazfaca,  center  of  gravity,  293 

finish,  concrete,  246,  965,  i5<is 

measures,  27 
metric,  31 
Sway-rods,  wind-bracing,  1x76,  xx8x 
Swadge-boita,  steel  columnsi  619 
Switchas,  electric  lightiogb  X478»  i479f 

X48X 
Syca^ora,  specific  gravity,  X508 

weight,  X508,  xss8 
Syanita,  13  x 

compression,  28a 

tension,  282 
Symbola,  Apostles  and  Saints,  1727 

electric  wiring,  X476-'X4?8,  1484 

gas-piping,  X445 

mathematical  12s,  xs3 

pipes  and  fittings,  1350 

plumbing,  X424-X4a6 
Syataaa  <d  onltat  aogioeers',  1247 

T  beams,  reinforced  concrete,  diagxams 
for  strength,  988-99X 

example,  971,  975 

formulas^  933-954 

reinforcement,  93?*  940 
T-aactloas,  steel,  base-price,  tax  a 

fice-SKooC  ceflings,  872 

girder  flange,  fii^a 

sixe  and  properties,  337,  368, 369,  56s 

strength,  as  beams,  59x,68a 
Tablaa,    furniture,    dimensions,    X638. 

X639 
Tacka.  wife,  xs33>  XS34 
Tail-beams,  floors,  749 
Talc,  X3X 

specific  gravity  and  weight,  X508 
Tall  bnildifiga,  sUck,  X283,  X368 
Taafaats^  38 

tables  of  natural,  X04 
Tanka,  capacity,  X404-X406 

construction,  x 398- 140a 

ezpansion-taalu,  1307,  X360 


Tann,  f  rott-proafing  pigei,  2400 

gravity-tajiks,  water,  779 

heating,  X400 

house-tanlis,  X4X5 

incrustation,  X4J9 

materials,  X398 

standard  sixes,  X40Z 

steel,  X4oa 
wind-load,  xx99 

wooden,  1398 
Telephones,  automatic,  X707 
Telltale  (Plumbing),  1400 
Tamparaturai  absolute,  xaso 

concrete,  344,  345 

bumidity-relatiaa,  iss^ 

inside,  table,  xasfi 

maintenance,  beating  buildings,  xas6 

outside,  in  U.  S.  .table,  xa57 

roof-trusses  affected  by,  x  128 

United  States,  xa57 
Tamparing-coil,  heating,  1328 
Tanamentohoasa,  defined,  X854 

floor  loads,  7x9,  XX98 

specifications,  xaoo 
Ttaaioo,  xa?*  375 

building  materials,  376 

members,  steel,  385'-387 
safe  loads,  a88~39a,  399 

sign,  X065,  X068,  107a 
Tacflu,  architectural  (Glostaxy),  i79fi- 
X850 

bailding  codes,  x85 1-1855 

building  laws,  x85X-x8s5 

engineering,  x  24-129 

technical,  X796-X85S 
Tana-cotta*  beam-protection,  782 

book-tUe,  867,  868 

column-protection,  782,  822-826 

composition,  276,  8x4 

dense,  8x4,  8x6,  875     > 

facing  of  walls,  269 

fire-resistance,  234,  8x5,  8x6,  828, 

874 
floors,  898-840,  X  604- X  607 
heat-transmisaion,  x a 58^x2 59 
hollow  walls,  233-234 
ornamental,  fire-resistance,  8x4 

inside  finish.  898-899 

staircases,  899 
partitions,  873'^7J»38» 
piers,  276-278 
porous,  8xs,  87s  » 

properties,  276 
roof -construction,    866^    867,    87  z» 

X586 
semiporous,  815 
sound-resistance,  889,  890 
strength,  266,  376-278,  287,  8x5 
tests,  276*278,  8x6,  873 
truss-protection,  860 
weight,  278 
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wiaiHi  iiOTM«Vt  ZOV7 
Testa  (see,  alio,  naterialt  in  qsettioa) 
brick  pien,  272-278 
bricks,  270.  281, 1542 
CMt  iron,  380,  446,  819-Sso 
cement,  236-237,  340, 907 
chains,  408-410 
CirfunuKoverings,  822-823 
columns,  cast-iron,  460,  8as 

steel,  822 

steel-pCpe,  47^ 

wooden,  449 
concrete,  283^987,  817,  911 
eye-bars,  386 

fire-proof  iloen,  897,  841,  844*  M6 
fire-proof  partitioiia,  8t8,  873,  889 
tre-|KOo(  wood,  8io 
floors,  7*«-7*i>  SM,  967 
founAstioaOMdt,  t4X>i46 
joist-hangers,  ygS,  794 
mortar,  283 

nails,  hokiiBf-IMwer,  1531 
pipe,  water,  1388 
plumbing,  14x2 

reinforced-concrete,  adhesiovi  919- 
920 

conosioa,  961 

elastic  piopertles,  95s 

fire-resUta&ce,  939-960 

hooped  cotamae,  94s 

loads  on  floors,  967 
8ash<ords  and  easlKhaiu,  1650 
sound-abtorptiOB,  1486-1500 
steel,  382-38$ 
stone,  279-281 

tecTa<cotta,  276»  97^*  8t6,  873*^74 
wooden  beams,  buflt*ap,  632-654 

columns,  449 
wrought  iron,  377*379 
Theater<urt«lae»  asbestos,  8x9 
TheatMi,  chairs,  1653 
defined,  1854 
dimensions  of,  X657 
floor-loads,  7x9,  720, 1x98 
heating  and  ventilating  layottt,  X348. 

13  53 

seating  capacity,  X654-X656 

seating-space,  1653 
TlienionetefB,  thermometry,  X249 
Threads  of  serewtt  standaxd,  1525 
Thnwta,  305 

Tie-beams,  wooden,  430. 43a.  ♦34, 435. 
633 

built-up,  43t 

steel,  stresses  in,  572 
Tie-plates,  steel,  x2os 
Tie-rods,  for  I  beams,  6x9,  865 

roof-tniaees,  xx20 

segmental  arches,  307,  839 
Tile,  1604-1607 
aseptic,  1605 


TVi^  eMt-fllAas,  t6o6 
cement,  reinforced*  86?  iig 
ceramic,  1605,  X607 
concrete,  816 
copper,  XS87 
cost,  1046, 1587.  1607 
enameled,  1605, 1607 
encaustic,  X604,  1607 
faience,  1607 

fireproofing,  934,  8x5,  898,  974 
flint,  X605 

flooring,  899-893.  f«04-i6»7 
Florentine  mosaic,  x6os 
glass,  x6e6 
glased,  x6os,  1607 
hottow  (see  Tsiin  iiattn) 

and  eoBciete,  99x-^s9 
intrftorhing  rubber,  t6o6 
losenge,  1605 

flsaatcl,  1605 

marble,  X605 

mesaicxfioy 

piers,  978 

reiefocwd,  838-t4e 

xctniocced ■cement,  Soy^Be^ 

Roman,  XO49.  X605,  X607  • 

floor-oonsUiictioei,  9S8 
roofing,  866,  1586 

cost,  X587 
•  laying,  1586 

speciicatloes,  tsM 
rabber,  x6o6 
semivitieous,  X604 
sheet-metal,  XS87 
slate,  x6o6 
Spanish,  X049 
spedftc  gravity,  1508 
steel,  1587 
tsfiasao,  X607 
tin,  X587 
vaults.  X243 

vitreous,  1604.  x6e5,  s^^ 
wall,  X604,  i6e6,  X607 
weight,  1049. 1508 
Tfle  afch,  Guastavino,  841,  849,  1943 

woods) 
board-mcasaie,  x  560-1969 
bend  (Gloesary),  1803 
data,  X  558-1563 
footings,  tempoimiy  *^P^tt,   t86. 

X87 
framing,  siaes,  1559 
hardness,  relative,  1558 
measuxeomnt,  x 55^1 56$ 
modulus    of    dastidty,    647.  T3x-* 

734 
painting,  7«S 
piles,  X88-X96,  X98 
shrinkage,  table,  X4s8 
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Timber,  tins  la  ftofr^bufniag  coiuttve* 
tion,  759,  769 
stresses  (see  woods  in  questioD) 
ventiUtioii,  76s 
weight,  zsoz-xsoft,  i|s8 
workiiig  unit  stivucs,  647*  648,  650, 

X138 
TtoUt  measaret,  so 

unit  of » xs4r 
Tin*  block,  pipe,  14x9 

brands,  1588 

casting,  ifsx 

fire-doors,  894-897, 90z*904«  i8$j 

gutters,   1590 

lined  plpa,  14x5 

roofing,  801,  1588-X595 

cost,  X046,  X589«  XS9S«  tS94 
covering  capadty,  xs9X'~x$94 
durability,  X589 
gutters,  1590 
lajring,  z|9»-X593 
painting,  1570,  X5S9,  xs9o 

xoBa.  IS94 
valley,  1590 
sheets,  1588 
specific  gravity,  1508 
teme-platet,  xs88 

weight,  7«3.  xtt49>  X5o8,  isai,  X588, 
ZS9X 
TlaiMd  fir«-*doora,  894-897,  901*904, 

x8s3 

mttal*  1604 
definition,  is8 
Tmvur  (Qtossary,  1848),  belt,  784*  7^5 

elevator,  764*  765,  768 

fire-escape,  779 

stairway,  784.  765 

warehouses,  768,  779 

water,  wind-bradng,  1x84 
Towsr-docki,  1895 
Ttadaga,  x7x8~x7ao 

black-Une  copies,  17x9 

blue-prints,  17x8 

brown-line  copies,  X7se 
Tral»*flh8ds,  steel,  weight,  ssxo 

trusses  for,  X039 
Tf«BifaR«d  heat,  1684 
TramforsMfi,  cufient,  1463 
TnaaoilMlon  ef  boat.  X9s6'xss9, 1884 
37 
37*  40 

moment  of  inertia,  338, 337 

radius  of  gyration,  jj6 

section-modulus,  336 
Tnp-rad^  X3t 

comprassive  strength,  j8s,  a87 

concrete  aggregate,  8x7 

specific  gimvlty  and  weight,  s8a,  X5«8 
Traps,  plumbing,  14x0,  X4xt-x4X4 

drum,  14x3.  14x4 

grease,  14x4 


Ttoapif  sewer,  1409 
veatiktion,  X4xa 
Ttaatwine'i  f oaaiBlay  depth  o£  keystone, 

S09 

TraverMne,  X3x 

Treada,  marUe,  900 

rules  for,  X848 

slate,  900 

table,  1646,  Z647 
Txeasoxy  X>epaftmeBtt  hot-water  heat- 
ing, Z303,  X308 
Txemiee,  344 
Treachea,  as  affecting  foundations,  147 

preparing  for  footings,  sad 
Txianglea,  36,  39.  7x 

center  of  gravity,  39  a 

moment  of  inertia,  336 

oblique-angled,  9a 

of  forces,  389 

radius  of  gyration,  336 

section-modulus,  336 

trigonometrical  fuactions,  9X-94 
TxigmooMtqr,  90-X17 
Txtai*  cement,  898 

electroplated,  898 
•  hoUow-tile,  898,  899 

metal<overed,  894-899 
TriauMn,  floor,  738,  748 

safe  loads,  747 
Tray  welghl.  39 

latli»885 

(see  Raof-troaaas) 
TaMag,  Benedict  nickel,  14x5 

seamless-drawn,  14x5 
Tnngi<aa,  specific  gravity  and  weight, 
x$o8 

X444t  X447 
386,  387.  397 
Toacaa  Order,  1699 

Uaderpiimiwg,  3x4.  sxS-aaa 

Unit  atreaa,  definitions,  zas,  X36,  333, 

375,  xx7a 
Unit  system,  reiafozcemeat,  933 
Uaita,  s3wtem  of,  1347 

electrical    and    mechanical,   equiva- 
lents, X348 
foot-pound-second  system,  1347 
UaiverBity  cf  XQIaaiib  tesU  on  brick 
piers,  375 

tests  on  ierra<otta  piers,  377 
Urinal-atalls,  dimensions  of,  X64X 
United  Slates  Oevefaaaat  baihling,hot- 
water  heating,  13031  X306,  1308 
United  States  aieaaura  ci  valae,  39 
United    Statea    Naval     Obsemtory, 

foundations,  35X 
Utah,  registration  law,  1779 

Vacuum-cleaaers,  types,  X708 
VacttttfliKganges,  1348 
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yfrneaam,  pumps,  liae,  1190 

systems,  steam-heating,  i987-x>9i 
VaUeys  and  cottiera»  1590 
Vahrea,  equalixing,  caissons,  sxa 

heating,  symbol,  1350 
Vapor,  X  249-1254  (sec  Staam) 
Vaporiaattoa,  heat  of,  X6S4 
Vamiah,  1568,  1570,  XS73 
Vault,  X  231-1243 

barrel,  I23x-ia35 

(Glossary),  1849 

framed,  1243 

groined,  1235^x240,  189s 

legal  definition,  x8s5 

ribbed,  1240 

tile,  X243 
Vault-waUa,  263-264 
Vaultinf  (Glossary),  iB»* 
Velocity,  unit,  1247 
Veneer,  buildings,  269 

defined,  1855 
Vent-fluea,  air-relodty,  X357 

coils,  X356 
Vent-pipea,  plumbing,  140*,  X4X0 

sixes,  X4X0 
Vent-ehafti,  fire-proof,  889 
Vento  heater,  X330-X332,  1338 
Ventilatinc  tana,  X34X-X347,  1357 
Ventilation,  1348-1354 

air  required,  amounts,  1 260,  X354,  X356 

buildings,  X348-X3S4,  X356 

capacity  of  fans,  134X 

fans,  X34X-X347,  X35r 

furnace-heating,  13x3 

gravity  Indirect  heating,  x«99 

hot -blast  system,  1325,  1327 

laws,  1 3  54 

mill-buildings,  769,  775-77<» 

saw-tooth  roofs,  776 

systems,  1349 

timbers,  763 

warehouses,  776 

workshops,  769,  1353 
Verona  radiator*,  X266 
Vibration  of  macUnexy,  763 
Volt,  defined,  X457 
Voltage,  candle-power,  X469 
Volume,  measures,  37,  3t,  X247 
V<dttmet,  geometrical,  38,  60-^ 
VouMoira,  arch,  30S.  31  x*  S^J 

center  of  gravity,  3x3,  3x8 


Walkt,  cement,  339 
Wan  (see,  also,  Briekwoik, 
Stoneworir,  etc*^ 
ashlar,  thickness,  233 
basement,  228,  229 
bearing-plates  on,  449 
breast,  262-263 
brick,  229 
backing,  369 


Wallt  brick,  over  opentnga^  jtS 

safe  loads,  965,  44X 
buckling,  999 

buildings,  mercantile,  ijo^aja 
cantileverinc,  X69 
cellar,  199,  3j8,  999 
cement-block-iaoed,  269 
center  of  gravity,  300^  30X 
concrete.  229,  946-947.  96s.  9*6 

cost,  950 
concrete  blocks,  233 
crushing  height,  269,  970 
cuftaia,  934 
dwellings,  230,  232    . 
eiitemal,  thickness,  999,  931 
face,  269 
faced,  with  ashlar,  353,  969 

with  cement  blocks,  969 

with  terxa-cotta,  969 
fire,  765 

fire-resistance,  939,  934 
footings  (see  Footincs) 
foundation,     X29',     200,    998,    2iS 

979 

heat-transmissioB,  tas^ 

hollow-tile,  933 

loads  over  openings,  3x8 

mills  and  factorins,  760,  763*  7*^^ 
778,  809 

needling,  9xfr-999 

openings  in,  3x8,  778 

parapet,  768 

party,  934 

reinforced<oncrete,  946,     948,    v;3 
975.  978 

retaining  (see  Retaininc-^wa) 

roof,  768 

safe  loads,  963*967 

self-sustaining,  934 

shoring,  9x4-333 

skeleton  constructiott,  234 

stability,  999,  301 

stone,  399,  933 

safe  loads,  966,  967 

stone^a^xl,  933*  969 
ashlar,  933,  969 

strength,  365-967.  969*  9^ 

superstmctuTc,  999-934 

supports;  girdcm,  79* 

terra-cotta  fadng,  369 

thickness,   339-334,    ^60-962,   ^^ .. 
760 

tSe,  hollow,  933 

tiling,  x6o4.  x6q5«  iCm 

underpinning,  9x4,  9x8'99a 

vault,  963^964 

warehouses,  930'-939,  768,  778 
Wan  fcoarrtn,  asbestos,  ax9 

metnlmb,  888 
WaB-boxee,  789.  78s,  786,  799,  793 
(sceHaMHS) 
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Wall-«peiliBil*  3iB»  77B 
Wall-pipe  (fttrnac^t)  dtiMBsioiii,  1^0 
Wall-plMton  (see  Ptestv ) 
Wall-plates,   beams  and  girders,  ^%i, 
785.  787»  788, 794 

roof-trusaes,   ixso-dSs,  Iis6>  X158 
zx6s,  Z168 
Walaut,  hardness*  1558 

specific  frarity,  1508 

unit  stresses,  651 

weight,  65  z,  XS08, 1558 
Wstf  DepaxtrntBt,  liot>water  lieating, 

1303 
Wardrobes,  dimeneiona,  x6d8»  z64» 
Wsuvbouaas,  basement  vralls,  flS9 

beams,  76a*  7^3/  779i  800.  • 

boilers,  780 

cast-iroQ  cobiams,  780, 78c 

cement  floors,  89a 

construction,  general,  7s8>8zo 

cost,  777.  8oa-8xo 

defined,  1855 

fire-escape,  768,  778 

firepvoofing,  780-782 

fire-protection  (see  sprinklers, below) 

floor-areas,  76s.  777,  778 

floor-loads,  721,  X198 

floors,  764,  777,  892,  893 
sise  and  ireight  of  I  beama,  86$ 

girders,  762,  763,  779-800 

gravity-tanks,  779 

heating,  776 

height.  777 

live  loads,  721 

mill^construction  lor,  777<-78a 

openings  in  walls,  778 
I  roofs,  768,  772i  800 

roofing-materisLls,  800,  801 

scuppers,  767 
.     sprinklers,  768,  777.  779.  801,  903- 
90s 

stairs,  759.  764.  768,  778,  779*  810 

standpipes,  768,  8oz,  905 

steel,  weight,  1208 

story-heights,  765 

structural  details,  780,  788,  8x0 

towers.  768.  779 

ventilation,  776 

walls,  230-232,  768,  778 

wooden    columns    versoa    iron    and 
steel,  780 

water-sttpfrfies,  80s 
Warren  tniiss,  types,  Z030,  zosz 

stresses,  X089-X09X 
Wasli-baaiiis,  dimensions,  1641 
Washers,  437,  zr 57-1x60 

beveled,  437,  1202 
Washington  bnildiac  ooda,  steel  col- 
umns, 481 
Wsshhiitim   Moanment,  foundations, 
25Z 


;i44 

Wash-fttaatfSv  •dimensions  of,  1638 

Wash-tabs,  14x2 

Waste-pipes,   1407-14x1,   14x6,   i4X7i 

X427 
Waste-etacks,  expansion,  2427 
Water,  density,  1247 

evaporation,  Z25x-zss4 

filters,  X49X 

flow  in  pipes,  Z382-X388 

freeadng*point,  zaso 

hard,  softening,  1429 

head,  1381-1383,  1389 

heating,  house-supply,  1480 

incrnstation  of  tanks,  2429 

pressure,  1381,  1382,  1389 

properties,  1381 

required  for  mortar,  238 

softening,  1429 

specific  grav  ty^  X38S,  1900,  zso8 

supply,  802, 1390-1398,  Z4ZS 

tanks  (see  Tanks) 

temperatures.  bcriliBg,.  1251 

weight,  1381,  X5<x>,  X508 
Water-backs,  capacity,  1430 
Water-closets,  t4xx,  1428, 1641 
Water-curtains,  901,  903 
Water-filters,  142  x 
Water-gas,  1431 
Water-heaters,  i4az,  Z4S5 
Water-meters,  1425 
Water'pipea  (see  Pipes) 
Water-seal,  14x3 
Water-supply,  1390-1398,  X4xs 

fire-protection,  80a 
Water-tables,  stone,  Z539 
Water-tanks  (see  Tanks) 
Water^4owers,  wind-bradng,  XZ84 
Waterprooihig,  S709-X7X7 

cement,  1711,  17x7 

concrete,  246,  X7xx,  17x7 
foundations,  1709 

external,  17x3 

foundations,  x 709-17x7 

water-proof  cement,  17x4 
paper,  1567 
Watt,  33,  1248,  1 459 
Web    (see,  also.  Box  Oirdars,  Plate 
girders,  and  Beams,  steel) 

box  girders,  buckling  value,  686,  705 
shearing  value,  684,  703 
stiffeners,  68z,  686,  691,  696,  xaox, 

X203 

domes,  1241 

plate  girders,  681,  703*716 

buckling  value,  686,  705 

shearing  value,  703 

stresses,  684,  686,  691 
steel  beams,  web-buckling,  z8x*x85, 
565,  567-569,  6x2,  627 

web-thickness,  59a 
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tlkOri&f,  915 

Weight  (see  etch  sttbetaae*,  and  abo 
Loads) 
adult  penooi,  id44 
measures  of,  28-39 
metfic  ijfBtem,  $t 
merchandise,  791^25 
sash,  x649'x65X 
,>subsUnces,  per  cubic  foot,  zsoi^xfoS 

unit  of,  1S47     • 
Woifhts  and  iiioamrw,  asrJS 
Weld,  iron,  377 

steel.  377 
Weldod  mrtal  fabfk,  948^49 
WoDiactott's  fotmnla  lor  fllo  feaada- 

tiona,  193 
Wdls,  dredged,  foundations,  azo 
driven,  water-supply,  1391 
foundations  affected,  Z47 
Wsfakach  konps,  i444*i4$z 
Weoilincar  Aeot-fMing,  209 
Wheat,  weight,  its 
White-coaliBt,  piasteriag,  155$ 
White  piae,  besinst  coefficients  for,  638 
deflectkm,  6^ 
fiber<streas,  flezure,  safe,  SS7«  647, 

648,  Z138 
safe  loads,  639 
columns,  safe  loads,  450,  45s 
crushing-leads,  with  the  grain,  449, 

650 
crushing  strtagth,  aooss  the  gtala, 

454.  650 
hardness,  1558 
modulus,  of  elastidtr,  647,  664 

of  rupture,  650 
safe  loads  on  cohunas,  450,  45  > 
shsariag-stfesses,  4".  647*  648,  Z138 
specific  grairitj,  1507 
stiffness,  664 

tension.  376.  647.  648,  650,  zz.i8 
unit  stresses,  376,  4zt,  647,  650,  1138 
weight,  650,  XS07.  zss8 
Whitewood    (poplar),    columns,    safe 
loads,  450,  453 
crushing4oads,  with  the  grain,  449 
hardness,  zssS 

■peciikgraWtyand  weight,65z,  ZS07 
unit  stresses,  651 
^nd»  force  of,  z  71 7 
pressure,  xz7z*zzr3 
resbtance,  1175 
stresses,  bracing,  ZZ76-IZ83 
trusses,  1109-XZ18,  zza3«'its8 
Wiad-bfadag,  zi7Z'ZZ93 

building  law,  ix7z-zz7a,  ZZ76,  zaes 
column-connections,         iz74-^zz75, 

XX79*  ki89,  ZZ90 
oolttmns,  types,  ZZ83 
conditions  detenaiaii^  117s 
details,  1x89, 1x90 


ss8t~zz9j 
r,  zx73*xi74 

gusset -plate  type,  Z176,  zi79.   11^ 
ZX90 

knee-brace  type,  1x76,  ZZ79,  xx8o 

lattkc-girdcr  type,  1x76,  zzBi 

inonient4BcrenkcntSv  1x76,  2x78 

portal  type,  1x76,  xxfts 

resistaBoe-factos»,iadetcrfitiaetr.  XX78 

stresses,  computatioa  of,  xz7^xx83 

sway-rods,  XX76,  xx8k 

types,  zx74-'XX7^  xxgr-n^S 

water-towers,  XX84 
Wlad  leads,  zosa,  1x98 
Whid  ihisiiis,  scuppcis,  767 
^r  tafl^scfesees  tsee  iKfaaseaj 
WtadndHs,  capacity,  1394 
Wiadow-fkaflMa*  bmae,  89s 

fire»reststing,  903 

Kalaawtn  iroa,  89s 

metal,  897 

metal-covered,  895 

mill-construction.  764 


metal,  897 
metal-covered,  89s 
weights,  x649>x65x 
Wiadow-^Oa*  stOBe,  iS34 
Wliidoai,  bay  (Glossary),  x8os 
fire-protection,  90X 
glasiBg,  XS73-XSSO 
heaf-tfansmisaion,  zasS 
loads  over,  3x8 
metsl-frame-aad-wire-^ass 
mill-coBstfoctioa,  7S9*  T*3«  7^ 

saw-tooth.  77a,  775.  778 
sheet-metal,  902 
water-cartaias.  90K,  903 
wire-glass  in  wmrehoaacs,  778 


453 

Wire,  402.  403 
annfaled,  isxs 
aviator,  401 
Bessemer,  15x3 
bright.  Z5Z3 

copper,  40Z,  Z469.  Z470.  X474,  is«3 
dectric  wiring,  X466-X4SS  (see,  abo. 
WMag) 

cakulatioas,  1469-1479 

Ugfatiag,  X469 

resiststtcc,  X474 
fsbric,  reinforceamat,  850 
feed,  1478 
finish,  400 
fire-detoetiac  903 
gslvanised,  406.  1513 
gauges,  401. 14)69,  XS09.  iS» 
gen-screw,  15x3 
in  glass.  759»  8>x 
xraa,  4<ot 
lath,  887 
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.  Wire,  length  per  pound,  403 

machinery,  15x3 

manufacture,  400, 1513 

market,  1513 

nails,  1539 

piano,  40X 

plough,  40X 

rope,  404-406 

weight,  403,  X474f  xsxa 

size  and  weights,  403,  X474,  X475t 
1477,  xsxa 

steel,  400,  401,  403,  404.  406,  X5X3 

strength,  400-40X,  403,  15x2 

telegraph,  40X 

telephone,  40X 

tinned.  15x3 

uses,  40X 
Wir»-fllaM,  759.  77«.  8ax 
^  Wir^muh,  9x9 
Wiring,  electric-lighting,  X466-X485 

cabinet,  X477 

conduits,  X479 

cost,  X48a 

national  electrical  code,  X480 

specifications,  1483 

symbols,  X476-X478,  X484 

tables,  X475 
Wisconsin,  registration  law,  X779 
Wood  (see,  also.  Lumber,  Timber,  and 
wood  in  question) 

beams  (see  Beams) 

columns  (see  Columns,  wooden) 

compression,  across  the  grain,  454, 
647,  650,  651,  XX38 
with  the  grain,  449,  647,  650,  65X, 
XX38 

fire-proof,  830,  894 

flexure,  557>  647.  6so,  65 x,  XX38 

friction-coefficient,  353 

fuel,  1373 

hardness,  relativ.;,  X558 

metal-covered,  894-895 

modulus  01  elasticity,  647,  664 

painting,  X569-X573 

shear,  4x3,  647-65 x,  XX38 

sheathing,  X049,  X563,  1564 

specific  gravity,  x  501-1508 

tension,  376,  647.  650,  651,  XX38 

weight,  650,  65 X,  X50X-X508,  X558 

working  stresses,  647,  648,  650,  XX38 
Wool,  weight,  721 
Work,  contractor's  changes,  1757 

energy,  X348 
WorUnc  stresses  (see  Stress  and  ma- 
terials in  question) 
Works,  Clerk  of  the,  X738,  X733 
Workshops,  slow-burning,  769-7 7 x 

ventilation,  769,  2355 
Wrought  iron,  377 

appearance,  377 

beams,  coefficients  for,  638 


Wrovglit  iran,  beams,  deflection,  664 

stiffness,  664 
bending  moments,  431 
bolls,  43  x>  x<38 

bearing  strength,  1x38 
chains,  408,  4x0 
compression,  bolts,  XX38 
crushing-loads,  449 
elongation,  378,  4x0 
finish,  378 
fire-resistance,  8x9* 
flexure,  431.  557.  "38 
grades,  378 
manufacture  of,  378 
modulus  of  elasticity,  664 
physical  properties,  377,  378 
pipe,  X408,  X439,  X432-1436 
reinforcement,  907 
rivets,  4x8 
rope,  404-406 

shearing-stresses,  4x3,  43 x,  1x38 
specific  gravity,  1505,  15x0 
specifications,  377-378 
stirrups,  75©,  757 

tension,  376,  377-378,  4x0,  43X,  XX38 
tesU,  377-379 
use,  377 
weight,  X505,  X5XO,  X53Z 

estimating,  X53x 

sheets,  x5xo 
welding,  377 
Srield-point,  378 

TeDow  pine,  beams,  coefficients  for,  638 
deflection,  664 

fiber-stress,  flexure,  557,  647,  648 
safe  loads,  643,  643,  666 
columns,  safe  loads,  450,  45x,  45' 
crushing-loads,  with  the  grain,  449, 

650 
crushing  strength,  across  the  grain, 

464,  650 
hardness,  1558 

modulus  of  elasticity,  647,  664 
modulus  of  rupture,  650 
safe  loads  on  columns,  450,  45  x 
shearing-stresses,  4x3,  647,  648,  650 
specific  gravity,  X507 
stiffness,  664 

tension,  376,  647.  648,  650 
unit  stresses,  376,  4x3,  647,  648,  650 
weight,  650,  X507.  X508 
Tield-point,  steel,  38X,  383.  9X3,  9x3 

wrought  iron,  378 
Toonf 's  modolns,  X36 

Z  bars,  base  price,  1304 

purlins,  xx69 
Zinc,  castings,  shrinkage,  1531 

specific  gravity  and  weight,  1508 
Zone  of  sphere,  volume,  64 


